
implemented. Weimer virtually ignores 
the difficulties inherent in a motor theory 
of vision, dismissing the problems by 
making reference to the early work by 
Festinger on eye movements. 

Some of these difficulties may be in- 
herent in the pioneering approach of the 
book, which does provide arguments for 
the directness of perception, the relation 
between perceiving, acting, and know- 
ing, and the importance of an ecological- 
ly relevant psychology, even though few 
specific formulations are proposed: I 

hope that because of this book psycholo- 
gists will no longer have to argue the 
need for this type of theory but can pro- 
ceed with its development. 

RICHARD R. ROSINSKI 
Interdisciplinary Department 
of Information Science, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania 15260 
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Radar Probing of the Auroral Plasma. Pro- 

ceedings of a summer school, Troms0, Nor- 
way, June 1975. ASGEIR BREKKE, Ed. Univer- 
sitetsforlaget, Oslo, Norway, 1977 (U.S. dis- 
tributor, Columbia University Press, New 
York). 464 pp., illus. Paper, $28. 

In 1958 W. E. Gordon suggested that 
powerful radar systems operating at fre- 
quencies well above those reflected by 
the ionosphere could be used to probe 
the upper atmosphere. Although there 
would be no coherent reflection, there 
would be an "incoherent scatter" con- 
sisting of randomly phased contributions 
from individual electrons in the iono- 
sphere, each with an effective cross sec- 
tion of about 10-28 square meters. This 
was certainly not a new idea; Gordon's 
contribution was to look at it seriously 
and to point out that, although incoher- 
ent scatter was an extremely weak ef- 
fect, it was not entirely negligible and 
could in fact be detected by sufficiently 
powerful radars (megawatts of peak 
transmitter power, acres of antenna 
area). 

Gordon's predictions were confirmed 
by the observations of K. L. Bowles in 
1958, but it was soon realized that the 
theory of the scatter was more complex 
than Gordon had thought and that the 
signal was a bit easier to detect. In the 
years that have followed, the theory has 
been worked out in great detail, and the 
technique has become a powerful tool 
for probing the ionosphere from the 
ground. From the power and spectrum of 
the scattered signal one can deduce elec- 
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tron densities, electron and ion temper- 
atures, ion composition, collision fre- 
quencies, and mean drift velocities of the 
charged particles, all as a function of alti- 
tude and with good time resolution. Fur- 
thermore, many characteristics of the 
neutral upper atmosphere can be de- 
duced, through the use of the charged 
particles as tracers. 

There are five active incoherent scat- 
ter observatories in the world. The most 
spectacular is the National Astronomy 
and Ionosphere Center located near Are- 
cibo, Puerto Rico, with a 1000-foot-di- 
ameter reflecting antenna in a natural 
sinkhole and a 2-megawatt, 430-mega- 
hertz radar. Another impressive sight is 
the dipole array, with 18,432 elements, 
that is the antenna for the 4-megawatt, 
50-megahertz incoherent scatter radar of 
the Jicamarca Observatory located near 
Lima, Peru. The other three observa- 
tories are located near Boston, in 
Alaska, and in France. 

A sixth facility (the European Incoher- 
ent Scatter Radar in the Auroral Zone 
project, or EISCAT) is now being con- 
structed in northern Scandinavia with 
support from Finland, France, Great 
Britain, Norway, Sweden, and West 
Germany. Both geographically (latitude 
of about 70?) and geomagnetically (mag-. 
netic shell parameter = 6.3) it will be 
substantially north of the observatory 
near Fairbanks, Alaska. It will provide a 
unique facility for studying auroral phe- 
nomena in great detail and at times will 
be able to probe processes occurring on 
"open" field lines connected directly to 
the solar wind. 

The summer school that this book re- 
cords introduced European students and 
young scientists to the incoherent scatter 
technique in general, to EISCAT in par- 
ticular, and to some of the physical prob- 
lems that EISCAT will be investigating. 
The 20 chapters correspond to the lec- 
tures and are tutorial in nature. The top- 
ics covered include incoherent scatter 
theory and technique, some incoherent 
scatter observations (particularly in 
Alaska), some aspects of ionospheric 
and magnetospheric physics, and vari- 
ous experiments that will complement 
EISCAT observations. The chapters are 
generally more than lecture notes but 
less than comprehensive review papers. 

