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Book Reviews

Caylture, excitement and relevance of mathematics by V. Krishnamurthy. Wiley
Eastern Ltd, 483524, Ansari Road, Daryaganj, New Delbi 110 002, 1990, pp 327,
Rs. 300.

Thus 1s an unusual book There 1s no better way to give a flavour of what it 1s ail about than to quote
from the opening paragraphs of the author’s preface—"“The largest cheuntele of undergraduate courses
n mathematics consists of those who will ultimately graduate i subjects other than mathematics. But
ther undergraduate curriculam never reaches that much of sophistication or depth to give them any
idea of what hes beyond. They forever miss the culture that runs.through the fascinating branches of
20th century mathematics. It is the conviction of the author that this Jarge clientele, before they fork
away from the foundation courses into their own disapline specialization, or before they graduate, should
be exposed to a bird’s eye view of 20th century mathematics, 1ts culture, the structural mterconnections
of much that 1s called advanced mathematics, the excatement attendant with many of the ‘unsolved’
problems, the relevance of even apparently very abstract mathematics and the undercurrent of umty of
a large part of modern mathematics, though camouflaged by the wnumerable techmques that are doled
out to the user.” As for the state of affars depicted at the beginning of this quote, the present reviewer
(an engneering graduate) can vouch for its veracity, having had to rediscover s high school interest m
mathematics during us Ph D days after having all but lost it thanks to the cookbook-style mathematics
that passes by the name of engineermg mathematics

With this noble aim m mind, the author embarks upon the daunting task of gwing a perspective of
twenticth century mathematics to a literate non-mathematictan The furst chapter is historical in nature,
predictably beginaing with ancient astronomy as mother of mathematics and quickly racing through the
centuries that led to modern mathematics. The next chapter, titled “The mineteenth century revolution
geometry’, has a section on the parallel postulate of Euclid and the controversies surroundmg 1t, and one
on non-Euclidean geometries The third chapter describes the foundations of set theory and the controver-
sies and drama that surrounded it early this century It has an interesting digression on Nicholas Bourbaks,
the enfant terrible of modern mathematics Chapter IV, on counung and enumeration, describes the
‘necklace problem’ and goes on to describe applications of combinatoncs to chemical 1somers and DNA
sequence recovery, Chapter V on modern algebra mtroduces finite fields and algebraic coding theory.
Chapter V1 on topology opens with a mice historical section on the great problems of low-dimensional
topology, aptly ttled ‘From Poincare to Donaldson’ After a brief account of the basic concepts of
topology, it goes on to discuss at [ength the Euler-Pomcare charactenistic, probably the unique choice of
most topologists as the show prece of thermr subject for the lay public. The last section gives a short
account of homotopy theory Chapter VII describes the developments surrounding the much-publicized
four-colour map problem, culminating in its controvessial computcr-assisted solution. Chapter VI, titled
*Stinivasa Ramanwjan’, gives a bnief biography of the genws and describes the aspects of number theory
which bear a lasting imprint of the man’s contributions. Chapter IX 1s titled ‘Power of generalization and
abstraction* functional analysis’. It begms with a digression on Ramsay theory, mserted to motivate the
tendency to generalize in mathematics. Functional analysis is quoted as a prune mstance of this and is
briefly introduced, particularly m connection with quantum mechamics to which it owes its explosive
growth A short overview of some prime areas of functional amalysis concludes the chapter. The final
chapter concludes with two sections—one on the Fields medal, the equvalent of Nobel Prize
mathematics (in prestige, though not m money) and one on some topics not covered m the book.

There are many thmngs about this book that one can rave about. The foremost 1s its lucid style, without
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which the venture wouid have fallen flat on its face (I have not heard the author lecture, but he must
be a great teacher ) T also liked the two-layered arrangement of the matertal There are extensive and
reasonably detailed accounts of some of the more accessible 1deas, mterspersed with Jess detatied, semuhis-
toncal accounts of what hies beyond The levetl of the hook 15 above that of an ultra-popular sort like
Court's Mathematics n fun and in earnest, but below that of the more techmical accounts such as the
3-volume Mathemancs us content, methods and meanmng, ecited by Aleksandrov, Kolmogorov and Lay-
rent’ev It 1s also quute distnct 1 1ts flavour and organization from other beoks m sumular spint, such as
What 1s mathemanes? by Courant and Robbins and Mathemancs and logie by Kac and Ulam  An extensive
bliography 15 an addiional asset of rhe book

Another positve aspect of this book ments a comment. Mathematics s a lonely and strenuous exercise
and the relattve ments of works of mathematics are not always ebvious (except perhaps m case of the
exceptionally good and the exceptionally bad ones) This makes rmathematicians egocentrie, prons to
critically ‘cvaluate’ other mathematicians and branches of mathematics other than their own, This almost
aiways leaves some overtones in ‘general’ books written by mathematicians, be 1t an autobiography or a
popular treatment. {Pathological mstances are Halmos's | want io be u mathematiciun and Drudonneg’s 4
panorama of pure mathemaiics) The book under review 1s excepitonal m not bewng so The author comes
across as an admurer of mathematics forever mn awe of the subject, rather than as a self-styled judge
sitting on top of it, passing judgements on all and sundry

A book of this type obviously entads some selection among the topics that can be covered and this
will naturally be dictated by the author’s own interests The book, as the sketch of contents given above
suggests, 1s heavy on algebraic/combmatonc mathemaucs {even the chapter on topology 1s dominated by
algebraic topology) with functional analysis commg a close second  As the jacket indicates, these are
precsely the author’s research interests. Omussions are many and any mathematician reading the book 18
likely to remark on omission of some subject or the other deas to lum Thus, while granting that writing
a book like this covenng the enure gamut of modern mathematics s impossible m this day and age, I
would bke to register a mild disappontment over two onussions —— dynamical systems theory with its
high peofile spin-offs such as ‘chaos’ and ‘strange attractors’, and my own bread and butter, probabidity
theory

Negative pomts are few. There are occasional typographical errors that need to be weeded out in
subsequent editions. Also. an occastonal sentence jars, particularly early i the book, because 1t conveys
nothing unless the reader already has more famiianty with the subject than what he 1s supposed to have
This 35 perhaps unavodable to some extent given the delicate act of balancing the author is attempung
between the popular and the techmcal, and can defimtely be amended by supplementary discussion m
any course based on this book 1 also found & bit odd the choice of Ramsay theory to illustrate the power
of abstraction and generalization that ied to funcuional analysis. An example from functional analysis wself
would have been more appropriate, with Ramsay theory being discussed separately.

To conclude, this book gives a kind of course on modern mathematics which | would have loved to
have gone through as a student. Those who did are lucky Those who didn’t, should read this book

Depariment of Electrical Engineenng ¥V S. BORKAR
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Huygens and Barrow, Newten and Hooke by V. 1. Arnold. Birkhauser Verlag, CH-
4010, Basel, Switzerland, 1990, pp 118, SFr 118. Indian orders to Springer Books
(India) Pvt Ltd, 6, Community Centre, Panchasheel Park, New Delhi 110 017.

Newton agreed to take on the position of President of the Royal Society only after the death of Hooke
in 1703 One of the first acts of Newton in this position was to destroy all the instruments of the late
Hooke and also his papers and portraits. So the Royal Society now has portraits of afl 1ts members except
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Hooke Not one draw:ng of Hooke, who was a member, Curator (for forty years) and Secietary of the
Royal Society, was preserved A recent portratt in the feider of Hooke’s biography had to be made up
by the methods of modern crane detection from verbal desciptions of Hooke! This speaks of the enemity
Newton nurtwied towards Hooke Why was this? How did Newton and Hooke come mto conflict? Hooke
was a very skilful expenimenter On suggestion trom Newton he performed experiments to find the trajec-
tonies of fallmg bodies on the earth He found that Newton's arguments regarding the trajectories of a
fallmg ball were not very conect He wrote a letter to Newton about this matter Apart from the account
of Ins expertments, this letter of Hooke contained the following smportant words My supposition 1s that
the attraction always 15 dupheate proportion te the distance from the cenire reciprocal, and con-
sequently that the veloaity will be 1 sabdupheate proportion to the attraction and consequently as Kepler
supposes reciprocal o the distance . 7 From tius letter, which s reproduced m detail i this book,
Arnold argues that the mverse square law 1s apparently the Hooke theory of attraction that he mentioned
i his earlier letter (also reproduced in the book) to Newton Not only ths, 1 this second letter Hooke
had even suggested to Newton that he with his superior methods can check that Kepler’'s first faw zlso
follows from the inverse square law Newton did not reply 1o this letter. Nearly after six years 1n 1686
he wrote Prcipia Mathematica which was essentially wntten o solve the one-off problem, namely, the
problem of motion in a force ficld wversely proportional to the square of distance from an attracung
centre Arnold pownis out that Hooke's fiist letter to Newton on November 24, 1679, was essentially the
start of the history of the law of universal gravitation  Principia thus arose from the conliicts and scientific
nteractions between Hooke and Newton. Did Newton refer to Hooke’s letters i Principia® There was
no mention of Hooke or any acknowledgement to tus letters anywhere. The history of Newton's Principia
contamed 1 the story of Newton and Hooke forms the furst part of the book.

