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Preface 

From the rocket measurements of the upper atmosphere and sun that 
b e e n  in 1946, space scier~ce gradually emerged as a new field of scientific 
activity. In the lTnited States high-altitude rocket research had developed a 
high degree of sophistication by the time the .Soviet CJnion launched the 
first artificial satellite of the earth in 1957. That surprise launch proved 
that the lBSR had been pursuing a similar course. 

During the period between the orbiting of Sputnik I and the creation 
of NASA, these activities-scientific research in the high atmosphere and 
outer space-began to be thought of as space science. The first formal use 
of the phrase that 1 reall was in the pamphlet introduction to Outer Space 
prepared by members of the President's Science Advisory Committee and 
issued on 26 March 1958 by President Eisenhower to acquaint "all the 
people of America and indeed all the people of the earth" with "the oppor- 
tunities which a developing space technology can provide to extend man's 
knowledge of the earth, the solar system, and the universe." A few months 
later the phrase appeared in the title of the Space Science Board, which the 
National Academy of Siences established in June 1958. CTse of the term 
spread rapidly. Frorn the start NASA managers referred to that part of the 
space program devoted to scientific research by means of rockets and space- 
craft as the space science prqgram. 

The researches that came under the new rubric were themselves not 
new. Space scienrt. initially consisted of researches already under way that 
the new tools of rocketry promised to aid substantially. The large number 
of disciplines-such as atmospheric research and meteorology, solar phys- 
ics, cosmic rays, and eventually lunar and planetary science-and the rec- 
ognized importance of many of the problerns that could be attacked with 
the new tools, attracted large numbers of scientists, giving the field of space 
scienre broad support at the ourset. Even in the life sciences, where the 
potetltial contributions of space techniques wert Ic%s obvious than in the 
physical sciences, quite a few leading researchers showed a lively, if tenta- 
tive, interest. 

As the pro,qarn unfolded, the wide range of interest became both a 
source of strength and a cause for tension. For those able to penetrate 
beneiath the inipersonal exterior that science so often seems to present to 
the outsider, the whole gamut of human emotions is to be found. l'he 
pursuit of scientific truth gets caught up in a struggle not only with nature 
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but also with oncself and one's fellow beings. Ambition, cooperation. 
strife, humility, arrogance, envy, admiration, frustration, and couiagtB 
undergird and overlie the scientific process, making it more imprvant as a 
story of human endeavor and achievemerlt than as a mere accumulation of 
human knowledge. So it was with s p c e  science; there appeared to be a 
continual clhsh of opinions over what to do first, or  next, or instead of 
what was being done. 

To the normal attraction of probing the unknown were addtx: the 
excitement bestowed by roaring rockets and speeding spacwraft and the 
awareness that these had opened a vast new region to the presence of mqn. 
Moreover, circun~stances placed space science to a considerable extent in 
competition with other aspects of the space p rwdm.  C~ngressiot~al con- 
cern over the serious rtilestions of national defense r a i d  by the Soviet 
accomplishments in s1r;ice focused attention on the nation's launch c-apa- 
bility and techtlologir;ll strength rather than science. 1Tnderstandably. most 
onlookers displayed more interest in the glamour and ex(-itement of the 
Apollo program to land men on the moon than in studying cosmic rays or 
the earth's magnetosphere. Nevertheless, partly in its ow11 right and also as 
an important supporting ehnent  to other activities in spce,  space science 
enjoyed a rmgnircui place in tht. pro,graw from the outset. 

In telling some of the space science story-particularly the rdrlv years 
when it was enlcrging as a vigorous new field of activity-1 hope to relate 
this new activity to the rest of the space program on the one hand and to 
science in general on the other. It is a multifaceted tale. ranging from the 
very technical to the highly political, from the intensc4y personal to the 
institi~tional, from the national to the international. For long periods the 
i>articipa!lts are weighed down with the routine drudgery of c;ilculations. 
painstaking testing in itre laboratory and the field, and seemingly endless 
paper Ir~ork. '1-hen comes 1 1 1 ~  reward-lifting one to the very pit~nacle of 
excitement--when a spacecr;rft lands on the mcwn and its arnazing append- 
ages dig into the ancient soil, o r  fro111 a quarter of ;t million niiles irway a 
breathlessly awaited voice announces, ". . . the Eagle has landtd." or when 
yet a different sp:tcccraft visits a distant \vorld like hiars and pfiotogri~phs 
craters. volcanic. pt=As, and huge rifts nrvrr before seen by rniin. The whole 
~vorld-nay, the solar system-is the stage, and the dtarna is played now. in 
the cc,.rifort and safety of thr romputer laboratory, no\\. itmid the rigors 
and dangers of the launching pad, at times in the whirl of intellectual 
c.halle-nge in the it~ternatiot~al cot~fc*rc.nct* hall, at tirnes fi8c.r to fact. with the 
physical challenges of the high seas. the polar c\ilderness, or the ominous 
1o:leIiness of the lunar ~~itstclands. 

1 h o p  to convey sorne of the flavor of this cotnplex prograrn. -1'0 do 
this I shall trace several main threads as they weave their \r,i~y through the 
story. First, of course, thew is spaceB science itwlf, wh;tt results havc betsn 
ob ta in~ l  from the ustx of rtxkcts and s;>acecraft-including manned space- 



flights. H'hat progress in various scientific disciplines can be d u d  w 
what is now called space scierm? It is not my intention, howcvcr, to pn, 
d m  another textbont on spas= scknm- k - h  a sunr). nmld carry wdl 
beyond the planned scqe d this bow. 1 seek rather to bring out in b r d  
perspective the main l i r a  of advance in major areas d tesearch, to high- 
light IWW areas of investigation, snd especially to dwvll on changed and 
&lnging concepts in the different disciplines. Seeking guidance in this 
aspect d the task. 1 sent a questionnaire to a nnmber d the ioremou 
workers in the s a r i a s  disciplines d space sckm'c asking far their insights 
as to what the most significant contributions d space science haw been. 
More than 60 scientists responded, and their w i e n - s  are incaporated into 
chapters 6. 11. and 20. the chapters that deal with the technical sick d the 
story. I wish to m\.e). here my thanks f-r that assistam. 

The flavor d the story cannot be conveyed in i da t ion  from the con- 
text in which the research was done. It will be necessary. thedore, to trace 
several threads other than space rierrce results. On one side was the &a- 
tionship d space x i e m  to science in .general, while on the other were its 
relationship to the rest of the space program and to the social, political. 
and economic context. 

Space science. while cohering strongly as a new activity, nevertheless is 
quite correctly viewed as simply a continuation and extension of numerous 
traditional scientific disciplines. To appreciate the significam of this ob- 
semarion. it a necessary to pay some attention to the meaning and nature 
of xience. 

Very litt ie of modem xience can be carried out in isolation from other 
x t i \  ities of society--certainly not space xience. Much of xiencx today re- 
quires large pools of manpower. special facilities, and expensive equip  
ment that private sour- often cannot afford. When industry does suppon 
research. its reletance to the profit-making objectives of the company is 
always in mind. When .government furnishes the support, relevance to 
~latio~litl n d s  and objectives must tw taken into account. The years of 
politicdl stru.ggles to obtain approval and funding for the National Science 
Foundation: the Satiotlal Radio Astmnom) O k a t o r y  at G r m b n k .  
West l'irginia: the E~lrico Fenni high-energy particle accelerator in Illinois 
(which the proponents first appeared to low, but then won); and the Uo- 
hole project to drill through the rdrth's crust (which the xientists first won 
and then lost) provide classic examples of the difficulties enmuntered in 
seeking support CJ; large-w~lc. expensive scientific underfakin-gs. 

So i t  was with space xience. In the early years. when a few sounding 
rockets were launched. the field received but little attention and mea.ger 
support. \Vith the appearance of Sputnik, however. space science was pre- 
cipitated into prcminence as an irnportar~t pait of a broad *pace program 
that the countr) sudden11 found itself compelled in its own interest to 
undertake. Almost o\eniip;ht dollars to pa) for the research were no longer 



a pnoblem,-and nu- individuals and institutions, bDLh at homc and 
abroad. became i n t e r e d  in taking part in the program. 

