
Space safety and rcscrae-!984-!"PS cditcd ! ~ y  (iio~ii* W lic;lith. (pI-or:ecdlnp of the 
seventeenth and eighieenth symposia. Vol. 84, Science and Technology series), 
American Abironau~ical Socicly, E%h, pp. 386, $ S.i.(O~:ders to Uni%elt, Inc., P.O. Box 
28130. Sail Dicgo. Cn Q2iZK,  USA). 

The subject of fligh~ safcty and lcscue has acquircd special significance in the 
contemporary space activities since it has conic to influencc the planning 2nd execution 
of many a space mission. i n  the C ~ S C  of manned space missions, to which this discipline 
owes ita blrth, the sc :p  spans across a wholc spectrum of activities, includjrtg terrestrial 
recovery. launch and reentry covering a gamut or engineering, technoiogical and 
operational luncr~onr, that contrihutc 10 thc human safety while In space flight. Added to 
th~s, is the deveiopmcnt of enicrgency and rcscuc systcms, which can conceivably 
provide the safe return of the flight crew once an emergency has recurred. 

A brief bistoricd perspective about the development of the subject is appropriate in 
this con?ext. Flight safety and rescne as a formal discipline within a space program came 
into existence in Late sixtics after the tragic Apollo 204 fire. fnvcstigation of the accident 
from rhe flight safety angle, across many of the organizations involved In the manned 
space flight activities, revealed at that time that space safety was not a clearly defined. 
organized and functional discipline. This led NASA to take positive steps lo correct the 
situation by establishing a flight safety organization acloas the entire government 
structure and the suh-contractors concerned. During this pcriod. many concepts-or flight 
safety evolved from almost sixty years of experience in aviation safety. 

In the subsequent years, scope and content of the flight safety and rescue discipline 
gradually expanded to cover many more areas. One such aspect relates to the 
environmental considerations arising from the increased use of space and the associated 
risk factors to both earth and space. Issues such as collision hazards due to space debris 
2s well as increased sateliite.popolations in geosynchronous orbits come in this category. 
Earth safety and disasteridistress response employing space-based systems, towards 
detection and management of ]ife-threatening occurrences on earth represe~tts another 
dimension to the subject. 

Recognizing the special significance of the space safety and rescue In respect of its 
crucial role in many facets of space activities, the Connnittee on Space Safety and Rescue 
Studies of the International Academy of Astronautics (IAA) has been holding :?nnual 
Symposia on the subject. The symposia deal with identifying new safety challenges in 
future space systems, delnollstrated safety methodologies besides fostering the develop- 
ment of rew safety concepts. A total of eighteetl symposia had been held so far by IAA 
over the period 196%1985. 
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'l'lic hic)!, r:!iiIc; xi  ~ S W  I .O\CI \  Ilic [~io.'c.~<litip, 1 8 1  !!I/. ll!SJ ;i~j<l ]()2(S ~~~~~~~~~i~ sessions, 
The !'JSi pn)ccc:ii:ip iilciildc p:iperh ;iilJ?i.s.;ing i;rtr:itliy three i;itcgories of Issues: 
first rclxtrnp t l l  ?,p:!u: dclria :inti t k i :  l l q l " ; c t  1:" s~~ ;~wc ' ; i l t  rollisions In orbit, second an 
mimrid ~p.i~t!,:~ic!y a id  r e s w  tint: thir-!i ~:crt:iir;i!~p i:) carth s;lfcty disaster/distress 
responlsc rrr?;~!~.ivicg sp~!cc-Ix);n.~ sy\ti:inh. t'hr j) i ip . i  h\. ? Jl~icli l'h~nliis on the Space 
debris at p:-:,a:;:l.(.-:;.s : altitude i ;in cscclicild recicw t ~ f  ihc suhjcct providing a critical 
tipilaid apprilisii! d l !  the geoslutiolxi??: orbit i ' r  ,w.iii!f>. cdli\io!i probabilities and means 
of minrinixing the pmhiern i5-i future by rr.;nov;ll r>l ir1oi)cr;ition;il satcilitcs by orbit raising 
or r e s n i ~ g  t i  i - r i b  i t s .  1 1 I I i i i - i t  prediction and safety 
considmition by 9can B L I  Fo~iz:iinc ;inti h I !  M m c n  is lilcwise a good infannative 
review highiighting Ihc {xcsenl si;ilos of tiit ;iwui.tcy 01 orhit-I:&-time predictionsfor 
low-earth orhiting spacccruft. Tile 'l'hir!y ycar pci.spcctivi. oil manned space sakty and 
rescue' by Frsncis X. Kanc is a duii~~ivtl trcatnient of the dcveiopmcnl of the techniques 
of space safety and rcscuc and providra scmmc rc~ist)n;~lk projections for the next decade 
based on the same. The prpzrs dwlirip with wrtli sakty, disasteridistress response 
empioying spncc-bomc systems provide lic.r;iiis and d i~ r ip t ion  of individual systems, 
110th space-hased and gn)un:i-b;i\ed. of dificr~,nt wriiitrics. 'l'hcsc form a component of 
one or the other of the existing inter11;:tional systcrn&. i t , . ,  Search and Rescue Satellite 
(SAKSAT), jlnternalional Mariiimc Sniellite (INMARSA'I'). the Sovict (COSPAS) 
system or possible future wriants of thcsc. The papcrs cover both the maritime and 
aircraft search and rescue systems. 

