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The physical effects in the gravitational field of black holes edited by M. A. Markov. 
Nova Sc~ence Publishers, Inc.. 283, Colnmack Road. Suite 300, Commack, New York 
11725, 1987, pp. 262. $ 83. 

Prohahly no word in modern times t r ;mpor t s  one  instantaneously to the realms o l  the 
strange and blzarre as the word hlack hole. Yet black holes are not only the most p r ~ s t i ~ l e  
macroscopic object5 fabricated solely from space-time concepts but the simplest as well 
since general relativity lexJ5 to  then- u n i q u e n e s  As  lar back as 1783 John Michell 
speculated ahout object\ that would be invis~blc because their gravitational potential 
\vould exceed thc specific kinetic energy of a projectile moving with the speed of I~ght.  
Thi\ arfurnent Iatcr :rppc,~rccl In the 17Oh ed~t ion  of Laplace'a famous E . ~ p o ~ i i i o ~ ~  dl{ 
>pfnri? iiir Il.loirdc u ~ t h o u t  ; ~ c h ~ ~ i i \ \ ~ I c d , ~ c i i i c ~ ~ ~  xlds  B. Carter! The notion of a blach 
hole was revived neither with the coming of L:lr~stein's general relativity (1916) nor with 
Schwar~schild'5 (1916) discovery in the relativistic context of the Micheli radius, mainly 
due to the coorclin;~te singular~ty at thc horizon. The issue of gravitational trapping of 
light hccame more serious only after Chantlrasekhar's (1931) discovery of the mass limit 
tor white dwarfs and Oppenheimer and Volkoff's (1939) limit on the mass of neutron 
stars. Thc modern impctus that led to  the notion of a hlack hole was Oppenheimer and 
Snydel's work (1939) on  spherically symrnetrlc gravitational collapse. In the late 1950s 
and early 1960\ Wheeler argued forcibly that gravitational collapse to a singularity was 
olle of the most wrlou\ problema for fundamental physics. Subscqucntly whcn quasars 
w r r  tlmtivcred :~\trophysicists looked for a ready explanation in terms of gravitational 
collapse and began investigating other ohserv;~tional manifectations of  collapsed objects. 
In  1968 the c o l l i ~ p e d  object was picturrsquely chr-istencd as black hole by Wheeler and 
the time w;l\ ripe for a new phasc in the history of black holes. Investigations proceeded 
i h g  two directions; one was the mathematical foundaliorr of black-hole configurations 
.ind the other. I ) l ; ~ c k - l ~ ~ l c  a\[rophyic\ .  The tbrmcr led to the remi~~-k:ihic rccults on hlaik- 
h ~ l c  t h c r m < i d y n ; i ~ ~ ~ ~ c \  hy l j ;~~ .dcer l ,  Bcken\tcin. Carter and llnwhing that certain black- 
hole parameters are analogous to  macroscopic thermodynamic variables. Meanwhile, it 

Speculiltcd that in addition to black holes formed by gravitational co l iaps~ ,  
pllmordial hlack holes could form by density fluctuations in the very early universe. In 
the process of studylng such mini black holes Hawking discovered that black holes are 
not completely hlack after all but emitters of a thermal radiation. This effect i5 qunntum 
mechanical and thus of sigrlificance only for mini hlack holes; thc black holes of  
gravitational collapse a:-e at such low temperatures that they are virlually black. The  
\Ur~ricing result o f  the hl;lch.hcllc r;ldiance w;ls based on quantum field theory in cur\ed 
space time and this is the broad sub;ecl area the volume tinder rcview is concerned with. 
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The first five chapters o t  the book are hased on the doctoral disscrpatloIl of v 
Fsolov and deal wlth the following: black holes cund the problem of self energy, quantum 
par t~c le  creatlon in the gravitational field of  a black hole. vacuum polarization in 
presencc of a black hole and the problem of sphcr~cally symnietric collapse in quantum 
eravity. The  next three articlcs arc by A .  1. Zel'mhov, P. A. Bolashenkov, and V, ye. 
Kur'yan respectively each jointly with V. l'. Frolov. These deal with further details of 

vacuum polai-ization by and nonsingular models of black holcs, as well as a related 
pr.obieln of  radiation from acceieratc~l mirror\. The  Inst ;lrtlck on one-loop calct~latlons 
of photon splitting in a rehtivlstic quanturll p k m a  is totally out of place and has no 
relation whatsoever with the rcst of the book. It sccms an editorial gaffe that could easily 
have been fixed. Luckily the article is briet. 

Quantum field theory in curved space time 15 n particular crlse of the general problem 
of physical systems in external fields. In the late sixtics research in this disc~pline \\asin 
connection with particle production in cosmological backgrounds. I discovered that 
Frolov and Markov were the first to discuss quantum effects in black hole backgroundsin 
1970. This was followed by the discovery of superradiance and Zeldovich-Stal-ob~nsky- 
Unruh nonthermal emission for rotating black holes but Hawking effect was the glamour 
event that led to  the explosion of activity in quantum field theory in curved space tlme. 
This led to  the publication of a very comprehensive monograph by N.  D. Birrell and P 
C. W. Davies as early as 1979. The  present book covcrs rnatcrial with a different 
emphasis: black holes. It implements quantization hy Schwinger's dynamical principle 
and illustrates how functional methods significantly simplify computation. The problem 
of self energy of charges is handled differently from the usual ADM approach and it is 
proved that point charges do not exist and the smallest charges called friedmons are 
stable. A unified treatment of creation of particles of different spins by rotating black 
holes is given. The  particle creation will cventually start reacting back on the 
gravitational field and the first step in this computation is to study the expectation value 
of the enelgy momentum tensor. V. P. Frolov has been involved in one of the most 
detailed studies of the expectation value of the energy momentum tensor around black 
holes and this volume provides at one place his contribution to the subject. Finally these 
quantum effects could modify the formation of singularities so rigorously proved by the 
theorems of  Penrose and Hawking. A model calculation presented here shows that 
higher derivative terms dominate the evolution near the singularities and may be could 
eliminate it. Thc treatment of various topics is rigorous and the book is heavy on 
formalism. What I missed was an adequate physical appreciation of results obtained. 
e.g on pagc 87 when the thermal nature of the radiation is related to  the equivalence 
principle the discussion is left dangling. In view of the fact that the book does not address 
itelf to classical and a~trophysical effects of black holes a more precise title would have 
been 'quantum effects in the gravtVational field oi black holes'. Further. the value of the 
book would have been enhanced if it contained related work by other Soviet groupsas 
well. May be the editors will be more generous next time! 