Proceedings of this sort are very valu- 
able for the participants, particularly if 
they are available at the time of the meet- 
ing or shortly thereafter, but they are 

tron densities, electron and ion temper- 
atures, ion composition, collision fre- 
quencies, and mean drift velocities of the 
charged particles, all as a function of alti- 
tude and with good time resolution. Fur- 
thermore, many characteristics of the 
neutral upper atmosphere can be de- 
duced, through the use of the charged 
particles as tracers. 

There are five active incoherent scat- 
ter observatories in the world. The most 
spectacular is the National Astronomy 
and Ionosphere Center located near Are- 
cibo, Puerto Rico, with a 1000-foot-di- 
ameter reflecting antenna in a natural 
sinkhole and a 2-megawatt, 430-mega- 
hertz radar. Another impressive sight is 
the dipole array, with 18,432 elements, 
that is the antenna for the 4-megawatt, 
50-megahertz incoherent scatter radar of 
the Jicamarca Observatory located near 
Lima, Peru. The other three observa- 
tories are located near Boston, in 
Alaska, and in France. 

A sixth facility (the European Incoher- 
ent Scatter Radar in the Auroral Zone 
project, or EISCAT) is now being con- 
structed in northern Scandinavia with 
support from Finland, France, Great 
Britain, Norway, Sweden, and West 
Germany. Both geographically (latitude 
of about 70?) and geomagnetically (mag-. 
netic shell parameter = 6.3) it will be 
substantially north of the observatory 
near Fairbanks, Alaska. It will provide a 
unique facility for studying auroral phe- 
nomena in great detail and at times will 
be able to probe processes occurring on 
"open" field lines connected directly to 
the solar wind. 

The summer school that this book re- 
cords introduced European students and 
young scientists to the incoherent scatter 
technique in general, to EISCAT in par- 
ticular, and to some of the physical prob- 
lems that EISCAT will be investigating. 
The 20 chapters correspond to the lec- 
tures and are tutorial in nature. The top- 
ics covered include incoherent scatter 
theory and technique, some incoherent 
scatter observations (particularly in 
Alaska), some aspects of ionospheric 
and magnetospheric physics, and vari- 
ous experiments that will complement 
EISCAT observations. The chapters are 
generally more than lecture notes but 
less than comprehensive review papers. 

Proceedings of this sort are very valu- 
able for the participants, particularly if 
they are available at the time of the meet- 
ing or shortly thereafter, but they are 

tron densities, electron and ion temper- 
atures, ion composition, collision fre- 
quencies, and mean drift velocities of the 
charged particles, all as a function of alti- 
tude and with good time resolution. Fur- 
thermore, many characteristics of the 
neutral upper atmosphere can be de- 
duced, through the use of the charged 
particles as tracers. 

There are five active incoherent scat- 
ter observatories in the world. The most 
spectacular is the National Astronomy 
and Ionosphere Center located near Are- 
cibo, Puerto Rico, with a 1000-foot-di- 
ameter reflecting antenna in a natural 
sinkhole and a 2-megawatt, 430-mega- 
hertz radar. Another impressive sight is 
the dipole array, with 18,432 elements, 
that is the antenna for the 4-megawatt, 
50-megahertz incoherent scatter radar of 
the Jicamarca Observatory located near 
Lima, Peru. The other three observa- 
tories are located near Boston, in 
Alaska, and in France. 

A sixth facility (the European Incoher- 
ent Scatter Radar in the Auroral Zone 
project, or EISCAT) is now being con- 
structed in northern Scandinavia with 
support from Finland, France, Great 
Britain, Norway, Sweden, and West 
Germany. Both geographically (latitude 
of about 70?) and geomagnetically (mag-. 
netic shell parameter = 6.3) it will be 
substantially north of the observatory 
near Fairbanks, Alaska. It will provide a 
unique facility for studying auroral phe- 
nomena in great detail and at times will 
be able to probe processes occurring on 
"open" field lines connected directly to 
the solar wind. 

