
T o ~ ~ ~ n e y  acCiin rule. the a.orlii of science 
out ot lla~inils for anal;-sls I\-l-ien h e  suyilest. 
that  the acli~1iiicatio1-i ot co~ltro\.ersic, b\- 
sc~c~- i t~s th  tllem<elvcs is stra1gl-itttlr~varli and 
require< 110 ~~- ive . ; t~ga t~on .  T h e  colil t u i io l~  
controvers\-. tor cxamplc. \voulil h,i\-e bee11 
l - e ~ i \ . e i i  rapidly t l l r i ~ ~ ~ g h  attempt< to rep11- 
cate tl-ic f~ni l~nl ta  c3t Stanlev Ponr and Xlar- 
tin F1eiscl-irnanl-i. c lx~mr  Ton1nc;-. l-iad ni)t 
the n l ed~a  complicated the e\.xluatio~-i pro- 
ce.s by t r a ~ ~ s t o r m ~ n g  the story ~ n t i ~  a mi~ral  
'attlc w ~ t h  l-ieroes a11ii 1-illains. In fcict, rcli- 
1icatiol-i 111 iclence i\ otten f ~ r  from simple, 
;IS Harry Ccjllin5 al-iii Trevor P11-icl-i arguc in 
The (;oii.?n (Calnlirlilee U~-il\-. Presh. 1991), 
one of the most imnc>rtant books (311 the 
L i ~ ~ b l i c  undertal-iding o t  scicl-ice (hut one 
tl-iat Toume\- does not  c ~ t e ) .  A Coll~n.;  anll 
Pll-ic1-i ncjte 111 tl-ie~r 0n.n cll<c~1i\li3n of iolii 
t u ~ > n ,  it \vaq 110 e a b ~  tiisk for experts ti) 
ilcciilc \vl-iether ~ ~ a r t ~ c u l a r  scie~ltist.; l-iail ail- 
ccluatcly repeated Pons ~ I I J  Fleischm~l-in's 
e s p e r ~ m e ~ ~ t a l  pri)ceiiure. Tl-icrefore (p .  69) 
"neyative reiults co~iii l  he esplaineil a\vav 
1y  the Ivl~evci-a a5 heine iiue tii c l~ l i e re~~czs  
ill the  replicatlnp ~ n i t r ~ ~ m e ~ ~ t . "  T h e  11c)ttom 
line i\ that  bclentlsts, j u t  like lci\yiec>rle, are 
col-ista~-itl\- in tllc businesb of ase.;s~~-ig n-hk, 
i)r \vl-iat I creililile. T o  aiidress thc man113- 
~~ la t l i )~ - i s  o t  sclel-icc t l - i~ t  Toume> eloquently 
iiescrilx., anil to \\-ork to\varil more ~~rocluc-  
tive relati011 I~etn-ce11 ,scie~-itists iil-iii lciy- 
pei~ple,  \ve murt gal11 a c l e ~ r e r  ul-iderctal-iii- 
ine of thc proceirei b\- \\,hie11 bcielltiflc 
credi l~~l l ty  i< asierteii, e \ .~ luate i i ,  anil con- 
tested, lioth ~\. l t l l in tl-ic il-iner circles o t  c i -  
cncc and in the broader wciety. 

Steven Epste in  
l l epmt~nmt  of  S i ~ ~ i ~ i i ~ g ? ,  

LTili~mc.1-sit? of C~ilijol-niic L I ~  S L I ~  Diego, 
Llc Jollil. C.4 92093. L.S.4 

Neutrino Questions 

Stars as Laboratories for Fundamental 
Physics. The Astrophysics of Neutrinos. Ax- 
ions, and Other Weakly Interacting Pariicles. 
GEORG G. RAFFELT. University of Chicago 
Press, Chicago. 1996. xxii. 664 pp., illus. $77 or 
£61.50. Theoretical Astrophysics. ISBN 0-226- 
70271 -5. 