Two other main thrpab in the narratk-qganittltim and manage- 
ment, and institutional rPtationship--amcem such aspects d the spam 
scKna 1cq. Organitation and mamgement include leadership. plam:ing 
tdn iqucs .  preparation and defense. and organiation and maax- 
agement d teams d specialists Institutional relathship include those 
with the many g-oups that played impmant, often essential, parts in h 
propam. This thread will u + e a ~  into the story the roles d u n i w r s i k  
industry. the military and other gowrnment agencies. the National 
Academy d Sciences. and the h i d e n t ' s  Scienre .Ma-isor)- Gn~onlhi~iu~. 
Working with the CIWL~RS was an essential dement in -ring and 
maintaining support for the program. .S with NASA's prrdecftsor. che 
National Advisor). Committee for A-utics, advisor). committees p l a d  
an important role in the planning and condim of the space xience 
program- 

Paradoxically these asperts appead as both a hindrance and a help to 
space scientists. The ~wcessity to fight continually for m ~ r c c s  to cmnpete 
with other elements d the space piognm. to labor on advisory committees. 
and to wrestle with the mountains d p a p  work required b) managanent 
interfered with the research. On the other hand, these distractions were 
necessary. for without proper organization and mana.gmwtit, substantial 
resources. and far-flung &rams, space sci-imce could not haw expa~tded into 
the intensiw probing of the solar system and tlle universe that it became. 
Yoreover. one sensed the possibility of a s;tlutar)- effect in having contin- 
ually to br orl ow's toes. 

From the time of the e;trliest sounding rockets in 194.5-1W6 to the end 
d 1973 when I left NAS.4, 1 was a participant in the space science pro- 
-gram. It was my good fortune to take part in the pionwring work of the 
1'2 I'WT .4111wspherr R ~ ~ c a r c h  Panel. in the Intmraticmal Geophysical 
Year rocket and satellite prwarns. a rd  in organizing and conducting 
X.4SA.s space xicnm progridm. Inevitabiy what I write is c o l c d  by my 
own e x p i e n c a .  Severtheless. this book is intended to h something more 
than a memoir. 

I have attmlpted to sun.<.). the field in retrospect. consulting the litera- 
ture. files. and records in an effort to discern the course of the space science 
program in proper pmpctivr.  It has ! ;vn intersting to note that m- 
times matters wtw  no^ as I yertrivcd thcrn at thc tin~e. and cw-rasimally 
were quite difft*rent. P:~rticularly in telling of controversies in which 1 \\-as 
among the dispurnn~s. I have tried neither to ovtrnnphasire nor to short- 
change my own virws. IVriting the test in the third person has hetpd. I 
believe, to be objective. 

There are. of course, many vantage points from which a valid picture 
of the s p c e  xience program could k drrl\v~i. One appropriate a s w t  



would be the story as seen by scientists outside d NASA-in the unimsi- 
ties, Iho Naticrnal Academy d Sdcnxs. and e k h m - k  these arrywiscd 
the greater part d the scientists in  the ywogram. A different and signif- 
view uould be obtained from scientists in other countries =ho took part in 
N . u . 4 ' ~  international cuoperatirr p m .  The enginem cuuld be ex- 
pected to tell it quite differently fmm the scientists. h mzaling, rrot always 
flattering. pkurr would likely anne from those in industry whose t;rknts 
provided much of the hardware and o p a t i o n s  that lay at thc hean of the 
cwntry's space xience missions. Within NASA itself a &tef fnnn ttw 
research and desdopment centers and field stations-where lay mosl d the 
technical and operational srrmgth d' dre agency-mM d v l y  provide 
a dtcidcdly diBetpnt slant from that which a headquartem w 7 i m  would 
find naturai. i haw, of course. tried to capture some d the flavor d all 
these points of view. but the principal orientation is that d hedquanerz 
managt~nent. 

.A~oiher aspect of that vantage point must be considered. Most d this 
)wrolr with NASA and its program. How kgi t imte is this? After all. 
the militdr- setxices, pnicularlv the Air Force, were active in space 
resc.;trch-through sounding rockec r~x-idrc-h, stud?- progrdms. and explm- 
tor). ctevelopnw~t-Me t k  was a NASA. and continwd after NASA 
was established to ex@ billions d dollars a year on space. Also thew 
\\.ere those other pai.ticipants all& to in the p m d i n g  paragraph. And 
\m ~ n i ~ c h  in the foregoi~nd has been the .%via I'nion. which precipi- 
tattd w<~ld\\.ide i n t m t  in space by launching t h e  .Sputniks. 

I k l i e w  the concetitrration mi NAS;l to be legitimate. for as time went 
on xientists in the I'nittrl State c;inw t o  vit-w* S.4S.4 as the prime source 
of s u p p r t  for space science. as they had come to I d  to the National 
.%ien<-r Foundttion and the S a t i o t ~ ~ l  Instilrrtts of t i r ~ i r h  for genaal s u p  
port of sr-ienc-e. The legislators who creattd S.AS.4 as a civilian agency 
intcneitvi it t o  be the ;tegis for the I*.$. national spttr program, which, 
eslwu.ially on thr international scene. it quickly Other countries 
intert-std in spc-e rtwdrch turned to NAS.4 with their proposals to mop- 
c.r;cte on rilxmh ticieritc projects. In tile t'nittxl States. in otily a few ymrs 
"the spic-e sictic-t* prc~;am" arid "the S.AS.4 x i a u v  progridm" k- 
c;tme almcvit svnomymr~us. 

I11 the I'SSR the situation was different. 'Thert* the space program and 
tht* military slxicr progcirn \ccre equivalent. SIXKC sc-irnc-e. like all other 
;~slxu.ts of the program. wits c~lwktti ia n i i l i t a ~  scrurity and came into 
\-itlc only \cell after  lie f;tc-I, \\.hen the Soviet I'nion klt ready to rqmrt the 
rt?iults o f  s~rer-c\siul m i ~ ~ i o ~ i .  Yet it \\-or~ld be errontrxis to c.har:~rterire the 
Sowier slx~cr sii~tiev pr(~r;tiii ;is purrly mil i t q  in its i~nin~rt .  <i~nsiderrlble 
;tttenrion t o  1111i;tr ;tnd pl;~tic.t;ip rtcvl-c.h c-ontriI)~ittd to it11 image of .Soviet 
sc.ic.ntific. ;tnel tt.chnolc~ic;~l strrngtti. but c-c~ild hiirdly tw acrorded any 
.er;tt 11iiIit;i~ v; t I~i (~ .  



~ V W O  THE ~ M B P H E R E  

While it is necessary to say enough about Soviet space science to show 
its more imponant amtributions, and particularly to highlight A t i o n -  
ship to the a m a l l  field, the trtain emphasis d the bolt is on the U.S. 
program. Even hem here is no attempt to be exhausriw. Rather, I intcnd 
to seim examples that illusuate the interplay d personalities and opinions 
and the ucady advance d idtas that c h a r a c t d  the program, particularly 
in the 19505 and F :s. 

Overlying the space scimce story is a moa impmint  factor. which 1 
like to rcfer to as the inexorability d the scientific proas. a factor that 
applies n a  only to span- science. but to all SCiffKP. In the turmoil d 
human relaticm~-~hile the batbles 1ag.e over funding. priuriiies. amuof d 
pfograms, personal recognition. bureaucratic despotism. and individual 
shoncomings-the sckntific prort.sr, as long as it is sufficiently nourished. 
steadily. I say inexorably. adds to ttw store d knou.Mge. To appreciate the 
role d the scientific procpss. one must begin by considering. at least 
briefly, the meaning and nature of science and the context in which scien- 
tist: pursue their profession in t h e  modern world. Those are the subjects d 
pan 1- 

1 would like to express m) appmiation to the staff d the N.UA His- 
tory Office for the extensive encouragement and assistance I m i v d  
throughout the tinw 1 worked m this book. I must single out archivist I a -  
e. his tireless efforts deserve special thanks. T b r m g h  reviews d 
the manuscrip by Dr. Sorman Xess and Dr. John O'iieefe d the C&rd 
Space Flight (knrer, and nwn) personal cmrvenations with Dr. O'lieekt, 
were nmst helpful. Indeed. a large number d reviewers .generously fur- 
nished m n l m r s  on parts or all of the manuscript. l he i r  criticisms were 
an invaluable aid. for which I am .qatefnl. 