The beginning of mathematical analysis comerdes with the nme of publication of Principic. Newton
expressed the laws of nature by the differcntial equations and discovered powerful techmiques to solve
these equations The main mathematical discoveries 1n analysis made by Newton had thewr roots m his
tramng in mathematics from his teacher Issac Barrow, who was lecturmg in mathematics at Trmiy
College, Cambnidge Barrow’s book, based on his lectures, appears to be actually devoted to the Newton—
Leibniz formuta which Barrow could not have known, since this happencd twenty years before their first
publications. The first publication on analysis in 1684, however, was due not to Newton since he did not
publish s discoveries m this field, but to Leibmz. A very interesting section about the rivairy between
Newton and Letbniz 1s written 1n the second chapter Newton was very seriously concerred with quesuons
of priority Somewhat earlier he had stated the followmg principle: each person must one day make a
choice — esther to publish nothung or to devote all ns fe to the struggle for prionty For himself Newton
apparently also made his decision on this, choosing both poticies together: he published hardly anything,
and he was constantly struggling for priority. As for the mventon of analyss, bere the first publications
were due to Leibniz, who said that he developed s differential and mtegral calculus independent of
Barrow and Newton Ncvertheless, discussion on this peint gave rise to a very ugly dispute between
Newton and Leibniz Leaving the sad episode of prioriy of mvention of analysis amoug Newton. Letbniz
and Bernoull, a pupil of Leibmz, Arnold goes on to discuss very interesting geometrical works of Huygens
m solving essentially the same problem as Barrow and Newton that led to the creation of analysis

The last part of the book is devoted to discussion on the main concrete achievements presented in the
Prmmapra and series of triumphs for the law of umversal gravitation in the development of celestial
mechanics The history of origin and the contents of Principra will not be complete without looking at
remarkable mathematical contributions made by Newton. In the Princpia there are two purely mathemat-
1cal pages contaming zn astomshingly modern topological proof of a remarkable theorem on the transcen-
dence of Abehan integrals. These theorems are discussed in the last chapter.

The book ends with interesting notes on all the references made m the text.

Arnold, sn this short and very engaging book, relates the story of the history of Prncipia to the
readers. No doubt, the main role in this story 1s played by Newton but the roles of Hooke, Barrow and
Huygens cannot be forgotten. In not acknowledgmg this fact, Newton no doubt behaved less scrupulously
m his dealings with his co-workers and contemporaries
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This book will be very useful 1 the study of history of science [t can be read both by scientists and
non-experts with equal enthusiasm and interest. It certamly manages to leave the readers awed by the
combination of an infenor personality and a super mind
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The case for Mars XI: Strategies for exploration — Generai interest and overview
(C. Stoker, ed). The case for Mars III: Strategies for exploration — Technical (C.
Stoker, ed.), American Astronautical Society Science and Technology Series, 1989,
Vol. 74, pp 743, $ 75 and Vol. 75, pp 646, $ 70. Orders to Univelt Inc., P.O. Box
28130, San Diego, Califormia 92128, USA.

These volumes represent the proceedings of the Cawe for Mars III Conference, the third 1 the series,
held on July 18-22, 1987, at Boulder, Colorado, USA

Space policy marketing 1s proposed to vigorously project the case for Mars to the elements of a par-
nietpatory democracy noting that the US Congress would definitely play a major role in the decision to
go ahead with a manned Mars mission (MMM). A separate workshop on space policy marketing was
held to decide on and implement a strategy to vigorously market the space policy. It 1s suggested that
the 500th anmiversary of the discovery of Amenca (1992) should be the proper time to decide on the
MMM programme,

Educational perspectives are also stressed considenng that a focal theme such as Mars exploranon could
probably help the Americans to overcome the crisis 1 education currently being felt m their universities
and colleges Realizing that the future belongs to students, NASA and the aerospace industry are plannmng
to organize 2 large number of mterdisciplinary courses mnchuding some about Mars

The soctal 1mplications of MMM are outlmed by Hofgard The Apolle missions cost $ 30 bilbon The
MMM 15 expected to cost § 189 ballion tll 203C. Funding from varnous participating nations 1s optunally
proposed, or alternatively an endowment type of fund-rasing method 15 also suggested. Political consider-
ations for going to Mars are given a good deal of priority. Byerly Jr considers the major decisions already
taken and concludes that ‘we need to make a decision through a process of open debate’ Apart from
the Space Station, there 1s no other major programme 1n the 1990s, hence ‘NASA should go all outto
develop another major mtiative’ White and Staehle suggest that NASA should examine options and
make ready the groundwork for future mussions Economic ssues for financing a Mars programme are
covered 1 three papers Smith feels that there should ‘be a clear national objective and White House
support’. Leonard er al feel that the possibility of finding volatiles such as carbon, water and nitrogen on
Phobos and Demmos, the two Martian moons, could reduce the expense of exploration. Thewr paper
estimates the cost of shuppmg volatiles from Phobos/Deimos (Ph/D) to low-Earth-orbit (LEO) compared
to that of shipping from Earth and finds the former less expensive They feel that a 10% return on capital
could be realized Since most of the technologies needed to mme Ph/D are already developed, the Ph/D
approach to Mars 1 considered important Cordell proposes that a mussion to Ph/D should be um-
plemented first He pomnts out the several advantages of a Ph/D manned mission apart from the cost
advantage accruing due to muning and propetlant production on PW/D and stresses the need for creating
public awareness of this mission: ‘The pnimary aim of a Ph/D mussion is the exploration of the surface
of Mars’. The added advantage of domg Mars science studies from Ph/D is that the ecology of Mars
would not be tampered with. Ph/D are more accessible every two years almost as accessible as geostatio-
nary earth orbit (in terms of propulsive requirements) Farther, the chemcally propelied Mars lander
version requires two times more weight in LEO than a manned Ph/D spacecraft. Unlike
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the nussions to the Mars surface, PI/D mwsions will contnbute even more to the larger development of
space exploration of the solar system. O'Leary suggests use of the 1999 opportumty (ot maxitmum acces-
sibility) as a year ideal for the Ph/L> nussion using the Shuttle cryogeme tank He feels that a space
industrial infrastructure could more casily develop m this scenario than in other scenarios. It appears that
Deimos 1s the betier target, margmally preferred for early science mmssions, because of its orbit around
Mars If an early manned sortie to the equatorial regions of Mars s planned, Phobos 1s better. The
recoramendations of the Ph/D workshop were that (1) An unmanned sample return mission to Ph/D
should be exccuted before the end of the 1990s, (2) More research into propellant production utiizing
carbonaceous chondnte materials 15 needed. (3) The environmental challenges wn dusty environments
shouid be studied, and (4) A robotic propellant plant based on the moons should be studied, amongst other
recornmendanons The PH/D path to Mars exploration should be considered i view of its advantages