Barring the ahove minor reservations the book is a \\elcollic addition to the e~istln! 
literatllre on the subject. I t  makes more acccsrible the work done in the USSR On 

quantum field themy In hlack holc apace tlmcs and it i s  interesting to note that many 



The book under review covers :I yxxi:~lised area iii particle physics: the asyrnpiotic 
hchaviour, in gdugc Ircld ilicorics, (11 h!gll-cmxgv hadrunic coll~sionz in the k~nematic 
rcgon whew !r,r;iwcrw rn<wrent;i tran\ierred t i 1  particle\ in the h a 1  stale as? smdl.  
These events ctin\tltutc tlic doriirlr;~nt componerrt o f  I d r u n i c  collisiiins :it h!gh encrglcs. 
Notwithstmd~ng thc sust:iinctl Intcre<t in t h ~ s  area and the irnpilrtmcc of this topic in 
high-energy phy4cs. avuiliiblc nlarcrr:lls a i c  cc:itrercci over numorous papcrs and review 
at~cles. The hook thus iulfi!s u 1i1rtl:-standing w e d  of the interested reader> and 
iescaschers. 

Starting w ~ t h  a hsicf riitwduciion ici relativistic gauge field theory the authors quickly 
proceed 11) develop the irxic~liinery ftlr tilt cxpositi~rn o f  the model ot expanding p w t m s  
discowed hy them. 'l'llr.; r;i<~ticl. it \ l i ~ u l J  ht: strmsed. is only one arnonp wvcrai models .' 

popular in tlic thci),y 2nd pl!i,rlc~mcnology of high-encrgy hadronic collisioils. What 
distinguishc~ it f rom the rest t\lc rare <i~stinction that cxpcrimcnts confirmed thr 
pred~ctiuris of this model yc:ir-.; after they werc firs: made. In the year of its birth, i l l 1  

fl~llii!cant predictlolps: c,f the mcldcl of cxpanding protons seeriled to be \.irnng 
eWmncntnlly. To:al cross sections in all hadronic collisions seemed ici approach f r m  
i h e  to a s y l ~ i p t o i ~ c ~ l ] ~  cncrgv.indcpendc,,t coiiaiant. The elastic Cractiim of the total 
ClOsb 5cctiirn seeii~ed L C ,  clccrc;lsc with ~ncreasing collrsion energy suggestillg a Regge 



heh;~viout-. ,,nd l ~ h c i ~ o r n c n ~ ~ l ~ i g i \ l ~  were \ l l ~ l ~ $ l n g  wlth mixed success to verlfI, a 
shrinking e1;tstlc diifrnctitin pexh. the trrlc qlirr 11011 Ot l k g g ~  hclidvlour. Things to& a 
dranlatic turn wlth thu ;tnnounci.ment ot the first r~sult . ;  on proton--proton scalterinOat 
lilt l n t c r i c c ~ i n ~  Stor;~gi. 1<1ng ;it  ( . t K N .  1 hi. tilt:l! i.Ill\S \L'cllon. lnste,~d of  dccreaiinzto 
,I c1,ll\tanc. \ccmcd to h,lvi. taken ;ill  upturn .IS prcdlctcd h~ the authors three 
cariler. ~ h ; i t c \ c r  Ilngcllng ilouht < l i l t  11:1ii. nrcltcd :nw\  \\ilh tlte ~lhscrvatrnn ill 1979 in 
the ('ERN [ i r , ~ t r i ~ i - ; ~ n t ~ l x o t ~ ~ n  cllllldcr i l l  ;In Inclc;l\c I l l  thc r;lllO (11 the intcgr;~ted&,,~~~ 
cr,~,, ,cctli,n ; I ~ L L  the tot:~I i.roi\ wctlon. nlnc !c;II-~ : ~ t t c ~  thc !Ilc~ilct~i.;il plcdictloii\ weit 

lll~idc. 

The  key to thls rcmarknhlc success of thc model seems. In rutrospect, to the prcselll 
reviewer, to be the choice hy Chcng and Wu ot :I realistic fteld theory, the gauge field 
theory. as thc testing ground for their asymptotic \ tu~lich.  But for this choice tile 
asymptotic growth o t  the tower di;rgrams would not have summed to a power of the 
energy that violates the Fniissart or thc unit:lrtty liound. This I S  cruclal for their filial 
predictions of  ;in asyn~pto t~c  growth for the 1ilt:ll c r i~ss  iccrlnn saturating unitarity and of 

the increase of thc ratio of thc integrated elastic crocs section and the total cross sectlo" 
to an asymptotic v;llue halt. l ' h e s ~ '  przdictiom are. In fact. the results of ilnplcmenti~~g 
unltarlty in the direct ch;innel through the eikonal rcprcscnt:ition, with the encrgy 
depcndcnce of the elkonal determined by the tower diagrams. 

The  picture ot the cxpanding proton would bc iirconiplcte without an exposition of the 
monumental work and hard calculations that led to it. In unfolding the excitlngstoryot 
the expanding protons the authors have two types of readers in mind. The tirst cight 
chapters of the book arc Intended primarily for those who arc interested only in an 
intclligent understanding of the main features of high-energy hadronic collisions and the 
theoretical basis of the model of expanding protons, without being bogged down In the 
details of compltcated calculntlons. In these cight chapters c;ilculetion;~l proccdurcs for 
vector-meson exchange diagrams for fermion-lsrmion elastic scattcnng are hrst 
developed. the droplet and the Kcgge pole models for potential scattering at high enerEy 
are reviewed. the kinematical origin and relatlvc impnrtancu of the fragmentatloll and 
the piontsatlon components of multi-particle production are cxplaincd. and finally, the 
model of expanding proton is dcvrlopcd and it? predictions comparcd with the 
experimental data. The remainin8 four chapters (chapters ",o 13) together with 
Amendices la and C elaborate on  the computat~onal details and techniques. These are 
addressed mainly to researchers Interested in high-energy behawour in perturbative 
gauge field theories. 

Sahs Institute of Nuclear Physlcs 
Calcutta 700 009. 



 hi^ volume, a translation fi-om Russian, is a collection of scholarly articles 
dealing with coupled quasi-classical interacting quantum systems described under various 
situ;ltions including gra\.it;~rion;~l field\ :lnd applications of gcometrlc and group 
theoretic methods to integrable non-linear cqi1;itions with an attempted ullderstanding of 
the aqsociated dynamicul symmetries. There is aiso an article on theories with general 
type of constraints and their canonical formalisnl, one on the initial state of the universe 
alld anothei- on thc Ahar~nov-Bohn? Effect. Alt~~gether a rather wide sophisticated 
qecialised selection of subjects! At this stagc, however, one must caution prospective 
readers of the book! Not only are the articles written in a rather terse style with little 
mtroduction. going straight into the trouhied depths of the respective subjects making it 
hanl \vmk cven for the wcll-in~tl:itccl hut %hat !make!, it even harder work also is the 
rather poor printing, which manifests itself in various parts of the book. 