Part I 

Nature of the Subject 

F o r  out of of& feldcs, as men with. 
Cometh a1 this mute corn Po yccr to y e :  
And out of olde boks,  in g d  ftith, 
Cometh a1 this nrwe scimct t h t  men h e .  



The Meaning of Space Science 

The science mamgers in the ncw National Aeronautics and Space 
.4dminisuation of 1958 for the most pan had limited experience in the 
management of science programs. By comparison with the broad program 
about to unfold, the p i o u s  sounding mcke work and am the Interna- 
tional Geophysical Year programs were modest indeed. Yet the evolving 
perceptions of these individuals as to the nature and needs of science would 
play a major role in the development d the U.S. space science program. At 
first those perceptions were largely intuitive, growing out of persc#ral needs 
and exper;- in scientific research, although a rather extensive literature 
made the thoughts and experience of others available. In addition, in 
launching the nav program the space science managers had the benefit of 
the wise counsel of Deputy Administrator Hugh Dryden and Administrator 
T. Keith Glennan, both of whom had had considemble experiemx in man- 
aging science and technology programs. 

Because of the central role pla~ed b) the concepts of science that NASA 
managers brought to bear-sometinles consciously. sometimes s u h c ~ r -  
sciously-on the planning and conduct of the NASA space science program. 
mine of those concepts are set forth hew at the outset. Moreover, the rrader 
sfauld bear in mind that these concepts are implicit in the author's treat- 
ment of space science in this book. The exposition below, while a substan- 
rial elaboration of a summary presented to Congress in the spring of 1966, is 
still highl) condensed, and runs t1.t risk of oversimplification.' 

.-\ major theme throughout this book is that of science as a worldwide 
cooperative actikity, a process, by which scientists, individually and collec- 
tively. seek to derive a commonly accepted explanation of the universe. The 
author malls learning in the ninth grade that science was "classified (i-e., 
organized) knowledge." only to have to discard that definition years later as 
the very active nature of science became apparent. T o  be sure, organized 
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knowledge is one of the valuable products of science, but science is far nmre 
than a mere accumulation of facts a d  figures. 

Science defies attempts at simple definition. Many-both pdessionai 
scientists and othas-who haw sought to w forth an accurate descriptior: 
of the nature of science have found it 1rtccss3r). to devote entire volumes of 
elaborate discussion to the subject.' None has found it possible to give in a 
few sentences a complete and simple definition, although James B C h a n t  
perhaps came close: "Science is an intercmnectcd series of concepts and 
conceptual schemes that have developed as a mul t  of experimentation and 
observation and are fruitful of further experimentation and  tion on^."^ 

On a casual wading. this definition may again appear to characterize 
science as a static collection of facts and figures. One must add to the 
definition the activity of scientists, their continuing exchange of informa- 
tion and ideas. and their penetrating criticism of new ideas. working hvpoth- 
eses, and theories. A static mental construct alone is insufficient; one must 
include the process that constantly adds to, elaborates, and modifies the 
consuuct. All of this Conant-himself an eminently succpsslul chemitt- 
does actually include in what he is trying to convey in his brief definition, as 
is patent from the amplification he provides in the rest d his treatment. 
Indeed. the last clause of the quoted definition. requiring that the concepts 
and conceptual k heme of scienm be "fruitful of further experimentation 
and observations." clearly implies the ongoing nature of scienm. 

Thedifficulty of conveying in brief the nature of science. particularly to 
the layman, has led in exasperation to siwh statements as. "Science is what 
scientists do." The circularity of this definition tan be frustrating to one 
serioush trying to iinderst;~nd the subjtx t-a legislator. for c-xample. en- 
deavoring to appreciate the significance of science for the country and his 
constituents, and to discern rr-hat xiencu ntwls to keep it healthy and pro- 
ductive. Yet the definition suggests probably the best wily of approaching 
the subject; that is. to tell just what it is that scientists do. 

Scientists work togcther to develop a commonly ampted explanation of 
the universe. In this process. the scientist uses observa~ion and measurement. 
imagination, induction, hypothesis. generalization and theory. deduction. 
test. cornmunication. and mutual criticisnl in a constant assault on the 
unknown or poorly understood. Consider briefl) each of these activities. 

The scientist obsrnpcs and mcasurcs. A fundamental rule of modern 
science is that its conclusions nlust be based on what actually happens in the 
physical world. T o  determine this the scientist colln-ts experimental data. 
He n~akes measirremcnts under the most tarefully controllcul conditions 
possible. He insists that the results of experiment and measurement be 
repratable and repeated. When possible, he mrisurcs the same phenomenon 
in different ways, to eliminate any possible errors of methrd. 

T o  experimrntal and observational results the scientist applies irnnginn- 
tton in an effort to discern or tradtccr cornnlon elements that may give furthc~ 



insight into what is going on. In this process he may discover datitmhip 
that lead him to formulate laws of d u n  or behavior, such as Newton's law 
of gravitation or the three fundamental laws of maion, or to muke hypoth- 
eses, like Avogadro's hypothesis that under the same pressures and 
temperatures, equal volumes of different gases contain equal numbers of 
molecules.+ It is not enough that these laws be e x p d  in qualitative 
terms; they must also be expressed in quantitative f m  so that they m y  be 
subjected to further test and rneasumnevt. 

The scientist gmmaltrcs from the measured data and the relationships 
and laws that he has discerned to develop a theory that can "explain" a 
collection d what might otherwise appear to be unconnected or unrelated 
facts. In seeking generalization. the scientist requires that the new theory be 
broader than existing theory about the subject. If the new theory explains 
only what is already known and nothing more, it is of very limited value and 
basicail y unacceptable. 

The new theory must predict t y  deduction new phenomena and new 
laws as yet unobsewed. These predictions can then serve as guides to new 
experiments and observations. By taking predictions and working them 
together with other known facts and accepted ideas, the scientist can often 
deduce a result  hat can be put to immediate test either by okrvation of 
natural phenomena or by conducting a controlled experiment. Out of all 
the possible tests. the scientist attempts to choose those of such a clear-cut 
nature that a negative result would discredit the theory being tested, while a 
positive result would provide the strongest possible support for the theory. 

In this connection. it must be emphasized that the scientist is not seek- 
ing "the theory." the absolute explanation of the phenomena in question. 
One can never claim to have the ultimate explanation. In testing hypotheses 
and theories the scientist can definitely elimir~ate theories as unacceptable 
when the ~ a u l t s  of a properly designed experiment contradict in a funda- 
mental way the proposed theory. In the other direction, however, the xien- 
tist can do no more than show a theory to be acceptable in the light of 
currently known facts and accepted c-oncepts. Even a long-accepted theory 
may be incomplete. having been based on inadequate observations. With the 
continuing accun~ulation of new data. that theory may suddenly prove 
incapable of explaining some newly discovered asp-ct of nature. Then the 
old theor? must be modified or expanded, or even replaced by an entirely 
new theory embodying new concepts. Thus, in his efforts to push back the 
frontiers of knowledge. the scientist is continually attempting to develop an 
acceptable "best-for-the-time-king" explanatiotl of available data. 

- 

'Fttr what v i r n ~ i s f s  Imin r k  tmns hvporhr~rc. leu#. and thrur).. tk Rntrr is derrcd to Roben 
B r t n  1.idsa) ;I& Hmry Marpwu. Foundotion.~ of Phvsir.~ (Nm. York: J o h n  Wiky t Sons. 19%). s. 
14-29. 



In all this process the scientist continually communicetcs with his col- 
leagws through printed journais, in oral presentations. and in informal 
discussions, subjecting his results and mclusir?ns to the c k  scnrtiny and 
criticism of his peers. Ideally, observations and measurements are examined 
and questtoned, and repeated and checked sufficiently to ensure their valid- 
ity. Theories are compared against known ohsewation and fact, against 
currently accepted ideas, and against other prt>posed theories. Acceptable 
standing in the growing body of scientific knowledge is achieved only 
through such a searching trial by ordeal. 