The 1085 proceedings contain nine ;iddifion;ii pciper\ OII the subject of SARSAT, 
COSPAS and INMARSAT earth safety, tfis:istcs!distruss response employing space- 
borne systems. Two of the papers, onc 'Devcioplnent ;~nd implementation of thc 
future global maritime distress and safety system', b y  V. H;~gti:~nov and the other by'I. L 
Fear on 'INMARSAT' role in the future global maritimc distress and safety system' 
provide excellent reviews of the subject of maritime starch and rescue. The paper hy 
Ronald Wallace on 'Proposed new concept for 2111 advanced search and rescue satellite 
system' makes an interesting reading in its ability to provide new ideaslconcepts to 
reduce the response time in search and rescue situations. The analysis includes both the 
use of geostationary satellites as well as redundant polar stations for relaying the search 
and rescue information to SAR forces. Thc rcniaining eight papers in the 1985 
proceed~ng deal with space station-related safety issues, manned manoeuvring systems 
for on-orbit rescue operations, and environmental implications of the solar Power 
satellite concept. The ideas developed in these papers are of preliminary nature, and 
likely to undergo considerable evolution in future, since the systems concerned arc 
fujuristic and concrete configurations are yet to emerge. However, these papers provide 
considerable food for future thought. The paper by Peter E. Glazer on the Solar Power 
satellite provides-a very good review and addresses a nulnber of key environmental issues 
that include effecrs on human heaith and safety, on the ecosystems and on astronomy. 
Further, legal issues are also discussed in the context of the need for evolving ~ o ~ ~ ~ ~ ~ ~ ,  
international agreements and a consensus on the future course of development, 

On the whole the proceedings present a highly readable set of papers that not 
provide an excellent update on the main subject matter but also offers to the reader 
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The contents of the book are relevant to resrarch workers, leachers, 
policy-rnakcrs aoti ~pcciltlisi~ in space law. The hook is ircomnlended to every library 
interested in having :2 scciion on space i.csea:cb. 

Space station beyond IOC (Advances i i i  Astronautical Sciences, Vol. 59) ediled by M. 
lack Friedenllial. A~nerican Asitionautical Society, 1986, pp. 176, $ 40. Orders to 
Univel:. liic., P.O. BOX 28i30, San Diego, Ca?ifornia 92128. 

The volume presenls the proceedings of the 32nd Annual AAS International Conference 
held ai Las Angelcs, California, in November 1985. The conference being restricted to 
panel discnssioras only, without presentatiun of formal papers, the volume consists ot the 
short abstracts of thz materiai, submitted by the authors, or developed based on 
transcribed recordings. 

