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Gravilation and Relativity: At the Turn of
the Millenium. as the edilors put it is an
interesting collection of articles based on
the fectures presented by scveral authors
al the 15th Mecting of the International
G.R.G. Socicty at Punc in December

1997, These meetings are generally held
once in three years with the previous one
(GR14) being held in Florence, Italy, in
July 1995, In order to avoid the Indian
summer monsoon, GR15 was advanced
by six months to accommodate our
friends from cooler places so that the
participants could enjoy a pleasant cli-
mate for exchanging ideas and opintons.
Reviewing the proceedings of a confer-
ence is altogether a different ball game as
compared to reviewing a book. A book
generally has a basic theme on which the
author builds up a body. bringing in the
concepts as they developed with appro-
priate link from chapter to chapter. On
the other hand, the procecdings of a
conference basically reflects the main
interests of the organizers and the pres-
entations by different authors obviously
may not fully link the subject matter.
These proceedings are no exception —
though the ttle 15 very general, the
topics addressed are basically few like
cosmology, black holes, gravitational
waves and a touch of quantum gravity,
for the pienary talks and a few assorted
topics of workshop scssions.

Gravitation binds the Universe
together and as the thecory of gravity,
Einstein’s general relativity provides the
best framework to describe the cosmos.
The observational basis for describing the
cosmos increased ten-fold with the in-
duction of the Hubble space telescope
(HST) and as Malcolm Longair prescnts
the picture, the HST has providced enor-
mous scrvice in determining the cos-
mological parameters to very good accu-
racics; the Hubble’s constant H,,, through
the observation of cephcids in the Virgo
cluster, which provides accurate dis-
tances of galaxics, the deceleration para-
meter (J, through the study of type 1A
supernovae and the density paramcters
Q. Qaand the cosmological constant £2,.
As ts well known, Longair's article 1s
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succinct. precise to the point though with
a personal bias, it nightly emphasizes the
central problems of astrophysical cos-
mology, and th¢ cnormous progress in
the obscrvational arcna over the last two
decades and points at the new theoretical
perspectives in understanding the struc-
ture of the Upiverse. One could ask. arc
all the obscrvations ol the distant Uni-
verse {or rcal or somc of it mere 1llu-
stons? We know that the first prediction
of Einstcin's thcory is the bending of
light ray near a gravitating sourcc and as
Chitre puts it. the cosmic illusions arc a
manifestation of the gravitational lensing
which creates shadows of objects in the
form of multiple images, arcs or ring-like
structurcs. Michel Berry mentions in his
short abstract on the propagation of eicc-
tromagnctic waves, the twinkling and its
opposite, the phenomena of lensing en-
compass the singularitics of bright and
dull light that cause caustics and zeros of
wave fields. (It is a pity that Berry's full-
length artticle 1s missing from the pro-
ceedings). Chitre has tried to summarize
the developments in the ficld of gravita-
lional lensing, both theorctical and ob-
scrvational, which is morc in the
form of a rcvicw of a large number of
papers and is more useful for practi-
tioners in the licld with sufficient techni-
cal knowledagc.

Black hole physics and astrophysics
have bcen at the centre stage for more
than two dccades and technological de-
vclopments have yielded rich observations
over lhe years which have made black
holcs a reality. Ramesh Narayan has pre-
sented a very insightful review of the
evidence for black holes through models
dealing with advection dominated accre-
tion {lows around compact objects. while
Choptuik has discussed the numcrical
simulations for identifying the threshold
of black hele formation in a spherically
symmetric collapse scenario. It is really
amazing that the ADAF model of
Narayan er al. can explain the observed
spectra at three different wavelengths,
with only one frce paramcter, namcly, the
accretion rate. Pullin, discussing the sce-
nario of black hole collisions has summa-
rnzed present understanding  of  the
analytical ‘close approximation’ schcme,
while Ed Sidcl has revicwed the attempts
tn the numecrical proccdures for similar
studies. These two articles together pre-

“sent a fairly up-to-date scenario of the

intense cffort that is being put in by scve-
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ral rescarch groups in the understanding of
black hole collision process which is sup-
posed to gencrate copious amount of gravi-
tational radiation in the ‘closing in” regime.