The summer school that this book re- 
cords introduced European students and 
young scientists to the incoherent scatter 
technique in general, to EISCAT in par- 
ticular, and to some of the physical prob- 
lems that EISCAT will be investigating. 
The 20 chapters correspond to the lec- 
tures and are tutorial in nature. The top- 
ics covered include incoherent scatter 
theory and technique, some incoherent 
scatter observations (particularly in 
Alaska), some aspects of ionospheric 
and magnetospheric physics, and vari- 
ous experiments that will complement 
EISCAT observations. The chapters are 
generally more than lecture notes but 
less than comprehensive review papers. 

Proceedings of this sort are very valu- 
able for the participants, particularly if 
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ing or shortly thereafter, but they are 
less so for others and tend to become 
dated with the delay of publication (more 
than two years in this case). The chap- 
ters on incoherent scatter theory and 
electrostatic waves in a plasma are inter- 
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esting, but these topics have also been 
dealt with in various excellent review ar- 
ticles and original research papers avail- 
able in the open literature. The same can 
be said for the discussion of radar tech- 
niques, except for the considerable ma- 
terial that deals specifically with the 
EISCAT system. I found it surprising 
that there was no discussion of the so- 
phisticated procedures used at Arecibo. 
The material on actual observations and 
on the theory of auroral and magneto- 
spheric processes is also amply covered 
in the open literature, which is inevitably 
more up to date. 

The book would make useful reading 
for someone planning a research pro- 
gram using the EISCAT facility, which 
the Europeans hope will begin observa- 
tions in mid-1979, but others may find it 
too specialized in some areas and a bit 
dated or abbreviated in others. 

DONALD T. FARLEY 
School of Electrical Engineering, 
Cornell University, 
Ithaca, New York 14853 
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Hubble's discovery of the expansion 
of the universe led to a prolonged effort 
to measure the rate of both the expan- 
sion and its deceleration. This program, 
which leads to an estimate of the age of 
the universe, has been vigorously pur- 
sued by Hubble and his successors for 50 
years now and, despite its conceptual 
simplicity, has proved to be exceedingly 
intractable. The problem, in brief, is that 
it is not easy to measure the intrinsic lu- 
minosity of the galaxies and that, in any 
case, the luminosity of a remote galaxy is 
expected to undergo significant and 
poorly understood change in the time it 
takes for its light to reach us. God has 
not very liberally strewn His world with 
standard candles. 

Nevertheless, the program has made 
steady, unspectacular progress. It is now 
widely accepted that the age of the uni- 
verse is known from such studies within 
a factor of 2, and the rough agreement 
of this age with the age of the elements as 
determined from their radioactivity and 
with the age of the oldest stars as deter- 
mined from studies of stellar evolution 
has convinced almost everyone of the 
validity of Hubble's view that the red- 
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shifts of galaxies are caused by velocities 
of recession and that these velocities, 
leaving aside a small component due to 
individual motion, result from the expan- 
sion of the universe. A small minority of 
astronomers maintain, however, that 
some few galaxies, and perhaps all qua- 
sars, exhibit anomalous redshifts that are 
caused by some as yet unknown physical 
process unconnected with their peculiar 
motions or with the universal expansion. 

The volume under review contains the 
proceedings of two conferences devoted 
to these issues. The conferences were 
held consecutively; they had the same 
participants and organizers and were, in 
effect, one conference. The organizers 
apparently wanted to have a.wide range 
of viewpoints represented and to stimu- 
late as much controversy as possible. 
Some, perhaps skeptical of the value of 
public debate in furthering critical in- 
quiry, chose to stay away. Nonetheless, 
the published proceedings provide a use- 
ful and fairly complete summary of work 
recently done within the framework of 
the Hubble program as well as of the 
work of its critics. 