The title concerns the decision of the United States in January 1984 to establish in 
space a permanent manned station. Since then the space station beyond initial orbital 
capability has been a subjccl of much discussion. The present volume considers the 
scientific, tcchnologicnl and application aspects of space station evolution. The 
introduction part c:mp!-iscs of the luncheon and the banquet addresses, which provide 
an outline of the space station program and the opportunities it offers, including the 
manned flights to Mars. Other headings under which the various topics have bcen 
divided are; space s t a t i m  evolution: the aerospace technology impact, the science 
potential, rhc planetary exploration potential, the applicati~n and corntnercialization 
potential, international cooperation in space station era and an abstract on humans and 
machines, the future. Overall, there arc 26 abstracts covering these topics. 

The major missions of the space station currently proposed are in the areas of solar 
and astrophysics, matelials processing in micro-g environment, earth and l~fe sciences, 
Communication research and planevary manned explorations. The program envisages 
evolution of newer technologies in space transportation and electrical power systems for 
space station. 11 is also anticipated that the station will usher in. a new era of space 
facilities and capabilities. The facilities, such as a permanent manned launch site. a 
manned service centre and both manned and unmanned facilities for scientific 
observations and experiments, and commercial products in space, will undoubtedly help 
in gaining a deeper understanding of the universe as well as our own earth - particularly 
the interconnections of sea, surface and atmosphere. The material spin-offs of the space 
station are also immense; these include evolution of improved metals, alloys, glasses and 
Cemnics, and electronic materiais; developinent of biotechnology, elc. 
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,tmospheric effects from remotely sensed d a h  Sonic hardware and software of 
sensing satellite technology are discussed in ?he next four papers. some of ihesc 

papers should prove to bc valvahle source of information for persons involved in remote 
sensing. 

The section on  future trends in the dcvclopment or launch vehicle technology presents 
some details of the present and the next generation of Japanese and U.S. launch 
\zehicles. Some interesting and thought-provoking concepts on massive reusable vehicles 
tor the future are also proposed. The  new concepts include a two-stage air-hreathlng 
rocket TSTOIHTOHE, a heavy lift hunch vehicle, arrd phocnix. 

Space-based manufacturing and commercialisation will be an area of stgnificant 
importance during the coming years. Interest of Japanese industry, manned role in 
space-based material processing, and industrial use of space resources are presented i n  
detail in three papers on  the topic. The last paper discusses many interesting proposals. 

Robotics has generated considerable interest during the last lew years. A set of six 
papers deal w ~ t h  future use of r o h o i r  technology for space appl~cat~ons. Concepts, 
design and devclop~ncrit o f  robots fol- usc in spacc stations are discussed. One paper 
considers robot plantxion on the moon. One presentation deals with the U.S. 
Congress~onal view on  robotics for spacc st;~tion. 

The presentations, in general, concentrate on design considerations, mission planning, 
technological issucs and thcrefore are dcscriptivc in nature. The last section on 
astrodynamics, however, departs from this trend and includes ten research papers with 
analytical dctails and simulation results. The topics covered include: parameter 
identification in distributed space structurcs, effect of solar radiation pressure, 
deployment and slewing of flexible structures, atmo~pheric effects on rockets, optimal 
control laws, dispersion studies using Monte-Carlo methods. 

The volume is informative and is a valuable reference document particularly for 
designers of systems in the Pacific region. 

Aerospace Engiueering Department, S. K. SHKIVASTAVA 
Indian Institute of Science, 
Bangalore 560 012. 

Eingenvalue distributions OF compact operators by 1-1. Konig. Volume 16 in Operator 
theory-Advances and applications, Birkhliuser Verlag, CH-4010, Basel, Switzerland. 
1986, pp.262, SFr 68. Indian orders to Allied Publishers Pvt. Etd., New Delhi 110 002. 

The central theme o f  the hook is the asymptotic distribution of eigenvalues of Riesz 
operators on Banach spaces. Classical results pertain to the works of Fredholm, Shur. 
&leman, Hilbert-Schmidt, and Hille-Famarkin. Gohherg-Krein's book appeared in 
1969. Birman-Solmjak in their 1977 survey paper treated the case of we~ghted kernel 
operators on unbounded domain. 