Gravitational waves being one of the
hotiest topics of current research. three of
the plenary talks deal with the sources of
eravitational radiation and the present
statts o dctectors. Eanna Flanagan’s
article on the astrophysical sources of
gravitational radiation is a pood intro-
duction to the topic under discussion.
Withoul going into tcchnical details she
has given probable estimates for stellar
collapse and coalescence of compact
binarics. The article also decals with
achicved and projecled detector sensi-
tivities presently under construction and
ol the proposed ones. Gravitational wave
detectors seem to have had a lot of cove-
rogc 1n the meeting as Norna Robertson
and Cerdonto er al. have also covcred
extensively the same topic, and the pres-
cntation by both are up-to-date and very
informative. The three articles together
arc ol immense help to graduate students
and rescarchers alike for an tntroduction
to the topic and Lo Icarn about the status
of rescarch and the world-wide efforts
that are going on to opcn up a ncw
window for the next millenium — the
gravitational wave astronomy.

{s gravity quantizablc? This question
has bothered researchers for over fifty
years and it appears that no significant
answer has becen found as yet. Though the
interest in the subject has not dwindled,
the coverage 18 not as cxtensive as it used
to be in carlicr mectings. Carlo Rovelli in
his brict review of a vast topic has tried
to give a critical survey of the present
approaches to quantum gravily illustra-
ting the main achicvements and difficul-
tics in string theory, loop quantum gra-
vity, discrete quantum gravity, pertur-
bative quantum gravity, quantum field
thcory on curved space~time, non-
commutative geometry, and spin foam
modcls. As Carlo points out both string
theory and loop quantum gravity claim
certain results, but both are quite far from
obtaining any tangible experimental evi-
dence. The article is indeed very infor-
mative and uscful to get a glimpse of the
various attempts and gives a tlair of the
typc of mathematics one ought to know
for pursuing any scrious rescarch in
quantum gravity, In fact, the article by
Gary Gibbons on M thcory, which is
supposcd to be a unilication of the five
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different string theorics and the 11-
dimensional supergravity theory is cer-
tainly mcant for the ‘connoisscurs’ who
have a substaniial background of diiter-
ential geometry and topology.

Talking of mathematics, there are two
atticles dealing with classical general
relativity. on dynamics of nuil surfaces
by Kozameh and on Einsticin’s equation
and gcometric asympiotics by Helmut
Friedrich, As Kozameh points out quite
clearly, the null surface formalism gives a
fresh viewpoint towards the quantization
tssue and preserving the geometric char-
acter of Einsteinian thcory of gravity it
provides a new, {ully gauge-fixed scheme
for gencrating new perturbation solution,
The conftormal structure, which was first
introduced in gencral relativity by Roger
Pcnrose, has yiclded a rich haul of
insight into understanding of the large-
scale structure of space-timc and later
work by Fricdrich demonstrated the pos-
sibility of analysing thc asymptotic be-
haviour of solutions (asymptotically tlat)
to arbitrary precision. More recently, the
approach has led (o the understanding of
numerical methods for apalysing space-
times without cut-off. Friedrich, in his
article, has given a review of the deve-
lopment of these ideas, cmphasizing the
nccessity of understanding the interaction
between  conformal  gecometry  and
Einstein propagation in all its detail. The
concept of an isolated system which has
played an important role in the classical
general relativity, was criticized by Ellis
in the context of cosmological solutions,
and as Friedrich points out it would be
useful to reconsider the technical aspects
of Ellis’ critique in conjunction with the
ncw developments of using conformal
ficid equations, which offer the possi-
bility to calculate numerically entire
asymploticaily flat space—times together
with their conformal boundary on finite
grids.