The deliberations on ternational cooperation arc summarized by Michaud who advises agamst the
‘mad dash’ or “one-shot’” model but 1s undecided whether the deasion should be first poltical or technical
The consensus arnved at s that both the sides (the US and the USSR) could go paraliely without
technology transfers, but in separate space vehicles, o take care of the most sertous problem of technol-
ogy transfer This could include contacts op the ground on misswn planning, ete , and thereby ensure
cooperation for complementary, parallel, coordinated and mutuaily supportive mussions to Mars
Data could be exchanged and a division of Iabour couid be worked out, but the spacecraft would not be
Jomntly built or crewed: for example, two Soviet spacecraft could fly parallely with two US spacecraft
One of the best ways s to use the US Nauonal Secunity Space Programme which 1s a major ($23 bilion ~
m 1987) programme, already developing several of the technologies required An MMM would reguire
ten times more weight to be launched mto LEO than at present. The Advanced Launch System prog-
ramme, already underway m the US can take care of this, with the SP-100 power system development
Environmental hazard studics (aganst cosmic rays, etc.) already mn progress can be made use of Various
other friendly countnes could also be mcluded, dependmmg on the funding they wish to give based on
their percentage of the gross global product

The scienufic goals for gomng to Mars are covered in detail Levme et al point out that the results and
interpretation of the Viking lander data which had negatived the possibility of Iife at the lander sites, are
subject to ambiguity, and although the search for lfe and Mars does not have the priorty 1t had two
decades ago, the search is still on They propose a search using either spectrometric measurements from
a Mars orbiter or w suu measurements from a Mars rover, for the presence of spectfic trace gases which
could be present only due to mucrobial life. Precursor missions have been proposed prior to the MMM
for “precursor science’. Precursor missions and rover technology are mamly related to the Mars rover/
sample return nussion. O’Donnell ef al describe the energy considerations for a robonc Mars surface
sampler. The use of lunar-derived propeliants is considered 1mportant for MMM. Lunar base operahons
have been covered m detall by a separate working group In this approach, a lunar oxygen supply of
1100 tonnes from the muned rcgolith from 71,000 tonnes of lunar mare would have to be mined to
generate oxygen and delivered to the hbraton pownt L1. This approach 1s cost effective compared to the
vse of Earth-suppled oxygen and may save up to 200 tonnes of oxygen per year. Allernative transporta-
tion techmques m Earth-lunar space may reduce the Earth Ift-off mass The evolution of the present
space statton (Freedom) has been considered and a separate space station for quarantine has been prop-
osed. Software considerations on flight dynamics, Mars mussion opportunities and computer support re-
quirements for the MMM have been discussed. A wide range of science probiems can be stuched on
Mars. The planet has had a long and complex history sumilar to that of the Earth, but the ongm and
evolution of the atmosphere are different to that of the Earth. Life may bave started early in the planet’s
history and may have then become extinct In the end, the most important lessons that Mars may teach
us witl only be found when we hve and work on Mars by looking for traces of prebiotic evolution on
Mars with additional observations from roves and an equatortal Mars Observer Mission.

The mission strategy for the MMM is considered in several papers. French points out that CFM 1 and
11 had recommended a permanent Mars base. Earher, chemical propulsion had been proposed for the
vehicles, which required large masses Jaunched into the Earth orbit Mars resource utilization for propetlant
generation and habritat use 1s an important method for mimmizing costs (a4 25% reduction by fuelling at
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Mars of payload weight to LEO). This subject has been treated m depth Drawings of a gaseous extractor
which pulls in Martian arr, compiesses it and provides breathable air and rocket fuel are given Ash et
al provide the design for the Mars oxygen processor Nuclear rockets using Martian propeliants, for
reducing the mass required m LEO, can refuel themselves every time they land on Mars Solar energy
can be used on the Marttan surface m spite of the dust, by photovoltaic power conversion if a method
can be found to overcome the problem of dust accumulation on solar cell surfaces. The use of robots on
a large scale 15 advocated to assist humans on the surface of Mars, includimg ‘Bootstrap robots’ (which
can even extract materials from the surface and convert them into fimshed products).

Mobility on Mars is considered, with a proposal for a Martian aeroplane The use of carbon monoxide
from Martian resources for propulsion of the takeoff engimes providing a 285 s specific impulse {Isp) could
allow = hyperbolic escape trajectory, and sufficient spare weight to allow thermal protection tiles to be
fitted for aerobraking on earth return Details are given of a 6000- and a 16,000-1b vehicle fuel cell power
supply system for manned transportation

Human habitat concepts on Mars are described mn detail and designs are given m several papers. A
modular system 15 proposed, with a provision for fire safety A static Mars modular habitat 15 preferred
to a lander/rover habitation due to the advantages of the former. Locally available matenals, combimed
with water to form ‘Duricretes’ and inflatable structures are proposed as building materials on Mars.
Recovery and utilization of carbon monoxide and oxygen from the Martian atmosphere for propellant

_production for Mars exploration by land rovers, aeroplanes and rocket engines and the use of Martian
soil are described, even going into detals hke fire protection and tool and equipment requirements A
piloted Mars vehicle 1s proposed as a low-thrust nuclear-powered vehicle with at least a two-year round-
trip travel time, on a conservahve basis. This 1s the interplanetary transfer vehicle with a 10-MW nuctear
power system and propellants from LEQ or the lunar surface. A vehicle condition-monitoring system is
also proposed for the piloted Mars vehicle. It 1s suggested that all the transfer vehicles rendezvous and
dock m LEO Communications with Mars 15 considered as a vital ssue due to the time delay from Mars
to Earth 1 vanous scenarios Designs for such communications systems are given. The concept of time
has also been addressed: Mars habitat may require a metric tume Power systems are required to be
developed for the MMM. Omne of the mnovative ideas 1s DeYoung er al’s suggestion of a solar-pumped
laser power transnussion station orbiting around Mars for power, materials processing, habitat needs,
power for surface rovers and surface launch.

Nuclear propulsion 1s advocated stce chemical propulsion systems are lumited 1 their Isp and thus the
‘delta V* requirements for short (200-day round tnp} missions (necessary because of biomedical and
human factors) cannot be met by such propulsion techniques. Nuclear propulsion had been advocated
much earlier by the late John F. Kennedy in 1961, parallely with the announcement of the Apollo
mussions The NERVA rocket technology programme, subsequently dropped because of budgetary con-
straints m 1973, could give 825 s Isp, more than twice that of chemical propulsion systems at that ume
and capable of detivering 900 s Isp with a httle development, sufficient for a 200-day round-trip mussion,
which could provide important benefits for the Mars mission structure Nuclear propulsion is a powerful
technology and should be kept m mnd whatever scenario or strategy 1s chosen because it enables the
reduction of mass ito LEO by a factor-of five or more and allows enough power for the generation of
artificial gravity m the Mars transit vehicle, thus providing a great deal of flexibility. Two advanced
propulsion programmes are the USAF’s nuclear thermal rocket and a new NASA imtratve 1n electric
propulsion for cargo transport Other promusing non-chemical options exist {the fissson rocket engine,
plasma Wakefield accelerator (PWFA), ant-proton propulsion, laser propulsion, etc.), some of which are
described. One of the promising concepts is that of the PWFA, which can generate very high fields (10
GV/m) for short times to accelerate the 10ns, with a capability to generate an Isp two orders of magnitude
Ingher than conventional sources An Isp of 65,000 s can be achieved. The PWFA can also be optimally
‘tuned’ to obtain a switable specific impulse for various mission scenarios/stages It is therefore necessary
to carry out research in advanced propulsion technologies keeping in view the possibility of reduced
ship-mass and/or reduced transit time for mussions, from two-year to mnety-day round-tnp mussions over
the ensuing forty-year time frame up to 2030, by which time a permanent Mars manned outpost should
be 1 operation.
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A large number of artistic Wlustrations of the various technological giements of the Mars rover/sample
return mission and the MMM, mcludimg heavy lift vehicles and propulsion systems are given to convey
some idea of thewr design Several engineenng details and drawings/sketches also form part of the presen
tations, hence, the volumes can be considered as useful reference material. The two-volume set s defi
nitely an asset for general scienubic ennchment and as a reference for aerospace scientsts, technologists
and programme planners for the advanced technologres required. Perhaps the driving theme is best 1lus-
trated by the statement made by two high school students at the Conference. We are the siewards of
Mars. Watching it for a Umwverse thuai created us both. n that sense Mars i1s ours, [ am sure that readers
of these voiumes will get the same teehng
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Guidance and control 1990 (Volume 72 in Advances in Astronautical Sciences) edited
by Robert . Culp and Arlo Gravseth. American Astronautical Society, 1990, pp
660, $95. Orders to Univelt, Inc., P.O. Box 28130, San Diego, CA 92128.