In late 1940s Schatterl p-classes were introduced. Most results after 1949 are based on 
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thriiry of rqscr;itLlr Edc:i3s i\ prt:cci:tid. i n  i"7J. ,\. i'~cisi.ii ii::r;%c?uied the concept of 

s-z~il:i~bc?~ i.Yr2( / ' ) I  ~ q ~ ~ i i l w h  i!t i k ~ i ! x i ~  : s ~ ~ ~ K Y ~ ~  ;:b A:I iixi<m!tic gi:n~raltzati~~ of tile 
singaxh. !i!i~;;kis c > f  ! t i h r t  S~:ICL" ! : tq t> .  v,, !(.:, 1 ' :  I!L~!;<;?CC; the (p3q) summing 
~ p a ; ~ t t > r ~ , .  l ' c t i  JJ . \vC ;:~t !k .. I -' i ,: ~ ~ ~ ~ ( c k  I ! ! ' ? \ .  r,,. , ~ . ~ > , ~ s ~ ~ ! t ~ t i ~ d l ~  optinya! 
results on the iiiclrihliliiio ?)I. i h ~  . : . . ; : .. - !a;, r i , , , , .  S,, ci1tm!ws!!n Bariach spaces 
wero provcd h) ii) W. i 3 .  J!ilii~s~w, 11 ki'~ii:. i:. Li;l:!icy. :!!!<i J .  R. S.utherford (19791, 
(ii) H. Kimig. ( : 0 8 ! ) ) ,  (iiij l t .  t iAig. .P. R .  i<t~it~c:f~,r i l .  ; I I I ~  X.  '~wncmkJaegcman 
(I')Xll). 

En Ehc firs! c!l;iptcr, tl!c Kiev-Sc!!:uidci ?lr~:i>ry : I $  :.crni;xiit .q>cr;Wrs is reviewed. in 
thc more gcncra! sellin!; of ptwcr-vonll?:ici ~ y c ~ ! f ! ~ n  :mi 'ii!cic!'b metpalily for the 
eigcnv:!lues of citmpact opcr;kltii.s tli! ? Xl!iri:z t '.p:ici.\ ic. ~ ! ~ w ' v L ' < I  ::!xi Sclxitreri p-classes are 
~ntroduceri. Iijr integral cip~~i;ricus 1<1 1% iii >i.l;:~tici! +,i.l\sc\ for p # Z ,  easj 
chamcterizntions are no1 :i~iijiial>l~. '!'hi Y - I I U ~ I ~ C T  iiic~:!s .i,,, R:III;IC~ spaces with 
cxte!a:;iox pnqxrty arc trcaicd ;init Khtriciii~ic's inqi?.~liiy I\ ,ii.:.ucil. 'The Imentzspaces 
I,,,, prctvidc :in innpurtnil? cl:~as i l l  .. i . . , . .  .:.' q w ~ r . .  i hi Yil-tsch :.epi-esentation 
theorem and PietsA f;lcloriz;ttion Ihcoi~wh .tic priwcil. '''I.,+ ~ ! ~ : h l e s  us lo reduce the 
eigenvaiut: estirni~tcs for operators o:i ii;r~r:tcli sjr;wvc t t i  iip.~:1[8fi of! Hibeat spaces. The 
7ip and w ) , , ~  operators ati: c!iiir;~~fcrizetl Tw 1 c I J  .r .;, I'ii.ix.!i cxtcndcd the conccpt of 
singular numbers of opsrators on i l i ih~rz s p ; ~ ~  to : I ~ L W ~ ~ . S  (XI lkimch spaces. The 
approximation nurnhcrs. 'Ncyl nomherh, (;dl;m! iitir?!!rci.; ;rnd cntwpy nurnhers are 
defined and shown to he n~uliiplic:itivc. :irrti i>tlicr !,:.oyx's!ics :ire pioved. Classical 
approximation theory yiclds e.;tirrr;ttc.; for tlrc :i],liri,.;r#ii;:lio~; riumbcrs of integral 
operators with differentiable kernels. '!'!is Wsv! inimircrr of iriti>gc:~i ~opwitors wilh some 
sununahility conditions are latei cs t in~;~(cd  