For instance. in the very opening article dealing with the 'Initial state of the universe' 
by Markov and Mukhanov, right in the abstract itself one sees whole expressions and 
tormulae omittsd! Prohiihly onc has to fill in the hlanks ofter reading the whole artlcle. 
This article deals with thc rnod~iicd Einstein field equations in which the gravitation 
conqtant is a function of the cncrgy density E in the early universe, decreasing with 
increase of density (in spirit with asymptotic freedom of gravitat~onal interactions) 
vanishing as E -+ w .  At the same time it is claimed that what vanishes is the product of 
the energy-density-depe~ide~it gravitational constant and the energy-momentum tensors, 
each particle becoming increasmgly o f  Iowcr mass as E increases. The cosmological 
constant A is also made a function of E. I t  is claimed that the singularity can then be 
avoidcd. The authors have not mentioned similar works of various other authors who 
have pointed out several difficulties with these kinds of models. Moreover, it is not clear 
h0w the vm~shing of thu cncrgy n~omcntum tcnsor. as the density becomes infmite, 
smoothly gives rise to a de Sitter state as the Initial state of the universe. 

The second articlc by Dodonov and Man'ko deals with a whole range of quasi-classical 
(mainly dissipative systems with linear classical equations) systems and their quantum 
description by means of Wigner functions and the corresponding Fokkcr-Planck 
equation with the conditions of normalisation, hermiticity and positive definiteness of 
thedensity matrix. Some of the problems dealt with by t h ~ s  approach include the damped 
9Uantorn oscillator, eigenfunctions of quadratic Hamiltonims, charged particles in 
nonu~lif~rm electromagnetic fields, singular oscillators, quantum oscillator relaxation in '; 

a magnetic field, etc. Also the quantum corrections to the classical equilibrium '. 

distribution functions and thermodynamics potentials are calculated. The generalisations 
and quamum analogs of classical integral ~oincari-Cartan invariants for these systems 
arc elucidated thus giving a geometric interpretation to the above problems. This article 
'Sthe longest (84 pages) the book and makes difficult readmg with many equations. 
The reader really has to work through. Again as is the case with all the articles. the Poor 



p ~ . i n t ~ t i ~  l l L ~ \  r ,~: ldei~;d I ~ ~ I I I ,  c y ~ i , ~ i ~ ! ) i ~ \  ~ n i o ! i ~ ~ ~ l c i ~ ~  , . I  < I  I ~ I I I \ ! ~ ! L ~ !  P ; ~ i ~ ~ c : i I i i ~ l ~  f:llilt 
eLlil 

; . , ,~5)  :lie ~ u l . l L ~ t i : , , ~ ~ ,  011 p q c ,  .!;I i I 5 2  .!wl 5t-, t l i ( w $ ~  ~ I I I  I I ~ ; I I I \  04 ~l~h,.r,,~~t~,ll 
i, L,Ltkcl ! 7r[v:r~ : I ~ C  F M I ~  II I I IXN p1111ts l i lL~:  rlic C ~ c ~ \ ~ ~ ~ j ~ r  ( I ~ C I K I ! O I -  ~ > L Y I +  ,,,itll'a .k, 
:is ,111 1) .53. Uf COUI- \C .  niiii~y 01 the Io;?IL'< ~ 1 1 ~ '  1 i p i : i < l t i \ ~ ~  !?<L!k.d l ~ h c  ilic r ~ ~ l ; ~ x ~ ~ ~ ~ ~ ~ ~ ~  ! , f t hc  
quant i im ~ ,~c~ l i : t i t , r  in :i i:i:rgnel!c lieid '2~1tIl 111c !;!rltmk i!illii:ly c;!ses ~1c:irly ~ i [ ~ ~ t ~ t ~ ~ d ,  
~~l~~~~ \vltii tlic ttieriiiiiavi~;~i!rici rki\,ol\cd I'lic i l r i i~l  . i~ ' i idc I>\. f i l ' a i i h w  ;ind Froloy lir.;il, 
\-:ll~~ ,!,,cuaill p c ~ ! ~ ~ r ) s i i t t o ~ l  ct tcct$ t i t  r l l ~ l \ S l \ C  : ~ & ' : ~ l s  '11 ;!r.i\lt:llic>rL8l !icltiy ,uch ;is 
lle,:r-r,~t,lling i;I;icl< holes. Y i c  i l i i l c ~ c ~ i c c ~  I'nilu ? k t -  !ll;~\\lc~,s c;i\e\ a rc  clc;itlv \)rl)i,ght 
ilul 

Tile cacuuin-pol;~r:\c.ci c n e i ~ v - n i o 1 ' 1 ~ ~ t i t ~ i 1 1 i  . . icilrr~i- l < b i  iIl&\l\c \cdIai. iecto;  and splllnr 
lieid, 15 f<;iind foi  Clic cnso CII al~c!~r;iic:illy spcl I.!! >n:;icc,.: < \ n  'iiicic\tiiig :;avltatl(ln:il 
all:llop the cYin::lgiicCisrn ~ , i l ec l  i$ I0:lnti iol i l l c -  \c;!l;l! !lei.; :n  ::it 8(c3rr nlctllc 
b;~chgro!i:ic! wiih t h c  p i~ss~h t l i ly  ~ ) f  \iliclJi:i~: o r  :ilii!>!;l~. kiing dc!lcr:ii~i:g oil thc iriti.r;ii.{lall 
or i he  'pin of the  field wi?h !!ie ::iiguli,l niciri~ct!.ur~r~ < ) I  1Ylc Ixiach iiciie. Very delnlltd 
c x ~ ! c s \ i ~ > i ~ ~  ;ire g i \ e i ~  S11r ' I I ~  tile L L > I ~ ~ ~ I I ~ ~ I I ~ ~  ul 'I[,? L I ~ L , I Z L  I I S L I I I I I . I ~ ~ ; I I I ~  lcn\or  :!ndsentr,ii 
cxprt~~5sik!<ls i$,#r cf'!oc:iv~~ d ~ t ~ ~ l l l ~  111 i i1hl tr ; l r~~ ;!"I ; t ; i t i~~ l l ; r~  tIc'lLi\. 