Like 1ts predecessor volumes, this record of proceedings of the Thirteenth Annual Gudance and Control
Conference of the Rocky Mountain Section of the Amertcan Astronautical Soctety & a ‘yearbook’ of the
achievernents of the massive Amernican endeavour 1 astronautical and certain related sciences. The Con-
ference, held at Keystone, Colorado, USA, during February 3-7, 1990, had five technical sessions, with
an average of about seven papers i cach sesston. In addition, the proceedings contair a sixth section
devored to aerospace human factors, with a tutorial and a senies of mvited papers

The first section of the volume 18 devoted to 1ts title theme advances in agrospace navigation, guidance
and control. A very novel idea in this area 1s presented right m the furst article: the concept of a highly
accurate roll control method for spacecraft without the use of a rate gyro. Normally, such a concept
would have been considered outlandish But, then, the spacecraft to be so controlied 15 not a ‘normal’
one. 1t 15 a test bed for the revolutionary Stanford relativity gyroscope Such a mission poses very special
restrichons on the spaceccaft a precise and steady roll rate must be maimntained, the roll phase at any
instant must be preasely known, and the spacecraft should not carry any rotating machmery on board,
which precludes the use of conventional rate gyros The Stanford group describes m tts paper a special
technmique for achreving these objectuves The techmque conststs of scanming a ring of space using a
body-mounted narrow-field optical sensor Due to the distnbution of stars m the ring, 2 tme record of
starhight intensities 1s obtaned, which repeats itself with every rotation of the body. Correlatmg this with
a stored or ‘reference’ record of stellar intensities, haghly accurate roll rate and phase mformation can be
obtained The authors show that there 1s enough mformation redundancy in the mtensity record to achieve
the required correlation accuracies even when the data are grossly quannzed—o a one-bit level

An equally significant concept 1s the image navigation and registration (INR) system bewng developed
for the GOES-I geostationary meteorologcal satellite system. Normally, 1t 15 assumed that appheation
satellites, such as the meteorological and communication satellites, are somehow mamtamned n the proper
orbital position and attitude by mdependent means, and only serve as platforms for the wstruments and
equipment they carry. Breaking this convention, the INR system envisages to generate orbital and attitud-
nal misabgnment utihzing the observation of stars and earth landmarks made by the meteorological
sensors (e g., the imager and sounder struments) themselves. Another novel aspect of the scheme is
that the image musalignment information 1s used not to physically correct the satellite position and attitude
as such (r.e.. for satellite station keeping), but to modify the parameters of the instruments themselves
(.., mirror scan program, muror motion compensation, etc.) to obtain images nearly like those from
perfectly ahigned mstruments exactly m position.
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Other important 1deas and developments preseated m this scetion wnclude studies on ‘aerocapture’ for
4 possible mission to Mars in the late 90s to land a rover on its surface and to acquire and return surface
saﬁplcs 10 the Earth The use of Martan ‘arr’-braking, partially to reduce the approach speed of the
spacecraft. to orhital speeds, should save on brakmg fuel requirement, and reduce effective vehicle mass
by 20-30% An arucle on precsion star trackers for the coming decade provides an insight into the use
of advanced mosmc detectors for accurate star-tracking applications The practicai problem of model-
order-reduction flexible structures 1 also dealt with in this section

The second section 15 on guidance and control storyboard displays Here, the development of a lager-
pomting-and-tracking system for cooperative dynamuc targets in space 1s descnbed Also presented 1s a
high-solation magnctic suspension system for fine-stecring mirrors. The classical functuion of honzon-sens-
ng 1 satellites has been rased to a lugher status i an article that discusses the use of artificial mreli-
gence, early vision, and processing techmques for preciston homzon location 1n scanming horizon sensors
Elsewhere, a simpler horizon-sensing method using a linear pyroclectric sensor array 1s presented

Two computer apphcations are presented 1 this section one for the mtelligent health monitonng and
autonomous decsion-making abiities of spacecraft, and another for the teaching and applicatton of the
quaternion approach w satellite-attitude maneuvers. A third computer application considers the simulation
of the flexible arm controls expeniment (FACE) i relation to the space shuttle.

The third section deals with another rmportant topic in space operaton On-orbtt alignment and cahb-
ration of satelites This topic gains extra emphasis for wany of the futuristic missions which aun at
unprecedented levels of accuracy in observation An example 1s the concept of a large space-based optical
merferometer, capable of mapping the skies to u small fraction of a miiliarcsecond Such a goal presents
extraordinary levels of challenge n areas of optics, meteorology, structure, dynamics and control Many
of these goals can be achieved only through a continuous or frequent on-orbit calibration process which
15 the subject matter of the first paper Other papers i the section deal with the mflight estimation of
atutude sensor alignment, calibration of the tracking sensors of the space-based laser-Zenuth star satelite,
astrometric calibration of the famous Hubble space telescope fine guidance sensors, and the end-to-cnd
control system venfication of the space shuttle-based STARLAB experiment There 1s an mteresting
paper on the structural control semsors for the CASES (control, astrophysics and structures expeniment
m spacc) expermment, to be carried on the space shuttle Thus offers a good look at a futunstic area of
activity generally dealing with adaptive control of structural systems

As space mussions become more complex, distant. hazardous, and beyond human cndurance, attention
1s focussed more istensely on autonomous and adaptive control of spacecraft, space missions, and space
devices This forms the subject matter of the tourth section of the volume. The first article 1n this section
concerns an autonomous landing on Mars Long commumcation tumes between the Earth and Mars re-
qure autonomous landing capabilities The paper discusses landing strategies based on orbital imagery
for a Martan landmg site selecuon and surface-relative mavigation Amnother paper discusses adaptive
control for advanced launch vehicles Other papers 1 the section deal with magnetometer-based autonom-
ous satellite navigation (MAGNAYV), adaptve robust control of fiexible beam systems, telerobotic control,
and on-board aslonomous control of the mfrared space observatory (ISO). There 1s also a generic paper
discussing the contribution of artificial mtelhigence (Al) to spacecraft autonomy.

The section on Recent experiences 15 always an important section of the Guidance and Control Seres
as it discusses the actual mussions. The encounter of two Voyager spacecraft with the planet Neptune and
its satellites had made newspaper headlmes m the later half of 1989. The first article m this section by
a JPL group calls this encounter *guidance and control’s finest hour’ and discusses some of the challenges
of the mission. Other articles describe early mussion characterization of the Galileo attitude control seh-
systemn, system performance of a knetic energy weapon (KEW), and lessons learned from engmeenng
evaluation tests of the solar maxymnm mission.

The last section of the volume concentrates on aerospace human factors The section starts with a
tutonal, shde-based article on the topic, using the settmg of the parameters of atuficial gravity as an
example. In this article are listed the side vanety of human-related factors that are relevant directly to
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the success and efficiency of space projects and mmsstons. [n some of the remammg articles, the topic of
‘telescience’ 1s emphasized. “Telescience’ involves remote-coaching of astronauts by scientists and principal
mvestigators (ot spaceborne experiments/tasks) on the ground This 1s a topic of increasing 1mportance,
as space tasks are becoming more and more complex, specahzed, and diverse to the pomt that they
cannot be effectively conducted by one or a few crew members of space missions based only on prior
trasming before launch. Telescience, as an operational concept, will provide the space science community
a more direct involvement with the goings-on 10 the space pussion. This 1s a topic that cludes m its
fold the mteraction betwcen commumcation, display, and human perception, assimiation and reaction
aspects  Articles on other topics such as human-computer interaction, operator-machine mteraction, and
telerobotics are also mcluded in this section

For those who follow the Guidance and Control Series through the years, the mexorable march of
space science and technology towards ever-increasing technical sophistication 1s clear. The present volume
reflects this trend 1 2 great measure by devoting much of its attentton to aspects of automated and
ntelligent operation by non-human entities. That a major driving force 1 many of the more sophisticated
mussions 15 the strategic defence wmtiative (SDI) is also apparent. However, the one thing this volume
has 1n common with 1ts predecessors 1s 1ts cuting-edge reportmg of the most exciting and novel of all
that 15 happening i space systems
Depariment of Aerospace Enginering P R MAHAPATRA
Indian Institute of Science
Bangalore 560 012