The operators in N , ,  T,, and ?i;,,, :ind i t k ; : ~ ~  .s,; :tnd .S,,'iorm i:xtmsions of Schatten 
classes lo operator ideals on Banach apiicc!,. .l-iic iu;,in rq)ic oh :!I' scccmd chapter is the 
natural question: "What is the optimal order of si;nrnc;ihiiily < ) I  :he cigenva!ues of the 
ahove classes olopcralors on Banach spaces? Wcyl':, i!~c(ju:sliiy is txfeatded to the above 
operator ideals on Ranach spaces. 'The key resuia conL.erns ,Ti; or S,;,,. Pietsch proved 
that the maps in 9;: have p-th power surnn!;lblc iigcnv;B'!ucs. Wcyl cninber ideals are 
large enough to allow a flexible approach in q@ice:i~ns. Tire Wey? ideals are natural 
and most useful. I t  can, therefore, be coiiciutfcd that eigel:val:ie theory in Banach spaces 
is no longer a 'zoo' as Simon still seeins to feel. Next ,  some intarpolaiion results forthe 
Weyl-number ideals are derived and these :rrc needed :~pplications to inteiira' 
operators on function apaces. Estimates of eigcnv;ilijes of single Kiesz operator by 
entropy numbers are considered. All estimates are 'upper'. '1,ower' estimates arc 
difficult to obtain. Motivated by some arglurneiils of KBnig, Weyl numbers in themore 
genera! setting were introduced by Pietsch. Applicaiions in chapter Ii l  show that the 
order of decay of eigenvalues of vPr2 operators is optima] in general. It is shown that 



c np,z C S:,,. CBptinrai asymptotic estinnales for the eigenva!ues of n, and nuclear 
arc de~ived.  The ordcr r:f tlcc:ly of nz;clcai operators depends on the geometry 

of the Banach sp;lces. It'<ll' i S ;? < and (/ = max (2.p) ;r 71, operator is shown lo be a 
Rlesz-operator with y-sl6mrir:ltdc c,gi.nv;l!ilcs. Pietrch's praot is presented. 

Real interpolarion theory has hccl) uscd for eigenvalue estimates in Banach and 
Hilbert spaces. inter$x~l;rtio?l thcory Of the ideals Sp(H) was presented by Gohberg and 
Krein. The more inportant theorems proved here are the reitcration theorem and the 
r-number theorem of Kiinig ;and Pietsch. 

By estimating enlrtrpy nuinlxxs of diagonal maps it is shown that a stronger version of 
an important result tof Carl (comparing eigenvalues and entropy numbers) is the best 
possible. A ge!walization ctf the spectral iadiuc formula is obtained. 

The purpose of chapter three is to determine the asymptotic distribution of the 
egenvalues of mtegral operators in function spaces. Two different types of conditions 
are imposed on the kerncl A. If the conditions are stronger, eigenvalues will tend to zero 
faster. The main aim is to illustrate the usefulness of thc results of the previous chapter 
rather than 10 present the results in ihe most general case. En more complicated 
situations involving many indices of Besov spaces the estimates of s-numbers get more 
kdious, hut the same basic schcme applies. Pietsch treats up to 10 indices when the 
kernels belong to vector-valued weighted Besov spaces. Summahility conditions on the 
kernel are impose& Hille-Tamarkin kernels are considered. The estimates are often 
shown to be &yrnptotica::y best possiblc. The author next considers more regular kernels 
which are elements of vector-valued Sobolev or vector-valued Besov spaces. Interpola- 
lion spaces between L,,qymces and Soholcv spaces are next characterized. Minimally 
smooth open sets are delmed and results are generalised. Moduli of continuity are used 
to definc equivalent norms on 5,1q (0,X).  Standard imbedding and extension theorems 
for scalar-valued Sobolev spaces are needcd to estimate the Weyl numbers of Sobolev 
imbedding maps. Results on piecewise polynomial approximation and discretization 
techniques are used and operators with values in smoother B-spline spaces are 
considered, to prove general $-number estimates of Sebolev imbedding maps. The main 
result here concerns Weyl numbers of Soholev and Besov imbeddings. 

