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tentative—that this scenario is, in fact, a current 
best guess. 

T h e ed i to r a n d the m e m b e r s of the P P R G 
are to be c o n g r a t u l a t e d o n p r o d u c i n g such an 
excit ing book, which will n o d o u b t s t imulate 
m u c h m o r e t h o u g h t a n d resea rch . T h e book 
is r e c o m m e n d e d to all r e a d e r s w h o a r e inter­
ested in t he or ig in a n d evolut ion of early life 
o n e a r t h (and w h o isn't?). 

Thomas C. Hoering is with the Geophysical Lab­
oratory, Carnegie Institution of Washington, 
Washington, D.C. 

Spacelab: Research in 
Earth Orbit 
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David S h a p l a n d a n d Michael Rycroft, C a m ­
br idge Universi ty Press, L o n d o n , 192 p p . , 
1984, $22.50. 

Reviewed by Louis J. Lanzerotti 

Spacelab, des igned a n d buil t by t he E u r o ­
p e a n Space Agency (ESA) to be flown o n the 
space shut t le , p rov ides a l abora to ry envi ron­
m e n t in space. Spacelab 1, the cen te r of at­
ten t ion in this vo lume , was flown into e a r t h 
orbi t in late N o v e m b e r 1983 o n t h e N A S A 
space shut t le Columbia a n d was t ruly a mission 
tha t accompl ished "science a r o u n d the clock, 
a r o u n d the world ." A n ambi t ious technologi ­
cal u n d e r t a k i n g by the E u r o p e a n s , t he bui ld­
ing of Spacelab a r o u s e d at t imes cons iderab le 
scientific a n d political passions r e g a r d i n g the 
direct ions of space a n d technological re ­
search. Spacelab 1 decisively d e m o n s t r a t e d 
tha t a compl ica ted project e n c o m p a s s i n g 
some 70 individual invest igat ions could be de ­
signed, built , assembled, m a n a g e d , a n d flown 
successfully to p rov ide b o t h new scientific 
a n d technological resul ts as well as eng inee r ­
ing in fo rmat ion of t he type r e q u i r e d for fu­
t u r e space research . T h a t Spacelab 1 was a 
considerable success is amply testified by this 
vo lume, p r e p a r e d by two Brit ish scientists 
who have b e e n closely associated with E u r o ­
pean space science a n d technology p r o g r a m s 
for m a n y years . 

T h e r e is an e n o r m o u s a m o u n t of in forma­
tion packed in to somewha t less t h a n 200 
pages (many of which a r e filled with excel lent 
d i ag rams a n d p h o t o g r a p h s ) : calculat ions of 
the orbital mot ion of spacecraft a n d of escape 
velocities, in fo rmat ion o n shut t le food a n d 
waste cont ro l systems, deta i led weight a n d 
power characterist ics of Spacelab—all a r e dis­
cussed. T h e assembly of t he i l lustrat ions 
would a p p e a r to have been n o small achieve­
m e n t in its own r igh t for a book comple t ed 
within 9 m o n t h s o r so of the e n d of the first 
mission. T h e vo lume is t he r e fo r e very timely, 
even t h o u g h the space age has r u s h e d on , 
with the successful l aunches a n d science re­
t u r n s of bo th Spacelab 2 a n d Spacelab 3 now 
comple ted . 

T h i s vo lume is obviously d i rec ted toward a 
b r o a d r a n g e of r e a d e r s in te res ted in t he role 
of h u m a n beings in space a n d in t he fu tu re 
of h u m a n - t e n d e d space e x p e r i m e n t s , par t icu­
larly in the biological a n d life sciences, as not­
ed in the fo rward wri t ten by Michel Bignier , 
t he Direc tor of Space T r a n s p o r t a t i o n Systems 
for ESA. T h e d e p t h of detai l p r o v i d e d for 
some of the physics a n d chemis t ry exper i ­
men t s will occasionally p u t off t he casual lay 
r eade r , whereas those scientists who a r e most 

familiar with shut t le-based science will find 
some of the technical discussions all too brief. 
Nevertheless , the book conta ins m a n y i tems 
of interest for a n y o n e in te res ted in t he fu tu re 
direct ions of ear th-orb i ta l a n d m a n n e d space 
research . T h e book shou ld be especially in­
formative for those U.S . space scientists w h o 
t end to have a s o m e w h a t j a u n d i c e d view of 
the uses of space for activities such as ma te r i ­
als science a n d microgravi ty research . T h e 
n u m b e r of such E u r o p e a n expe r imen t s , p lus 
those in t he life sciences, was very large , con­
st i tut ing p e r h a p s m o r e t h a n 5 0 % of t h e total 
e x p e r i m e n t payload objectives. T h e s e investi­
gations were a lmost all re la ted to special facil­
ities installed in t he Spacelab specifically for 
the science, such as a m i r r o r hea t ing fu rnace , 
an i so thermal fu rnace , a l ow- t empe ra tu r e 
g rad ien t hea t ing fu rnace , a n d a special fluid 
physics m o d u l e . 