Orbital mechanics and machine design edited by Jerome Teles, Vol. 69 in Advances
in Astronautical Sciences Series, American Astronautical Society, San Diego, CA,
1989, pp 862, $95. Orders to Univelt, Inc., P.O. Box 28130, San Diego, CA 92128,

The successful cperation of space shuttle fleet, mantenance of space station Mir over a long period of
tume, launch of iterplanetary spacecraft and deployment of Hubble telescope are the pomnters to the
things to come dunng this decade and beyond into the next century A total of 53 papers and two
abstracts are presented in four sessions on Low-Earth orbit mechanics, Earth, Sun, Moon regime, Navi-
gation, and Lunar and planetary sessions at AAS/NASA International Symposium held at NASA Goddard
Space Flight Center, Greenbelt, Maryland, duning April 24-27, 1989. The proceedings of the symposium
cover many aspects of mission design and orbital mechamcs comprising motion of the Earth satellites,
transfer orbits and rendezvous, and geosynchronous orbits, libration point, lunar/planetary/cometary nus-

stons Including trajectory design and orbit determmation

The sesston on Low-Earth orbit mechanics contamns nine papers on solutions to equations of motion,
rendezvous and docking, launch and orbit mussion analysis The adaptive Cowell’s method 15 basically a
finite difference scheme, while Poincaré-Lindstedt solution uses orthogonal functions of Powssun Series.
Both the methods, though provide fairly accurate solution, are very cumbersome to use Nearfy half of
the papers m this session are related to rendezvous and docking (RVD) operation or missions that make
use of these operations The survey paper which s basically on terminal RVD gives overview of RVD
approach techniques, autonomous vs manned docking and a set of constramts/problems embedded 1n such
operations RVD 1s a process of bringing a secondary spacecraft on to the primary one Both impulsive
and continuous low-thrust propulsion systems are dealt with Some of the issues considered m the gene-
ration of RVD guidance logic are’ path constramts, ghde slope/terminal attitude profile specifications
against mmimum fuel expenditure durmg the terminal phase, following of optimal reference trajectory
which is computed with constraints due to plume mpmgement, visibility, safety, etc , time of ransfer/RVD
operation. Rendezvous to space stations in near-Earth and geostationary orbits are mainly discussed. The
mpulsive (two or more) transfer considered m the latter case 15 useful when the time of transfer 15 at a
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premum The possibility of usig small Jaunch velele (of soanding rocket class) for orbiting mimature
sutellites s a very micresting concept speaially from the view pomnt of developing countrics On the
other hand, claborate planning 1s required for a large launcher such as Japancse H-I faunch vehicle
Moving further, the injection of clester of four satelittes into geostationary tramsfer orbit by the next
generation expendable rocket Arnane-3 55 an example of what the technology can delver in the
Nineties

Navigation 15 the most important diserphse for successfully using any spacceraft Most of the navigation
systems can be put under mertial systems, or telecom-bascd systems, or combimation of these two
NASA's wacking and data relay satelite system (TDRSS) 1s capable of providing accurate navigational
wnformation at low cost in crder to mmmuze the effect of measurement, transmssion and process noise,
a square-root filter 1s often used Astronomers have long been using the mterferometric principle for over
a couple of centuries. It has been suggested that very long basehne nterferometry (VLBI) can be used
as a large aperture radio telescope Then. it wil be possible to track one or more satcilites using ditferen-
ual interferometry On the other hand, mertial navigation uses mostly autonomous (onboard) sensors and
determimes 1ts postiion and veloaity vectors through the solution of appropriate mouon model The space-
craft of future are likely to use both the modes of paviganon system

Cunosity about the constitation of the Moon and planetary systems around the Sun has becn disturbing
the minds of the humanowds from time mmmemorial With the advent of rocketry, the lunar and mn-
terplanetary mussions naturally took prnide of place in the space technology Space transportation to m-
terplanetary space using only expendable fuel would be prohibitive 1 terms of pracucal realization with
the present-day technology Successful space missions such as Voyager and Galleo are results of indigen-
ous frajectory design that also made use of gravity pull from lerrestnal bodies to alter the orbrtal energy
Moon bewng the nearest terrestrial body can be used for designing some of the opumal space trajectories.
Utility of a particular planet for a given gravity-assist trajectory depends ou the launch schedule of the
space probe, relative position of the planst with respect to the Earth, and other celestial bodies The two
of mne-satellie ISTP (Internatronal Solar Terrestrial Physics) program will use extenstvely doubje lunar
swing by orbits for scientific observations i the Sun’s geomagnetic tasl and front-field regions of the
Earth The five papers presented i the session on “Earth, Sun, Moon regune’ provide elaborate descrip-
uons of Geotait, Wind, MVSE-A, and SOHO missions

Apollo landimg on the Moon heralded a new era of space adventure In years 1o come., one will see
many lunar and planctary nussions which s apparent from the 21 papers presented on this theme These
papers contain description of oussions to Mars, Venus and Mercury They give detalls pertaimng to
spacecraft description. interplanctary orbit determmation, guidance and control, planctary/terminal orbi
control/station keeping, planetary landing and return and navigation The lunar mssions will consist of
wo complementary spacecraft-carryimng mstruments for globul mappmg and penetrators o make selsmic
and hear-flow measurement network The Venus nussion will probe the fundamental process of 1ateracnon
and interaction between the Venustan atmosphere and solar wind  Among these space programs, manned
mission to Mars 15 certainly the most challenging m terms of technology development and man’s endurance
n outer space Unhke the planets and their natural satellites, comets have mvoked a lot of mierest as
thear study 15 believed to help m better understanding of ortgin and evolution of umverse Many of them
are thought to have come from outer space and got trapped mto the solar system The carlier comet
missions had hmsted capabibty and flew past them at large distances International Cometary Explorer
(ICE) probes the Giacobinr-Zinner Comet, GIOTTO from ESA which imtially bad rendezvous with
Comet Halley will later retarget to Comet Grigg-Skiellerup on July 10, 1992, Rosetta s a comet nucleus
sample return mission, while CRAF (comet rendezvous asteroid flyby) aims to study the development of
Comet Coma and tail under the influence of sunlight The mussion details are elaborated without resorting
to mathematical jugglenes

The proceedings contains details of many micresting space missions which exemplfies the ever-increas-
ing capabulities of space technology and advancement of science The presentations are mostly narrative
and hencc are eastly readable by general scientific and engineering commumty Vanous missions described
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here can raise the imagmation of many young and old alike, and lure them into the chalienging as well
as fascinating world of serospace engincenng

Department of Acrospace Engincening M. SEETHARAMA BHAT
Indian Institute of Science

Bangalore 560 (12, India

Space safety and rescue 1986-1987 edited by Gloria W. Heath. Proceedings of the
19th and 20th International Symposia, Vol. 70 in Science and Technology Series,
American Astronautical Society, 1988, pp 360, $55. Orders to Univelt, Inc., P.O.
Box 28130, San Diego, California, 92128, USA.

Space Safety and Rescue Symposia are held annually durmng the International Astronautics Federation
Congress This volume contans the proceedings of the 1986 and 1987 Symposita A total of 31 papers are
presented 1n five sessions on- Interdisciphinary assessment of space stations, Space safety and rescue 1986,
1987, Earth safety and disaster/distress response cmploying space-borne systems, 1986, 1987. .

With the advent of space transportation systems, hike space shuitle and proton vehicle, and the estab-
lishment of Mir space station under permanent/semipermanent orbit operations, the safety of humanoids
in space (1e., dunng transportation as well as on orbit residence) assumes great significance. The five
papers presented under interdisciplinary assessment of space stations describe multifarious aspects of risk
assessment, various human factors, study of effects of subgravity condittons on man, and planning of
space station from the safety point of view.