Reading this volume I could not es- 
cape the impression that there is some- 
thing slightly odd about the tone of dis- 
cussion in contemporary observational 
cosmology. It is at once inconclusive and 
strangely dogmatic. Opinions seem to be 
more strongly held than the evidence for 
them warrants. Some cosmologists seem 
to live in private worlds and are deeply 
persuaded by evidence and arguments 
that seem to their colleagues to be quite 
unpersuasive. Few make observations 
whose implications they find surprising; 
there are not many discoveries reported 
here. But if you want to know the state 
of play in the continuing effort to deter- 
mine the characteristics of the universal 
expansion or just how weak the case for 
nonvelocity redshifts is, this is a good 
place to begin. 

Aside from these well-worn paths, 
there are many new and interesting 
things here: Tully and Fisher on their 
new program of radio redshifts, Tinsley 
and White on different aspects of evolu- 
tionary change in galaxies and clusters of 
galaxies, Kellermann and Shaffer on ap- 
parent faster-than-light motions in radio 
sources, and Roberts on how constant 
some of the natural constants are. There 
are also two superb reviews of the whole 
cosmological enterprise: one by Gunn on 
observational tests in cosmology and the 
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shifts. Both of these vaut le voyage. 
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As a result of three decades of intense 
investigation, human hemoglobin and its 
abnormalities have been established as 
the prototype for understanding the mu- 
tational origin and the molecular pathol- 
ogy of hereditary disease in humans. He- 
moglobin research has flourished in sev- 
eral fields. Clinical investigations have 
elucidated the natural history and patho- 
physiology of hemoglobin disorders, 
some of which (the sickling and the thal- 
assemia syndromes) are among the most 
prevalent genetic defects in African, 
Mediterranean, and Asian populations. 
Genetic studies have uncovered a multi- 
tude of abnormalities; human hemoglo- 
bin is unique in that it is the only mam- 
malian genetic system in which abnor- 
malities in protein structure as well as in 
protein synthesis and in developmental 
patterns are known and well character- 
ized. An equivalent to the number and 
heterogeneity of the structural human 
hemoglobin mutations can be found only 
in bacterial genetic systems. In parallel, 
biochemical investigations during the 
last decade have led to the delineation of 
the structure and function of normal and 
abnormal hemoglobins at the stereochem- 
ical level and to the discovery that ab- 
normalities in hemoglobin synthesis re- 
flect problems in the production, structure, 
or function of globin messenger RNA. 
This book brings all these products of 
basic and clinical investigation together. 

The book has ten chapters, four pre- 
senting introductory information and the 
remainder discussing specific hemoglo- 
bin abnormalities. The coverage of the 
subject is of uniformly high quality. The 
early chapters of the book contain the 
best available syntheses of hemoglobin 
function and its modulation in health and 
disease; this material provides an excel- 
lent background for the analysis of the 
physiological effects of mutation in the 
chapters describing the sickling disorders, 
the unstable hemoglobins, the variants 
that have abnormal oxygen affinity, and 
the hemoglobins that produce methemo- 
globinemia. The bibliographic coverage 
in these chapters is complete, and the ta- 
bles provide good summaries of the de- 
scribed mutants and their properties. 
The clinical descriptions are accurate 
and to the point. 

About a third of the book is devoted to 
the most common hemoglobin abnormal- 
ities, the thalassemias and the sickling 

As a result of three decades of intense 
investigation, human hemoglobin and its 
abnormalities have been established as 
the prototype for understanding the mu- 
tational origin and the molecular pathol- 
ogy of hereditary disease in humans. He- 
moglobin research has flourished in sev- 
eral fields. Clinical investigations have 
elucidated the natural history and patho- 
physiology of hemoglobin disorders, 
some of which (the sickling and the thal- 
assemia syndromes) are among the most 
prevalent genetic defects in African, 
Mediterranean, and Asian populations. 
Genetic studies have uncovered a multi- 
tude of abnormalities; human hemoglo- 
bin is unique in that it is the only mam- 
malian genetic system in which abnor- 
malities in protein structure as well as in 
protein synthesis and in developmental 
patterns are known and well character- 
ized. An equivalent to the number and 
heterogeneity of the structural human 
hemoglobin mutations can be found only 
in bacterial genetic systems. In parallel, 
biochemical investigations during the 
last decade have led to the delineation of 
the structure and function of normal and 
abnormal hemoglobins at the stereochem- 
ical level and to the discovery that ab- 
normalities in hemoglobin synthesis re- 
flect problems in the production, structure, 
or function of globin messenger RNA. 
This book brings all these products of 
basic and clinical investigation together. 