T h e  fc~nniiatikj~~ ot ~ ~ ~ t r ~ p l ~ j s ~ c s  1s the lielicf 
that the a l n e  l a w  i>t p1-i;-sics t11,it l-iiilil ~ j 1 1  

Earth gover1-i \vhat eoes L ~ I I  in the stars. 
Tl-ius \vc ccln me 1-iuclear cro..->ecti~)~-i, 
a t~ jmic  energy le\-el<, and i ~ ~ n ~ i a m e ~ - i t ~ ~ l  l,lws 
ci~~covereil  111 our terrestrial lal3orarories to 
calc~lliite .tellar processch. HOIL-ever, there 
ma\- he relc\.a~-it funiiamc~-ital phys~cs that 
11a not yet I3ecn iliscovercil on  E,irth. Tl-ii,s 

Vignettes: Yesteryear in Qxbridge 

At Oxford [William Henry] Perkin . . . replaced . . . William Odling, who had retired 
from the  Waynefleet chair in 1912 at a g e  83, after occupying it for forty years .  A 
cultivated Nestor of chemistry,  Odling w a s  a connoisseur  of engravings  but not 
interested in the  patient pursuit of detail via exper iments  d o n e  at the  laboratory 
bench.  Preferring the  philosophical and  speculative a s p e c t s  of chemistry,  Odling 
w a s  not t he  s lave  of his laboratory, which h e  thought it a breach of etiquette for the  
professor to enter .  . . . 

Oxford w a s  a collegiate university devoted to arts subjects ,  teaching,  and  
connoisseurship;  s c i ence  w a s  s e e n  as peripheral, specialist publication suspec ted  
as narrow, and  from the  colleges '  enclave,  research s e e n  as a n  ungentlemanly. 
boorish,  and even  foolish German  idea .  

--Jack hlol-yell, 111 K~.s?ii~ch Scilools: His to?- id  Kml~l~~rus/ils (Geralii L. Geison al-i~l 
Frciierlc L. Holme<. E d . ;  Osu-is, vol. 5) 

W e  were  a polite society a n d  I expected to lead a quiet life teaching mechanics  a n d  
listening to my senior col leagues  gently but obliquely poking fun at o n e  another .  
This d ream of somnolent  p e a c e  vanished very quickly when Rutherford c a m e  to 
Cambridge.  Rutherford w a s  the  only person I h ave  met who immediately im- 
p res sed  m e  as a g rea t  man .  He w a s  a big man  and  h e  m a d e  a big noise and  he  
s e e m e d  to enjoy every minute of his life. I r emember  that when transatlantic broad- 
casting first c a m e  in, Rutherford told us at a dinner in Hall how h e  had spoken  into 
a microphone to America and  had been  heard all over  the  continent.  O n e  of the  
bolder of our Fellows said "Surely you did not need  to use appa ra tus  for that." 

- ( ; ~ o j f ~ ~ ?  Ta?loi., 1951, as 1~y Gcor2e R;itcl-ieli)r in TIE Lije L U I L I  Leg~ic? of 
G .  I .  TLplo~ (Caml~rii1,ye Ull~versit \  P r e s )  

leads to the ~iossil~ilitv that ne\v la\{-s i j t '  

pl-iyiics mav I?c Lliscoverecl Iiv stuilying the 
star.;. It 1.; t h ~ s  pos,s~l~ilitir t l - i~ t  ia the sulilcct 
o i  Raifelt'. iyook. 

