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Culture, exeiiiemenl and relevance of matbematics by V. Krkhnamurthy. Wile] 
Eastern Ltd, 4835124, Ailsari Kond. Uarydganj, New Delhi 110 002, 1990, pp 327, 
Ks. 300. 

I h ~ s  is an unubual book ' lbcre IS no better way to glvc a flavour of what it 1s ail about than to quole 
frvm the openmg paragraphs of thc author's preface-"The hrgert clientele of undegraduatc courses 

rndthern~~t~cs cons~sts nf lhosc who will ultmately graduare m sublectr other than malhemahcs. Bill 
thclr undcrgraduatc cu~r;culnrn . ocver renches that much of s o p h ~ r l m l ~ o n  or depth to give them any 
idea of what hcs beyond. They forever niss thc culturc that runs thlough the fasclnatlng branches of 
20th ccntcry mathcmanca. It is the convict~on of thc author that t h ~ r  large chentclc, bctore they fork 
away Lrom the foundanon courses into their own dlsclpllne special~zallon, or betore They graduatz, should 
be exposcd to a htrd's eye wrw of 20th century mathemnt~o, ~ tv  culture, the slructurel merconnectmns 
of mudl that Ir called advanced mathemaocs. the enatement attcndanl with many of tbc 'unsolved' 
problems. thc relevance of cvcn apparently very abstract mathematlcs and the undercurrent of umty of 
a large part of modern mathematlcs, though camouflaged by the ~nnurnerablc rechmques that are doled 
cul to the uscr." As for thc state of affaxs deplcted at the beglnning of this quote, the present revlewer 
(an cngmrering graduate) can vouch for 11s vrraclty, havrng had to red~scovrt hls high schoul interest In 
mathematics during hn Ph D days aftcr'having all but lost it thanks to the coolhook-5lyle mathematics 
that passes by the name of cngueenng mathematics 

Wlth thls noble ajrn ~n mind, the author embarks upon the dauntmg task of giving a perspcctwe of 
twa~~tictli century mathematics to a literate non-mathcmat~aan The first chapter is historrcal in nature, 
pred~ctahly beglnning wxh anclent astronomy as mother of mathemat~cs and q~ilckly ranng through the 
centuries that ied to modern mathcmahcs. The next chapter, titled 'The nineteenth century revolutlon ln 
gcometry', has a sectmn a n  the parallel postulate of Eoclid and thc conlroversles surround~ng 11, and one 
on non-Eucltdean geometries The thml chapter descr~bes thc foundatmns of set theory and the controver- 
sies and d ~ a m a  chat surrounded it early this century It has an interesting digrcss~on on Nlcholas B o u ~ b a k ~ ,  
the enfant rerrrble of modcrn mathematrcs Chapter IV, on counting and enumeraoon, descnbes the 
'necklace problem' and goes on to descr~be apphcatlons of combmaroncs to chemical lsomers and DNA 
sequence recovery, Chapter V on modern algebra introduces h t e  fields and algebraic codmg theory. 
Chapter V1 on topology opcns with a mcc historical section on the great problems of lorv-dmensional 
topology, aptly tltled 'From Poincare to Donaldsan' After a bnef account of the bas~c conccpts of 
topology. $1 goes on to discuss at lcngth the Euler-k'amcare charactenst~c, probably the unique cho~ce of 
most topolog~sts as the show plece of then subject for the lay pubhc The last section gves a short 
account of hornotopy theory Chapter VII describes the development, sulroundmg the much-publiczed 
four-colour map problem, culmmat~ng In its controverstal computer-assisted solut~on. Chapter VIII, titled 
'Snnlvasa R a m a n u p ' ,  gwes a hnef b~ography of thc genius and descnbes thc aspects of numbcr thcory 
wh~ch bear a lastmg lmprint of the man's contrihut~ons. Chapter IX IS titled 'Power of generahzatlon and 
abstraamn. functronal analysis'. It hegms wth  a digresiron on Ramsay theory, ~nsertad to mot~vatc the 
tendency to gcnerahze in mathcmatlca. Functional analysls is quoted as a pnme mstance of t h s  and is 
bnefll mtroduced, particularly m connection with quantum mechanics to whlch it owes its explosive 
growth A short overvlcw of some pnme areas of functional analysrs concludes the chapter. The final 
chapter concludes with two sections-ne on the Fields medal, the sqmvalent o l  Nobel Pnze m 
mathematics (in prestige, though not m money) and one on some topics no1 covercd m the book. 

There are many thmgs about t h ~ s  book that one can rave about 'The foremost 1s its luad  style, wthout 
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w h ~ h  t ' x  v e n t u i c  wmid hdvc f.ilien flai on ~ t s  face (I have no: hcaid the ruthor Iectule, but he must 
be a great teacher ) i also hked t i e  two-l;iycred drrsngcmcnt ot thc matcrd  There are extenrlvc ar:d 
reaimably dctn~leo accounrs of some of thz more accessible ,&as, mterspcraed wth  less deta~led. scnuh~s- 
toned accounts of what Iles beyond The level of ?he h o o ~  ;> almvc tkrr u! an ultra-populai ,011 lrkc 
Court's Moth~nzcr!rcs in Jim mid oi rorneri, but beiow thar of the norr Icch~nial zcuxmti such as the 
3-volumc Maiireinon~s its ~orrre,i:, meiiioh mid meomny, eelled by Alckiandrov, Kolniogorov and Lav- 
rcnt'ev It e also qulte alsiinct m 11s flavour and organnatmn from othci books in slrnlktr >pint, such as 
Whni rs moihwnatm? by Courant and Kobbms and Morhurnuncs ana /ojii< hy Kiic mcl lJl;jrn An cxlrnsivc 
blhlmgraphy 1s an add~liuiiir! as\cl of rhc hook 

Another posnve aspecl of thls Doak merlts a comment. Marherrarics Is a lanciy and rtrenuous cxerctse 
and the rclit~vc ments ut work5 o i  malhematm are not always onwous (rxccpl pcrhnpa in cnac of the 
cxceprionally good and thc excepiionall~ bad ones) Thls makes rna1hemalccnr.s egocontnc. prone to 
crlt~caliy 'cbaluate' mher mathemat~c~aos and branches of mathematicr athcr tiinn lhei: own. This almost 
aiways leaves some overtones m 'generai' books wrlttzn by mathematlc~ans, be 11 an aoiohiogia?hy or a 
popular treatment (Parho1ug;ral rnrtancea arc Halmos'a I wan1 !c, he u mnrhrma!,cum and D!udonne'5 A 
ponoiirma orpure ,rm~hrrnoiic.~) The hook under rzwew a cxcept~unal In nu: hang so The author comes 
across as an admirer of mathcmarrcs forever In awe uf the su$cct, rather than as a selt-atylsd ludgc 
s;ttmp on top of it. passmg ludpemcnts on nil and sundry 

A book of this type abvmuily entaris some seiectmn among the t a p m  that can be covered and th:s 
wll naturally be dictarcd by the author's own mluresn The book, as the sketch of contents gwen above 
suggests, IS heavy on algebiadcombmatonc matbemancs (even the chvpler on iapology is dorn~nated by 
algehmr topology) w~th  fondlonal analysa c o m q  a clmc s c c o d  As the l a ~ k e t  indicara, these are 
precisely the author's rcsearch Interests. Om~ssrons ale nnny and any mathenratlclan rcadmg the book 1s 
hkcly to remark on omirslon of some subrect or rhc other dcai to h m  ?bus, while grantmg thar wntmg 
a book llke this covenng the e n t m  gamut of modern mathematic> rs ~mpossible m t h ~ s  day and age, I 
would like to register s rndd d~sappomtmcnt aver two onusuoi~s - dymanucal system\ thco~y w ~ t h  ~ t s  

high ?.ofilc spin-offs sucli sa 'chaos' and 'strange atiractors', and my own bread and buttcr, probabrlrty 
theory 

Negatwe pomts are few Them are occawnal typographical errors that nced to be weedad out m 
subsequent edttions. Also. an occasmnal senience lars, partlcularl) early in the book, hecauae ~t conveys 
nothmg unless the reader already has more f z m h n t y  w t h  the subject than what he 1s supposed to have 
Thls :s perhapa unavo~dable to some extent glven the del~cate act uf baluncmg the author is attcrnpting 
bctacen rhe popular and the techntcal, and can defin~tcly be arnendetl by aupplemcotal-) discusawn in  

any course based on this book I also found a bit odd the d m c c  ot Ramsay theory to illustrate 1hc power 
Of abstrnct~on and aeneraliiation that ied to tuncuonal ana!ysis. An example from functional analysrs dself 
would have been more apprupnate, wrth Ramsay theory being discussed separately. 