One should hasten to add that this is not a prc~ws d voting on the basis 
of mere numbers. E m  though the majority of the scientific community 
may be prepared to accept a given theory, a telling argument by a single 
perceptive individual can remove the theory from competition. Thus. the 
voting is carried out through a continuing exchange of argument and rea- 
soned analysis. Those who have nothing to offer either pro or con in effect 
do not vote. 

This process or activity called science has developed its rules, its body of 
tradition, from hard and telling experience. Recognizing that the scientific 
process cannot yield the absolute in knowledge. scientists have sought to 
substitute for the unattainable absolute the attainable utmost in objectivity. 
The scientific tradition wrings out of final results as much as possible of the 
personal equation by demanding that the individual subject his thoughts 
and conclusions to the uncompromising scrutiny of his skeptical peers. 

The above are things that scientists do, and through the complex inter- 
changes among scientists these activities amalgamate into what is called 
science. But at this point one must ask what factor distinguishes science 
from a number of other endeavors. Observation and measurement. imagina- 
tion, induction. hypothesis. generalization and theory, deduction. test. 
con~muniration, and mutual criticism are used in various combinations by 
the economist, the legislator. the social planner, the historian, and others 
\vho today in partial imitation of the scientists apply to their tasks and 
studies their concepts of what the scientific method is. The distinguishing 
factor is fundamental: underlying the pursuit of science is the basic assump- 
tion that, to the q~~estiorls under investigation, nature has definite answrrs. 
Regardless of the philosophical dilemma that one can never be sure of 
having found the right answers, the answers are assumed to exist, their 
uniqueness bestowing on science a natural. intrinsic unity and coherence. In 
contrast one would hardly argue that societal, political, and ecorlomic prob- 
lems ha\.e unique answers. 

These latter problems are concerned with the human predicament, and 
the human cquarion enters not only into tile search for answers. but into the 
ver) solutiorls themselves. tiuman invention and devising are necessary 
ing~edients of the solutions achieved. In science, however. although imagi- 
nation and invention are i~nportant elements of the discover) process, the 



human factor must ultimately be excluded from its f ind im,  and to this end 
the scientific protcss is designed to eliminate as much personal bias and 
individual error as possible. This aspect gives xieng : its appearance of 
objeciivity and impersonaiicy, while bestowing a universality that trans- 
cends politial and cultural differem that otherwise divide mankind. 

The reader is again cautioned not to be misled by oversimplification. 
One must not conclude from the above orderly listing of activities and prcr- 
esses of thought, either that they constitute a prescribed series d steps in the 
scientific process or that one car- identify a single scientific method sub 
scribed to and followed by all scientists. On the contrary, individual scien- 
tins haw their individual insights, styles, and methods of research. Conant 
is emphatic on this point: 

There is no such thing as the scientific methad. If k r e  were, surely an 
examination of the history of physics. chemisu), and bioiogy would reveal it. 
For as I have already pointed out, few would deny that it is the progress in 
physics. chemistn and experimental biology which gives everyone confidence 
in the procedures d the scientist. Yet, a careful examination of these subjects 
faih to meal any ont method by means of which the masters in these fields 
broke new. ground.' 

While there is no single scientific method, there is method, and each 
~esearcher develops his own sense of order and line of attack. And major 
elements of the various methods are sufficiently discernible that they can be 
identified. Indeed, there is enough of method to the profession to lead John 
Simpson, professor of physics at the I'niversity of Chicago, to assert tllat 
even the plodder, while he may never make brilliant contributions, can 
through systematic effort aid in the progress of science. 

Nevertheless, the role of insight and perceptiveness is crucial. The 
application, however, cannot be equated with induction in the Baconian 
t~adi t ion.~ 'I-he inductive step from the singulnr to the general, while an 
important element in science, is far from routine. Often seemingly haphaz- 
ard, this step calls into play inspiration. insight. intuition, imaginati I, 

and shrewd guesswork that are the hzllmark of the productive resezrcher. 
Canan1 alluded to the elusive character of this phase of the scientific process: 
"Few if any pioneers have arrived at their important discoveries by a system- 
atic profess of logical thought. Rather, brillianr flashes of imaginative 
'hunches' have guided their steps-often at fi~,: fumbling  step^."^ 

Each individual has his own devices lo; tqing to discern from the 
particular what the senera1 might be. Certainly the reasoner does not 
approach his task with no p econceptions. To the new data he adds other 
Pacts and data already known, and he calls into play previously accepted 
ideas that appear relc\ant \\'hatc.vcr thc rncthcd, the itl:bmate test is 
whether i t  works. 



A continuing task of the space science manager was to assess progress in 
the program, and various criteria fw measuring the worth 4 scientific 
accomplishments have been used. In this regard the author finds aitractive a 
number cr concepts provided by Thomas S. Kuhn.' 

A scientist approaches a new situation ~r problem with a definite men- 
tal picture of how things ought to be, what processes should be operative, 
what kinds of results are to be expected from different experiments. This 
mental picture-which, with some leeway for differing points of view, he 
shares with scientific colleagues working in tbc same field-has developed 
over the years from experimentation and obsctvation, hypothesizing, tlieo- 
rizing, and testing. It has stood the ordeal of searching tests and has proved 
its value in predicting new results and in integrating what is known of the 
field into a logically consistent, useful description of nature. 

T o  this shared mental construct. Kuhn gives the name paradigm, a 
substantial extension of the usual meaning of the term. Thus, the iono- 
sphericists share a ,paradigm, in which each knows-or at least agrees to 
accept-that there is an ionosphere in the upper reaches of the earth's 
atmosphere consisting of electrons and positive and negative ions, varying 
in intensity, location, and character with time of day, season. and the sun- 
spot cycle. He knows, or agrees, that most of the ionization and its variation 
over time are caused bv solar radiation, and that the ionosphere has a 
complex array of solar-terrestrial interrelations. The ionosphere is affvc-tcd 
by and affects the earth's magnetic field. It has a profound influence on the 
propagation of many wavelengths in the radio frequency region of the 
electromagnetic spectrum and acts like a mirror reflecting waves of suitable 
wavelength, a phenomenon that before the advent of the communications 
satellite afforded the only means of round-the-world short-wave radio 
transmissions. T o  develop thoroughly the paradigm shared by ionospheric 
physicists would be a lengthy proposition.$ but the reader may find the 
abme sufficiently suggestive. 

As another example, solar physicists share a paradigm in which the sun 
is regarded as an average sort of star, about 10 billion years old and with 
some billions of years still to go before it evolves into a white dwarf. I t  
originated as a condensation of dust and gases from a huge nebula and was 
heated bv the gravitational energy released by the falling of the nebular 
material into the contracting solar ball until internal temperatures rose 
sufficiently to initiate nuclear burning of hydrogen, the major source today 
of the sun's radiant energy. And so 0n.9 \Yorkers in the field of solar studies 
understand each other. they havr a common way of looking at things, they 
approactr problen~s with a similar orientation. 

Individual scientists usually share a number of paradigms with different 
colleagues. The paradigms of the upper atmosphere physicisr :nd the 
ionosphericist overlap greatly. While an ionospheric investigator is apply- 
ing his ioriospheric pat,tdigm to his tvork, he also has in the back of his 



mind that the laws of physics and chemistry must apply to the ionosphere, 
and when appropriate the i,*nospheric researcher brings to bear the para- 
digms oi chemistry and m d e r n  physics. Likewise the solar physicist must 
constantly bo~row froin the paradigms of astronomy, astrophysics, physics, 
nuclear physics, allti plasma physics. 