Tl-ie pllysics of interest ti, Kxi'felt c i ~ n -  
ccrns the  propcrtles oi e l e m e ~ ~ t a r y  yarticlcs, 
primal.liy n e ~ ~ t l - i ~ ~ c ~  al-iil hvpu the t~c~ i i  parti- 
elcs c~ l l e i i  ~ x ~ i ~ l - i s .  111 h c t ,  more tl-iall l-ialf 
the hook 1s devoted to neutrinos. Tl-ie im- 
~lortal-iee of ~~eutril-iox for astroyhys~cs Lie- 
rives from the tact that they are the  o~-ilv 
1;non-11 part~cleb that interact o111y \veak17 
This me;lni that ~t tl-iev are p r ~ ~ i l ~ ~ c e ~ i  , ~ t  
l-iigh temyerxtures illside t n r i  thcy c;in es- 
cape more easili- t1-ia1-i i~tl-ier p;lrticlcs anil so 
can l ~ e  ,I malor aqelnt ~11 enerqv lo\>. 111 the 
ca.e of a ci)llapsi~lg <tar leading to a type 11 
s~~per l l i lva ,  nearli all of the el-ierg~- of col- 
l a L w  (of oriier 1G" erg>) is emitteii 111 tl-ic 
iol-m i>i neutrino.; over a re~-ii)il of ,il?ilut 12 
second<. Tl-ic fact t l - i~r  ~ - i e u t r ~ ~ ~ l o ,  c~11-i e x a p e  
easily from ilcep ~~-i<iile x <tar mcal-is t l - i~ t  
~ ~ e ~ ~ t r i n o  ;~strol-ii>rnv cc>~~l i l  make pc>s~il?le 
the stuciv of .tellar repions t l l ,~r ianl-iot hc 
tlirectly exploreil in x11v otl-icr \v,iy. 111 par- 
ticular, rile ilerecr~ol-i ot nel~tri~-ios frii111 tllc 

l-iuclear reaction. occ~~rr in i r  there. 
T h e  ~ > ~ - i e  il-itilcatii>n o t  11~11 lillvsics friim 

ti\.? tllsagreement hctweel-i the me,ls~ire~i 
l-ieutr~no f l~ixei  tl.0111 the sun al-iii the  result\ 
of detalleii calc~~lntii)~-ih.  Thi< cciuld lie ex- 
plx~-ieii hy oscill;ltli>~-i ot e l e c t r o ~ l - ~ ~ e u t r i ~ ~ o s  
froill the s~11-i 11-ito xl-iotl-ier type of 1-icutrl1-io 
if n e ~ ~ t r l ~ - i o s  l-ia\.c m a .  Indee~l ,  tl-ii ~r the  
btrol-igest e\-~ile~-ice av~iixl3le in ta\.or ot a 
ne3i-i-zero i le~itr~l-io 111~55.  Tl-ic suliject ~ji ileu- 
tr11lc ~ ) s c ~ l l ~ ~ t ~ o l - i s  a n ~ i  solar l - i e u t r ~ ~ ~ o s  is coy- 
crcd very elearl\ 111 the h i~nk .  Thouell  the 
t r e a t m c ~ ~ t  l i  not ar iietaile~l a> t l l ,~ t  in Neti- 
t y i i l o  Ast~oph?sics Iiy John  B;ihcall (Cam- 
l>riciqc Un11.. Press. 19SC)), it 1s r-cri- aiie- 
~lu.lte al-iil up to Clare. 

T h e  iletect~cjn cjt '  ~ - i e ~ ~ t r ~ n o b  troll1 a super- 
nova 111 the Larce Xlajiellanic Cloucl in 1957 
(SN19P7.q), cven t11ougl-i they [Yere onlr 19 
i)r LC 111 n ~ ~ n l l ~ r ,  \vas one of the most im- 
portant .-isrri~plqs~cul events of recent times. 

These 11-crc tl-ic f ~ r s t  ~~curril-ioa i j l~erveii  fro111 
a source uutsliic tl-ii' sol,~r sy<tem, d11~1 they 
act~lally came i r o ~ n  o ~ ~ t . ; ~ d e  our cl\v11 yal;ls\. 
Kattclt develops in detail theoretical analv- 
i s ,  m~1c11 ot ~t his oivn original \vorli, 011 the 
yropagation of neutrlncjs in iiellse ~ i i e i i ~ x  
~ ~ c h  a sr lper~- i~>\ .~  cores. A varier\- of co1-i- 
elusion> 1-ial.e hecn dr,ln.~-i from thc i~liserva- 
tion o i  SK 19P7.4 ncntrino., rulil-ig our ex- 
otlc sOIIrCC4 of energy l i~is ,  I I I I I I ~ I I I ~  thc L>~rac 
111ass anil m,ignerlc momel-its cif ~ ~ c u t r m o h .  



anLl cc~n.;tr-iin~ng s~eutrinn opacit;-. There ir 
also a summar\- iit' recent , i ~ l a l ~ s e <  of the 
efhct  ot'po,sil.le neutrino o,.;iillation.; osi the 
\~ rpc rn~)va  i l l e i l~an~h l l~  a\ \veil '1.; 011 R-pro- 
cess nucleos!-ntlie,is. 

