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During the past 15 years, new data
have forced major revisions in virtually
every aspect of solar physics. In these
volumes, 32 authors have produced a
readable and remarkably coherent sur-
vey of what future workers may come
to view as a golden age in solar physics.
This era of rapid change is not yet over
and the reward of every new insight is
the appearance of several new riddles.
The authors wisely do not try to deceive
the reader on this point, as many of
these new riddles will only be under-
stood through future observational and
theoretical work. A common theme
throughout the volumes is the need for
new high-resolution observations of the
Sun’s particle and electromagnetic
emissions, which can only be made
from space. It is unfortunate that
these appeals for new facilities are
being published at a time when solar
science is facing the frustrations
caused by the Challenger accident.

The volumes are prefaced by an
introductory summary written by Pe-
ter Sturrock. This chapter is highly
recommended to anyone who plans to
read even a fraction of the ensuing
chapters. It provides a knowledgeable
overview of the new observational re-
sults, their general impact on solar
physics, and their probable conse-
quences for the future observational
and theoretical development of the
field.

The remainder of volume I is devoted
to the solar interior. The most pro-
found upheaval in solar physics has
probably occurred in our understand-
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Portion of the Sun in a 100-A band centered at 1600 A. Sunspots and active regions are
readily recognized in this photo, as is the network pattern associated with the edges of the
supergranular convective cells. Note the numerous bright dots within the cells. The photo
clearly illustrates the highly structured nature of the Sun's atmosphere. (The figure is
reprinted by permission of the publisher from Physics of the Sun.)

ing of processes taking place in the
thermonuclear core of the Sun. Some
50 years of interior modeling had led to
a confident prediction of the flux of
neutrinos produced by the decay of B’,
which is in turn produced by the
burning of Be’. A now famous experi-
ment by Raymond Davis Jr found only
one-third of the predicted neutrino
flux. Three chapters (including a
chapter in volume III that considers the
stellar implications of the neutrino
problem) are devoted to a complete
reexamination of all the ingredients
that go into the prediction, with the
result that the prediction remains in-
tact; only “exotic solutions,” such as a
high rotation rate of the interior or the
inevitable black hole at the Sun’s

center, can save the day. Thus after 50
years we have only circumstantial evi-
dence for how the thermonuclear reac-
tions in the Sun’s interior work. Per-
haps a new device (the “gallium
detector”) that can measure the more
numerous p-p neutrinos may shed
light on the problem.

Fortunately, there are other routes
to probing the Sun's interior. The
discovery that waves trapped in the
solar interior have observable signa-
tures at the visible surface of the Sun
has given us one new probe and pro-
duced a new subfield called “solar
seismology.” These volumes devote
substantial space to solar seismology
and to the possible roles of waves in
other contexts such as the heating and
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acceleration of the solar atmosphere.

The Sun’s magnetic field, which is
thought to be generated by some dyna-
mo mechanism in the Sun’s convective
envelope, can also serve as a probe of
the solar interior. Recent observations,
as well as reexamination of old data,
have revealed some remarkable facts
about that magnetic field. At the
visible surface the field is clumped into
small (about 400 km in diameter),
intense (about 2000 gauss) flux tubes,
which are spatially organized by the
supergranular convective cells. On
larger scales the field is organized by
sunspots and their surrounding “active
regions,” which migrate in latitude and
change polarity in the course of the 22-
year solar cycle. This cycle is itself
irregular, and there is compelling evi-
dence that it can turn off entirely, as it
did during the “Maunder minimum”
(1645-1715). On still larger scales one
finds that the magnetic field exhibits
persistent “active longitudes” and
large areas of dominant polarity that
are associated with “coronal holes”—
regions of open field and enhanced
solar wind flows. Much has been dis-
covered in recent years about the flows
required to produce the fields, but still
not enough is known to construct a
convincing dynamo model, as Peter
Gilman discusses in a meticulously
researched chapter.

Volume II is concerned with the solar
atmosphere, for which spacecraft have
provided the newest data. Wherever
one looks, the Sun is highly inhomoge-
neous: X-ray bright points, active re-
gion loops, jets, fibrils, spicules, coronal
transients and magnetic canopies are
but a few of the phenomena seen.
These structures are invariably dy-
namic, they are highly energetic and
they appear to be governed by the
magnetic field. The eight chapters of
volume II cover the data, the physical
processes involved in the production of
the observed photon and particle emis-
sions, and current theories about the
physical nature of the observed phe-
nomena. The authors emphasize defi-
ciencies of these theories and comment
on the inadequacies of the available
observations. Better data, from the
Solar Optical Telescope, will unfortu-
nately have to await NASA's resolution
of its current troubles. However, the
essential role of the magnetic field still
presents a stumbling block, since high-
resolution measurements of vector
magnetic fields above the visible sur-
face do not at present appear to be
feasible.