To conclude, this book gives a kmd of course on rnodcin mathematics wh~ch I would have loved to 
have gone through as a student. Those who did are lucky Thosc who d~dn'r, should read 1111s book 

Dcparrment of Elcctr~cal Fugmccnng 
lndian lnstltute ot Science 
Bangalarc 560 012 

Huygens and Barrow, Newtocan a d  Wooke by V. I. Arnold. Birkhauser Vcriag, 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 Soacty only after the dcath or Hooke 
in 1703 One of thc f ie t  acts of Newton in this position was to destroy all the instruments of the late 
Hooke and also his papers and portram. So the Roysi Soc~ety now has portraits of all ~ t s  members except 
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1-lookc No1 one dii:w:ng of Huoke who wi\ a rnernbcr, Ccrator (tor f<my years) and Senetar), of the 
floyiil Soacly, um, ptcwivod A recent porliiilr I ~ I  the ?older oi IJookc'i Ixogii~plly b id  to bc mddc up 
by thc method\ of moilcin cri!nc delcctim I ~ o m  vctbal dax~lp twns  of i iookc'  This spe;rks of the enemity 
Wwlim niutu~cd tilwanir lionkc Why was Ihis" How d d  Ncwlm and H o t m  come into confl~cr'J Hoo*c 
was n very sklliul eapcrrrneotrr On sugge5tlon from Newton hc pcrtornml experiments to i d  lhc trajec- 
torrsb of tailmg bodm on thc earth Hc found that Newton's arguments rcgardmg the Lrajcctoncs of a 
failing ball were not vcry correct He wrote ;I letter to Newton about thl.; lnatter Apart tram the account 
of hla exper:mcnL, :h15 1cltr:r of Haokc cdntmed the following mportant words "My supposltmn E that 
thc attractloo iilwayi: 1s In doplxalc propirlmi to thc d ~ r t a n ~ e  lrom the ccnlrc reciprocal. and con- 
s c q ~ m t l >  llrat thc vcloc~ty trill be ln \ilbdupl~cdte plopitinn LO the attra~tion and conaeqaentiy as Keplai 
supposcs icaprocal to thc ii~s;ancc . " From th:s Ictter. which ts reproduced m d e t d  I n  thls hook, 
Arnoid argues thX the Inverse squarc law is appdiently Lhc Hookc theory of attraction that he ment~oned 
~n h ~ s  earlier lrttcr (also rep~oriuccd In the book) to Ncwton Not only t h ~ .  In this second lctter Hooke 
had even suggested to Newton thai he with h!i superior methods can check that Keplei's frst  law also 
iollowr from !he inverse square law Newton dlcl not re:,Iy to this letter Nearly after am years ~n 1686 
he wore  Pnncipm W d ~ e m n l t ~ r i  which was araent~ally wnllen ro solve the one-off problem. namely, the 
~xobicm of motton in a h i c c  llcld ~nveisuly piopuvimnal lo the square of dsrancc from m attrectmg 
centre Arnold pnmis uut that Ilookc-s fnst le~tcr to hewton on Novenbcr 2.1. 1679, was cssenlivlly the 
start oi the hlstory ot the law o; univcisal grawtutmn Principra thus arosc from thc conlilcts and saent~f ic  
mteracttons betwecn Wooke and Newton. DKI Newton refer to N o o k ' s  lettela m Prrncipra'l Therc was 
no mcntmn of Nookc or any acknowlcdgemcnt to his letters anywheic The history of Newton's Princrpia 
contamctl i n  tlrc sloiy d Newton and Hooke iornis the ftrct part o l  the book. 

The begmnmg of ~nathcn~at~cal  analysis colnc~des wxh the rune of publication of Pnncipia. Newton 
expressed the Paws of nature by the dltferentlal equations and discovered powerful techniques to salve 
these equatmns The mam mathematm! d~scoverres m analysis made by Newton had therr roots In hts 
trammng in rn;ahcrn;itia from his teacher Is\ac Barrow, who wils lectmng ~n mathematrcs ill Tnnlry 
College, Cambridge Barrow's book, based on hrs lectures, appmrs to he actually devoted to the Newton- 
Lcibn~z formula whlch l3a~rnw could not have known. s m c  t h ~ s  happcncd twenty ycarr before thelr first 
publicut~ons. The first publication on analysis In 168.1, howcver, was due not to Newton since he dtd not 
publish h a  discoveries ~n thls f d d ,  but to Lelbnlz. A very intercst~ng section about the rwalry between 
Newton and Le~bmz n written In the second chapter Newton was very seriously concerned w~th questmns 
of p m n t y  Somewhat earlier hc had slated the folluwmg princrple: each person n u s t  one day make a 
cholcc - clthzr to publish nothmg or ro devote all h a  hie to the struggle for prlurlty For himreif Newton 
apparently d m  made his d e c ~ i u o  on thls, choosing both polmes togcther: he publrihed hardly anythmg, 
and he waa constantly strliggl~ng for pnonty. As for the lnvcntron of analysls, here the imt publlcattons 
were duc to Le~bmz. who said that he devclopca h ~ s  d~ffefferectlal and integral calculus independent of 
Barrow and Newlon Ncvcrtheless, discussmn on this poml gave rise m 21 very ugly dispute between 
Newton and Leibnrr Leiwmg the sad episode r i f  pnoruy ot mventlon o i  analysia among Newton. Leibniz 
and Bern;,ulll, a pupil of Lelbora, Annoid goes on to d~acuis very interestrng geometrical works of Iluygens 
nr  solving essentially tbr aamr problcm aa Banow and Nowton thai icd to thc crcation a? analysls 

The last part of thc book is dmoted to dlscossion on the mam concrele achievements presented In the 
Pnnccpa and series of triumphs for the law of un~versai gravliatlon in tlie development of celest~al 
mechanics The history of ongin and the contents of Princrpra wd1 nor hc complete without look~ng at 
rrmarkdblc nmthcmancal contributmns made by Newron~ In the Prznrrpiu thert: are two purely mathcrnat- 
lcal ?.+gel contaming an asto~ush~ngly modem topologrcal proof of a remarkable theorem on the transccn- 
dence of A h c l m  ~ ~ t e g r o l s  Thebc theo~enrs are d~scussed in the last chapter. 

The book ends wth  intrrest~ns notes on ail the rcfcrcnces made in the text. 

Arnold, in this shor: and vcry engaging book. relates the story of the history of Pr~nczpia to the 
readers. No doubt, the main role m t h s  story 1s played hy Newton but the ~.oles of Hooke, Barrow and 
Huygens cannot be torgotten. In no1 acknowledgo~g this fact, Newton no drmhl hehaved leqa scrtipulously 
111 his deahngs wlth his co-workers and contemporariec 
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This book w~ll be very useful m the study of hlstory of science It can be read both by sclentrsts and 
noa-experts w t h  equal enthus~asm and mterest. It certamly manages to leave the readers awed hy the 
combmat~on of an infenor personahty and a super mmd 

Department of Mathematics 
Indian Institute of Snence 
Bangalore 560 012 

The case for Mars III: Strategies for exploration - General interest and overview 
(C. Stoker, ed). The case for Mars WI: 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, California 92128, USA. 

These volumes represent the proceedings of the Caxe for Mars I11 Conference, the third in the senes, 
held on July 18-22, 1987, at Boulder, Colorado, USA 

Space pohcy markeung 1s proposed to vigorously project the case for Mars to the elements of a par- 
nc~patory democracy noung that the US Congress would definitely play a major role In the decmon to 
go ahead wrth a manned Mars mlsslon (MMM). A separate workshop on space pollcy marketing was 
held to dec~de on and implement a strategy to wgarously market the space policy. It is suggested that 
the 500th anniversary of the d~scovery of Amenca (1992) should he the proper time to decide on the 
MMM programme. 

Educational perspectives arm also stressed conadenng that a focal theme such as Mars exploratlon could 
probably help the Americans to overcome the msis m educatmn currently be~ng felt m then universities 
and colleges Reahz~ng that the future belongs to students, NASA and the aerospace industry are planning 
to orgamze a large number of mterdm~plinary comses mcluding some about Mars 

The social ~mplications of MMM are outllned by Hofgard The Apollo misalons cost $ 30 bllllon The 
MMM is expected to cost S 189 blllion t ~ l l  2030. Fundmg from varmus partupat~ng natzons is optxmally 
proposed, or alternatively an endowment type of fund-ra~sing method 1s also suggested. Political cons~der- 
ations for going to Mars are gwen a good deal of priority. Byerly Jr considers the major decmons already 
taken and concludes that 'we need to make a dens~on through a process of open debate' Apart from 
the Space Statmn, there 1s no other malor programme In the 1990s, hence 'NASA should go all out-to 
develop another malor ~mtlative' White and Staehle suggest that NASA should examine ophons and 
make ready the groundwork for future mmlons Economic Issues for financmg a Mars programme are 
wvered m three papers Smlth feels that there should 'be a clear national objective and W h ~ t e  House 
support'. Leonard et a1 feel that the posslbdity of findmg volanles such as carbon, water and nitrogen on 
Phobos and Deimos, the two MartIan moons, could reduce the expense of exploratlon. Thelr paper 
estimates the cost of shippmg volatlles from PhobosiDeunos (PhiD) to low-Earth-orb~t (LEO) compared 
to that of stupping from Earth and fmds the former less expenswe They feel that a 10% return on caprtal 
wuld be realized Since most of the technologies needed to mlne PhiD are already developed, the PhiD 
approach to Mars e considered important Cordell proposes that a mmlon to Ph/D should be Lm- 
plemented first He polnts out the several advantages af a PhiD manned miss~on apart from the cost 
advantage accruing due to mining and propellant productron on PWD and stresses the need for creatmg 
public awareness of thls mission: 'The pnmary a m  of a PhiD rmssion is the exploratlon of the surface 
of Mars'. The added advantage of domg Mars sc~ence studles from PhID is that the ecology of Mars 
would not be tampered with. PhiD are more accessible every two years almost as access~ble as geostaho- 
nary earth orb~t  (in terms of propuislve requxements) Further, the chem~cally propelled Mars lander 
version requires two times more weight in LEO than a manned PhiD spacecraft. Unlike 
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the mrwon \  to t::e Mars m i a c e ,  I'hID mtjnona w I I  contr~hute wen more to Ilia large,- devclopmcnl of 
apacc cxp!ornLion ot the solar system (?i.e;iry \uggusts use oi thc !'I99 opporlunq (ot rniix!murn ~~cccs -  
nbil~ty) as 'I year ~ d c d  101. the Phil) n n s s m  r:slng the Shuttlc cryogenic rnnh l ic ieels :hat n space 
mdustnal intiastroctoie cuulcl marc css:iy devciop ~n thls scenarlu th:m ln othcr scrnarrns. It appcars rhat 
Dennos I\ the hmier target. margtnally prelrrrcd to, carly mencc missions, hecausc of it, orb11 ;uound 
Mar\ Ir an early mmncd \ortie to the equaiorhl regions ol Mar\ rr planncd, Phobw IS better. The 
rccomnlendat~on. of the PIdD worhchop wcic that [ I )  An unmartned saniple return mi,s~on to PhID 
should be ~xccutcd bcture the cnd ot the IY)Os, (2) More research into pro~~el lmt  p~nductmn uf~l lnna  . .  . 
carbonaceuus chondntc matcnals is nceilcd. (3) The env~ronmentai challenpcr In dustv env~ronrnents 
should be studred, and 14) A robutic ~mDellnnt dant  hared on the moons >hould be stud~ed. arnanest other . . 
rccommcndat~oos Thc PMD path lo Mara cxplor;ition should be consdcrcd in wcw of 11s advantages 