T h c  ioiirtti :irii<Ic by Glaubcr  ;ind M ~ I I I ' ~ < I  cic";ils ~ i i h  ~1~11iipi11g ;:licI t!uc~uaiic~i~\ 111 

qstoi11\ :)t coupied qwintimi ~~hc~!l : t t (~!\ ,  I c. p ~ c ~ [ ) c ~ l i e \  1.11 c < ; i ~ i I i h ~ i i ~ ~ i  st:ktc\ 10 \vh1~11 ;I 

\yaicni ~i N-cuiipleii mciiliituis ~n tc~ , l c i i~ - ig  n l t h  ;I Iicai l w t l ~  15 ~ I I \ . C I I .  T h e  heat h,ith I \  

~ ! i~ iu I : i t e~ i  13) ;in 1n:1111tc n i i ~ n h x  01 mcill,1to7\. L ~ I C I I  L I I  t h e  N <1%'111;1tor\. H I ~ C I X ' I I I I ~  n~tli 
its own h t h  clr,iractc~iscd hy .a  tenipcr;iiurc. E,o~i-ccZ o s c i l i ~ l o i ~   an^! rlicir ctmcl;irinn 
i u i i c ~ i o n ~  :Ire also cons:dercd. Alsc) the \:i:ily 15 c .cicnd~.d N-dinici:!,~on:il torced 
o ~ c i l l ~ ~ t c ~ ~ s .  A l t l i o u ~ h  s o t i ~ c  c)t thcsc !epics I I I ; L ~  I ~ ~ ; I \ L ,  ,x)iiie t i~!c~cst!ng ~ ~ p p l ~ c ~ i i i o i ~ ~ .  lor 
c x m ~ p ! e  to grav8ta11oii;tI %,~ivc ~ ~ ~ c L . I o I \ ,  ;I\ is t l i ~ .  i ;i\c ~ i i l ~  , 1 1 1  t!ie oihci i i i l i ~ l ~ y  I i ; d  
p r i~ i t ing  again t ; k h  it\ !bIl! For c w n i p l c  1111 p 16% in cqii (5..V>j tkc L T ~ O I ~ ~ I I I I ~ \  JIG 

niissi:-ip in iiie fir\: row c : l  the i i i z t r~s  and  I,: i y i :  (.i.3'1) i i ~ c  -il;igg~.i' s v i n h d  i \  no: v~s~hlc 

Such e ~ a m p l c s  ut indiite:cnt 'filling uji' i)l cqi inl iot~s n l x ~ ~ i t i d  tirniughout the h o d  
rcquirinf more 'rlog' t i om the roatlcr. 

T h r  Ctl'ili article by Skarzirii~skiy ilciils with di t lcrenr  ; i s p ~ ~ c i s  c;t i hc  ~ ' l I i ; !~ano \ -B~hi~~  
E < L ~ c c ~ .  S<~ieiii~i~i-cii;!~gccI p: i i - t i~~e sci i t t t r i~ig is c o i ~ s i ~ t c ~ c c i  In \:>ITIC <iciail. Tho c t f ~ t  i j  
i n v e s t ~ p ~ t e d  tor hound st;ttcs inclurlitlg Landau  !cvcl\. U~llahu in;iiiy 111 !lie other airides 
thia :!a\ a cle;ir introduction. l ' lre n,:xi iirtirle i,y I>r~&rnc>v ,,r , I /  \u!-v~.ya \c!i.cf rcsultj In 
paranictric rkcitirtiwi o l  q i ~ a n t i i ~ n  s y s t e n ~ s  h ;~v ing  tlvnaxic;rl \yirirnctry i.e. s p t m  
\ v h ! ~ c  Hamiltoniitn is a :unction of i imc ulth values in a ccr t ,~in I-ie algebrii. tllc 
evolution opcra to r  helongmp io a reprehcnti~t ion ot t h e  Lie g i w p  $ihicli may be 
euplicirly lourid. Examples ere  non-stational-v h:lri?i(,~:ic c~scill;~toi-s ;inti spin motion in  

i n ~ g n e ~ i c  field>. Several new inathcmatical surn rules ; ~ n d  gencr;iting functions m 
derived. ' l h e  a r t ~ c l e  by Frailkina deals with canonlcol  tor a ~ ~ ; i l l \ l i ~  ;itiil S-n1:iirix of thel)rles 
ni th  constraints of t he  generai type, i.?. first a n d  \ecr,illi clas, c,ills!raints CIS i~rhirrar! 
r;irlk. T h e  m t h o t  claim?, to i w c  derived corvcct expiessions for  S nlarn'; of theor i e  that 
a rc  moi?ic.nrum-qua~\!-;itic \\ill1 c;lni,nlca] g a u ~ c ~  ;inCl iilcluiilils gl?o\t ticid\. Strill.' 
t l m x i e s  are generaliscd t o  relativistic l n c m h r a l l ~ s  (h ig l~e r  d i inc l i~ iona l  objects)  and It ic 
&mmstrated that the thcory of mcnii~l-;incs in ( n i  1) dinlc.rlsi<,lial y m c c  is a cystcm wllh 



H:is~c equ:rirori\ 11;ric l-~e<ri gi\,cn l<;r s~rnul;,!ec! Kiinliiii ac;lt!c~-iiig. I \ ~ o  piasmon dcGly. 
;~n!l the11 ihrcs:lc~l~i Llci-i:.cd. '1 Ill. trr.;,in!cn[ 15 hasecl I,!: fli~ici i q u t r m s .  Subjects like 
nonlinear L a n d a l  Diirnpiill: 11;~vc heen  exclutied. There is chapter tlcvored lo Brilloilin 
t e r n  I I 1 1  i u  pl;~.;rii:is in ihc colivcctivc 3 r d  : tbsdutc 
:n~iatlllit). d o m a ~ i i ~  Sl lnlc  i . f t r ~ l ~  [];is a[.;() been made i i1 under-stand saturdtlonh of  such 
in\tabilitrcs. Rciorral lcc i l h \ l ~ q > t i o l ~  ji;rs I7ci.n trc;rteJ \ c ry  wcll. Solitons. shtick-Iihc 
\tructures. s o ~ ~ t ; ~ ~ ~  Mi;IVcs ~ ~ ~ : ~ ~ ~ ~ p  the  of Z:rkhn;ov equ:itions occupy h t s  LIE w l c e .  11 

wmts ;I (i~licl, fr;l,i, for- M;l\,C s ~ C e p c n i l l g  :,~ld ~ ;~vc-h rc i l l ; i~ ig ,  this book is the riglit 
place. Odd-integer halt h;rrm,,nlc hilvc [,een trc;lted rcason;~bly well. 'Tlicrc is a n  ;ittcnipt 



t o  comp;lre the rheorctic;rl rc.sult\ u r th  cxperlmCilt\. hilt the monogr ;~p i~  is 
In  ,his 

d c ~ n n l e n t .  'l'herc ;Ire n larpc nilmhcr of r c I ~ ~ e l l c c \  u'hlch is p!lvtivc point. hut there 
very little c r i t~ca l  revlcw o t  these. I ' h c  r c : ~ d ~ s ,  ~nx lvc r t zn t lp .  i \  111;ldc to belleve as if a i l  
the q u ~ ~ t c d  p;lpcrs a rc  correct .  Certain rcferenccs a rc  crin\picuoi~s hp thelr a~,sence 
particularly those appearing in thc Adi8icricu\ If1 plusillrl piiy.rlc.r hy A Simon and W. B 
.I'h;lmpw)n (cds) .  J o ~ I ?  Wlley. Rctcrcnccs t o  the  Engli\h trarislat~cln of  the Russian 
Journal, have not  been givcn. 