Over the next decade and further, the safety of the future vehicles m space will be threatened greatly
by the increasing population of man-made space debris unless certain control/protection measures are
undertaken A large number of papers (16) deals extensively on build-up of space debris (man-made and
extra-terrestrial), characterization of debns population, proposal to remove debns and to increase protec-
tiop agamst colbsion damage. The management of debns calls for estabhshment of a catalog of debs,
understanding of their orbital decay, determination of zones of large concentration of debns wn various
toroidal space around the Earth, distribution of debns vs size and locatian Suggested methods to reduce
the nisk mclude the 1dentification of debris and determumation of possible rendezvous/intercept with such
a debrs, and use of non-expendable transportation system It is projected that during the next decade or
sq, the number of spacecraft in low-Earth orbit (LEQ) 1s hikely to proliferate by two orders of magnrtude
as more and more nations come forward 1n buildmg/hmng mult-objective, multi-mission satellites How-
ever, m future, the vulnerability of these satellites agamst coilision will mit the number of satellites that
can simultaneously operate at a given moment. The situation will be nearly the same for the spacecraft
n geostationary Earth orbit (GEO) The need for transportation from LEQ to GEO with transatmos-
pheric space vehicles will increase the problem further. Since the complete scenario mvolving debns cloud
1s nondeterminustic, the risk analysis can at best be carried out by probabulistic/stochastic methods

The safety of future mussions also requires to design required hardware and software and to prevent
collision with another spacecraft or debris, accidents like fire, explosions and depressurization, radiation
and toxic contamination, biologal hazards, etc. In order to binld robust and safe space systems, the study
of breakup of Kosmos 1275, subsequent dismtegration and tracking of nearly 200 fragments, wili be
useful. This wall also help in setting up of proper sumulation expertments for risk analysis and fabrication
of suitable preventive measures.

Equally mmportant theme covered in this proceedings relates to space applications for disaster mitigation
and management, many of the related papers coming from the 1986 conference The problems addressed
here are the counterpart of the issues discussed earlier, m the sense that they are concerned with the
best use of satellites for early warning of impendmg disasters on the earth Different aspects of disaster
management with a number of case studies as well as a few-disaster warmng systems are presented To
sum up, the editor Gloria W Heath quotes the remarks of Y $ Rajan and U R Rao of ISRO that
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“the challenge of space technology nc longer hes n conquenng space, but 1n denving the benefits for the
poorest and most handicapped scgments of humanity Using low-cost mobile terminals, many disasters such
as recurnng of droughts i countries of Alnica, for example, can be contaned efficiently and effecuvely

The above discussion gives an idea of the breadth of coverage of thns proceedings It contains a wealth of
information that will be useful for many practising engineers and sciennists 1 acrospace and related areas
Most of the papers mcluded are descriptive mn nature making 1t very readable and usable even as a good
source of pastime

Department of Acrospace Engmeering M SEETHRAMA BHAT
Indian Institute of Science
Bangalore 560 012

Working in orbit and beyond: The chalienges for space medicine cdited by David Lorr
and Victoria Garshnek. Univelt, Inc., P.O. Box 28130, San Diego, California 92128,
1989, pp 182, $45.
The challenges m space medicine have brought together the scientific community all over the world m a
bigger way 1 vanous fora. This volume, number 72 m this senes, 1s based on serious deliberations conducted
i such fora by emment scientists tn different specialities It 1s a nicely bound collection of scientific papers
with numerical and author mdices.

A total of 30 photographs from the high frontier of space medicine depicting actual expenmental conditions
presented 1n Appendix B makes the book interesting, mformative and realistic

The book aptly concerns itself with four areas of current mterest m space medicine' problems connected with
zero gravity and adaprations to such condition, special hazards to bfe and effect on efficiency in space, measures
to counteract the adverse effects and future challenges, m addition to the existing problems m space medicine

Thus this volume has satisfied three man objectives (f) It brings together current state of knowledge in
space medicime, (u) offers appropriate methods to address problem areas, and {m1) provides a source for
further information ike medical aspects of Space Phoenix programme (AAS 87-155)

The significant fact to note 1s that literature concerning both the Soviet and American space programmes
finds a place m this volume which will benefit readers mnterested mn the field Human exploration of the
Maruan surface and proper readaptation on return to Earth 1s a challenge ahead for the acrospace medicine
Sigmficant contributions made by Soviet and NASA scientists m this direction to proceed ahead to tackle
such problems have aptly been referred to

Fnally, a scholarly account on aerospace medicme presented lucidly and effectively by the editors needs
gh appreciation

The book can be of immense help to students as well as professionals connected with aerospace medicine
and as such 15 recommended as a reference book for mstitutions conducting courses or research 1 this field.

Department of Aviation Neuropsychiatry A. K. SENGUPTA
Instituie of Aerospace Medicme
Bangalore 560 017

Astrodypamics, 1989, Vol. 71 in Advances in Astronautical Sciences, edited by C. L.
Thornton, R. J. Proulx, J. E. Prussing and F. R. Hoots, published for the American
Astronautical Society by Univelt, Inc., P.O. Box 28130, San Diego, CA 92128, USA,
1990, pp 1437, $200.

Thus volume, 1 two parts, contans exhaustive collection of 87 papers and 30 abstracts from the proceedings
of the 1989 Astrodynamics Conference The Conference was held from August 7 to 10, 1989, at
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Vermont under the auspices of the American Astronautical Society and the Amenican Institute of
Aeronautics and Astronautics. The volume aptly begins with a lueid keynote address on Adventures in
celesuial mechanics. Technical papers are presented n 16 theme scssions on Trajectory computation
techmques, Geocentrie satellite orbit deternunation, Atutude deternunation and contro], Satelisic
dynamics, Orbiting debsis, Earth orbiter mission anatysis, Trajectory optunization applications, Planetary
spacecraft orbit determunation, Satellite orbit control, Neutral upper atmosphere density, Dynamues and
control of large flextble structures, Guudance analysis, Planetary rmssion desige and analysis, Trajectory
analysis, Dynamucs and control of space structures or multbody systems, and Estimationidentification
technigues Thus, it 15 a compendium of almost all aspects of modern astrodynamics and related aspects.

The dynamucs ot a spacecraft can be described n terms of orbital motion, attrtude motion and structural
motion/vibration. The dynamics, cstimation (ravigation) and control problems of the spacecraft dynamics
1 the key 1ssue contamed m this proceedings Also, dealt with are related issues hike carth satellite and
planetary mission analysis, and upper atmosphernic study. These issues have much utility value.

The orbital motion of the heavenly bodies has caught the mmagination of humanords for several cen~
turies, with serious and scientific study extending over three hundred years Following the successful
lanneh of Sputnik in October, 1957, the accumulated know-how on celestial mechanics 1s put to use ;m
understanding artificial Earth satellite orbit mechamcs after appropmate refinements Since then, great
strides have been made which can match or to some extent surpass the earher achievements, mainly due
to technological innovations Trajectory analysis (5 papers plus one abstract) 15 one such topic which 15
usetul for ever-ncreasing space program In future, satelite positions m therr orbits are required to be
controlled very precisely to derive maximum benefit out of them For example, 1t 15 shown that the orbital
perturbation due to oblateness of the Earth, of accounted for properly, can improve the accuracy of orbit
determmation  However, the methods of orbit determination presented here are extensions of existing

well-known procedures which are time tested for relubility.

The orbit control mainly consists of orbit/station keeping, rendezvous and mterplanatery trajectory shap-
mg The maa strength of the present proceedings comes from important contributions in this freld. For
the successful operation of multi-satelhte global positionimg system (GPS) and other satellite constellations,
the orbit control is needed to nulbfy the effect of disturbances due to the oblateness of the Earth,
[unr-solar perturbation, atmosphernic drag, etc. It 1s interesting to see that by changing the altitude of GPS
system by a small factor, 1t 1 possible to minimize the mfluence from external disturbances The other
equally useful spacecraft constellanon relates to a combmation of three commumcation satellites which
are put 1nto a lughly eccentric and mchoed orbit so as to service the high latitude zone of the Earth. On
the other hand, rendezvous 1s a trajectory control problem wheremn a secondary spacecraft is taken to a
target spacecraft/satellite in an Earth orbit or to move 1t to a specified destination in mterplanetary space
Such a trajectory may comprise powered phase and coast/orbit phase n any combination depending upon
the rendezvous strategy.