Thc deliberations on Internatlorn1 cooperation arc sunlmarlzcd by Mlchnud who advlscs agamst the 
'mad dash' or 'onc~shot' rnudcl hut la undecided u,hcther the dcasmn should be first polmcal or technxal 
The consensus arnved aL 1s that both the s~dcs  (the US and thc USSR) could qo parallelg wrhout 
technnlogy transfers, but in q a r a t e  space vehicle,, :o take carc ni  rhc most serlotts problem of technol- 
ogy trnnaiei Thls could include coniact5 on thr ground on mlac lun  plano~ng, etc . and thereby ensure 
coopcration for cornplcmcntary. parallel, coordinatad and mutually supportwe rnmions to Mnra 
Dard could bc exchanged and a dlwaion of labour could be workcd out, hut the spacecraft would not bc 
lo~ntly bwlt or crewcd: tor example. two Soviet spacecraft could Ily parallcly w ~ t h  two US spacecrait 
Onc of the best ways is ro use the US Nnt~on:~l Sccunly Space Progrnnlme whlch 1s a major ($23 billion - 
In 1987) pn,gr;nnme, already drvelopng severill of the technologies required An MMM would q u i r e  
1211 times more wz~gllt Lu hc lnunchcd Into LEO than at ptascnl The Advanced Laun~b System prog- 
ramme, already undcrway ~n thc US can take care of th~s ,  with thc SP-100 power aystcm development 
Env~ronmental hazard studlcs (agamst cosmlc rays, ctc.) already In piogrcss can bc made use ot Vanous 
other friendly countries could also be ~ncliided. dcpendmg on the fundmg they wlsh to glrc hased on 
their percentage of thc gross global product 

The scienufic goals for going to Mars are covcrcd in detad Lcwne er a1 point out that the results and 
lnterprctatmn of thz Vikmg lander data whlch had negatived the posstb~lity of hie at the lander sms,  are 
sllbject lo ambiguity, and although tbc search for life and M a s  doe* not have the prtorlty fi had two 
decades ago, thz scarch is stdl an They propose a sczrch usmg elther spectrometric rneaaurcmmts from 
a Mars orblter or rrr m u  measurement5 from a Mars rovcr. lor the prescnce of spcc~fic trace gilrcs which 
could hc present only due to m m o b d  ilk.  Precursor nlssmns have heen proposed pnor to the MMM 
ior 'precursoi science'. Precursor mmions and rover technology are manlly rehted to the Mars rover' 
sample rcturn mission. O'Donnell el a1 describe the exrgy  considqrationc for a rohoi~c Mara surface 
sampler. The use of lunar-derived propeliants 1s amsldercd lmpuvtant for MMM. Lunar hare iqxralton\ 
have been covered m detail by a sepalale workmg group Ln lhrs approach, a llinar ~ x y ~ e n  supply of 
1100 tonnes from the mmed rcgohth from 71,000 tames of lunar marc would hnvc to be mined to 
generore oxygen and delivered to the l~brauon pomt LI.  Thx approach 1s cost effective compared to the 
use of Earth-supphed oxygen and may save up to 200 tonnes of oxygen per year. Alternative rransportu- 
tion techmquea m Earth-lunar space may reduce the Eartb lift-oli mass The evolution of the pre5enl 
space station (Freedom) has hecn cons~dered and a separate space station for quarantme has bccn prop- 
osed. Sofhvare cona~deratmns on fl~ght dynamics, Mars mission opportun~ties and computer suppart re- 
quirements for thc MMM have been discussed. A wide range of anence problems can be studled on 
Mars. The planet has had a long and complex history similar to thal of the Earth, but the orlgrn and 
evolution of the atmohphere arc different to that of the Eartb. Life may have spa, tad carly ~u Lhr planet's 
history and may have then hecome ext~nct In the end, the most Important lessons that Mars may teach 
us wlil only be found when we hve and work on Mars by looking for traccs of prcbiotic evolution on 
M a n  with additional observations from roves and an equatorial Mars Observer Mission 

The mission strategy for the MMM is considered in several papers Frcnch points out that CFM 1 and 
I1 had recommended a permanent Mars base. Earher, chemical propulsion had been proposed for :he 
vehicles, whch requned large masses launched tnto the E m h  orbit Mars resource utrlizanon for pmpellant 
generation and hab~tat use 1s an imponant method for mimnndng costs (a 2% reducT~on hy fuelling at 
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Mars of payload welght to LEO). This subject has bcen treated m depth Drawrnga ot a gaseous extractor 
which pulls in Martian ali. cornpieases ~t and prov~des breathable alr an6 rocket fuel are given Ash et 
01 provzde the desig~ for the Mars oxygen processor Nuclear iockets usmg Mart~an propellants, for 
reduang the mass reqmred In LEO, can refuel themselves every time they land on Mars Solar energy 
can be used on the Martran surface I" spite of the dust, by photowltalc pawer conversion !f il method 
can be faulld to overcome the problem of dust accumulation on solar cell surtaccs The use of robots on 
a large scale a advocated to assst humans on the surface of Mars, ~ncludmg 'Bootstrap robots' (wh~ch 
can even extract materials from the surface and convert them into fin~shed products). 

Mob~htg on Mars is considered, mth a proposal for a Mart~an aeroplane The use of carbon monoxlde 
from Martian resources for propuls~on of the takeoff engmes provid~ng a 285 s spccific lmpulse (Isp) could 
allow a hyperbolic escape trajectory, and sufficient spare we~ght to allow thermal protection tries to be 
htred for aerobraking on earth return Details are given of a 6000- and a 16,000-lb veh~cle fuel cell power 
supply system for manned transportation 

Human habitat concepts on Mars are descnbed In detail and deslgns are glven m several papers. A 
modular system a proposed, with a provision for fire safety A statlc Mars modular habitat IS preferred 
to a ianderlrover habitation due to the advantages of the former. Locally ava~lable materials, combined 
wzth water to form 'Duncretes' and xnflatable structures are proposed as buildmg materials on Mars. 
Recovery and utillzatmn of carbon monoxlde 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 details lrke fire protection and tool and equipment requlrements A 
pdoted Mars vehicle rs proposed as a low-thrust nuclear-powered veh~clc w~th  at least a two-ycar round- 
trrp travel time, on a conservahve basis. This is the interplanetary transfer vehiclc w~th a 10-MW nuclear 
power system and propellants from LEO or the lunar surface. A vehxcie wndlt~on-momtonng system is 
also proposed for the piioted ,Mars vehicle. It 1s suggested that all the transfer vehicles rendezvous and 
dock m LEO Comrnunicat~ons w~th Mars IS cons~dered as a vital issue due to the time delay from Mars 
to Earth m various scenarios Deslgns for such communications systems are gwen. The concept of ome 
has also been addressed: Mars hab~tat may require a metrlc tlme Power systems are requxed to be 
developed tor the MMM. One of the Innovatwe ideas 1s DeYoung er ai's suggestion of a solar-pumped 
laser pawer transmissLon stauon orbding around Mars for power, materials processing, habltat needs, 
power for surface rovers and surface launch. 

Nuclear propulsion is advocated slnce chemical propulsmn systems are l~mlted m the11 Isp and thus the 
'delta V' requlrements for short (2M)-day round tnp) mlsslons (necessary because of bmnedical and 
human factors) cannot be met by such propulsion techniques. Nuclear propulsmn had been advocated 
much earlier by the late John F. Kennedy in 1961, parallely wlth the announcement of the Apolla 
msslons The NERVA rocket technology programme, subsequently dropped because of budgetary con- 
straints m 1973, could gwe 825 s Isp, more than twice that of ehem~cal propulsion systems at that time 
and capable of dehvenng 900 s Isp with a llttle developmenr, suflment for a 200-day round-tnp mission, 
which could provlde lmpoifant benefits for the Mars miss~on structure Nuclear propulsion is a powerful 
technology and should be kept In mind whatever scenario or strategy 1s chosen because it enables the 
reduction of mass into LEO by a f a c t o r d  five or more and allows enough power for the generation of 
amficial gravity in the Mars transit vehicle, thus prowding a great deal of flexibdity. Two advanced 
p i ~ p ~ l ~ ~ n  programmes are the USAF's nuclear thermal rocket and a new NASA inltratlve ln electric 
propulnon for cargo transport Other promising non-chem~cal options ex~st (the fisnon rocket engine, 
plasma Wakefield accelerator (PWFA), anti-proton propnlsmn, laser propulskon, etc.), some of which are 
descnbed. One of the prommng concepts IS that of the PWFA, which can generate very hlgh fields (10 
GVlm) for short times to accelerate the ions, with a capability to generate an Isp two orders of magmtude 
h~gher than conventional sources An Isp of 65,000 s can be achieved. The PWFA can also be optimally 
'tuned' to obtain a sultable specific impulse for various mission scenanodstages It is therefore necessary 
to cany out research in advanced propulsion technologes keeping in mew the possib~hty of reduced 
shipmass and/or reduced transit time for misnons, from two-year to mnety-day round-tnp misslons over 
the ensuing forty-year tlme frame up to 2030, by whlch tlme a permanent Mars manned outpost should 
be m operation. 