Depar tmen t  of Physrcs 
Lndian Institute (it Science 
Bangnlore 560 012. 

Special functions of mathen~atical  physics by Arno ld  I-'. N ~ k ~ i o r o v  and  Vasilii R. Uvarov 
(translated hy I t .  P. 130;ls) I3irkhauscr Vcrl;lg. P . 0  Box 133. Ct1-3010, Base], 
Switzerlanci. 1988. pp.127. S. Fr.  IhH. Indl;ln orilut\ t o  Springer I iook (India) Private 
L td . .  6 ,  Cmnmunity Centre. I'anchshccl I'ark, New [)elhi 1 LO 017. 

Mathematical de \c r~p t ion  <IS many physical plicnorncna lcads t o  partial ditfercntial 
e q u o t ~ o n s  ot rathcr  complex torrn T h e  usual way o t  s rmpl i fy~ng  the cquatlons IS to use 
the method of scparatlon 11t varixblcs which rctluccs the  p a r t ~ a l  differential equatlons 
into ordinary diftercntial equat lom. These  simplified equat ions a r c  of the generalxed 
hypergeometric type. A knowledge of the  cxp l~c i t  solutions of these equatlons is 
necewlry t o  get a better insight into the qualitative Ic ;~ tu res  of the  origin:tl problem. So a 
study of the hypergeometric functmns is inevltablc and t h e w  functions include. as specla1 
caw\ .  lhe w c a l l c d  \pcc~;ll tunetion\ o t  ~n ;~ them; l t~c i r l  ph;,\ic\. namcly. the clas\ical 
orthogon:~l polynoml;rl\. spherical harmonics and  Bcsscl t u n c t ~ o n s .  

Thcrc arc. many books abailahle on the topic o f  ipsci ;~l  functions. Bu t  the present b o d  
p r e w r s  a u n ~ t i e d  and clerncnt;rry t reatment  o f  thc  special functions based on the 
genera l~wt lon  o t  the I iodr~gucs  lormula satisfied hy thc classicnl orthogonal polyno- 
mials. T h ~ s  :ipproach rnakcs ~t poss~blc to  give explicit integr;rl'represcntations for the 
\peclal functions. From these reprcssntations u.;ing only clcmcntary cornplex analyyk 
th? authors derlve m w t  of the Important properties o t  thc  apccial functions. Another 
n(lv~'l f w t u r e  of  thls book is rhc trcatrncnr of clds.;ical or thogonal  polynomial:, of 8 

d i w u t e  variable. These polynomials care of  interest in the theory o f  difference methods. 

k t  US no* move to the dcscnption of  thc contents  of vitrious chaptcrs. The 
c h v t e r ~ n t r o d u c c s  the dlttcrential q u a t i o n s  U S  hypergetimetric type. For  the polynomial 
Wlulions of such equatlons Kodrigues formula IS p ~ o v e d  ;lnd integral rcprcscntations are 
obtained. F m m  the Kodr~jiues formula many hasic properties a rc  dcrivcd. The second 
c h : w r  deals with classical orthogonal polynomials i n  details. For  thc  Jacobi. L'd~uerr~ 
and Hermite polynomial\ bds~c  formulas and expansion results a re  paved. A s  far as the 



Another important claU Of special l ~ n c t 1 0 n s  is the sphcl-ical harmonics. These are very 
useful in atomic speCtrir iilld ~c i i t~cr i r rg  theory. They are obtained hy consldcrtng 
hounded solutions of the I.apl;lcc cquati1)n in sphcrtcal polar coordin;ltcs. The  role o f  
croup represcntatiow ha\ heen made clear in the ytudy of generaltsed \phcrical 
halmonics which arc used in the theory of  nnpular momentum. Classical orthogonal 
pu]ynomi:rls of a disct-cte v a r ~ a b l e  a re  studied as solutions of difl'crcncc equations of  
hypergeometric typc. Useful inf0rm;ltlon ;tbout Hahn. C'hehyshev, Kravchuk. Meixner 
and Charlier poly~romials are gatllercd. Another useful topic treated in thi\ chapter is the 
classical orthogoilal polynomials o n  non-unifornr lultices. 

The third chapter deals with Hcsst.1 functions. 'Typical problenls that lead to Bessel 
functions arise in mlving the Hcl~nholl i .  cqi~ation in cylindrical polar coordinates. Bessel 
functions and I Ia~lkcl  functions a rc  introduced and various reprcsentatmnb of them are 
ohtalned. All the basic properties likc  recursion relation, dttfcrent~ation formulas, 
asymptotic expansions are provctf. (iral' :lnd (.iegcnb;iuer's addit~on theorem, Ior Be\\cl 
functions which arc uscful in m;ilhematical plry\ics arc obtained. Th15 chaptcr concludes 
with a brief dcscriptlon of the semiclassical approximation for thc mlutions of equations 
of second order zetting asymptotic formulas for class~cal orthogonal polynormals and 
Bessel functions of large ot-der. 

The classical orthogonal polynomials and Bcssel functions arc special cases of  the 
more general hypcrgeomctric functions. In rhc fourth chapter the authors study basic 
properties of the hypergeometric functtons. Various spec~al functions are expressed in 
lerms of hypergromctric Eunclions. The  last chapter gives ;ipplications of special 
functions to certain conciete problems of rnathcmatical physics, quantum mechanics and 
numerical analysis. T h e  authors give easy solutions of some basic problems in cl~lanturn 
mechanic? like the prohlern ot the motton 01' ihe parttcle\ in a ccntr;tl ficld and wlution\ 
3f the Schrcidinger. Dlrac ;ind Klein-Gardon equations for the Coulomb potentlal. The 
:onnection between Clcbsch-Gordon coefficients and Hahn polynomials is presented. 

