
popularizers-science journalists and sci- 
ence teachers, who, in Toumey's view, 
have done a distressingly poor job of 
teaching the culture and values of science 

I while diing a distressingly successful job of 
perpetuating myths. 

Solutions to the problems documented in 

Public Understandings 

Conjuring Science. Scientific Symbols and 
Cultural Meaninas in American Life. CHRISTO- - - 

PHER P. T O U ~ E Y .  Rutgers University Press, 
New Brunswick, NJ, 1996. x, 199 pp. $47, ISBN 
0-81 35-2284-6; paper, $1 6.95, ISBN 0-81 35- 
2285-4. 

Science, according to Christopher P. 
Toumey, is regarded by most laypeople in 
the United States in an "Old Testament 
style," much as the Israelites beheld Jeho- 
vah: with respect, fear, and utter incompre- 
hension. This is not a happy state of affairs, 
says Toumey, even if some scientists think 
they like the idea of being an object of 
worship from afar. Because the average per- 
son "knows science only in terms of certain 
symbols that stand for science" (p. 7), the 
public is vulnerable to manipulation by 
anyone capable of deploying those symbols 
effectively. Present some superficially plau- 
sible credentials, don the white lab coat, or 
speak in mathematical formulas, and Voi- 
ki!-you have "conjured" scientific author- 
ity out of thin air, and surprising numbers of 
people will pursue your path toward the 
Promised Land as surely as once they fol- 
lowed a cloud by day and a pillar of fire by 
night. 

Furthermore, suggests Toumey, in the 
absence of any broad-based understanding 
of scientific reasoning, scientific controver- 

scientific controversies, and will do so not 
from an appreciation of the scientific issues 
but in satisfaction of their existential needs. 

In this engaging and clearly written 
book, Toumey, a cultural anthropologist, 
demonstrates how the symbols that stand 
for science "become severed from the sub- 
stance of science and then reattached to 
other meanings" (p. 59). Through a series of 
brief case studies of controversies surround- 
ing such issues as fluoridation, AIDS, cold 
fusion, and evolution, Toumey reminds us 
of the obstacles impeding the public's un- 
derstanding of science: the tendency, for 
example, on the part of the media to portray 
scientific controversies as having "two 
sides" with roughly equivalent credibility; 

this book are not going to be simple, but it is 
unfortunate that the author s~eculates so 
little about specific implications of his anal- 
ysis. Rather than suggest, for example, how 
science journalism and science education 
might be improved, Toumey tends to be 
dismissive toward these professions and to 
paint them with a broad brush. Other short- 
comings of the analysis are noted by 
Toumey himself. The book makes argu- 
ments about American exce~tionalism but 
offers no cross-cultural data: Is science con- 
jured differently in other societies? Is public 
understanding of science really better in 
other countries? Toumev claims that some 
European countries have developed mean- 
ingful forms of public participation in sci- 
ence, such as the Danish "consensus confer- 
ences," which assemble panels of laypeople 
to scrutinize scientific issues and offer in- 

formed opinions. But if the 
United States is so backward 

sies become blank scyeens onto which the 
multifarious hopes and fears of a culture can 
be projected. Debates ostensibly about the 
risks and benefits of fluoridating public wa- Conjuring science. [From the cover of the book 
ter supplies, or about the validity of reports Kathryn Luchok] 
of successful cold fusion, are transmuted 
into emotional dramas of government con- " 
spiracies or technological quick fixes. In 
1986, Toumey reminds us, three months 
before election day, nearly half the respon- 
dents in a survey of California voters sup- 
ported a ballot measure sponsored by right- 
wing conspiracy-monger Lyndon LaRouche 
calling for the quarantine of those infected 
with HIV. Though the measure was defeat- 
ed, the episode illustrates the true dangers 
of scientific illiteracy, in Toumey's view- 
not just, as is often claimed, that tomor- 
row's adults will be unprepared for the de- 
mands of the workplace, but that sectors of 
the public, led by "conjurers" such as 
LaRouche, will impose their opinions in 

or the public's tendency to demand cer- 
tainty from science and then to regard 
admissions of uncertainty as evidence of 
the bankruptcy of scientific institutions. 
Toumey also argues that these conditions 
have arisen relatively recently in the 
United States. During the Colonial era 
and through the early 19th century, the 
public applauded the study of nature as 
virtuous and viewed the practice of scien- 
tific investigation as unmysterious. By the 
late 19th century, as science became pro- 
fessionalized and insulated, scientists' ways 
of looking at the world became known to 
outsiders principally through the work of 

in this regard, how do we ex- 
plain the pioneering strategies 
of self-education developed by 
U.S. AIDS activists, who 
have taught themselves the 
relevant virology and immu- 
nology and now contribute to 
scientific discussions of re- 
search priorities and clinical 
trial methodologies? 

It is also unfortunate that 
Toumey sustains, at an ana- 
lytical level, the same divide 
between the world of science 
and the broader society that 
he decries at the practical 
level. While Toumey is fasci- 

~ t h  that title; nated by the cultural mean- 
ings that laypeople superim- 
Dose onto scientific claims. 
he fails to devote attention to 

the meanings that scientists themselves 
promote as they seek to make sense of their 
endeavors. Toumey argues that his lack of 
analytical symmetry is justified because sci- 
entists communicate in a spare, stripped- 
down vocabulary that lacks the metaphori- 
cal flourish of the extrascientific conjurers. 
But though this may be true of formal sci- 
entific writing, it doesn't describe how sci- 
entists talk, either among themselves or to 
outsiders. A compelling argument could be 
made that an anthropological inquiry into 
the place of science in modem society 
should examine the beliefs of scientists and 
laypeople alike. 
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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 
ca lc~~l i i te  .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 .  