With ncrease mn space activaty, the Earth orbits are getting saturated. These orbiting satellites eventually
complete the operational life time The orbiting debris which mainly comes from dead satellites or fmal
stages of launch vehicles and also those from cosmic origm are capable of mflicting fatal damages on safe
functiomng of the operational sateliites. A total of seven papers on the subject can certainly help to refine
modeling aspects and analys:s of space debns

Accurate attitude control over a long perod of operations extending several years 15 the requirement
of the present- and future-generation spacecraft. This calls for improvements in attitude determination
accuracy, so also better attitude control system The autonomous attitude determination algonthms pre-
sented here are of the state of art and may soon find apphcations 1 many satellites. Real-time corrections
for sensor bias and infrared radiance variations (hatherto done heurisucally) using Kalman filter enhance
the accuracy of atutude determunation Few attiutude control system for specific missions 1s also discussed
The attitnde control system is designed with emphasis on pointing accuracy, the only design constramt
being that the level of structural vibration be low (2 e., stable motion) The analysis of control-structure
interaction 15 largely mited to extensive analytical and numerical simulation studies.



106 BOOK REVIEWS

With mcreasing trend towards building large flexible structures, the control-structure interactions be-
come stronget, due to lowermg of structural vibration frequency and mcrease 1n control bandwidth There-
fore, along with attitude control, 1t 15 necessary to have structural vibration dampmg/control The four
mportant issues related to dynamics and control of large flexible structure/spacecraft are modeling, model
order selection, design/selection and optimal location of sensors and actuators, and control law design
Vibration damping/shape control enhances the operational life of the spacecraft, apart from helping to
maintam better attitude-pointing accuracy The fourteen papers and five abstracts presented m two ses-
sions are mteresung. They try to address some of the above-mentioned issues 1 a hmited manner
Though the amount of research and development actuvities related to development of large flexible struc-
ture 1s enormous, the current proceedings does not contamn high-quality papers as m earher themes vis-a-
vis the state-of-the-art developments taking place globally at present

It 15 sausfying to see that the proceedings under review dwells on the state-of-the-art technologies on
modern astrodynamics 1n a brief but effective manner. The papers are mostly descriptive 1n nature and
those interested 1n finer mathematical details can always look 1nto the vast references cited. The proceed-
mgs 1s useful not only to aerospace engmeers and scientists 1 mdustry and academic institutions, but to
others who can draw upon the vast experience embodied here into their own disciphines

Department of Aerospace Engineenng M SEETHARAMA BHAT
Indian Insttute of Science
Bangalore 560 012.

The 21st century in space, Vol. 70 in Advances in the Astronautical Sciences, edited
by George V. Butler. Published for the American Astronautical Society by Univelt,
Inc., P. O. Box 28130, San Diego, CA 92128, 1990, pp 433+12, $90.

At the stroke of 12 on the midmght of December 31, 1999, the world enters the 21st century The end
of the millenmum and the begmning of the 21st century will be abrupt. In contrast, the breakthroughs
m science and technology stand on the shoulders of past achievements and technological developments
are gradual Space technology has emerged as a major mulestone in human civilization 1n the latter half
of the 20th century as a result of materiahzation of dreams and imagmations by systematic and hard
work The proceedings of the 35th Annual AAS Conference held from October 24 to 26, 1988, at St
Louis, Missour, presents a set of practical dreams It is practical because these can be matenalized in
the early part of the 21st century if the current trend mn technological development s any indication.
However, it would be naive to predict about all future mnovations at the present juncture The AAS
Conference had an introductory and ten business sessions The papers presented at the Conference discuss
the programs of NASA 1 collaboration with other laboratories of US allies The discussions are centered
around NASA. space station Freedom, large space structure, space transportation systems, utility services
and space sclences

It 15 very educating to go through the evolunion of the space station Freedom over the years What 1s
more significant 1s that such an evolution takes care of user and industry view points at every stage of
development Probably, one will defimtely find more sophisticated space platforms 1n future, but at the
same time, a sound tradition has aiready been bullt in designing Freedom Concept of large space struc-
ture 15 a logical continuation of the above space station, in which the in-site manufacturing of the station
1 the central theme. Manufacturing technology presented m this proceedings looks a little crude, but 1t
15 expected to sharpen as the time passes by. In-site manufacturing s expected to be undertaken by either
human operators or robots. The space robots envisaged here try to numic the functioning of hving ones
on earth such as spider and human being. The critical issue for the success of any large space structure/sta-
tion lies in the development of proper material and structural systems. Structure, by defmition, takes the
Ioad and is made up of advanced light-weight matenals for space applications, but, unfortunately, these
issues get only a cursory look and mterested readers may have to look to other sources of reference
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Promment applications ol large space platforms are bebeved 10 be i the held of communications, manufac-
turing of spectal matenals at low ‘g’ and space and bslogical seence experunents. {t may also be possible
wrch  Possibilines

to advance genetic cagmeenng 10 new haghls that cannot be reached by carth-biased
are many, and 21st cemury will see much mote than what we ean imagine at the present jncture

The scction on Space utihzation and appheations appears outdated compared to the advanced missions
of the early 2ist century Likewsse. papers on manned Mars mission and hypervelocity vehicles, though
futunstic, are shghtly outside the mam theme of the Conierence Understandably, therefore, these are
presented 10 separate sessions

The papers presented here are largely desenptive and discuss specific ssues . generic terms. [t forms
e communty as well as general public

a useful reading matenal for aeros;
Department of Aerospace Engmmecring M. SEETHARAMA BHAT
Indran Insttute of Science

Bangalore 560 012

What every engineer should know about micrecomputers (2nd edition) by William S.
Bennett, Carl F. Evert Jr and Leslie C. Lander. Marcel Dekker, Inc., 270, Madison
Avenue, New York, NY 10016, 1989, pp 476, $107 50.

This 15 a very elementary mtroduction to the world of hardware and software design using n:crocompur-
ers. This book 15 1n the “What every engncer should know’ series of books and fulfiils sts role 1 mtro-
ducing this subject to an andience that has no previous expenence of the subject.

The pedagogy adopted s that of self-learming and the subject materral 1s presented gradually with many
examples and figures As an overarching structure, the book introduces a real problem (mcasunng the
amount of hquid n 2 tank with a float on the end of an arm that moves up and down as the hquid level
does) and develops the complete solution (both the complete hardware required and the Ada program
for controlling the hardware). ‘The hardware and the transducers needed for mnterfacing with the mic-
rocomputer are mtroduced at a rather slow pace For example. the following concepts are tntroduced
assuming no foreknowledge: digital signals, level detectors, clocks, integrators, registers, table-lookup,
seven-segment displays, binary and decimal representations, assembly larguage, I/O devices and program-
mung, etc For introducimg the concepts of programming, recourse 15 made to “Warnier-Orr’ diagrams but
this does not seem appropriate: first, 1t 1s non-standard; secondly, another competing way of describing
an algonthm, flowcharting, 15 mtroduced abruptly without explanation (p. 191) The Motorola MCG800
15 used for mtroducimg microcomputers and the Ada language for introducing programming The various
aspects ol microcomputers are discussed in detail (for example, mterrupts, ALU, control regsters, etc).
The discussion on Ada s creditably done and it is quitc concewvable that a person mtroduced to this
book firsi mught have a better perspective on computanon and how a program mvolving 1/O programmng
and mterrupts 15 (o be written in a high-level language. Ada concepts like packages, tasks, rendezvous,
and concepts like time-slicing, overhead when programming m. Ada, mterrupt vectors, et , are all discus-
sed from first principles

The discussion of designing a digital system has been competently addressed by many authors {for
example, Peatman) but very few books have dealt with programming a digital system using a high-level
language, especially a complex language like Ada Thes 1s where this somewhat elementary book has
distingumished itself. The author recommends this book to hgh-school students who want to learn about
digrtal systems, to scientific personnel like lab assistants without previous expenience with digital systems
and also (o those who are curious about using Ada for control apphcations. One major drawback of this
book 1s 1ts price which makes 1t too costly for causual mtercsted readers, the niended audience
Department of Computer Science and Automation K GopINATH
Indian Insttute of Science
Bangalore 560 012
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The logic of architecture — Design, computation and cognitien by William J. Mitchell
The MIT Press, 55, Hayward Street, Cambridge, MA 02142, USA, 1990, pp x1+292,
$19.95. Indian orders to Affillated East-West Press Pvt Ltd, 25 Dr. Muniappa Road,
Kilpauk, Madras 600 010.