Since familiarity with the properties of  gamma function is necessary for the study of 
special functions, the authors have included a brief account of the theory of gamma 
'unction in the appendix. I n  the appendix they have also collccted all the basic formulas 
md main properties of the most important special functions. The  book contains a large 
mount of material and the exposition is conclse and lucid. Many basic formulaa are 
: i W  in the form of  tables lor  quick reference. This hook will certainly make a nice 

eading and will serve as a good reference book for physicists and applied mathemati- 
:ians. 

I'IFR Centre 
NSc Campus 
Bangalore 560 012 



A tine ilcw in t r~ducrory  book I r r  hcl tlii.<~i)i 'i'llc. ! X K I ~  ~t~ill!rlc\  ltsell 10 the most hd$lc 
;lnd rc.;ults ;n the silhject. Unllhc mo\t i r l  tiic h l i l h ~  writter! oil :Ire \uhlect the 

l ; ,q  decades, i t  frrhi pre\ent\ lhc ~; ; i iw \el lhc<?l\.. it l;i ( . i i i t r ~ i .  t l ~ c ~ r  thc fomliil 
t l ~ e ~ l r y  is developeil. At  :he end :I ~ n i n i i n u ~ i ~  :111 i<~1 l i l  ( ~ l ' l<~g i i  I \  p~c\c~rlcci I < ;  prcp;irc those 
who urlhh to plunye into the deepe! palls i): \ct t h c < ) r ~ .  ' I  lie ik~,!.: I \  wnttcn in  ;I rcrh 
plca.;;int styie and I.; ijuite sa\y to rc~icl. l I O ~ ~ V ~ ~ I -  milch 11' tlic pro<tf\ are Icft ;ls an 
cxcrcise for  the reader. TIie~elor< a \tu,le~lt. 01. t i  perctui :iru II! tlic ~ i r c , ~ .  must work out 
:he problem.;. till he is ii:rle !o dr) the excmsci  I!?  IS Rcaii. 

Finite element method (FEM) and finite dillerrncc rnclkorl (FPRII) d f c r  possibilities to 
discreti~e a given set of equations including bi:urxlary conc!itions atartrng from a suitable 
'triangulation' of the domain. There is a vast liter;%ture on thcsc topics. Needless to add 
that FDM is much oldcr ciinrpered to FEM. I t  is well k ~ i ~ w r i  that FEM has ihc followin: 
advantages: 

(i) domain 1s hetter approximated; 

(ii) symmetry properties o f  the or~ginal equaticw itre picserved; 

(iii) Natural boundary conditions are :reared in ;< hctii>r- w q :  

(iv) yields to the analysis of convergence usrng Milhert sp:!cc methods: 

(v! can handle weak solutions with very little smoothness. 

All these are poasible because FEM is b;iscd on thc ,i;-called avenged formulationof 
the p rob lm .  O n  the contrary, the ciassical FDM is hascd on tlrc so-cal!ed point-wise 
tormulation of the problem Usually. FDM requires solutions r o  be smoo th  of certal* 
order. Ill fact, all the advantages listed above may be lost in FDM. The main point In 

which F'DM scores over FEM is In the simplicity o f  the construction ol the finit? 
difference schemes (FDS) In 5pite of its drawhacks, FI)M is more comrnonly used by 
e n p e e r s  just because of its conceptual simplicity. 
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336 BOOK KCVIEWS 

The volume is a welcome addition to the mathematical literature. It has been broughtout 
by Birkhauser under the series 'Contemporary mathematicians', and is edited by 
Gian-Carlo Rota and Joseph S. Oliveira. The volume is divided into six sections, "iz, , 
Lattices; Universal algebra; Topology; Lie groups and Lie algebras; Lattice-ordered 
algebraic structures; and History of a1gebr;r. It contains 39 publications in these areas by 
Garrett Birkhoff, who has written not only the preface to the volume but also his own 
comments for each section. His own beginning words in the preiace characterize the 
attempt of selection and importance: "The present volume of reprints are what I consider 
to he my most important and influential papers on algebra and topology. To tie them 
together and to place them in context, 1 have supplemented them by a series of bricf 
essays sketching theii historical background (a? 1 see it). In addition to these I havelisted 
some subsequent papers by others which have further developed some of my key ideas". 

There is an autobiographical clelncnt in the cntirc volun~c. While the author describes 
the development of his papers, he is also dwelling on his circumstances. personal likes 
and dislikes. opinions on others, father's inlluence on his academic thmking. 
compulsions by events in history, ctc. The volume presents only ahout one-fifth of the 
total works of Garrett Birkhoff, the remaining four-fifths belonging to applied 
mathcrnatics areas. The same IS apparent from the list of his Ph.D. students and their 
topics in a span of 40 years. In spite of this greater time given to research papers in 
applied mathematics, his book-writing has been more or less evenly divided betweeu 
algebra and applied mathematics. 

The four papers listed under the section heading 'History of algebra' are worthy of 
special mention. The fmt  two of these are well known and have been well read. They 
are: 'Current trends in algebra' (Am. Math. M o m ,  1973, 80, 760---782) and 'The roleof 
modem iilpcbra in computing' ( ( 'onzp l i to .~  111 algchr~i o,id iiwnhc,- ihrory, G.  Birkhoff 
and M I-Iell (eds). Am.  Math Sqc.. 1971, 1-47), ~ h c  next tv,u of thc papers under this 
section give the rise of modern algebra up to 1950. in two parts, - the first one up to 
19% and the second one, the rest - and give a racy account of the rise and growth of 
modern algebra from Emmy Noethers times, through algebraic geometry, covering 
various British, American and German traditions, the iniluence of high-speed digital 
computers. problems of optimization and computational complexity, etc. These four 
Papers carry the autohiograph~cal undercurrent rather explicitly. They scintillate the 
mathematical dynamism of Garrett Birkhoff. One cannot also escape noticing his slight 
bids in favour of stressing the Anglo-French illfluence in the early development of 
algebra and related processes of thinking. 



F~~ both the present and the future generation? of mathematicians, this is a captivating 
collection. 

This multi-author volume is based Oil parts of two revlews published in the Journal, 
Erperimentia. The text has been divided into three parts: (1) Cadmium in thc 
environment, (2) Bioaccumation of Cadmium, (3) Cadmium and human health. 

Environmental science is a fast developing field of current research. A wealth of data 
has already been acciunulated in this field on diverse aspects. Yet the field is wide open 
for further exploration, as there are nlany inconsistencies in the available results due to a 
number of controlling factors unattempted or ununderstood. 