Tl leore t~c~ana l ~ k e  to invent tlacor~e> 
\\-it11 new tj-pes i)t particle>. O n e  class in- 
volve> ,ilmc~.t ~na,sle,s ;pisi-rero particle,, 
cille,l S a s i ~ l ~ u - G c ~ l ~ l s t ~ ~ ~ i c  l~o.;ons, \vliich 
arlic fri)m the \pos~ taneou  h r r a k ~ s i ~  ot '1 

gli)l>al .;yil~iiletr! . Tliere i c  no comyirlliny 
reason to I7elir"i.c in an r  ,uch particle\, lhut 
muell ai~alyjia has cciltereii on  the p a ~ - t ~ c l e  
calleil the aslon, \\,llicl~ coulii 1.e a can~lidatc 
ti)r Jark matter. Rafklt  ilissur>ea \-arlou, pi),- 
11?le processes 1nvol.i i s 1  asson; that make ~t 
posihle to conitrain the asion ctiuplingc 
from atrolllly.;ic,il ol?rervat~onr. .A nlc!re 
p o l ~ ~ l ~ i r  casli11il;ite t ; ) ~  iIarl< ~ l ~ t t e r  1, one of 
the elas, ksin\\-si iu1:r.r.;; illmets-ic pas- t~cle .  
I ~ L I ~  the.;e -ire onli- Iyr~etlv ~ l l e n t i o ~ ~ e i l .  

It h l ~ o ~ ~ l i l  1.c e11lp11asi:e~l t11,it the "inniia- 
mental p l ~ ~ . x ~ c s "  ot the t ~ t l e  l~a a \.el-y 11111- 

iteii m e a n i ~ ~ y .  5tai-a can tell ( I>  .~hciut general 
I-eldtiv~ty. ~ ~ ~ ~ c l e ~ s j n t h e ~ ~ ~ ,  a t ~ ~ i i i c  plijb~cs. 
~ i s l ~ l  ~ l i ~ ~ c l i  else, but tl1e.e ,ire not tlie .ul.- 
jects of tluh 1 ~ ~ 0 l i .  . 4 l ~ o  the l ~ o ~ ) k  doe5 nl-it 
~ ~ I > C L I ~ \  the P ~ d l ;  cjt priip)~eLl future sicutrin~j 
aatrci~~i)s~iv prc~ject, like a11 espas~ded 
.4LlANDA ,it the S t ~ u t l ~  Pc~le, \vliere the 
l l e t  liope 15 to tiild neutrinos fro111 ,ictir.e 
yalactic n u c l e ~ .  Kiirl~isn the re,tr~cte;l ranye 
c ~ f  t,~l'ic'i cu\rered tlie book I, autl~os-stative 
'111~1 tI1i)riJLl~ll. 

Lincoln  Lt701fenstein 
Ph?>lc~ D<pio.rn~cn:. 

Cm.i~i.~it. L12110~1 L - ~ I I L L ' Y S I I ~ ,  
P I : ~ s / J I L T ~ / ~ ,  P.4 152 1 ? ,  L '5.4 

Also Noteworthy 

The Life of Stefan Banach. Through a Report- 
er's Eyes. ROMAN KAtUZA. Birkhauser. Carn- 
bridge. MA. 1996. x. 137 pp. $24.50. Translated 
from the Polish edition (1992) by Ann Konstant 
and Wojbor Woyczynski. 