A large number 01 artistic tilusttalwn< oi :he v,u:uus rer1iitolugic;li cierncnts <it the Mars ioverf\;mpir 
rstuiri m;asmn and the MMM, mcludnrg hcavy lkft vehidus dnd propulaml. ryalums arc grven lo convc) 
some idcz 01 t h c ~  design Sevcr;tl cngmccrmg dcta~la and diawing~lsk~tchei also h n !  part of the piuscn 
cations, hence, t!le volunicr can hc consrdcl-cd ah usctul relcccnce nlalcr~al. The twu-vniurnc ac: t i  defi 
mtcly an Lase1 fo! genriel s c ~ c n : l t ~  cnr~chinent and as 3 refer~iicr for aerospace mennrts,  techn01qystt 
and pnigraome planwrs for the ,rdvanczd rcchnologlw requlrcd. Perhaps the drlring thcnrc is hest ~llos- 
tratad by the arotcrncnt made h y  lwu high sclraol iludents at the Coi!fejence. We ure l h p  s i e ~ u r d . ~  oj 
Mars. Wutcliing it Jor u Umxv.$e Ihui L I C ~ ~ I L . ~  U S  botl~. In lhul w u p  MOIA 1 ,  o m .  1 am sure thdt readcis 
of Lhcse voimnc\ will gct the hnmc tcclmg 
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Guidance aud cosltroi 11990 (Volume 72 in Advances in Astronautical Sciences) edited 
by Robert D. Culp and Arlo Gravscth. Amcrican Astronautical Society, 1990, pp 
660, $95. Orders to U n ~ v d t ,  Inc., P .0 .  Box 28130, San Diego, CA '12128. 

Like It\ p~adcce\sor vulurncr, rblr rrcuid or proccriiing or lhr Thlrtecnrh Annual G d a n c e  and Control 
Confrmn~e ot the Rocky Moun~sm S c c l ~ w  n l  the Anleiican Astro~rant~cal Su~rety $ 5  .1 'ycarhuok' of ihr 
achteverncnts of the iriasswc Amcitc;~n endeavour In astronitut~cal and ccrvain rcldtcd racnces Tlie Con- 
tcrcncc, held at Keyaronc. Colorado, USA, during Fcbruary 1-7, 1Y9U, had tlre tcchnicai sessmns. w t h  
an average of about \even papcrs ~n cach scssmn. In addriion, the procced~nps contax a uxrh secrlon 
devored to asnrsprrcc human factor,, wlth a tutorial and a xnza  oI inwLeil piipors 

l 'he f m t  section uf the volunre 1s devoted to 1t5 title theme advances in aejuspiice nawganon, guidrurcc 
and contro!. A very novel de:i in lhrs i m i i  IS prcscnted right sn thc first zut~clc: the conccpr ot a highly 
accuratc roll contiol method for spacecraft wthout thc use of a rate g r o .  Normally, such a concept 
woola haw becn consdercd outland~sh But, then, the spaczcratt to be so controlled 1s not a 'normal' 
one. 11 IS a test bed for thc revolutmnary Stanford ielat~vity gyioscopc Such a rnksion poses vrry specla1 
rcstrrctam on thc \pacccraft a precise and htzady roll rate must he mamtained, the n ~ l l  phase ar any 
Instant must be prcasely known, and the spacecraft should not cariy any rotating machmcry on board, 
whlch prccludcs the use of convcntmnal rate gyros Thc Stanford group describes III ~ r s  paper a specla1 
technique tor achieving these objecmvcs The rechnrque connsb of scannrng a nng of space using a 
body-mounted narrow-field optlcal sensor D w  to the d ~ w ~ h u n o n  of stars In the nng, a t m e  record of 
srarl~glit mtensmea 1s obta~ncd, which repeats i r d f  with every rotation of thc hotly. Correlating lhls w~th  
a storcd or  'refercnce' record of stellar mtensltzes, highly accuratc roll rate and phase ~nformation can be 
ohtamed The mthors show t h ~ t  there 1s enough mformauon redundancy in the lntemiry record to ach~eve 
the requ~red correlation accuracies even when the data arc posaly quannzed-to a one-bir levcl 

An equally slgnlficanr conccpt 17 thc Lmaga navigatmn and rrglarratjon (INR) system bemg devolopcd 
for thd GOES-I geostatmnary metcorologml sdtellitc system. Nuirnallg, It 1s assumd that :ippltcatm 
satellites, such as the meteolologcal and comrnun~catmn satellites, arc somehow mmntamed In the proper 
orbmi posltion and attitude by mdcpendent meanr, and only sewe as plattoms for the tostruments and 
rqulpment they carry. Breahng this convent~on, the INR system enwager lo generate orhnal and iittm~d- 
ma1 rnisilllgnment utilrzmg the observatnon of stars and earth landmarks made by the mzteorolog~cal 
sensors ( e g . ,  the imager and aouiidet mstrurncnls) themselves. Another novel aspect of thc scheme 1s 

that the rmage nusalignment infoimatmn rs used not to phys~cally correct the satellite posmon and a t tmde 
as such (z.e.. Tor satelhrc statmn keepmg), but to modlfy the pararnaters of the i~strurnents themselves 
(r.e., mirror scan program, mtrror motlon cornpenstion, efc.) to obtain Images nearly like thore from 
perfectly ahgned mstruments exactly ax posltmn. 
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Othci ~mp:,rianl ideas , i d  developmenla preacnted In thtr scctmn mclude stud~cs on 'acrocapture' i a  
a poss~hli: rnlssion to Wars in thc iata 9Oa to land a rowr  on ,is surfxce imd to :icqulre and I-cturn surface 
samples to ihc t:irth I'he use of Martmn 'ar-braking,  partially io reducc th l  approilch rpced 01 rtrc 
y x c e ~ ~ a f r  olhrtiil bpceds. bhould WYC oil hiahng fuel rcquncmcnt. and reduce eifect~ve vchlclc mass 
by 2040':: .An anc lc  on preanon star trackers for thc coming decadc prov~des an ms~ght lntu the use 
of advanced mosaic detectors lor sccuiatr star-trackme applications The pract~cai problem o l  modcl- 
order-reductton flcxihle ,lruclu~e? ia also dcalr wllh ~n thls cectlon 

Thc aecond aectlon 15 on gu~dance and control ~torybo;~rd displays Hcrc, the dcvelupment u l  a lanr- 
polnllng-and-tidcklng ,y\tam for cuoperative dynamlc targets ~n space 1s dercrlbed Also prssented Ir a 
hlgh-~solatlon magnctic suspensmn system for finc-stecrmg mmois 'lbe claas~cal lunctlon ol horlron-scns- 
rng In ~ateliites hnr been raised to a hlgher status In an artlclr that d~scus~cs  the urc of Lirt~flclal Intelll- 
gcocc. tarly vwon. and p l o c c r s q  tochnqric\ f n ~  prsasron horwun locat,or~ In icdnnlng h o r ~ ~ o n  seniors 
Elsewhere, a s ~ m p l e ~  honzon-scnsmg method uslng a lincar pyroclcctrlc sensor array is prescntcd 

Two camputcr applic;mon~ a te  presznicu m thia sectrun one for thc !ntclliycnt hcalrh momtormi: and 
outonomocs dcc~smil-making ah~ilttea of bpncccraft, and annthcr tor the teilchrng and applrcatmn ot the 
quatein:nn appro.ich to satelltie-allrude mancuvcis A thlrd computer apphcatlon cons~ders the amulatmn 
of thc flev~hlo arm coniruli cnpeimcnt (FACE) ~n  elation to the rpnce shutllc 

Thc th~rd bection dcals wnh another mqxxtiinr ! o p ~  in EpilLe opererron- On-orhll alignment and calib- 
Tallon uf aalcllitci Tlm t u p ~  cams exua ernphaa~s f o ~  Inany of the Eutunalx nilrsioni which a m  at 
unpreccddntzd Iewls of accuracy In obaervot~on An examplc 1s thc concept 01 a Ixgc spncc-based optlcal 
~nierferometer. cnpahie of m;ippmg tlie c k m  to ic small fraction ot a m~il~arcsecond Such a goal presents 
a n t ~ e o i d ~ s a ~ y  levels of challenge ~n ateah of opt~ci,  metrnrology, rlructure, dynamcs and control Many 
oi there goal< can be acblcvcd only through a cantmuous or frequent o n ~ o r b ~ t  cal~brntlon process which 
1s the subject matter o i  the flrst paper Other papers m the sectmn deal with the mflight estmatmn of 
alntude scnsot aligrmml. callbratwn of rhc tracking scnron ol  the spacc-bad  laser-Zenlth rtai satelhte, 
astromctnc callbratmn of the fanous Hubble space telescope fine gu~dance senson, and the end-to-cnd 
control system venf~cat~on of the space shuttle-based STARLAB expermem T h c ~ e  rs an mteresttng 
paper on the slruclural control sensors for thc CASES (control, aslrophys~cs and slructurer expenment 
m spdcc) experment. to be cair~ed on the rpdce shuttlc Tbra offcfers a good look at a (uturrrt~c area of 
actmty generally dealing with adaptwc conrrol of structural systems 

As space m1ssmns become more complex, &stant. hazardous, and beyond human cndurance. attentlo" 
19 focussed more intensely on autonomous and adaptwe control of spacecratr. space misalons, and space 
devlccs T h ~ s  forrna thc ~ubjrct matter of ihr iuurth rcclmn or the volume. The f~lat arllcle m thrs section 
concerns an autunomous landmg on Mars Long cornmuntcatmn tlmes between the Earth and Mars rc- 
qulre autonomous ldndrng capah~llties The p p e r  discusses landing strateges based on arbrtal Imagery 
for a Maitmi landmg altc ielecimn n n d  surface-relative navgation Another paper dlrcusses adapt~ve 
control fol advanced launch vehiclcr Other papers III the sectLon deal wilh mapnetamelel-based autunum- 
our satell~te navlgetmn (MAGNAV), adaptive robust control of flex~ble bcam swtems, telerobot~c control, 
and on-hoard aulonomous conlml of the ~nfrdled space ohservatoq (ISO) There s also a generic paper 
d~scuss~ng the contrlbut~on of artifma1 mtelhgence (AI) to spacccrait autonomy. 