Cadmium is one o f  the covironmental metal pollutants which has attracted the 
attention of many environniental scientists in the reccnt years. In fact, it has become a 
rubjcct of scrious concern to even multidisciplinary researchers primarily due to its 
ietnmental and dangerous consequences on the 'living world'. As one of the authors (S. 
Ray) has aptly put in his article; in spite of tremendous progress made over the years, the 
.ole of Cd in the environment and consequcntial outburst to living systems is still very 
~ebulous since mostly the data has come from laboratory studies. Hence the basic 
lnunderstanding of the entire process, in a broader perspective, is likely to remain so 
mtil some of the rudimentary processes like uptake, storage and eliminalion, etc.. are 
ullyinvehtigated and understood. In this context, this volume offers a rich panorama of 
vide range of results and contents to stimulate further investigations, although data 
argely pertinent to developed countries (UK, USA, Japan, etc.) only has been taken 
nto account. 

Some of the ralient features, and shortcomings of this volume are: 

The editor has strived to give ;tn exh;~ustive overview of the subject by  electing 
rlicles of specialists in the filed. 

The hook not only serve, as an excellent source book information (appended with a *: 

st of numerous references to specialised scientists working in the field, but also in 
resting a general awareness ahout Cd toxicity, environmerltal role and effects on human 
cakh as far as any non-specialist (individual) is concerned. 

An apparent drawback of the book seems to be that the editor has overlooked, in 
:letting aud including quite a few articles in each part which overlap to quite a 
Wificant extent in their objectives, data contents and presentation. The division of the 



The hook is divided into three parts. in pa r t  1, apal-1 from intrmi\rc tory materinl. mto 
he found a general and elellrentwy discussion 011 bonding in org:x~o;nelalli~s. ;I \'"lL1" 



,,rl l ~ l ~ ~ l I ~ l ~ o l ~  t ~ d ~ n ~ t : i i ~ , \ ,  ~IICI ;I > L , L ~ I I I  I:II the i : t c r , ~ t i ~ ~ c  ,>I < ~ r g ~ i ~ ~ < ~ . i ~ ~ t a ~ i i ~ \ .  pLIrt 1 1  c~c;llq 

,vlt~l ll,l~l.ll,lll\rll~lll l l l ~ ~ l ~ r l  ~ ~ r ~ ~ ~ l l r l l l i l ' ~ l . ! I ~ ! ~ ~ ~ ~ .  Al l : !  p l r l  Wt l l  tr,rll,itl,,1~ l l ~ ~ t ; ~ ~  <)rg:lri+ 
l~~ct~ilIic\ 

ill )l,ll-t I1 L ! ! \~~ l l \ \ r~m I\ : : ~ w p A r x  j l l  lX, i [ l  I l l .  tl1C r11:1jtw cl<l\\lflc;ll,,,Tl ,,l!l<l\,,c.( 1s 

~ , , l ~ t ~ ~  thc ii111i11wr (!I C!L'L~I~II~\ ~ ' i j r l t l  1111!t<'d ihc I I~ : I I I~ \  TIILL\ n c  I!:avc c~ l ; i~~e l -s  
t,III.C~c~t:~~~: I I ~ I IC~ \ .  i l ~ r ~ c - i . i i ~ i t ~ o i ~  liglrr:i1i. i,tc. \Z i ih l l~  ~;IC!I Cllilp:Cr, li,,vrevcr. 
t [ r , ~ ! l , \ ~ ~ ~ r ~  15 ~ < I ; I I I - ~  l\C. 1 ~ ~ L ' I L  1, i l l w  ;! \h!lrt I I I ~ I ~ ~ L ~ , ~ ~ : ~ ~ ~ ~  ch;lpr<:r ,111 .TIlc c~cc[l~lilic 
, ~ l ~ ] ( ~ ~ ~ r c  :111d ~ ~ l ; l \ \ ~ l l c ; l t r ~ ~ l l  <!! ~ : ~ i l l ~ l l ! ~ l r ~ - l r ~ ~ t : , l  , l ~~ : l r l ~ l r r l L .~ : l l l l ~  c<11q,,l~l>~:>~> ;I, !Ile 

hcpli)nln$! (11  IX I I~ ill I IIL' i \ \ g >  CII;!I~;L~I~ >,I i u ~ t  I j l  &;II u r ~ i ~  ~ ~ ) r g ; ~ n ~ ~ " ~ ~ ~ ; ~ : l ; ~  
c , l ~ p , ~ ~ ~ ~ ~ ~ i \  ~ l c r r \ ~ ~ d  ! I , ln l  ~ . , ~ l ~ ~ k ~ l b c \ '  ; i r~J  1b1i11 ' O r g t ~ ~ ~ o r ~ ~ ~ ~ t : r l ~ i c  ~L;III~<I~I~I& \\jltll 
, i ~ ~ i c t ; ~ l - c ; ~ ~ l ~ ~ ~ ~ ~  h i d \ ' .  1!1eic ;I!<, :I I~:;:I '  1 8 1  i.igl~t~:cr~ C;;,I~~CI\ 

IhL. 111.q q : ; i . r : ~~ i~  1 h 1 :  ;irik,t.\ ,l!)miI !hi\ ! : o ~ ~ h  I\ :!!wilt the III[CI~L~,:CI ;:LIcII~~~Ce. ,i.:liC!l jl 

~~orcl tal !  dvl i r ic~L i t  i, !),IT<! 1,) 5cc t ~ \ ~ ~ , r : c l \  >.VIIO!II thv I?I>LII, I \  ~ i r ~ c c l i ~ l  li ~t I\ ~ i i e ~ ~ n t  i L b ]  

,I lint LOLI:';~. ~t :~pj'c:rr\ t i )  C O ; I ~ . ~ I I ~  ioo  YII:!L~> iIc!.iii ;III~ 1~x1 ~I:III~ rc;~ctiol;\ .! licrc ilrc 
11cir11tr 1v011~ccl C~,II!I;JIC\ K O ~  {31t?hl~:t11\ 16, :I!L! 111~ '  ,!c!dc~it 11 thv !XI~IL I\ :in ;~dvi~nceci 
COLIM. 11 proliabl) I x L ~  dept11 .IIILI IIICIIK IIII:~LI~I;II?~I~. ietcxri>c'; 7 he h~l, is t ~ h ~ c ~ ~ ~ s l ~  
not nie;int ;I,, ;I ie l 'c:c i~i i .  ic\L. 