The result due to Pietsch asymptotic distribution of eigenvalues of integral operators 
defined by differentiable kernels belonging to Sobolev or Besov spaces is optimal and an 
application lo convolution kernels yields optimal estimates for the Fourier coefficient of 
functions in Besov spaces. Wcekly singular operators with general kernels are studied. 
Eigenvalue theorem for vector-valued Besov kernels is the main result. Similar results 
for unbounded domains, assuming the kernel and its derivative decaying fast at s, can be 
proved. Pietsch proved optimal asymptotic eigenvalue estimates in some cases of his 10 
iadices involving logarithmic terms. The entropy numbers are used to derive some 
results. The Sobolev spaces satisfy W; (a) C B,',,, (a). Result about,vector-valued 
interpoiation can be extended to Sobolev spaces. Extensions to unbounded domains are 
Proved. These asymptotic estimates are uhed to treat convolution kernels in Besov 
Spaces. We asympiolic estimates for Fourier coefficients of Bes0v functions. Two 
examples are presented to show that these results cannot be ~mproved. Finally r c d t s  017 
General metric spaces arc mentioned. 



hppiic:~:io!~s ot rcsit!Ps 3hout ci;!c!i\:!li:*:> of K i w  Opcrtitors to the problems in tht 
thcorv t i t  ii.:ln;!cil s!~nci.r: arc prcscr?tc~l sn Ihc 1:ist cli;iptc:. One of the impor,an 
qu t s t ims  1% 01' thc cxi\tcnct. [if trscc of' . ~ n  irlf~nitr~ dirncrlsimal R i z ~  operator, H~~~~~ 
spaccs are cli;r:;icici;~cd hy  the ~ h l k m  w!rmwl~ility o i  the nuclear operators 
('onsiri!vtton.; oI projcctioris of nri:linlurn oonrr on to tinilc dimensional subspaces ari 
prucnted.  

'The impcirt;rn! notion of trace tor fini!c rank cq>eta!o:s on infinite dimensional ~~~~~h 
spaws can hc dcfincd. 'I'hb nl:llris tsilcc is e q l d  tri spcctral tr:icz. For Ban& 
with app:oaiola!iu:i property !r;w can hi. &fined tor nucitw maps. There are ~~~~~h 
spaces without approxim:ltiOn propcrty (Enfiol. ?'hr main prublem is that eigenvaiues 
are ,  nut i!i genc~ii l ,  absolutely sumin:ihlc, bu: only square ~nmmable. Quasi-Ba& 
ideals 2nd iinifomi Riesz type 1 ideals w e  dzf~nrti  ;tiid csarnplcs presented, Lids!& 
theorem :]bout trace formula i s  presentetl. t3iini1ch spaces with unconditional basis are 
discussed. [;sing Lindenstmush-l'zalrari thcorctr!. 11 is prnvcd that only dn 13ilbert 
spaces, nuclear operators havc ahsolutcly wrnmairle rtijienvaluzs. The estimates of 
Kaders-Snobcr ahoqt tllc pro!ecrion constant of n .Jrnicn\ional suhspaces is shown to be 
asymptoticdlly best possible. 'i'hc w;nploncntcd suhsp;ice theorem is presented. 

Thc author's claims that the book ia  sclt-cc~nt;iincd and rc;dable hy any mathematician 
with basic knowledge of functional ;inalysis and ilrat it c ~ i l ~ l d  be uscfd as a text are more 
o r  Icss true. I ~ C C I  [hat it C O U I ~  hc LI~CIII f(is ii COII IW iit I I X  M.I)hil. level in good Indian 
universitiea. For a person with s t n q  dcsiri. to gct a feel of operator theory and 
particularly those who wish to see applicatims t o  eigenvalucs o l  integral operators, this 
book would be a pleasanr reading. 