The book has ten chapters, four pre- 
senting introductory information and the 
remainder discussing specific hemoglo- 
bin abnormalities. The coverage of the 
subject is of uniformly high quality. The 
early chapters of the book contain the 
best available syntheses of hemoglobin 
function and its modulation in health and 
disease; this material provides an excel- 
lent background for the analysis of the 
physiological effects of mutation in the 
chapters describing the sickling disorders, 
the unstable hemoglobins, the variants 
that have abnormal oxygen affinity, and 
the hemoglobins that produce methemo- 
globinemia. The bibliographic coverage 
in these chapters is complete, and the ta- 
bles provide good summaries of the de- 
scribed mutants and their properties. 
The clinical descriptions are accurate 
and to the point. 

About a third of the book is devoted to 
the most common hemoglobin abnormal- 
ities, the thalassemias and the sickling 

As a result of three decades of intense 
investigation, human hemoglobin and its 
abnormalities have been established as 
the prototype for understanding the mu- 
tational origin and the molecular pathol- 
ogy of hereditary disease in humans. He- 
moglobin research has flourished in sev- 
eral fields. Clinical investigations have 
elucidated the natural history and patho- 
physiology of hemoglobin disorders, 
some of which (the sickling and the thal- 
assemia syndromes) are among the most 
prevalent genetic defects in African, 
Mediterranean, and Asian populations. 
Genetic studies have uncovered a multi- 
tude of abnormalities; human hemoglo- 
bin is unique in that it is the only mam- 
malian genetic system in which abnor- 
malities in protein structure as well as in 
protein synthesis and in developmental 
patterns are known and well character- 
ized. An equivalent to the number and 
heterogeneity of the structural human 
hemoglobin mutations can be found only 
in bacterial genetic systems. In parallel, 
biochemical investigations during the 
last decade have led to the delineation of 
the structure and function of normal and 
abnormal hemoglobins at the stereochem- 
ical level and to the discovery that ab- 
normalities in hemoglobin synthesis re- 
flect problems in the production, structure, 
or function of globin messenger RNA. 
This book brings all these products of 
basic and clinical investigation together. 

The book has ten chapters, four pre- 
senting introductory information and the 
remainder discussing specific hemoglo- 
bin abnormalities. The coverage of the 
subject is of uniformly high quality. The 
early chapters of the book contain the 
best available syntheses of hemoglobin 
function and its modulation in health and 
disease; this material provides an excel- 
lent background for the analysis of the 
physiological effects of mutation in the 
chapters describing the sickling disorders, 
the unstable hemoglobins, the variants 
that have abnormal oxygen affinity, and 
the hemoglobins that produce methemo- 
globinemia. The bibliographic coverage 
in these chapters is complete, and the ta- 
bles provide good summaries of the de- 
scribed mutants and their properties. 
The clinical descriptions are accurate 
and to the point. 

About a third of the book is devoted to 
the most common hemoglobin abnormal- 
ities, the thalassemias and the sickling 

disorders. These chapters are excellently 
balanced between review and synthesis, 
reflecting the research and clinical expe- 
rience of the authors. The chapter on 
thalassemia is preceded by a vigorous re- 
view of globin biosynthesis and globin 
messenger RNA through 1976, but this 
part of the book will soon be outdated by 
the rapid progress in the investigation of 
mammalian globin messenger RNA and 
DNA. 

The only weakness of the book is in 
matters of population genetics. There is 
only sporadic reference to the population 
frequencies of hemoglobin defects, and 
Allison's demonstration of the selective 
advantage of the sickle cell trait carriers 
vis a vis falciparum malaria, one of the 
major contributions in human population 
genetics, is allotted only eight lines. 

The book is readable, lucid, and com- 
prehensive. It contains almost every- 
thing known about human hemoglobins, 
and it will be a useful companion for clin- 
ical and experimental hematologists as 
well as for teachers who want to use he- 
moglobin to illustrate principles of bio- 
chemistry or human genetics. 
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