SI~II~I~II!. 11 i\ no i  L . I c ~  \ \ I ~~ , t ! r c r  IIIL. !xx?k !\ ~ ! ~ ~ c c i c c l  ,I: <r$!;trrlc L ) )  III~I!-~:IIIIC che~i~ist \  
No .ittempi II:I\ hc t .~ l  r i l r c i l ~  to t.vc11 :III iili.;~ 111 the IIIII'LLII~~: i.pplic.ir;ior~\ o i  
, ~ y m ) r i ~ c t ~ ~ I I ~ c  cl~crxst.:, 10 OI~:IIIIC \>II[IIC\I\ l l icrv r w b  h, ,I \ I~gl i t  t>r.r\ !o\w:d\ 
~norg;~nic cli i.~ri l\t\- ~ r l i h ? l .  lJ io l i .~\or i I;III~IIC II;I'I {Lrittcn t~~st-h~101+ OTI ~norg.inic 
ihrn~~strc f3e thiit ;I\ i l  II:;I!. IIIC \:\Ic 01 ~IIC INI~I~ .  I hmg  clc\crrpti\c. i\ out of tunc wirh 
lhc trnls2h. A n  :lppl~l;:Ck whclc l l r l l !~~~ng t h~ r l l c \  !$en' ~ ! : < . , ~ ~ d  nuu id  in,t->2 !h'c'!l nlore 
c~pp~~pri;rte. .2l ~IIII~\. 11: III;III) ,~:gir!~rc r!i i . i !~i\t\. !hc h011k niay hrmg hack teirlr>ing 
i11?1!1orim of elc\cr!pti\'<~ I~I~I~$!;IIX cl~crr~istr! 

Anot11t.i r ~ ~ i l x v t t i r ~ t  \!IOI~COI~IIII~ C O I I C C I I ~ ~  I:III~II~I~L i!nd ~ T I ~ I I ~  IZ\ %:is ~ ~ i c r i t i c ~ ~ ~ c d  
c~ht~\c. th]\ h x ~ k  15 !?;I,L,L~ :W ;I R~IIWIILIII t c x t - l x ~ ~ k  111 t l i v  r e \w i vc r ' ~  op~n!,)~~. the 
t r i~nsht~o~~ II;& !XY[I lc\ \  tl1,111 p10tc>\io11~11 itnd III;I) lc;rbc III~II~ 111 t h f  cm~rirry \inillns 
wth ratisiactrnn. 1\11 l l l u \ ? r ;~ t r~c  c u m p l c .  Ir<!ni p. 1 5  15: T h e  great reactn~ty of the alkali 
metal compouricis and the hm;lll drflc~i~.ncc.\ ihctv.i.cn !hc hch;iviour o f  t l ~ u  codium. potas- 
slur11 arid the hcwicr ;ilh,~li ri~ctal deriwti\v\ hila limited Intcrcst to thosc of sodium. the mob: 
rcadilj avirilablc i,t thcm'. .+\ni,tk~.r cxampic, whicli m:ly hc pxr~cu l i i i l y  p1e:rainf to Indim .* 

ms 1s (from p. i47): .Few gernlanol~, I I ,CcOH. iirc kncnvn; usually K = C,,fl-, or C,,I';.' 

Smlariy, prliitriip ;IIIL? other cli<,r, :thi~urid in thc hook. cspecrillly In the fi:.\t hall. 
Indeed, error\ \t;rrt i r ~ l m  the \\<,r<! go. TIIC noti' on the cowr  illusridtion \:iys. 
'Dc~;iphen~1~1ann~,cc11e. [ r l ' - - (~ ' , , ]  li l 2  ~ n " .  7'hl, first symmetrical main-group vand- 
\$id1 colnpound' ((;et 

MY cstiolatc 1s th;~t the tx~( , l~  :w~,ragc.; ne;irly one prliitlnp (11 uther ?rlmr \Per page. 
h 'ever .  I uuppt,\c thC pi-irltCr is Ii;ll~i~~ ~c\pon\ ihle to1 un!wlancccl equiitiona ;!nd griwps 
which myster i t~usl~ tr;~n\t.orm thcnlsclLc\ tr~rn! .R' <In one 51de to .Mc' on the 0thi.r. Hcrc 
1s a Sarnplmg: 



p.29 : 'receipies' 
p.65 : Structure of RrngBr (OEt)? is won:: 
p.75 : second equation. right-hand side: H g ( C  -= ('H), should he Hg(C - CR), 
p.91 : 'a unusual boron-nitroeen compound' 
p.129. second equation nor halanccd. also n = ? 
p.lh7:'R;Sn-NMe2+ EtNH, i Mc,Sn-NEt-SnMe, + M e Z N K  
p .  168: 'In solid lDh3Sn-S-SnPh;. the hond angle is ncarly tetrahedral . . . : (which bond 

angle?) 
p.213: [RN,] '  should be [RN,]' 
p.213: laat equation - 'digllme' 
p.281: 'Thus triphenylcyclopl-openium cation lorn: a salt .....' 
p.293: Structure of a-pyrone IS wrong. lacking ii douhlc hond. 
p.296: firbt equation - ( 2  LiR) should he (-2 I.iBr) 
p.341: 'tropyllium' 
p.357: second equatlon - 'R' groups mi\sil~g on  right-hand side. 
p.375: last equation - fcrroccnc has ;I stray f lg  attached. 

All in all, thcrcforc. recommending purch;~sc is out of the question. Which is not tosay 
the book is useless. instructors ( I . ? .  not students) may find it uselul if they can find the 
time for intelhgcnt supplcmcntation. A pity. for the book is otherwise hcautifully got up. 
And. a s q r i s e .  for it is Slum a major puhliaher 

Department of O r g a n ~ c  Chemistry 
Indian Institute of Science 
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Dinosaurs and their living relatives by K. H. Hcdlcy. Carnbl-idge University Press. 
Cambridge B? 2RIJ. UK, 1985. pp. 72.1: 4.95 Indian order\  t o -  Affiliated East-West 
Pless. 6 .  Roselyn Gardens Apartments. 2011A. Bnrnaby Road. Madras 600 010. 

It is a completely new approach to the study in trying to  discover the relationship 
between the dinosaurs and other related animals - both Jiving and extinct. 

The present edition has re-designed chapters adding on  new information throughout 
the text. 

A great deal o i  imaginalion and effort have gone into the book to  simplify the subject 
by an exploratory approach with simple questions and answers, In step by step stages. 
using a series of full colour photographs of the many collection of the Natiorlal H~story 
Museunl's famous dinosaur collection. 

This edition has further simpl~fied the subject and made it more absorbing by creatillg 
a better undcrstanding in the relationship of  Lhe characteristics of the dinowurs from the 
knowledge of fossils and the animals scen today whlch are physically related to them like 
the birds and crocodiles. It has successfully used draw~rlgs. illustsations, photographs and 
coburs  to  show similar basic patterns or  to distinguish the misleading similarities in 
anatomy. embryo development and other \tructure.; like 11or11 skin and feathen 
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