The importance of the currently accepted paradigm or paradigms in 
~u id ing  a scientist in his researches, in determining-and determining is 
not too strong a word-what he will perceive when he encounters a new 
situati ,n, cannot be overestimated. Even the nonscientist, by osmosis from 
the press, television, and literature, in addition to his formal schooling, 
absorbs many significant concepts from the paradigms of the working 
scientists. Most of the fundanlental concepts about the nature of the universe 
shared by modern man have derived from the scientific developments of the 
last two centuries. With these concepts infused into one's thinking, an 
enormous eftort would be required to we the universe and the world as they 
were visualized by the medieval thinker. As Herbert Butterfield put it: 

The greatest obstacle to the understanding of the history of science is our 
inability to unload our minds of modern views about the nature of the mi- 
verse. N'e look back a few c~nturies and we see rnen with brains much more 
pwerful than ours-men who stand out as giants in the intellectual history of 
the world-and sometinles they look foolish if we only superficially observe 
them, for they were unaware of some of the most eletnenmry scientific princi- 
ples that we nowadays learn at school. It is easy to forget that sometimes it 
took centuries todiscover which end of the stick to pick up when starting on a 
certain kind of scientific problem. it took ages of bitter colltroversy and 
required the ccmprative endeavor of many pioneer minds to settle certain 
simple and fundamental principles which now even children understand 
without any difficulty at a11.'0 

-1 hus the concept of the paradigm is more than a mere convenience. In 
terms of the paradigm one can discern several stages in the scientific process. 
First of all, the existence of shared paradignls in a scientific area indicates 
some mcasurr of maturity of the field. In its beginning, a newly developing 
field tend:; to fumble along without any accepted conceptual framework. 
nrid eitch new da;um or observation may seem to heighten the complexity 
and confusior:. In time, however, discerning minds begin to perceive some 
ordci, and a workable paradigm begins to evolve. A good example is fur- 
nished by the birth of modern chemistry in the very confused, yet highly 
productive. second half of th- 18th cet~tury.!~ 

In its maturity a field of sciefice exhibits alternating vrimis of what 
l iuh~i  refers to as normal scier~ce and scie~rtific revolictian. Dilrirlg a period 
of norrn;~l scirncc.. thc ac.c.et)red par;tdig~n ;rppthsrs t o  w ~ r l  wrll, sritisfacto- 
rilg esp1;tiriing new ohscrvatiotls itnd rvsults as the) accumul;ttr. It is ;t 

~x*ritnl ir i  which ~ncastircmc.rits and obst.rv;~tions tend t o  ill11rnin;ttc and 



expand upon the accepted paradigm, but not to challenge it. Most scieti- 
tific work ts normal xience in this sense. 

Occasionally new experimental ~ ~ u l t s  don't appear to fit the frame- 
work af the accepted paradigm. Whcn that occurs, attention is directed 
toward finding an  explanation. Getierally the first efforts are to find a way of 
retaining the accepted p a l a d i p ,  particularly if it has proved highly pro- 
ductive and illumir.zring in the p s t .  Perhaps the paradigm can Fw extended 
or even belit to accommodate the new mults. In fact, the scie;itist's inclina- 
tion is w tolerate a considerablc amount of n-isfit to save a particularly 
uvth~l  paradigm. 

But when the challenge to the previously accepted paradigm becomes 
too severe. and acceptable modifications or extensions won't accommodate 
the new results. then a c b a n ~ ; .  in ptradigm becomes necessary. Such ,mi- 
d s .  bringing a forced change of paradigms, Kuhn dcsignates as scientific 
revol~rtions. Periods of scientific roolution are likely to b. ex<-ititig (at 
Ie:~st to scientists), hizhly active. with much debate and a lor of fumbling 
around trying io find a way out. Classical esamplts of scientific revolu- 
tions are futmished by thc shift from Newtonian to Einsteinian relativitv 
arid from cl;~ssiral i o  quar~tum physics.12 A more rec-ent example is to be 
found in the i~phtaa\.als of the 1950s atid 1Ws in geophysic.~ irnci geolog). 
ieading to th t~ now general acceptance of the cwicepts of sea-floor spread- 
ing, continental drift. ancl plate tcu-tonics as fundanictital ftaturt-s of thc 
paradigni that today guides the researcher in experimrnting and tl'eorizing 
about the nature of the earth's crust.1s 

For this buok the concepts of paradigm, normal science, and scientific 
revolution furnish a way to trace and assess the development of space science 
through the first decade or so of NASA's existence. Nevertheless, the reiader is 
cautioned that the concept of the paradigm in the scien:ific process-or the 
nlarintlr in which tht. concept is used-has &ti extensively criticised.14 A 
major concern has k r i  the difficulty of supplying the concept with any 
great degree of prcrision and the consequent fuzziness in the picture one ran 
draw of the role real:.! played by the paradigm in science. Critics have 
pointed out that Kuhn himself has used the concept in nur~ierous different 
ways. .Also, the simul~.ncous cxistr.nce at tinies of conflicting paradigms, 
each :.eceivi~ig s u p p r t  i.<>m its separate group of adherents-as, for tnn - 
ple, in the many yrdrs dlrring the 18th century when b ~h the caloric : 1 
mechanical theories of h a t  had their supprters-is pointed to as indicat~ng 
that Kuhn's concept of scientific revolution is too simplistic to embrace the 
wholc picture of how science moves and how revolirtior~s cxcilr in scientific 
t bought. 

In spite of the criticis111 the paradigm appeals to tltc ,luttior as useful and 
even fundamental: he susperts the criticism can be mrt. At any rate, for this 
bcxok the straightforward interpretation of thr role of paradigm in science 
will sdfice and should be useful. 



This boo& is about space whce. The subjm is simpk in canapt, 
comprising t h e  scimtific investigations ?nude possible or significantly 
eidid by rockcts, sakllitcs. and spscc @&s. But in its realization space 
science turns out to be very complex b u s e  d the diversity a4 scientific 
investigations made posible by space techniques 

Interest in the pheMnnena d space is nol mpnt, its origins being lost in 
the shadows of antiquity. Impelled by curiosity and a desire to undtrsrand 
man has long studied. charted. and debated the mysteries of the ctkstial 
sphwes. Out of this in te rn  came e\pntually the r adu t ion  in t b ~ r g h t  and 
outlook initiate by Cbpmirus,  supported by the remarkably precise meas- 
urements of Tyzho Brahe, illuminatd by the obsen-ations of Caliko a r d  
the insights of Ziepler, and given a theoretical basis by Newton in his pro- 
poxd law d gravitation. The Copernican rpvolution continues to unfold 
today it1 human thought and lies at the hean of modem astronomy and 
cosmol~g?..~~ 

Yet, ttntil rcantly outer space was inaccessible to man, and whatever 
was l e a d  about the sun, planets. and st.us was obtained by d ten  elaborate 
deductions from obsewations of the radiations that reached the surface d 
the earth. Nor were all the inaccessible reaches of space far away. The 
ionosphere. itnportant because of 11s role in radio communications, was  no^ 

as far away from the man on the groud below as Baltimore is from 
N*ashington. Se\eriheless. until the advent of tk: large ~ ~ k e t ,  the iono- 
sphere remained im-msible  not only to mar. hinlself but even to his 
instruments. -4s a result many of the conclusions about the upper atmos- 
phere and the s p c r  en\ironment of the earth were quite tentative. being 
based on highl>- indirect evidence and long chains of theoret~cal reaming. 
-Time and again the theorist found himself struggling with a plethora of 
possibilities that could be reduced in number only if it were pssible to make 
in situ measuremen~s. Lacking the measurements. the researcher was forced 
into guesswork and speculation. 

Small wonder. then. that when largr rockets appealed they were soon 
put to work carrying scientific instrumentz into the upper atmosphere for 
making the long needed in situ measurements. From the very start it was 
clrdr that the large rocket brought with it numerous possibilities for aiding 
the investigation and exploration of the atmosphere and space. It could be 
instrumented to make measurements at high altitude and fired along a 
vertical or nearly vertical trajectov for the purpose. falling back to earth 
after reaching a prak altitude. When XI used the rocket became know7 as a 
rounding T O ~ N C I  or rocket soride. and the opt-ration was referred to as 
mueding the upper attnmphere. 

.A rcm-kct could also b used to place an instrumented capsule into orbit 

. around the earth. where the instriiments could make extended-duration 



measurements of the wur reaches of the anh 's  aunosphac or obvMtions 
d the sun and other celestial objects. Or the focku might bun& an instru- 
mcnvd ~ p s u k  on a trajectory that would take it far from the anh into 
what was~cnrd toasdcrpspm,  prhapstoviuisitandmaktobolrv?tionsd 
tht moon or another plane. Thc orbiting capsulcs were called ntifiCi.1 
se(cl1ites d the earth; those sent fanhcr out a m c  to be known as s-e 
proks or + space probes. Finally, the ultimate possibility of carrying 
men away fnnn the earth to trawl through deep qmm and d y  to visit 
other planets emphasized dramatically thc ntoc. power that nlen had 
acquired in the creation d thr large d c t .  