Approx ima te ly 2 0 % of the book is devo ted 
to the payload crew's views of the i r Spacelab 
exper ience a n d to discussions of o rb i t ing lab­
ora tor ies of the fu tu re . As is obvious f rom 
these sections, the Spacelab expe r i ence is con­
s idered a p r e c u r s o r for fu tu re u n d e r s t a n d i n g 
of how a diverse set of technological a n d sci­
entific objectives can b e car r ied o u t in a fu­
t u r e space stat ion, an e n d e a v o r in which o u r 
E u r o p e a n , J a p a n e s e , a n d C a n a d i a n f r iends 
a n d colleagues will be closely associated. 

While t he technical detai ls of the expe r i ­
men t s a r e in teres t ing, t h e m o r e sociological 
aspects associated with space flight, i nc lud ing 
e x p e r i m e n t selection a n d in tegra t ion a n d the 
c o m r a d e r y tha t arises f r o m invest igators col­
labora t ing a n d c o o p e r a t i n g t oge the r to pe r ­
fo rm an o p t i m u m mission, a re a m o n g the 
most engag ing aspects of the vo lume . It is 
qui te clear tha t m u c h give a n d take occurs 
when some 70-odd invest igators a re each try­
ing to opt imize the i r o w n science r e t u r n a n d , 
at the same t ime, a re a t t e m p t i n g to e n s u r e 
that the i r col leagues also have an o p p o r t u n i t y 
for scientific success. T h e give a n d take asso­
ciated with Spacelab 1 r a n g e d f rom such 
"s imple" ma t t e r s as weight a n d power alloca­
tions to major decisions conce rn ing w h e t h e r 
or no t to p roceed with t h e mission with only 
one t rack ing a n d da ta relay satellite (TDRSS) 
available for da ta t ransmiss ion . Wou ld a 
launch u n d e r n o n o p t i m u m condi t ions of lu­
na r i l luminat ion p r e v e n t the m a x i m u m sci­
ence r e t u r n f rom some of the i n s t r u m e n t s 
and , if so, should the mission p roceed? T h e 
ul t imate consensus was yes to bo th . 

In s u m m a r y , this is a n excellent vo lume 
with exempla ry i l lustrat ions that conveys t he 
exci tement a n d en thus i a sm associated with 
conduc t ing a b r o a d s p e c t r u m of scientific re ­
search activities in space. I t ho rough ly en­
joyed r e a d i n g it. 

Louis J. Lanzerotti is with AT&T Bell Labora­
tories, Murray Hill, N.J. 
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Reviewed by Joseph Smagorinsky 

T h i s book focuses o n a m a n who , in his 
lifetime, was scarcely k n o w n to t he gene ra l 

public. Yet wi thin cer ta in circles, R icha rdson 
has h a d e n o r m o u s impac t within r ecen t years . 
A l t h o u g h t h e r e a r e m a n y scientists a n d h u ­
manists w h o exercise influence in the i r own 
respective fields, ra re ly d o they b r i dge disci­
plines. I t is this combina t ion tha t has m a d e 
Lewis Fry R icha rdson a figure wor thy of a 
full-length b i o g r a p h y , n o t j u s t to r e c o r d his 
cont r ibu t ions to each field bu t to p rov ide a n 
analysis a n d u n d e r s t a n d i n g of wha t motivat­
ed his diversity. I n a n o t h e r age, R i c h a r d s o n 
would have b e e n c o u n t e d as a Renaissance 
m a n . H e has variously b e e n r e f e r r e d to as a 
chemist , physicist, ma themat i c i an , psycholo­
gist, meteorologis t , economis t , a n d biologist. 
In re t rospec t , h e clearly was well a h e a d of his 
t ime, w h e t h e r t h e subject in ques t ion was his 
work in n u m e r i c a l w ea the r p red ic t ion o r in 
war s tudies. 