Deviating from these main themes,
(here are two excellent articles by Ashby
on rclativistic cffects on the GPS and by
Zeilinger on quantum coherence expert-
menls. As Ashby reports, the global
positioning systems which use accurale
stable atomic clocks in satellites and on
carth, necd accurate determination of
various special and general relativistic
effects, viz., Sagnac effect, time dilation
and frequency shill. The synchronization
so provided after including all these
effects has varied applicﬂliﬂnﬂ- The arti-

cle discusses the conceptual basis for
navigation ustng GPS and lists some
applications like military navigation,
commurtication, pulsar timing measure-
ments, scarch and rescue, cte. The article
1S  well-presented  withoul too  much
technicality and reads casily. While
menuoning Zeilinger’s article 1 cannot
help recalling the excellent response he
recerved during the lecture and for the
large community of theorists present, the
amazing achicvement of ‘teleportation’
was very revealing, That one can identily
{cw photons and follow them in practice
as entangled states is indeed a crown in
the technological achicvements of the
present millenium. As Zcilinger says, #f
this can lead to tests of a4 possible de-
cohercnce mechanism caused by gravita-
tional interaction, onc may really get a
betlcr understanding of the conceptual
1ssucs raised by quantum mechanics. [t is
again a pity that the full version of Pen-
rose’s lecture on ‘Scicnce and the Mind’
1S not available in the proceedings.
Vishveshwara’s article ‘After the Fall’,
which was the toast of the confercnce
reflccts the inimitable style of presentation
that can make a good reading for experts
and non-experts alike. Had it been possi-
ble to intervence the text of a speech with
the laughter it evokes, this article would
have covered the whoie book. Vishu
covers the historical developments of
Newton’s gravity to super and quantum
gravity, punning upon almost every
technical word, and enlivening with car-
toons which have been popular among
the GR community for over ten years.
The article is indced extremely retresh-
ing and several facts which Vishu brings
out could have been new 10 many in the
field.

After all these plenary talks, the pro-
ceedings picks up some repertoires of
workshops which nced no special
mention. 1t is a littie surprising why there
is no report concerning the session Bl on
‘Relativitistic Astrophysics” and C2 on
‘Tests of Special and General Relativity .
While many of the workshop chairs have
taken trouble to read the various presen-
tations and summarize, the onec on B2 ~
Obscrvationally Oriented Cosmology has
simply put together the abstract shccts
supplied by the contributors. Though the
ahstract says that it gives truncated sum-
mury, il is strange (o sce a lot of “print
space” being wausted in giving the long
affiliations of the contnbutors.
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All in ail, it could be mentioned that
the procecdings does contain some very
good ‘state of the art’ presentation of the
topics in gravitation and would be useful
as an. overview for sertous researchers.
However, now-a-days apart from a tri-
cnnial conference like GR, there are
many topical meetings at the rate of two
or three per year, many an article gets
repeated in different volumes with new
headings. In spite of this foreseeable
danger, the book could be of use for
selective topics and thus should be on the
shclves of every scientific library.,

A. R. PRASANNA
Physical Research Laborarory,

Navrangpura,
Almedabad 380 009, India

s,

Eco-restructuring: Implications for
Sustainable Development. Robert U.
Ayres (ed.). United Nations University
Prcss, The UN University. 1998.

‘Sustainable development’ is amenable to
many interpretations and there is still no
acceptable dcfinition of what sustainable
development is and is not. Viewed
against this backdrop, this book, under
review, reflects a ‘growing concern for
environmental degradation associated
with Industrial development, economic
growth and encrgy use ranging from local
air and water pollution, soil contamina-
tion, and reduced bio-diversity to strato-
spheric ozone depletion and the damage
potcntially caused Dby global climate
change’ (p. 149) without prejudice to two
fundamental premises, viz. (i) that eco-
nomic growth must continue at least for
the foreseeable future, and (i) the nature
of that growth must change radically in
order to satisly the basic requirement of
long-term eco-sustainability. It is equalty
true that lack of economic growth and
development  translate  into  increased
poverty and population growth which. in
turn, lead to accelerated environmental
deterioration (p. 173). In order to arrest
this trend und save the mankind from
possible total extinclion, the contributors
stress on the impentive Reed for global
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