Volume I1I puts what we know about
the Sun in the larger context of astro-
physics and solar-terrestrial relations.
Much of the volume is devoted to
problems posed by many stars: There
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are star spots and stellar activity cy-
cles; the dynamo problem is ubiquitous;
stellar atmospheres are heated and
many stars show strong outflowing
winds. Three final chapters discuss the
Sun’s role in a variety of terrestrial
phenomena: Its emission of high-ener-
gy photons and charged particles af-
fects the Earth’s ionosphere and upper
atmosphere in numerous ways, and the
solar wind is known to be responsible
for phenomena such as the aurora and
geomagnetic substorms. The recent
discovery that sunspots reduce the
Sun’s net luminosity may have pro-
found implications for climatology.

In spite of my general enthusiasm for
these volumes, there are some disap-
pointments. The most significant ap-
pears to be a long delay in publication.
Fortunately, most of the chapters are
largely tutorial, and they are of endur-
ing value. But some chapters are
primarily reviews of the literature, and
they are already somewhat out of date:
There are virtually no references later
than 1982. The chapter on dynamos is
particularly disappointing in this re-
gard; a tutorial exposition of the math-
ematical development of dynamo the-
ories would have been very useful.

I am also disappointed that the solar
wind is discussed only as parts of
several chapters. The wind is the only
region of the Sun’s atmosphere that
can be directly sampled. It is highly
likely that phenomena we see in the
solar wind are occurring elsewhere in
the solar atmosphere. The importance
of the solar wind for solar physics has
been lost in these volumes. Indeed,
magnetohydrodynamic turbulence,
which is observed in the wind, is not
discussed at all.

Magnetic reconnection is another
fundamentally important physical pro-
cess that is not adequately covered.
Nancy Crooker and George Siscoe pro-
vide a discussion of observations of
reconnection in the Earth's magneto-
sphere, but do not emphasize the im-
portance of these observations for solar
physics. Eugene Parker's coronal heat-
ing theory, which involves reconnec-
tion, is barely mentioned, and modern
numerical models of reconnection in
solar flares are omitted.

These volumes thus reveal a tenden-
cy on the part of many solar physicists
to overlook the value of in situ observa-
tions of space plasmas. A happy excep-
tion is the chapter on solar radio
emissions, by Martin Goldman and
Dean Smith. These authors use in situ
solar wind data to guide the interpreta-
tion and theory of solar radio bursts.
This chapter shows how much can be
done with this approach.

Finally, I would like to make note of
several other works that can be used as

companions to the present volumes,
For general discussions of the physies
of magnetic fields and their roles in the
solar atmosphere, Cosmical Magnetic
Fields by Eugene Parker (Clarendon
Press, Oxford, 1979) and Solar Magne-
tohydrodynamics by Eric Priest (Reidel,
Boston, 1982) are unsurpassed. An-
other good reference is the NASA
publication The Sun as a Star, edited by
Stuart Jordan (1981). And to celebrate
its centennial volume, the journal So-
lar Physics has recently published a
series of review articles on virtually all
aspects of solar physics.
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Stephen McKeever of the department
of physics at Oklahoma State Universi-
ty has been active over the last decade
in the application of the techniques
here called “thermoluminescence” to
fields such as dosimetry, dating and
geology. Itisthe purpose of this volume
in the Cambridge Solid State Science
Series to describe how thermolumines-
cence originates in the solid-state prop-
erties of insulators and semiconductors
and to indicate how the phenomenon
can be used as a research tool.
Thermoluminescence arises when
carriers that have been excited into
metastable trapping states by radiation
are thermally excited from the traps
and return to their ground states with
the emission of a photon. The field
received a major stimulus in the 1940s
and 1950s with the analyses by J.T.
Randall and M. H. F. Wilkins and by
G.F.J. Garlick and A.F. Gibson in
England, and with the applications to
dating pioneered by Farrington Dan-
iels in the US. (The naming of the
phenomenon represents one of those
cases of inappropriate nomenclature’s
taking hold and sticking. When elec-
trons are thermally freed from traps,
they may also increase the conductiv-
ity; this phenomenon is universally
known as “thermally stimulated con-
ductivity,” and no one would ever think
of calling it “thermoconductivity.”
The related luminescence phenomenon
should be known as “thermally stimu-
lated luminescence,” and this title has
indeed been used. In his pioneering
work of 1950, Luminescence of Solids,
H. W. Leverenz pointed out the incon-
gruities of using the term “thermolu-
minescence,” which implies the excita-
tion of luminescence by heat, but to no
avail; the term is still with us) In
today’s analysis of the properties of
defects in semiconductors, this lumi-