The sectiun on Recent expervxccs 1s always an Important sectmn of the Gmdancc and Control Serres 
ds it discusses the actual mrsionc. The ena,nnter of two Voyager spacecrait wlth the planet Neptune and 
its satcllites had made newspaper haadhnes m the later half 01 1989. The frrst artrde ~n thzs sect~on by 
a JPL group calls thrs encounter 'guidance and control's finest hour' and discusses some of the challenges 
of the mi~sion. Other artidea descr~be early m~ss~on characterizatm of the Gdllleo aititudc control qub- 
System. system performance of a kinelrc energy weapon (KEW), and lessons learned lrnm erLgmcenng 
evaluation tests of the solar maximum mlssron. 

The laat sectLon o l  the volume concentrates on aeronpace human factors The section starts w ~ t h  a 
tutorial, shde-bascd article on the loplc, using the settmg o i  the parameters of a i lh&l  grawty as en 
example. In thls article are llstrd the side variety of human-related factors that are relcvant directly to 
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the success and effic~cncy of space projects and mlsslons. In some of the remaining articles, the topic of 
'telescience' e emphasized. 'Telcmence' involves remote-coachmg of astronauts by saentsts and principal 
~nvestlgators (of spaceborne expcr~mentsltasks) on the ground This 1s a topic of lncreasirig Importance, 
as space iasks are becoming more and more complex, speaal~zsd, and diverse to the polnt that they 
cannot be effect~vely conducted by onc or a few crcw members of apace mlisiona based only on prmr 
training hefure launch. Telesc~ence, as an operational concept, will provide the space sclence community 
a more dlrect involvement with the goings-on In the space mtssion. T h ~ s  1s a topic that lncludes in ~ t s  
fold the interactron betwcen conimunlcatlon. display. and human perception, assimllat~on and reaction 
aspects Artlcleb on other topics such as human-computer Interaction, operator-machlne xnteractlon, and 
teierobotics are also mcluded in t h s  section 

For those who follow the Guldance and Control Scries through the years, the mexorable march ol 
space sclencc and technology towards ever-~ncreasmg technrcal sophistication IS clear. The present volume 
reflects this trend in a great measure by devoting much of ~ t s  attentlon to aspects of automated and 
mtellrgenl operatton by non-human entities. That a major drnmg force In many of the more sophisticated 
misslona IS the strategx defence inmatwe (SDI) is also apparent. Howevcr, the one thmg thts volume 
has ~c common with ~ t s  predecessors 1s ~ t s  cuttmg-edge reporung of the most exclt~ng and novel of all 
that 1s happenmg In space systems 
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Orbital mechanics and machine design edited by Jerome Teles, Vol. 69 in Advances 
in Astronautical Sc~ences Series, American Astronautical Society, San Diego, CA, 
1989, pp 862, $95. Orders to Univelt, Inc., P.O. Box 28130, San Diego, CA 92128, 
USA. 

The successful operation of space shuttle fleet, maintenance of space station Mlr over a long pertod of 
tlme, launch of mterpianetary spacecraft and deployment of Hubble telescope are the pomters to the 
things to came dunng this decade and beyond into the next century A total of 53 papers and tuSo 
abstracts are presented In four sessions on Low-Earth orbit mechanics, Earth, Sun, Moon regime, Navi. 
gation, and Lunar and planetary sessions at AASINASA International Symposium held at NASA Goddard 
Space Fllght Center, Greenbelt, Maryland, dunng Apr~l 24-27. 1989. The proceedings of the symposium 
cover many aspects of mission deslgn and orb~tal mechanm comprising motion of the Earth satellites, 
transfer orhlts and rendezvous, and geosynchronous orbrts, hbration polnt, lunarlplanetarylcometary mls- 
slons lncludmg trajectory design and orblt determmat~on 

The sesslon on Low-Earth orb11 mechanics contams nme papers on solutions to equatlans of motion. 
rendezvous and docking, launch and orbit misslon analysls The adaptive Cowell's method 1s hasicaliy a 
finite difference scheme, while Pomcarb-Llndstedt solutlon uses orthogonal functions of Polason Senes. 
Both the methods, though provide fairly accurate solution, are very cumbersome to use Na"y h d f  of 
the papers in thls session are related to rendezvous and doclang (RVD) operation or missions that make 
use of these operations The survey paper whxh IS basically on termlnal RVD gves overmew oi  RVD 
approach techniques, autonomous vs manned docking and a set of wnstnntslproblems embedded m such 
operations RVD 1s a process of bringing a secondary spacecrafi on to the primary one Both ~mpulslve 
and contmuous low-thrust propulsion systems are dealt wlth Some of the Issues conslderad m the gene- 
ration of RVD guidance logx are. path constramts, glrde slopeiterminal att~tude profile spec~ficat~ons 
against mnimum fuel expenditure durlng the terminal phase, foilowmg of optma1 reference trajectory 
which is computed with constraints due to plume mpmgernent, vmbllrty, safety, etc , time of transfedRVD 
operahon. Rendezvous to space stauons in near-Earth and geostationary orbrts are mainly discussed. The 
unpulsive (two or more) transfer wnsldered m the latter case IS useful when the time of transfer e at a 
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prcmlum ?'hi. p i l w h i i i ~ y  0 1  nins small I,iunch vc::lclc (of sc,:inrlrng ;dclcl cld\\> tor oih:lrng nbliil.rtule 
\ i~ ic l l : t r  cr ,i very  i~tcii:ir:ng cilnccpt y , m a l y   iron^ 111c wcii, point 31 J C V C ~ O ~ I C R  countr~cs On the 
ocher hand. c l a b ~ r s i e  pl:ininiig l i  rerju~red :or a l x g c  Launchc~ mch a\ Jnpancsc i i ~ l  launch vchlrle 
Mablng idither, ihc mjcsrjon ol ill!s!ci oi tonr snlelittes .nto geob(.l:londry llllnaicr olh:t by !hc nexl 
snera t lon  exoendabli rockit Arlanc-5 :s an cxamplc of  ulxir the Icrhnology call deliver I!, the 
Nmetxx 

Canoally about the conilmmon of the Moan and !~l~iuclary sy\lc:ni aiuund llte Son has hocn dl\tiirbu~e 
the mmds of the huminold\ from tlrnc ~mrncmon;d W~th  the advent of rochc1l-y. the lunar and m- 
tcrpianetary misslons naturally took pride ot plncc In thc spncs tcchno!ogy Space transpoitatlon to In- 
terplanetary space using only cnpendable fuci would be prohrbitwe l n  terms oi pract~ca! rcd l~atmn wlth 
the pre%nt-day tcchnolqy Succcicfd ipacc m ~ ~ o r r ~  wch as Voy;lgci ;and Ciill~lec, arc io\ulis ol tndlgen- 
ous t,;ijecrcry ilcrlgn lhat also mrdc usc o f  gra>lly pull l i om lc1iz5Ln.11 hodzcs to alter the :xhrtal cncrgy 
Moon being the nealcst t t r r e i t r d  body can bc used lor desgnlng soinc ol lhc opnmal apdcc !l,qe;rones. 
Utlhty of '5  partlcuiar pllinct fo: a p e n  gisvlty-a\sisl trqectory &pen& on Ihe launch schedulc of the 
space probc. relative posltlon at the plar~et wjth respect to !he Earth, and other cclcstial b o d m  The two 
o l  rme-saicllnr ISTP (Internal!unill Solar Teircstnal Fhyuca) program will use cxti.n\rvely douhic lunz 
\ump by oihits for xccntrl~c ihacrvatiana In the Sun'a geom,!gncl~c :ad and front-fldd regions of ihr. 
Earth Thc tive panurs pns:nlcd m thc scrsion on 'Eaith. Sun. Moon mgme' provide ulaho;ntu dcxnp-  
tions ot Geotarl, Wind, MVSE-A and SOH0 m~ssrans 

Apollo landing on the M o m  hernlded a new erii ot s p c e  advmt~ire i n  yeais 10 come. one wll see 
man" Iomr and plancxry inusswns u b ~ h  I, apparcnt frim the 21 liapeis prescnled on tlna lhcme Thi-ac 
papers contam d z i c r p t ~ m  of mmloni to ilali. Venua and Mercuy Thcy gwc details pcitamng to 
spacccratr dasrnption. ~nterplanctsr) oihn dctermmatmn, gordancc and control. planetalyltermrnd mbit 
contiolhtat~on keepmg. planetary landtng nnli return and nnvlgatmn Thc lunar mlwunr wrli consst of 
two complementary pwxratl-catiytng In\trumenls Ibr glohi~l mapping and pcnetntors lo make sclsmic 
and hoar-now mrabucmmt nelwmk The Vcnur n i ~ s s i o ~  will prohe the fundarn~ntal process of meiactmn 
and interaction between thz V m u s ~ a n  armosphorc aud solar w:nd Among the5e space plogramr. manned 
mission lo Mars 1s ccrtamiy thc most challcngmg m terms of technology dcvelopmcnt and man's endurance 
m outer space Unlike the planers and thelr natural salc!btes, comcti have ~nvokcd a lot of mtcres: as 
thru study 1s believed to help ~n better understandq of ongin and cvolutmn of umversc Many of them 
are thwght to have come from outer apace ;mil got lrappad Inlo the w l s r  sy tem The carher comet 
mlsslons had llmited capvbhty and flcw p a t  them at large dxtsnce\ Intmnal~onal Cometary Explorer 
(ICE) probes thc Glacoblm-Zmner Comet. GIOTTO from ESA wh~ch imtial!y had rendcrvous wxh 
Cornet Halley wdl later retarget to Cornct Grigg-Skjellemp on July 10. 1992, Hosctta n a comet nucleus 
sample return miasion. while CRAF (comet rendezvous astcro~d flyby) alms to study the development of 
Conlet Coma 8md tall under the influence of sunhght The mascon details are elaborated wlthout resori~ng 
to msthernat~cal jugglenes 

The proceedmgs contarns detarls of many mloresting space rnxsmns w h ~ h  crcmpl~fies the ever-tncrcas- 
ing capabdities o l  cpare technology and advdncr~ncnt of science The presentations are mostly narralive 
and hencc are easily readahle by general sc~entifx and cnglneclmg communny Vaooos mmlons described 
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here can raise the 1m;iginarlon of many yuung and old ahkc, nnd lure them Into the cl~allcnging as well 
as fascinating world of acrtrspace enginoermg 

Department of Acrospacc Enginccrlng 
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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 Rescuc Syrnpos?a are held annually durlng the International Astronaut~cs Federation 
Congress T h ~ s  volume contam the proceed~ngs of the 1YR6 and 1987 Symposia A total of 31 papers are 
presented in five sesslona on. Interdmiplrnary assessment of space stations, Space safety and rescue 1986, 
1987, Earth safety and drsasterld~stress response cmpioying space-borne systems, 1986, 1987. 