A languagv of rocketry emcrgcd, which the m-3 r i  popularid- 
Familiar words took on new meanings, and new tenns m c o u n d  
artificial satellite, spacecdt. space launch \.chick, d e t  stagps count- 
down. ltftolf, t r a ~ ~ ,  orbit, uaclring. tetemctering. guidance and control. 
remmdcets, remu)--and space science- 

Through all the centuries of scientific in tent  in space phemmem, the 
phrase space ~zcncc had not g a i d  common USE-. That the termidagy did 
not corne into use until after rockets and satellites brought it forth giws 
f m e  to the definition d space science given at the start of this section. That 
definition sns forth the meaning in mind w-hcn in June 1957 the t7.S. 
Natiolaa! .4cademy oi ~. txe  combined the functkm of the ICY Technical 
Panel on RocImr)' and the ICY Technical Pace1 on the Earth Satellite 
Program into a single board. naming it the Space Science bard. Tha. is the 
meaning implied by t h e  d i r ~ j s i m s  in the first book-length publication by 
the Spac: Science Baard a few years later.'c That is the M. ning picked up 
b? Samuel Glasstom in IW in his comprehensi\r s u n q  of space science: 

Thc spac'c sricncts mat- be defined as thczst arras d & to which ncw 
knrrr.kdgr a n  bc conuibutnl by ll~ans d space whkks i-z.. wwmfurg rudtlcr 
satcllitcs. and lunar and plarmar). probts. c i k  manned <rr unmanned. Thus 
spas wicncc~ does nm constitute a new xi- but repments an imponant 
mtension d the fmticrs  d such existing xkim as astrcmany. biology, 
geode!. and the physics a d  chemise of Eanh and its environmmt and d 
the r r k i a l  bodies.!; 

\%'bile the basic meaning of space science was clear a ~ d  unvarying from 
the start. the exact nature of the activity. and in particular its relationship to 
the rest of scienw. was trot alt\.ays so clcar. glass tone'^ tist. in the above 
quolatian of space sctctires in one place and spaif wirnir in the very next 
sentence reflects one question that arme often during the first years of the 
NASA popam. Is space science a new xicntific discipline* or. if not yet. 



will it in time k r c l p  into a new discipline? Thc qucztion ;umt primarily 
because d the purescience hmctcr  of space science and the mmp~ cdra- 
ewe that quickly ckvdoprd in the ficM, but also because d the bmrd range 
d scientific topics to which rrscarch n m  ;#lrctrcszcd The initial to the 
question gcmmlly agreed to by t h e  in the program %.as that gitm by 
Glasst01~: space science was nor a mw discipline and shouM nol be ex- 
pecvd to bcromc one. The initial response probably intuitive. tu t  in 
mrospea it is to have bccn h e  concrt answer. 

Space science makes extensiw contributions to geophysics but this pan 
of sp;rz science remains a pan d the discipline d kophysia using its 
techniques and instrummmtion and employing and extending its basic 
theory-sharing its pandip, that i s  The marckr s  using space tech- 
niques for geophysical investigations, while pffhaps thinking d thcntsdtps 
as space scientists. continue to call thcmsel\rs geuph~sici~, to k m e m h  
d g q h p k a l  societies like the American Geophysical I'nion, to prrscnt 
their papers at geophysical meetings and to publish them in g t o p h ~ s i c a l  
journals. 

Space science also makes numerous contributions to astronomy. but 
again the pans of space science devoted to iasmmomj- remain a pan of the 
discipline of astronomy. and SF scientists using rockets for asvonomical 
research continue to view themselves as astronomers. Their IPSC.I~S am pre- 
sented at meetings like those of the Amerian Astrmornical Society or the 
Intmmtiorral Astronomical I'nione and are published in their journals or 
proceedinp. 

Chsmi<- ray physicists find space methods advantagcms in many d their 
researches. but continue to be cosmic ray physicists first and space scientists 
onl) incidentall\. Examples can be multiplied at kmgth. 

Severtheless. for several ?ears lollowing Sputnik the thought [hat space 
x i e m  might evolve into a separate discipline persisted. One a n  under- 
stand why. The demands imposed by rockets and sy;rcecraft on the run- 
ning of a science program were severe. giving a coherence to the field akin 
to that characteristic of a scientific discipline. But rwkets and spasemaft 
did not rest upon or stem from the scientific disciplines t h q  served. 
Rather, t h e  were slnaply trucks to qrovide transportation to otherwise 
inaccessible places. wh~le the genuine techniques and insuummtation d 
*he inves~i~gations were those of the individual disciplines that benefited 
from the new means of tranrportation. 

To emphasize the d i v m  scientific disciplines. writers sometimes chose 
to use the phrax spacr sctrnrcs. AI other t ime authors u d  scrmcc rn spucc 



to imply that space s c k m  was nm -tc from science on the gnwnd and 
was ncithcr morr nor less than the familiar. cwqday sdcnrr carried out in a 
nm. arena. These initial unrntaintics wrre rcflcctcd in the changing names 
giwn to the qmm s k m  group in NASA Headquarters by I!! author and 
his colleagws. In 1958 and 1959 the division in the Offie  d Space Flight 
Derdopment that had ~psponsibiiity for scientific mearch in spacc was 
labeled Space Science. When NASA Headquatters mwgani#d u m k  the 
new adminisuator, Jamcs E. Webb. the science program w+as e h t t c d  
to the brl d a s e p a t e  office. whk-h called attention to dw plural natured 
its actik~ty in its titk: Officed Space Sciences. Finally. in the reorganitation 
of i%?l that brought sciencr and applications t o g d m  umler one head, 
NASA settled on space scirncc as its choice for the nest d the I-, designat- 
ing the new. entity as the Office of Spam S c i m  and Applkarion~.'~ 

If spare science had been distim'tly separate from the rw of science. 
NASA might w l l  have felt less impelled to draw in the wide participation 
that the a m -  encouraged in the program. -4s it was. rrcognuing that no 
single a p n q  could nzdsonably expect to bring within its own halls the 
expertise necded for all the separate disciplines. N,SA d o u s l y  sought 
broad participation from the outside xientific community. especially from 
the universities. whtse the greatest intcgest in pure science was to be found. 

Within the universities the question arose in a somewhat d i f f m t  form. 
-4s the numben d thtne c-ntering space science grew- a p e .  a need 
to provide training for new scientists who might wish to pursue space 
research as a rarwr k a m e  e\-ident. Should this be done b:; setting u p  
deprrnwnts of space sciex~ce in universitk; l'he instincr of :r'AS.4 program 
managers was not to do so. and when asked they  advised awinst it. m o m -  
rnc*ndirig instead that opportunities be provided within the traditional 
departments of astronomy. physics gmphysits. p l n g y .  etc.. for taking otl 
spr - r r la t td  problzms as thesis topits. Most universities saw it this way. 
althoirgh a few decided to t~xpi rnent  with separate space xience de- 
partments.. 

The inseparability of space science from thc rest of W~CIHP and the bmad 
range d disciplines to which space tec-hniqi1t.s promised to contribute gdw 
i m p u s  to the rapid developtncnt of wiener in the national space prwram. 
It milst be emphasized that scientists camc into the progprn with probletns 
i hat had been under at twk by cnhcr n~etkuls and that appeidnd to need some 
new approach if they were to be aolvd. 'The promise to provide that  new 
appcxach drew researchers first to soundins rockets and later to s~ te l l i t s  
and space probes. 

Yhw s~rtrulul ~ p c m n r n t  rrr\ ~ h c  k p r t m n ~ c  d s t n -  .r uup tn Rur I'nt*rutt ctnkr 
thr  c l ~ m t ~ m  d r trwtng t h m n n  ri phtrtt tu. IR .\kumk k s k r .  rho had drmr rtmudrrrbtr 
m r i r r a  h ~ I I I  thr n m  I t  dm r n d  trmvrul n u p u w q h  and r t n b  frn umr tram und ~ h r  Amrtman 
C k y l h t s n r l  ('nun a5cditrw cd t h  yulr ~ ~ w r r w c t n m  t h r ) o r m ~ l o l ( ~ p ~ r r i a l  Rrscorch. 