Wi th a b a c k g r o u n d tha t somewha t parallels 
Richardson 's , Oliver Ashfo rd is an insp i red 
choice as his b i o g r a p h e r . N o t only is Ash fo rd 
a meteorologis t , h e is, like Richardson , a 
Q u a k e r , a n d h e is also a f r iend of the Rich­
a rdson family. Soon after Richardson ' s d e a t h 
in 1953, his widow sugges ted to Ashford tha t 
he write a b iography . In par t , h e r r e c o m m e n ­
dat ion seems to have been mot ivated by a 
sense of injustice, insofar as Richardson ' s con­
t r ibut ions h a d no t been fully apprec ia ted in 
his own lifetime. Ashfo rd h a d k n o w n Rich­
a rdson a n d h a d even taken a course f rom 
him; eventually, some 30 years after Richard­
son's dea th a n d after his own re t i r emen t , h e 
took u p the chal lenge . Ashford discovered 
m u c h u n p u b l i s h e d a n d largely u n k n o w n ma­
terial. H e felt tha t h e would set t he r eco rd 
s traight a n d tie u p t he loose ends , a l t h o u g h 
meanwhi le a g rea t deal of recogni t ion has 
been acknowledged in near ly every a rea of 
Richardson 's work . 

N u m e r o u s articles have been wri t ten since 
Wor ld W a r I I o n different focused aspects of 
Richardson 's work , some of t h e m by Ashfo rd 
himself, bu t n o n e of t h e m have t r ied to cap­
tu re the whole m a n in such a comprehens ive 
work. Richardson ' s t h o u g h t s on mathemat ica l 
mode l ing a n d tu rbu lence , o n peace a n d war , 
on factors b e a r i n g on intell igence, a r e j u s t as 
re levant a n d vital today as they were w h e n h e 
first c o n c e r n e d himself with t hem. In every­
th ing, by Richardson ' s own admission, his 
Q u a k e r u p b r i n g i n g was "a pers is tent influ­
ence, with its so lemn emphas i s o n public a n d 
private du ty . " 

T h e a u t h o r states tha t his u l t imate objective 
is to d e m o n s t r a t e tha t Richardson ' s life a n d 
work will surely con t inue to be a source of in­
spirat ion for m a n y years to come. For a p r o p ­
e r sett ing, Ashfo rd has combed the records , 
publ ished a n d not , to show by cont ras t tha t 
d u r i n g Richardson ' s lifetime, his work was ei­
the r no t given full credi t o r i gno red ent irely. 
W h e n his work was acknowledged c o n t e m p o ­
raneously , it was soon forgot ten . P e r h a p s this 
is the inescapable pl ight of a m a n so far 
ahead of his own t ime. O n the o t h e r side of 
that coin, t h e r e is m u c h d o c u m e n t e d apprec i ­
at ion in the 30 years since. 

Ashford meticulously tries to wri te for a 
b road r e a d e r s h i p , k e e p i n g technical detai l 
well within b o u n d s . His account of his idol 's 
life unfolds chronological ly. J u s t a few aspects 
of it will be t o u c h e d u p o n in this review. 

T h e geophysical r e a d e r will be in te res ted 
part icularly in Richardson ' s work o n t u r b u ­
lence a n d his m o n u m e n t a l opus " W e a t h e r 
Predict ion by N u m e r i c a l Process," which was 



actually in a first draft in 1916 but was not
published in its final form until 1922. It was a
finite difference version of what the Norwe­
gian physicistVilhelm Bjerknes had first pro­
posed to do graphically some years earlier, in
1904. Nevertheless, precedent aside, Richard­
son's proposal comes closest to what was ulti­
mately realized when computers and atrno­
sphericobservations began to become ade­
quate to the task, Richardson correctly
anticipated a "forecast factory" in which the
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electronic equivalent of "64,000 [human)
computers" would be operating, thus, in the
words of a 1923 review by Alexander McAdie
in the GeogTaphit:al Review, making forecasting
"a science rather than an an:'

Richardson spent a good pan of his life in
"peace research ," trying mathematically to
model the dynamics of arms races and of war
moods in order to demonstrate the futility of
war as a viable alternative. His models have
even been used in recent analyses of the nu-

clear arms race. This would no doubt have
left Richardson with mixed emotions : on the
one hand, his work is being accepted; on the
other, the problem of anns races is still with
us. This book fills a gap in the existing litera­
ture on L. F. Richardson-the man and the
scientist. It is written with understanding,
compassion, and love.

Joseph Smagorinsky is a visiting smiQr [ello» at
Princeton Universiry. Princeton, NJ.
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