Wlth the advent of space transportation systems, I~ke  space slluttle and proton vehicle, and the estab- 
hshment of Mu space statlon under permanentisem~pcrmanent o r b ~ t  operatlons, the safety of humanoids 
in space (1 e . ,  dunng transportation as well us on orb~t  res~dence) assumes great s~gnificance. The five 
papers presented under mterdisc~plmary assessment of space stations descnbe mult~farious aspects of risk 
assessment, various human factors, study of effects of subgrav~ty condli~ons on man, and planning of 
space station from the safety pomt of wew. 

Over the next decade and further, the safety of the future veh~cles I" space will be threatened greatly 
by the increasmg population of man-made space debris unless certain controVprotection measures are 
undertaken A large number of papers (16) deals extenswely on budd-up of space debns (man-made and 
extra-terrestrial), characterization of debns population, proposal to remove debns and lo Increase protec- 
tion agalnst coll~slon damagc. The management of debns calls for establishment of a catalog of debns, 
understandmg of thelr orbual decay, determination of zones of large concentration of debns m various 
toroidal space around the Earth, dmnbut~on of debrls vs size and locatlan Suggested methods to reduce 
the rlsk lnclude the ldentificat~on of debns and determrnatlon of poss~ble rendezvousl~ntercept wlth such 
a debns, and use of non-expendable transpoitatlon system It is projected that during the next decade or 
so, the number of spacecraft ~n low-Earth orbrt (LEO) 1s hkeiy to prolrferate by two orders of magn~tude 
as more and more natxons come forward m buildmgihrnng mulu-objectme, multi-mlsslon satellites How- 
ever, m future, the vulnerability of these salellrtes agalnst colhs~on will l~mit the number of satellites that 
can s~multaneously operate at a given moment. The s~tuation wdl be nearly the same for the spacecraft 
In geostat~onary Earth o r b ~ t  (GEO) The need for transportatlon from LEO to GEO with transatmos- 
phenc space vehicles will Increase the problem further. Since the complete scenano mvolvmg debns cloud 
is nondetenmstic,  the risk analysrs can at best be carried out by probab~listiclstochast~c methods 

The safety of future mlsslons also requnes to design required hardware and software and to prevent 
collsion w t h  another spacecraft or  debris, acc~dents like fire, explosions and depressurization, rad~atzon 
and toxic contammatlon. biolog~al hazards, etc. In order to budd robust and safe space systems, the study 
of breakup of Kosmos 1275, subsequent drsmtegration and trackmg of nearly 200 fragments, will be 
useful. This wlll also help in setting up of proper srnulation expenments for risk analysis and fabrrcatlon 
of suitable preventive measures. 

Equally important theme covered In this proceedings relates to space apphcations for disaster mltqation 
and management, many of the related papers commg from the 1986 conference The problems addressed , 
here are the counterpart of the issues d~scussed earher, m the sense that they are concerned wlth the 
best use of satellites for early warning of impendmg disasters on the earth Different aspects of d~saster 
management w t h  a number of case studles as well as a few-dmster warnmg systems are presented To 
sum up, the emtor Gloria W Heath quotes the remarks of Y S Rajan and U R Rao of ISRO that 
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.'the cbullenje of space technology no longer hea In conqucnng apace, but In denwng the bcnefits for the 
poorest and most handicapped segments of hurnaxty Usmg low-cost mobk terminals, many d~sasters such 
as recurring of draights in countries of A::ca. fo: cxamplc, can bc contdmed efircrently and effecttvely " 

The above drscuasion aves an idca of the breadth of coverage of thls procecd~nga It contams a wealth of 
~nformatam thii; will be uicful for many prautimg cngmeers and sacntab m neroqxace and related areas 
Most of the papers included are descrrptwe ~n naturc makmg 11 very readable and usable even as a good 
source of pastime 

Department of Aerospace Engineering 
Indm Instltutc of Sc~ence 
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Working in orbit and beyond: The chaHenges far space medicine edited by David Lon 
and Victcria Garshnek. Univelt, Inc., P.O. Box 28130, San Diego, California 92128, 
1989, pp 182, $45. 
The challenges m space medmne have brought together the snenttfic community all over the world m a 
b~gger way m vanous fora. Thts voiume, number 72 m ths  senes, 1s based on senous del~berat~ons conducted 
m such fora by emment scientists in different speclal~tles [t a a nlcely bound collect~on at soentlfic papera 
wnh nurnencal and author mdlces. 

A total of 30 photographs from the high frontier of space medlane deplcttng actual cxpcnmental conditions 
presented m Appendlx B makes the book mterestmg, informative and reallstlc 

The book aptly concerns itself wth four areas of current interest m space medinnc. problems wnnected wlth 
zero g m t y  and adaptanom to such condltlon, speual hazards to hfe and effect on effinency in space, measures 
to counteracr the adverse effects and future challenges, m addstion to the enstmg problems In space m e d ~ m e  

Thus t h ~  volume has satisfied three main object~ves (i) It bnngs together current state of knowledge in 
space medicme, (u) offers appropriate mcrhods to address problem urcas, and (u) prowdes a source for 
further ~nfannat~on Lke medical aspects of Space Phoemx programme (AAS 87.155) 

The n g d c a n t  fact to note s that l~terature concerning both the Sonet and Amencan space programmes 
finds a place in t h ~ a  volume whlch wdl benebt readers lnterestcd m the field Human exploratmn of the 
Martm surface and proper readilprntmn on return to Earth rs a challenge ahead for the aerospace medmne 
Signldcdnt contnbut~ons made by Sowet and NASA sclenhsts m this illrectmn to proceed ahead to tackle 
such problcms have aptly been referred to 

Finally, a scholarly account on aerospace medicine presented lucrdly and effectively by the editors needs 
h~gh vpprecutlon 

The book can be of mncnse  help to students as well as  profess~onals connected wnh aerospace medmne 
and ah such a recommended as a reference book for instltutlons conducting courses or rescarch In this field. 

Department of Awatlon Neuropsychmt~ 
Instlture of Aerospace Medicme 
Bangalore 560 017 

Astrc~dyndcs, 1989, Vol. 71 in Advances in Astronautical Sciences, edited by C. L. 
Thornton. R. 3. 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. 
TIUS volume, m two parts, conrams exhaustwe collechon of 87 papers and 30 abstracts !iom the proceedings 
of the 1989 Astrodynamm Conference The Conference was held from August 7 to 10, 1989, at 
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Vsrmont under the ausplces of the Amersan Astronaut~cal Society anii the Amcrican Instltute of 
Aeionautlcs and Aatmnautics. Thc volumc aptly hcgins wlth a Ihcid keynote address on Adventurer In 
celestial mechan~cs. Tcchn~cul paperr :ire prasentcd In 16 theme scswns on Trajectory computation 
technques, Ceocentnc sarclllrc arbit dcterm~nstml. Attltudc doternunation and control, Sateline 
dynamxca, Orb~ting debris. E;wth alhirer misslun ani~iysrs. Trajectory opltnlizdtion ;q>pbcst~ons. Planetary 
spacecraft orhrr detcrm~nnuon, Satellite orhit control. Neutral upper atmosphere density, Dynamm and 
control of large flex~blc structurea, Cirtidance analysls, Planetary mlislon deslgn and hnalysls, Trajectory 
analysls, Dynamlcs and control of space structures or mult~body systems, and Est~mationi~dent~iication 
techniques Thus, it is a cotnpcndrum of almost all aspects n i  modem astrodynanucs anti related aspects. 

The dynamics ot a apacccraft can be described in ierma of orbital motion, attltude motion and structural 
mot~unlvibrat~un The dynamss, catmstwn (navigatmn) and control problems of the spacecraft dynamics 
a the key lasuc conremcd m thla proceedings A!m, dcait wlth are related lssues like earth salclllte and 
planetary missLon analysis, and upper atmospheric study. These ~ssues have much utd~ty value. 

Thc orbital motmn of the l~eavenly hodres hiis caught the imagination of humanoids for several cen- 
tunes, with serious and socntlfic study extending over three hundred years Followmg the successful 
launch of Sputnik in October, 1957, the accumulated know-how on celestial mechanm 1s put to use m 
understandmg artlfmal Earth satelirtc orbit mechanrcs after appropriate refinements Smce then, great 
strides have been made whch can match or to some extent surpass the earher achievements, mainly due 
to tcchnologtcal lnnovatmns Trqectory analysis (5 papers plus one abstract) 1s one such topic whlch 1s 

useful for ever-mcreasmg space program In future, satelhte positlons m thelr orbm are requlred to be 
controlled very precisely tu derme maximum benefit out of them For example, ~t 1s shown that the orbital 
perturbat~on due to oblateness of the Earth, 11 accounted for properly, can Improve the accuracy of orbit 
determination However, the methods of urhlt determnatlon presented here are extensions of exlsting 
well-known procedures whlch are tune tested for reliability. 