M ~ - i ; r s ~ x ~  of Sp~cx S ~ F N C E  

Writing about six years after I k! s m  of sounding rockc( research in the 
United Stares, in what was probably the first book dewxed to the subject, the 
author was able to find in the scientific litenturc significant m u l u  to rqxut 
on upper atmospheric pressurrr tempmaturrs. and densi rk  atmospheric 
camposition; solar radiations in the uhraviokr and x-rays; upper-air winds; 
the ionosphcrP and the canh's magnetic field: msmic rays; and high-altitude 
phcwogmphy. A year later the list -2s crttnded em further in a book 
reporting the papers presented at the first international confcrencc on the 
subject d hi.&-rrltitd roeke~ tesearrh, arrdaged by the I'pper htrncsphtrr 
Rocket Rearch Panel (see chap. 4) d the I'nited !hat- and the Gassiot 
Committee of thc Royal Society of London.'' In 1956. juu a dnadc after the 
start cf rocket sounding of the upper atm05phim, the lrpper Atmoylhere 
Roclvl Research P a d .  extrapolating from its sounding rocket crperifflcr. 
turned its attention to the mearches that would bt p s i &  with instru- 
rncn*td satellites of the earth. These deliberations were published in the first 
book on the subject to be assembled by persons professionally mgagcd in 
high-altitude research. 20 To the m r c h  topics l i d  above. the book added 
some new ones: metecws and interplanecat). dust, panick radiations from the 
sun. the aurora. stellar astronomy. meceorolqp. and geodesy. The potential 
cotitributians to science of bash manned and unmanned spacerraft w m  
discused in the Space Sci- Board's first book. While most attention was 
devoted to unmanned exploration of space. the ultimate potential d 
manned spacei)ight was rrxognized in such words as: "The significant and 
exciting mle d man lies in the exploration of the Moon and planets."2' 

Such scientific in\rstigations. made possible by sounding rocCrers and 
spac~rraft. came to define what is nit.i*nt by span- w i m ~ .  Much of the 
potential of s p a r  s c i m  was already dismmible More ever a satellite had 
been launched, and by the end of 19ti0-by which time the first S.4S.4 
adniinistratw. Keith Glennan. had set the agency firmly on its course-the 
b d  sweep of space scienrv was fully apparent. By the end of a decade 
space wiencr raearch had h o m e  worldwide. and a steady flow of rcsuits 
was pouring into the lit mature.^ 



The Context 

To divorce modem science, including space sckncr. from other pursuits 
of soriety is impossible. What scientists do obviously and pws ive ly  affects 
the rest of Society. Reciprocally, the complex activities of Society, its moliva- 
tions and changing objectives, what it choose :o develop and use d tech- 
no&. as wel! as the specific suppon that society-for a varict). of reasuns- 
provides to science, determines in large measure what mssudxs scientists 
undertake. A properly rounded histor)i of space science should ucat d more 
than the technical subject matter of the xi- itself. 

As might be supposed, scientists a.-e usually moved to take up their 
researches by a curiosity that impels them to find out how nature works. 
The scientist is likely to be driven by his personal fascination with his 
profession. He is willing to devote long. physically and mentally taxing 
houn to his work and to endure hardships and danger-like the astmmmm 
in the small hours of the night at the mountain top observatory, or the 
atmosphcnc xientiu wintering over through the long Antarctic e s .  or 
the urkdersea explorer-if only he be given the necessary resources for punu- 
ing his researches. 

But why should society suppon an individual in what so dten appears 
to be a highly personal endeavor, partic.ularly when the price tag today can 
run into millions or hundreds of millions of dollars? T h  seeking support 
for science have to wrestle with this fundamental question constantly. The 
answer for science cften can be quite simplistic. From the knowledge 
acquired tl-lmugh scientific investigations. it is argued, come eventually 
many of the technologies and their practical applicaiions that people want 
and will pay for in the marketplace (like radio, television, home appliances. 
modern textiles. better automobiles. and h t s )  or need and must pay for 
(like improved ngriculture, health care. modern communications, and uans- 
portation of food,ir~aterials, and supplies). That is the principal reason why 
society finds it profitable to support a considerable amount of science. 

But the simplistic answer gives no hint of the complexity of the vexing 
guetions that arise when Wvemment and industry are asked to foot the bill, 
+rticularly for what is sometimes called pure scietlce. What applications 



will muld How long will it tab5 How much scientific research will be 
needed? What kind of research would be best for an optimum pr#tioll 
mum on the iwcstmmc? Where should tht d be done-in industry, 
the universities, govmment laboratories, or r d  institutes? Who should 
dccidewhat mearch todd 

l?wre is no absolute answer to any of these questi- and cJrcumstan- 
ccs a n  make some d them exceedingly perplexing. The literature on the 
subject is ovawhelming, and any discussion d such mattem demonmates 
quickly that sciemx has many aspects and ampkc relationships with other 
human d v o r s .  It k a m e s  imponant, for example, to disringuish among 
science, technology, and applicrtiun. 

Technology is not scim, nor is science technoktgy, but there are 
important relationships between them. Technology is vchnical know-how, 
the knowledge and ability to do things d a technical or engineering nature, 
including the field d industrial arts. On the basis d cMlsidetable know- 
how, or technology, the Babylonians built and operated a d b k  irriga- 
tion system; equally remarkable was the technology of the ancients in con- 
struction. But neither terhnology derived En#n sdemx as we know ic. On the 
other hand a tremendous amount of tech- does flow from the results d 
scientific research. Examples are to be found in electronics synthetic mate- 
rials, uansprtation, and medicine. 

Technology also supports science. Electronics provides invaluable serv- 
ice to sciencc in detection and measurement; the technology of materials is 
imponant in radiationdetection instruments; computer technology is a 
great boon to the theorist; and modem engineering is fundamental to the 
design and consuuction of modem astronomical telescopes, huge particle 
accelerators. and nuclear reactors. Rocket technology made space science 
possible; that technology in its turn rests on the results of considerable 
xiontific research. 

Application is the last step in the chain from technical know-how to 
actual use. Thus. the use of meteorological satellites for weather obaerra- 
tions is an application of both scientific knowledge (of the atmosphere) and 
technology (of spacecraft construction. instrumentation, and operation). 

The intimate relationships among science. technology, and applica- 
tions give rise to many questions like those cited earlier. Some sort of 
rational response must be made to such questions when the public is asked 
to spend billions of dollars of tax money a year for scientific research and 
many more billions of dollars a year on civilian and military technical 
development. The need to respond to such queries has been a continuing 
requirement throughout the space science program. and most certainly will 
continue. These issues should be examined, therefore, in enough depth to 
understand how they influenced the space science program.' 

Take. for example, the question: What applications will result? If the 
question is asked about applied research that is intentionally directed 



toward a specific application already in thc minds of the r e d  and his 
supporters, then that specific application will be the end result if it turns out 
to be at all possible a d  economically sensible. For, as the mearchg putsucs 
his investigations. he will always be oriented toward the @bed end. 
New scimtific results that appear to lead in the c i i d o n  of the desired 
application will be pursued, while avenues that a p p a r  to iead in some 
other d i d o n  will not be foliowed-though they mav hold pmmise of 
answering very fundamental questions about nature, the answers to which 
might prove of more practical benefit than t h m  the applied mrrrcher 
feels constrained by his assignment to investigate. 

Here is the crux of the matter. The uncommitted scientist will pursue 
the avenues that appear to offer the greatest promise of answering the most 
fundamental queuions about the nature d matter, energy. physical laws, 
the unitmse; the committed orientation d the applied researcher will ktep 
him always uwking toward the planned appl ica tb .  To the industrial 
manager, the legislator. the pp fnmen t  administrator, the btter goal might 
seem preferable to get a specific job done--and \my often it is. To invest 
funds in satppn of m c h  that holds greatest promise of a specific desired 
application is the most easily justified and patently wise course of action. 