tunct iond asialj-s~r, 15-as a memher o t  the 
illuxtr~oux group ot rnatliemat~ciasis wlio 
met -it the so-calleLl 5 i < ~ t t 1 ~ h  C'ite 111 L\-c~v, 
Polanil, 111 the 1935s. A gl~oii Lle:al 1125 lheesi 
urltteli ,iiiout tlie qrouy (see ti)r e1amy:le 
Sc12i1ce 218, dSO [liiS2]) I.ut rel,~ti\.el;- l ~ t t l e  
al3our Ra~aach himselt, anLl tl1i5 l ~ i ~ k  ,it- 
tenipts ti! rznieily the Llefsc~cnc\- reci)n- 
.truering tlae lu i ic  Kact> i!t 11sh l i k ,  11-h~ch 15 

e.;13~1a11y poi>rly Lli)cumenteL1 i;)r tllc year5 
of the tn c >  \rc>rlcl \i.Ar>. T h e  ~i>urs-ialiit autl-ii>r 
tra111;lj- ~i~.avi!\v< an\- c l a i~u  t ~ c  matlacmilt~cal 
aurilor~t~ltir-enes> but Lioe, quc>te \(!me c>t 

On Social Structure and Science. ROBERT K. 
MERTON. P~ot r  Sztompka, Ed Un~versity of 
Ch~cago Press. Chicago. 1996. vlil. 386 pp. $55 
or £43.95: paper. $1 9.95 or £1 5.95. The Heri- 
tage of Soc~ology. 

tor Llecc~tle,." O n e  ot tlie,e are,I\ l~aq l ~ c c n  
the .;i)cii>locy ,-it scie1iie. -ind e ~ ~ l l t  of the 
c"icl;-\ i n c l ~ ~ d e ~ l  here ,ire 011 this the~l ie .  
Amos15 their tc~picc are the riw c>t ~nc~ilcrsn 
scielice j 1933).  tlie re~i-:iril s\ ~ t e m  of >el- 
encc i l 957) ,  multiple Ll~scL~\-er ie \  is1 >cience 
(1961 ) ,  and tlie "\l-ittlle\v ettect" jl9SS; 
.ee al.,) Siit.ilce 159, 56 [196S]). 

Sixty Years of Biology. Essays on Evolution 
and Development. JOHN TYLER BONNER. 
Princeton Un~verslty Press, Princeton, NJ, 
1996. x, 145 pp., illus. $24.95 or £1 8.95. 

In the ti;-e eiay.;  ( ,~ l l  but ( ~ n e  ne\;.) q~ltllcrecl 
here the Prlsiccton I ~ I ~ J ~ c J ~ I : ~  ic>micler.; ,I at.[ 

oi e\.olutios~~iry t l ~ e m e i  that 11,i;~e partleu- 
larlv esigagecl 1115 ~ n t e i - c t .  .Amon< t11e.e ai-e 
tlie r e l a t~on  i)t  the phviical propertie, i)t 
lir-lnC matter t c~  n,itul-,il celectiiin, tlae sio- 
s i i t i c a ~ ~ i e  o t  the ci~my:erition ant1 the di\-I- 
.;ion c~t  lalyor fous~il at  -ill Ie;.el of I.ic~loi:~cal 
i)yasii:arlon, ancl ~letcrminl.;m clnti f les ih~l-  
~ t y  is1 devcli)p~nent.  In tlle t ~ t l e  e%ay Bc~n- 
sier reflect< i,n the cl~,ino_ca is1 I?iolc-ry\- ant1 
111 the Irav cclence 111 penern1 i r  iiL)ne that 
liave occurred over liir pro&\>iLjn,il l~ te t ime.  

In Search of Nature. EDWARD 0. WILSON. 
Island/Shearwater, Washington. DC. 1996. x, 
214 pp..  illus. $19.95. 

Tl~ii i.; (1 c ~ ~ l l e c t i ~ i n  o t  ,i ~1o:en reprinteil 
e>\ava (1975-1093), the c e s ~ r r ~ l  r l ~ e m c  ot  
II.III~II I.;, 111 111~111~  c ~ t  the autl~l>r's orlier 
\vriting;, t11,it "\rilLl n,lture as1J human na- 
ture arc cloxely inter\\-oven." ?irnc)~~ir the 
s ~ ~ l ~ j e i t . ;  o t  111s ~ - e t l e c t ~ o ~ l >  here ;Ire the roots 
anil r a s~ i i t i c~ i t~om ot  our alve o t  sn,lke.; anil 
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