The orb~t control mainly consists of orbitistation keeping, rendezvous and interpianatery trajectory shap- 
mg The mam strength of the present proceedmgs comes from important contnbutions in this field. For 
the successful aperatmn of multr-satellite global posmomng sysrem (GPS) and other satellite constellations, 
the orb:t control is needed to nulhfy the effcct of d~sturbances due to the oblateness of the Earth, 
lunl-solar perturbat~on, atmospheric drag, etc. It a lnterestlng to see that by changing the altitude of GPS 
systcm by a small factor, 11 e possible to minimize the mfluence from external d~sturbances The other 
equally useful spacecraft constellation relates to a combmatlon of three cornmunlcation satellites which 
are put into a hlghly eccentric and mclmed orbd so as to semce the high latltude zone of the Earth. On 
the other hand, rendezvous e a trajectory control problem wherem a secondary spacecraft a taken to a 
target spacecraklsatellite in an Earth arbrt ur to move ~t to a specified destination in interplanetary space 
Such a trajectory may compnse powered phase and cnast/orbit phase m any combination depending upon 
the rendezvous strategy. 

Wlth Increase in space actmty, the Earth orblts are gettmg saturated. These orbitmg satellites eventually 
complete the operat~onal hfe tnne The orblting debns whxh mainly comes From dead satellites or final 
stages of launch vehlclea and also those from cosmlc ongln are capable of lnfllcting fatal damages on safe 
functlonmg of the operational satell~tes. A total of seven papers on the subject can certainly help to refine 
modeling aspects and anaiyse of Spar8 debrrs 

Accurate athtude control over a long penod of operations extendmg several years 1s the requirement 
of the present- and future-generation spacecraft. This calls for improvements in atutude determmation 
accuracy, so also better attitude control system The autonomous attitude determination algorithms pre- 
sented here are of the state of art and may soon find apphcations m many satellites. Real-tlme corrections 
for sensor bias and infrared radiance variations (hitherto done heuristxally) usmg Kalman filter enhance 
the accuracy of attitude determlnatlon Few attiutude control system for specif~c missions is also discussed 
The attltude controi system 1s designed w~th emphasis on pointing accuracy, the only design constrant 
being that the Level of structural wbration be low (1 e., stable motion) The analysis of control-structure 
interaction a largely hmted to extenwe analytical and numerical simulation studles. 
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With mcreaslng trend towards bmldmg large flexlble structurcs, the control-structure Interact~ons be- 
come stronger, due lo lowenng of structural nbrarion frequency and increase In control bandwidth There- 
iore, along w~rh attitude control, 11 1s necessary to have structural vtbranon dampmg/control The four 
Important Issuer related to dynamrcs and control of large flexible rtructure/spacecraft itre modelug, model 
order selection, des~gn/select~on and optimal location of sensors and actuators, and control law design 
Vibration damp~ngishape control enhances the operat~onal life of the Spacecraft. apart from helpmg to 
maintam better attitude-polnt~ng accuracy The fourteen papers and five abstracts presented in two ses. 
slons are mterestmg. They try to address some of the above-ment~oned Issues m a i~mited manner 
Though the amount of research and development actrwtres related to development of large flcxhle struc- 
ture IS enormous. the current proceedmgs does not cantam hlgh-quality papers as !n earlier themes vrs-a- 
vis the state-of-the-art developments taking place globally at presenl 

It is sarisfylng to see that the proceedings under renew dwells on the state-of-rhe-art technologies on 
modern astrodynam~cs in a brief but efiectlve manner. The papers are mostly descnptlve In nature and 
those mterested ~n finer mathematxal detalls can always look lnto the vast references c~ted. The proceed- 
mgs is useful not only to aerospace engmeers and scientists In mdustrv and academic inst~tut~ons, but to 
others who can draw upan the vast experience embodied here Into rhelr own d~sciplines 

Department of Aerospace Engineering 
Indlan Instmte of Sclence 
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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. 0. Box 28130, San Diego, CA 92128, 1990, pp 433+12, $90. 

At the stroke of 12 on the mtdnrght of December 31, 1999, the world enters the 21s  century The end 
of the millennwn and the beg~nning of the Zlst century wlil be abrupt. In contrast, the breakthroughs 
m sclence and technology stand on the shoulders of past achievements and technological developments 
are gradual Space technology has emerged an a major m~lestone in human cinhzatmn m the latter half 
of the 20th century as a result of mater~ahzatjon of dreams and lmagmatlons by systemat~c and hard 
work The proceedmgs of the 35th Annual AAS Conference held from October 24 to 26, 1988, at St 
Louis, M~ssoun, presents a set of practml dreams I: a practical because these can be matenal~zed in 
the early part of the Zlst century ~f the current trend In technological development is any indication. 
However, it would be naive to pred~ct about all future mnovations at the present juncture The AAS 
Conference had an introductory and ten business sesslons The papers presented at the Conference drscuss 
the programs of NASA in collaboration wlth other laborator~es of US allies The discussions are centered 
around NASA space stdtlon Freedom, large space structure, space transportation systems, utihty services 
and space sciences 

It 1s very educatmg to go through the evolution of the space statlon Freedom over the years What IS 

more significant is that such an evoluuon takes care of user and industry vlew pomts at every stage of 
development Probably, one w~ll defimtely fmd more sophisticated space platforms ~n future, but at the 
same tlme, a sound tradlhon has already been hurlt In designmg Freedom Concept of large space struc- 
ture a a logical continuation of the above space statlon, in whch the in-slte manufacturing of the statlon 
1s the central theme. Manufactunng technology presented in this proceedmgs Looks a little crude, but 11 
1s expected to sharpen as the tune passes by. In-site manufacturmg IS expected to be undertaken by elther 
human operators or robots. The space robots envisaged here try to mlmic the funct~oning of Irving ones 
on earth such as spider and human being. The critical issue for the success of any large space strucmrelsta- 
tion lies in the development of proper matenal and structural systems. Strumurc, by definition, takes the 
load and is made up of advanced hght-welght marenals for space applications, but, unfortunately, these 
issues get only a cursory look and interested readers may have to look to other sources of reference 
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of the raily ?Is1 century Llhcwsc. p;lpcr~ on miinncd &+,kt\  n i lwon  and 1iypcrvclnc~:y valr~lrc.  thoslgh 
futimst~c, arc dightly outwlc the malrl theme of thc Crmlcrence IJoderbtmiIahly. thcrefo~c. thesc are 
pl-chented m sapwatc \ c s ~ l o n i  

What every engineer should know about n~icrocomputers (2nd edition) hy William S. 
Bennctt. Carl F. Evert Jr and Lcslic C. Lander. Marcel Dekker, Inc., 270, Madison 
Avenuc. New York, NY 10016, 1989, pp 476, 5107 50. 

Thls 1s e very e1ernental.y mtroductmn to tne world of hardware and sottivarc dexgn r!smg m:crucompur- 
era. Thls book IS In thc 'What every cngmeer shunid know' s c m s  "I books and fulidls its mle m mtru- 
duclng thts hublcct to nn mld~encc that ha\ no  pav lous  experience of the subject. 

Thc pedilgogy adopted is thnt of self-lcarnmg and the subpcl matenal ti presented gradually wrth many 
cu;mplcs and irgurca As an ovcmrching itructurc, :he book xlroduces a real problem jmcasunng the 
amounL oi hquld In a lank wtlr  a float on the cnd ol an arm Lhat movci up and down a? [he liquid level 
does) and devclopa the complete <elution (hot11 the complctc ha rdwae  rcqu~red and the Ada program 
fcr contrulilnfi the hdrdwaic). 'The hardware and thc transducers needed k ~ r  tnlorfaclng wllh the mic- 
iocornputcr arc mrodiiced at a rdher  \low pace For examplc. the foliowmg L'onceplr are mtlad~lced 
a w m r n g  no Iorcknowledgc. drglral slgnals. level detectors, c!ocks. intepralors, rcglsters, Lable-lookup, 
seven-scgmcnt d r q l q a ,  binary and decmml ~cpresentar~on, ,  assembly larlgunp~, 110 d e v u s  and program- 
ming, etc For ~ntrodocing the concep~s of plogiammmg, recourw 1s made to 'Wnmlel-On' d~agiiirns but 
i h ~ s  does not reem ilppropnute: f i ~ \ t .  11 la non-atandaril; secondly, another competrng way of descrrbmg 
an a!gonrhm, llowchartmg, la mlroduccd abruptly without expliinat~on (p. 191) The Motorola hfC6800 
in  wed tor louoducmg micmcomputers and the Ada languagc for introduong prograrnmlng Thc vuiou i  
aapecta 01 mmucomi>utcrs ale dlscusscd ,n derad (for eaamplc, mlcnupts. ALU. conrrol reglsters, erc). 
The d ~ > c u s r m ~  on  Ada !a crerlitahly done and 11 is q u w  conccivablc that a person introduced to thls 
book f i rh i  mghr have a berlcr prrsprcuve on co~npuranon and how n program involving 110 programmmg 
and lntcrrupts n 10 bc wrmen in ;i high-level language. Ada concepts like packager, taska. iendczvous, 
and concepts hke tune-sbclng, overhead when programming ~n Ada, mtorrupt vectors, clc , arc all discus- 
~ e d  trom hrrt princrplcr 