The book is well-planned and the author has succeccled in amply demonstrating :he 
importance of methods from geometric theory of Ranach spaces to prove asymptotlc 
estimates for the eigenvalues of certain Riesz qxra to r s .  With 130 references cited, it will 
serve as  a valuable reference source. 'The citations are very up-to-date. In addition to 
several references up to 1984, there is one  fnnn 1082, another from 1986 and one more of 
t he  author's own papers which is to appear in a n  Israel journal. 

Only one final remark. Many results are  contributions O F  A.  Pietsch. The authorhah 
seen a ma~ruscript of his forthcoming book treazirlg similar and other topics. 1s it re& 
necessary to have two books at advanced level which are so close to each otber inspirit' 
Would it not have been better to have a combined one? 

Department of Mathematics, AWN D. JoWl 
Unicersity of Poona, 
Pune 411 007. 

Ergodic theory of random transformations by Yuri Kifer. Dirkhause: Verlag, P.O. 
133, CH4010, Basel, Switzerland, 1986, pp. 210, SFr. 68. 
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?' of a space x. the latter being equipped with a measure structure 
preserved by T.  The individual ergodic theorem (asserting that the time averages 
n-l ;"-I /.TI, wherc f is an integrable function, convergc almost everywhere to the 

.L" , , li 
space averages Jf, under a natural condition called ergodicity to br satisfied by 
T >  spectral analysib of ergodic systems. the notion of entropy are some of the main 
features of the theory. The ergodic theorem also culminated into the muitiplicative 
ergodic theorem which involves studying asymptotic hehavioor of the 'size' of the 
product of thc n matrices f (x), f . T ( x )  ,..., f"T" (x), where f is a function whose values 
are nonsingular malriccs; the theorem plays an important role in studying various 
pllysical systems. 

Relatively recently crgodlc theorists have also studied simllar questions for actions of 
groups of transformalions, especially for ameuable locally compact groups. Philosophi- 
cally, this amounts to a more general notion of 'time'; however, the transformations 
involved or 'the process' is still deterministic. 

In contrast Lo this, one may consider a sequence of transformations T I ,  T 2 ~ T 1 ,  ..., 
T,,oT; _, . . .~T,, . . . .  where each successive element is obtained by appbing to the previous 
one a transformation choszn 'at random' from a class % of transformations of the space 
X. (The randomness being with respect to a fixed distribution on %). For instance, one 
could have all ?;s to be small (indepcndent) random perturbations of a fixed 
transformation T ,  in which case the study throws light on accumulation of errors after 
repeated application. On the other hand, the set up generalises the study of random 
walks, popularly exemplified by drunkard's walk. 

We can then ask to what extent the deterministic theory generalizes lo the above 
set up. Though thcrc have been papers dealing with various specific questions falling in 
this category, the book under review may be considered the first comprehensive 
treatment of the subject. After briefly introducing the necessary background material 
(some details are included in appendices) the author goes on to give appropriate 
gencralisati~ns of thc ergodic theorems, notion and properties of entropy (both metrical 
and topological), pressure, characteristic (Lyapunov) exponents, etc., and .then a 
random version of the multiplicative ergodic theorem, which may be considered a high 
point of the theory. It is also shown that, under certain natural conditions, no 
randomness is left in the limit (in a certain natural sense of which we will not go into the 
details). This has implications to asymptotic. stability under independent random 
Perturbations mentioned above. There are also applications to various physical Systems. 
ID the concluding chapter the author applies the theory to random diffeomorphisms and 
stochastic flows. 

It is imperative that such a work involve considerable technical machinery both from 
Probability theory and (conventional) ergodic theory. The author clarifies in the 
introduction that the book is addressed to mathematicians working in these areas but 
adds that it can also be read by graduate students with some background in them. 
lnevltably the book is difficult to understand; unfortunately, this feature is only 
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