Architecture 1s an art of distinctrons within the contnuum of space So the means of architecture are
basically given by one’s capabilities to make and sense physical distinctions (m space It 1s with sensitivity
10 the dimensions, nuances, and subtleties of spatial distnction that the abilities to understand, to be
moved by, and eventually to create architecture onginate The book The logic of architecture which grew
out of the semmars conducted at Harvard, UCLA, Carnegie-Mellon and Cambndge by the autbor suc-
cessfully explams the concepts in a luad way

There are ten chapters, each with a summary at the end, notes and an up-to-date bibliography. The
first chapter on building deseripuons establishes the basics on which the second chapter on architectural
form 1s discussed The next chapter on design worlds establishes some domain of formal possibilities for
a desigrer to explore, This 1s followed by a discussion on how expressions 1 critical languages are
mterpreted 1n design worlds and how designs in design worlds are realised in construction worlds

After briefly touching upon reasoning about desigas, explaming the types and vocabulanes, the author
explamns the design operations. A set of shape posstbilities are established This 1s followed by the lan-
guages of archiectural form The rules of an architectural grammar shouid provide a well-formed rep-
resentation of a class of bunidings m the construction world The languages specified attempt to include
a depiction of every possible building n the class The chapter on function describes why the performance
of elements and subsystems must be evaluated relauve to the program smce the function of a burlding
as a whole 1s established by its program The last chapter on functionally motivated design imcludes
functional adequacy and equivalence, conditions for the same, element selection as well as design, etwc.

The book 1s well written and the illustrative sketches make the reading interesting and simple

Department of Civil Engineering N S Panpian
Indian Institute of Science
Bangalore 560 012.

Hadronic physics with multi-GeV electrons edited by B. Desplangues and D. Coutte.
Nova Science Publishers, Inc., 283, Commack Road, Suite 300, Commack, NY
11725-3401, 1990, pp 360, § 84.

There have arsen in recent times several new meeting grounds for nuclear physicists and particle physi-
cists. Particle phenomenologists are taking a closer look at quark and gluons in nuclear environments
from the pomt of view of deep melastic reacthions after recent results on the so-called EMC effect and
the phenomenon of shadowing. Nuclear physics specialists are paying greater attention to the role played
by quark and gluon dynam:cs in the structure of the nucleon In the context, the book under review 1s
very welcome, since it reviews topics of interest to both categories of people.

The book contains the proceedings of the winter workshop held at Les Houches during February 6-15,
1990, which was largely motivated by the advent of a new generation of electron accelerators amng to
study the nucleus and its constituents. These accelerators are characterized by high-energy (0-8 GeV to
a few GeV) and hgh-duty cycle beams The choice and level of the lectures were governed by the wish
to famubarize the mternational nuclear physics commumty with the electromagnetic probe There were
also theoretical lectures which dealt with traditional aspects of nuclear physics, as well as various newer
models of the nucleon This book will serve as a useful reference for mgh-energy physicints wanting a
review of nuclear structure at high energes.

The book largely does justice to the professed aim of introducing the theory of gh-energy electron
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scattering as 2 probe of hadron structuie through famrly thorough papers by J. Martino and C Ciofi degh

iti, though they overlap considerably i content. They cover between them, elastic and inelastic scatter-
ing, nucleons and nuclei, with and without pelanzation measurement. They discuss the formalsm, as also
models for electromagnetic propertics, and some experimental 1esults,

The papers on fracitional puclear physics do an adequate job of reviewing topics like mesons and
nucleons 1 nucler {J -F. Mathiot), few-nucleon systems (N.d’Hose) and relativity i nucler (J. A. Tjon)
Al the same ume, there is alse a discussion 1n Mothiot's paper on effects ansing at large momentum
transfer and at large densities, which may take one outside the standard scenario

The set of contubutions on newer models of nuclear structure begin with an mtroduction to quantum
chromodynamics (QCD), the gauge theory of guark-gluon interaction. QCD s in selfl a growing field,
and the paper of M Fontannaz docs a superb job of summarizing the essentials, while refermng to standard
works for details This, however, 15 a treatment of perturbative QCD, and the problem of eolour confine-
ment J5 left to the authors of the subsequent papers. Confinement being as yet an ncompletely understood
phenomenon, these papers expound various models of hadrons incorporating confinernent. The paper of
Ferrando and Vento 15 a neat and compact review of different quark medels, like potential, bag and
Skyrmion models The other two papers n the category of models are more m the nature of research
contributzons. One would have preferred expanded versions of the brief reviews m Ferrando and Vento’s
paper contaming more detaled comparison with experiment

The rest of the book contamns a varied fare of assorted topics, most of them of considerable importance
Some are treated 1o pamnstaking detail (e.g , shadowmng, by Covolan and Predazz), while, others, no less
imteresting, are presented as brief reports (including topics like electroweak parity violation and hypernuclei)

All m all, the book contains an amazing amount of stuff, and taking into account what is said, as well
as what is unsaid but pointed out to through the references, this (s an excellent reference book on the
topics of nucleon and nuclear structure especially as seen by an electromagnetic probe. As mentioned
earlier, there 1s something m 1t even for particle physicists Having said this it might be appropnate to
pont out a few shortcomings

A somewhat better pre-editing could have made the contributions less overlapping o content, and
covering more umformly certamn areas touched only cursonly. I would have preferred a cleat dwvision into
a review section and a research article section rather than a mix of the two, Though a less nigorous style
of English should be tolerated of contributors to whom English is a foreign language (as it is to me),
typing and slipshod notation in some articles detracts from reading pleasure, and could have been weeded
out by the editors

Despite these drawbacks, I consider the book an important asset for reference libranes.
Physical Research Laboratory S. D. RiNpANT
Ahmedabad 380 009

Quantum mechanics by Leslie E. Ballentine. Simon and Schuster International
Group, 66, Wood Lane End, Hemel Hempstead, Hertfordshire, HP2 4RG, England,
1950, pp 486, $20.95. Indian orders to Prentice-Hall of India Pvt Ltd, M-97, Con-
naught Circus, New Dethi 110 001.

Quantum mechames is now generally believed to be the correct framework theory of all physical
phenomena; but a theory that is based on a substratum of which we may not make a mental image.
Given this and the ‘unreasonable effectiveness’ of quantum mechanics m all experimental situations, two
distinct, rather extremal attitudes, have developed as reflected i books on quantum mechamcs, Thus,
there are the standard textbooks on quantum mechamics that more or less present quantum theory as a
prescribed set of rules, a calculational recipe, and then quickly proceed to the pressing matter of applying



110 BOOK REVIEWS

these rules to various physical problems of mterest. They do refer to the rather abstract underpinnings
of quantum mechanics in the introauctory chapters, but somewhat apologetically Then there are the
forbidding ireatises that take on the decp philosophical and the abstract mathematical toundations of
quantum mechamics that 15 mostly maccessible to all but the preoccupied mind Quantum mecharcs by
Leshe E Balleatme 15 2 refreshing and a user-fiendly text that bridges this attitudinal gap, both i terms
of 1ts content as well as 1ts presentation The guding motivaton of the book s to make the reader realize
that the abstract ideas of gquantum mechanics should be and can be readily appreciated 1n the operational
sense and that they are efficiently related to our working knowledge of its principles n practical matters
Without a proper understanding of these abstract 1deas we can become vague The chapter on State
preparation and determination is a most welcome addmon usually missing from standard texts So s the
chapter on Bell's mnequahties with ats highly contemporary significance and mterest The author’s choice
of contents 1s very refreshing and contemporaneous The chapter on photon statistics (correlation- and
coherence) and kimematics and dynanuces ($pace-time symmetries and quantization) are the otber cases in
pomnt There 15 a fairly comprehensive chapter on Potential scattering, As announced, th:s book can be
profitably used as an advanced text for a graduate-level course It has a nch selection of problems with
solutions. It should also serve as a user-friendly reference book for researchers 1n physics and practitioners
of quantum mechanics.

Occasionally, I do find the presentation unnecessanly ncomplete Thus, i discussing the problem of
bound states m a continuurn, the reader 18 left wondering if these are an oddity—having found cne such
state by construction, are these more for the same potenual, are these states stable, and 1f so mn what
sense A few general (without proof) remarks would have clarified these pomis.

Al all, T consider Quantum mechanics by Prof Ballentine an excellent and much needed book that
fills a gap. Strongly recommended for scrence libraries.
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