The discnssmn of dcslgnrng a draitrl systcm has been competently addressed by many authors (For 
example, Peatman) but very BW hooks have ded t  with propamruing a d~gitdl systenl using a b&-levcl 
language, especrnlly a complex language like Ada Thcs la whcic thls sornexrhat elementary book has 
drstingulahcd itazll. I'hc author recommends thla book to high-achool s rud in t~  who want to learn ahout 
d ~ ~ t a l  systema. to aclentlfic personnel iikc lab assstants wlthout prevlorls cxpenencc with dig~ral systems 
and also to those who arc curtnus abont ucmg Ada for control upphcattona. One rnaju~ drawback of ihls 
hook 1s Its p i c e  w h ~ h  makes ~t too costly for causuai interested lenders, die mended audience 
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The logic of architecture - Design, cornpotation and cognition by William J. Mitchell 
The MIT Press, 55, Hayward Street, Cambridge, MA 02112, USA, 1990, pp xlf292, 
$19.95. lndian orders to Affiliated East-West Press Pvt Ltd, 25 Dr. Muniappa Road, 
Kilpauk, Madras 600 010. 
Architecture 1s an art of distuxtlons wlthin the cont!ncum of space So the means of architecture are 
basically given hy one's capahhtles tu makc and sense phys~cal dlstlnct~ons In space It la wlth sensrtlvlty 
to the dlmenaom, nuances, and subtleties of spatral detmction thai she ab~iit~ca to undersrand, to be 
moved by, and eventually to create archltecturc originate Thc hook The logic o j  arch~tccrure whlch grew 
out of the semmair conducted at Haward, UCLA, Carnegle-Mellon and Cambridge by the author suc- 
cessfully explam the concepts m a Iued way 

n e r e  are ten chapters, each wlth a summary at the end, notes and an up-to-date b~bliography. The 
first chapter on budding descripttons establishes the baslcs on whlch the second chapter on architectural 
form IS discussed The next chapter on design worlds establishes some doma~n of iormal poss~b~lzties for 
a des~gner to explore. Thu 1, followed by a dmussion on how eapreaslons m crmcal languages are 
interpreted In desxgn worlds and how designs m design worlds are real~sed m construction worlds 

After bnefly touch~ng upon reasoning about des~gns, caplaming the types and vocahulanes, the author 
explans the design operatmns. A set of shape posslbdlt~es are estabhshed Thls 1s followed by the lan- 
guages of archmctural form The rules of an architectural grammar shouid provlde a well-formed rep- 
resentztmn of a class of buddmgs In the construction world The languages specifzed attempt to mclude 
a depmlon of every posslble buddtng In the class The chapter on functmn describes why the performance 
of elements and subsystems must be evaluated relatlve to the program slnce the functmn of a buddmg 
as a whole 1s estabhshed by ~ t s  program The last chapter on iunct~onally motwated desrgn includes 
functions! adequacy and equwalence, cond~tlons for the samc. clement selectmn as well 8s dengn, etc. 

The book is well written and the ~llustrative sketches make the readmg lnterestlng and slmple 

Department of Civil Engneenng N S PANDIAN 
I n d m  Institute of Sclence 
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IHadronic physics with multi-GeV eledrons edited by B. Desplanques and D. Coutte. 
Nova Science Publishers, Inc., 283, Commack Road, Suite 300, Commack, NU 
11725-3401, 1990, pp 360, $ 84. 

There have amen in recent tunes several new meeting grounds for nuclear physicists and partxle physi- 
cists. Part& phenomenologists are takmg a closer look at quark and gluons in nucleal environments 
from the point of view of deep lnelast~c reactmns after recent results on the so-called EMC effect and 
the phenomenon of shadow~ng. Nuclear phyalcs speclallsts are paymg greater auentmn to the role played 
by quark and gluon dynamics m the structure of the nucleon In the context, the book under review 1s 
very welcome, slnce 1t revlews toplcs of Interest to both categories of people. 

The book contains the proceedings of the wmter workshop held at Les Houches during February 615,  
1990, which was largely motivated by the advent of a new generatlon of electron accelerators ammg to 
study the nucleus and its constituents. These accelerators are charactenzed by high-energy (0.8 GeV to 
a few GeV) and lugh-duty cycle beams The cholce and level of the lectures were governe4 by thc w~sh 
to famharize the international nuclear physics community with the electromagnetic probe Thcrc were 
also theoretical lectures which dealt wlth traditional aspects of nuclear physlcs, as well as vanous newer 
models of the nucleon This book will serve as a useful reference for high-energy p h y s ~ , t s  wanting a 
review of nuclear StNCtUre at hlgh energies. 

The book largely does justice to the professed aim of introducing the theory of high-energy electron 
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scattering as a probe of hadron structulc through fa~rly thorough papers by J ,  Martino and C' Cioti d c ~ h  
Atti, though they rrveriap cons~dcrahly In content. They cover between them, eisstlc and inelastic scatter. 
ing, nucleons and nuclei, wlth and wirhout polanzatiun measummcnt. They discuss the formei~sm. ;ii also 
models for elcctromagnctrc propertlcs. anti sume experiment;ll ~esults. 

The papers an traditional nuclcar physics do an ;~dcquste )oh of rewcm'ing top~cs like mesoiis and 
nucleons In nuc!e~ (J -F Mathlot), few-nucleon sybtcms (N.d'Hase1 and relativity in nuclel (J. A, Tjon) 
At the same time, there is also a discussion in Mothlot's pepcr un effects nnsmg at large momenluni 
transfer and at largc dcnsit~cs, which may take one outsidc the standard scenario 

The set of contl~hutions on ncwcr models of nuclear structure begm wlth an kntroduction to quantum 
chromodynam~cs (OCD), the gauge theory of qusrk-glum interactton. QCD is in meil a growlng field, 
and the paper ot M Fonrannaz docs :I superb job of summarizing thc essent*als, wh~le refenng to standard 
works for details This, however. is a treatment nf perturbatwe QCD. and the problem of colour confine- 
ment is left to the authors of the subsequent papers. Confinement being as yet an lncompietely understood 
phenomenon, thesc papers expound various models of hadrons incorporating confinement. The paper of 
Ferrando and Vento is a neat and compact review of different quark models, like potential. bag and 
Skyrmion models The othcr two papers m the category of models are more In the nature of research 
contnbutions. One would have preferred expanded versions of the bnef rewews m Ferando and Vento's 
paper contarning more deriuled comparison w~th experiment 

The rest of the hook contam a vaned fare of assorted toplcs, most of them of considerable Importance 
Some are trcated m palnstaklng detail (e.8 , shadowmg, by Covolan and Predamj, while, others, no less 
interestmg, are presentcd as brief reports (including topics like electroweak parity violation and hypemuclei) 

Aii m all, the book contains an amazing amount of stuff, and takmg into account what is said, as well 
as what is unsaid but pointed out to through the references, t h ~ s  a an excellent reference book on the 
topics of nucleon and nuclear structure espeaally as seen by an electromagnenc probe. As mentioned 
earher, there a someth~ng m it even for partlcle physic is!^ Having said t h ~ s  ~t might be appropnate to 
polnt out a few shortcomings 

A somewhat better pre-adltmg could have made the contnbutions less overlapping m content, and 
covering more uniformly certam areas touched only cursorily. I would have preferred a deaf divlsion into 
a revlew sect~on and a research article sectlon rather than a mix of the two. Though a less rlgorous style 
of English should be tolerated of contnbutors to whom English is a fore~gn language (as ~t is to me), 
typlng and slipshod notation in some articles detracts from reading pleasure, and could have been weeded 
out by the edlton 

Despltc these drawbacks, I conslder the book an important asset for reference libraries. 
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Quantum mechanics by Leslie E. Ballentine. Simon and Schuster International 
Group, 66, Wood Lane End, Hemel Hempstead, Hertfordshire, HP2 4RG, England, 
1990, pp 486, $20.95. Indian orders to Prentice-Hall of India Pvt Ltd, M-97, Con- 
naught Circus, New Delhi 110 001. 

Quantum mecharucs is now generally believed to be the correct framework theory of all phyncal 
phenomena; but a theory that is based on a substratum of which we may not make a mental image. 
Given thls and the 'unreasonable effectiveness' of quantum mechanics m ail experimental situations, two 
distinct, rather exnemal attitudes, have developed as reflected m books on quantum mechan~cs. Thus, 
there are the standard textbooks an quanmm mechan~cs 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 applyng 



110 BOOK REVIEWS 

these rules to various physlcal problems of interest. They do refer to the rather abstract underpinnings 
of quantum mechanics :n the rntroauctory chapters, but somewhat apo1oget:caily The2 there are the 
forblddmg treahses that take on the deep philosophmd and the abstract mathematical foundat~ons of 
quantum mechanics that 1s mostly ~naccessibie to all but the preoccupied mmd Quanrum mechon~cs by 
Leslre E Bullentme 1s a refresh~ng and a user-friendly text that bndges this attitudinal gap, both in terms 
of ~ t s  content as well as ~ t s  presevtatlon The guldmg motlvarioc of the book 1s to make the reader rea lm 
that the abstract ideas of quanrum mechanics should be and can be readily apprec~ated In the operanonal 
sense and that they are efficiently related to our workmg knowledge of ns pnnc~plrs in pract~cal matters 
Wxthout a proper understanding of these abstract ideas we can become vague The chirpier on State 
prepdrabon and de tem~nat ian  is a most welcome addirion usually mlssmg froni standard texts So la rhe 
cllapter on Bell's lnequdimes wnh 11s highly contemporary srgnificance and Interest The author's choice 
of contents is very reireshmg and contemporaneous The chapter on photon srdtistlcs (correlation-and 
coherence) and k~nema~tcs and dynamics (space-time symmetaes and quanticatlon) are the other cases in 
pomt There 1s a fairly comprehenwe chapter on Potential scattcnng. As announced, th:s book can be 
prohtably 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-fnendly reference book for researchers m physics dnd praotit~oners 
of quantum mechamcs. 

Occas~onally, I do find the presentation unnecessarily incomplete Thus, m discussing the problem of 
bound states m a cantmuurn, the reader 1s left wonder;ng ~f these are an oddlty-havlng found one such 
state by construction, are these more for the same potential, are these states stable, and ~f so in what 
sense A few general (w~thout proof) remarks would have clanfied these points. 

All m all, I conslder Quantum mechunics by Prof Bailentlne an excellent and much needed book that 
fills a gap. Strongly recommended for science hbranes. 
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