Yrt  there is a pitfall. Time and again invaluable practical benefits haw 
comc I r ~ m  uncommitted research and could not have been foreseen or pre- 
diced. Purp science, almost by definition, precludes a clear prediction of 
results. It is the w a c h  for new knowledge. If the knowledge were known 
ahead of time, it would not be new. 

The classical example, often cited, is the discovery of x-rays by Wilhelm 
Canrad Roentgen in 1895. Within a year of their discovery, x-rays werr 
being put to practical use in medicine, and in time became d enormous 
value in medicine, industry, and scientific rrsearch. Roentgen's discover). 
resulted from experimenting with electron beams in evacuated tubes. Had 
he been directly seeking something of value for the medical profession, he 
wauld most likely have put away his electron beams and takcn up some 
more "practical" line of investigation. and the discovery of x-rays wou;d 
have been postponed. 

Examples ol practical returns from pure science can be multiplied 
almost ad infinituni; for example. James Clerk hiaxwell's work on the 
thror). of el-tricity and magletism and the whole wain of subsequent elec- 
tromagnetic applimtions; Heinrich Rudolf Hertz's propagation experi- 
ments and radio; John Dalton's work on combining weights and modern 
c.hemisu)t: Christiaan H u y p ' s  work on optics and the oplical industry: 
and the years of purcly scietrtific invesiigation into the atom and its nucleus 
that furnished the baris for the Manhattan Project. which in turn led to 
modern nuclear applications.2 

The uncommitted researcher, while he cannot p i n t  to the future and 
sa) that his researches will produce this or that specific applitation as a 



payoff, can Iuok back and point to use after use that was eventually made d 
the results of his kind of nonprogrammatic, nonapplied, uncommitted 
research. Many have argued the historical record to justify support of pure 
science. including support d enough researchers free from the constraints 
of programmatic or applied research to provide the uncommitted frame of 
mind that is most likely to follow up  interesting new discoveries w b v r  
they might lead.' 

The importance of uncommitted research goes even deeper. Even the 
applied researcher relies on the scientific paradigms [hat he has inherited 
from decades and centuries of research. and these are based on data and 
results, a large pan of which came from uncommitted research. The truth of 
this assertion was borne out by a series of studies supported by the National 
Science Foundation and published as Technolog?. in Retrospect and Criti- 
r x !  Er*cnts in Scrcnct ("Traces").' Szveral technologits or technological 
,! $,>';cations* w a e  reviewed historically to identify scientific results that had 
bmt -'kc\ to the progress of research towards the innovation" under study. 
Withnut going too far afield. some of the Trarrs conclusions should be 
noted. I he study found for each case that about a decade before the 
application-that is. about the time one was finally in a position to discern 
and deiint- technicallv the potential application or technology-almost all 
of rhc basic research needed for the potential application had been done.? 
\Yfial was most significant. howe\er. was that all applications depended 
vitally. critically. on a long history of basic research. a substantial part of 
which was nonmission. i~ncommitted research; in the cases studid more 
than 70 percent of the key scientific results stemmed from such research. 
Moreover. the sources of the critical information were international in 
scope. and universities. industrv, government. and private activities made 
significant contributions. 

This kind of story the defenders of the space science program had to 
convey to the administration and the Congress to obtain funding. There was 
a narrow path to tread. Space science was largely pure science, and re- 
searchers were by and large uncommitted to specific practical applicalions, 
although man) of them showed a keen interest in applications of their 
results to such purposes as meteorology. geodesy. and earth-resources sur- 
veys. 1'0 retail1 a free hand for the investigator was important, but if the 
research appeared too irreletant to the immediate needs of society or. more 

. M a p &  ferrite. the upr rcmrdrc. t h t  oral mntnrryci\r. tht tkrrnm mnmopr. and 
matrix ihticm. 

tTr.rrs &a11 with a rritiral p int  ra id  bv C. W. S h i n  and R. S. lrt~son. "Fim interim Rqmn 
rm F,.:;WI Hindsight (Summary)." Dryl. d [kfma. ( W f k  d the Dir. d Mmx Rrum-h and E M -  
nming. 1%. && Hindsight v t  c a d  quilt a sir among ximl~us a d  gaw :he Sational S c h w  
F<mndatim. NASA. amintk  p-rmnunt @cs su-ing basic marrh trouble in thr adntiniun- 
ticni and on the 11111. I1m411w ,uixrficiall\ the rrprt appwrrd tu show that mlv applid fncarch was 
imlnwtant fnr supporting the drrrlc-I and applicatitm d rrchrmlop-in this rax. militan 
applmutm. 



narrowly, to the interests of the legislator's constituency, support would be 
hard to come b). So a substantial effort was made to point to the potential 
usefulness of the space science research that was in need of ~ u p p r t , ~  at times 
to such an extent as to distress members of the scientific community. The 
pressure to produce useful results quickly was always there, and the scien- 
tists were m~ndful of Vannevar Bush's cautron that "applied research 
always drives oiit the pure."6 

The haraid was real, for if the importam of pure science for future 
practical UVS was not communicated to the legislators funding could be 
difficult to obtain. On the other hand overselling muld genefate great ex- 
pectations of immediate practical returns, with a day of accounting but a 
few years down the road in some future budget hearings. In general, the 
practical returns from pule science must be reckoned as being well into the 
future.' leaving the proponents of pure science with a very tricky selling job. 
An appropriate scale seems to be that the time from basic research result to 
its substantial, continuing use in practical applications is two or more 
decades. The :tuthorls view is that new knowledge begins to be applied 
extensively only when it has become second nature to the appliers and 
springs more or less readily to mind as needed. The time lag, then. is related 
to the period required for the new knowledge to diffuse through the field. 
become accepted. and enter textbooks, courses, and handbooks -to become 
a familiar element of the shared paradigm of the field. 

In contrast. to develop a difficult. complex technology once the essential 
concept and underlying principles are known, a decade appears to b about 
the right time needed, while the final development of ao actual application. 
once the basic research has been done and the pertinent technologies worked 
out, is a nlatte - of some vears. Examples of the development of applications 
in the space tield are the meteorological and commur~ications satellites 
which. relying on the research and technoic.zical development of previous 
decades. could be built and put into orbit in the first few years of NASA's 
history. 

In the 19th centbrv the time for new results to diffuse through the field 
and become accrrpted into the paradign-in fields \ath developed parad~gms- 
was about 50 years.8 Today, with the more rapid flow of information, con- 
.iuntl? changing study courses, and frequent revision of textbooks and 
:lant!books, the interval is down to perhaps 20 years, with many examples of 
applications of new results sooner than that. It \r.ouid seem, however, that 
some practical minimum tirne must remain for new knowledge to flow 
throughout a field, gain acteptantr, and Iwcorue scu-ond nature r6 sizable 
numkrs  of prm titlonen. If so. the ~iiost effecti\~ of speeding up thr 
realization of practical returns from newly acquired information is to speed 
up  the process of making it second nature to p tc r~ t ia l  appliers of the infor- 
mation. Is not this what, on a small scale, industrial research .goups and 
applied research institiltes try to do? 



Space science was in the main pure science. and its researchers were un- 
committed to the development of pnctiral uses of the results thcy obtained. 
But adrninisuations and congresses were committed intellectually and po- 
litically to the realization of genuine practical returns from investment of 
public money. Those wha m a n a d  the p r m a m ,  thewfore, had to strive to 
preserve and protect its pure sciencr charicter. \vhile making plain its 
ultimate practical worth. and to do this without undercutting the one 3s- 
pect or overselling the other. 





Part I1 

Taproots 

Each r)enturr 
Is a beg;*lrzing, a raid o n  the inarticulate 
With shabh  equipment always deteriorating 
It1 the general mess of imprecision of feeling. 

T. S.  Eliot. East Coker 



Prophets and Pioneers of Spaceflight 

The rocket apparently made its debut or1 the pages of hiuory as a fire 
arrow used by the Chin Tartars in 1232 for fighting off a Mongol assault 
on hi-fag-fu.  The lineage to the immensely Larger rockets now uxd as 
space launch behides is ~nrniualrabte.~ But for centuries d e t s  w-ere in 
the main rather small, and their use was confined principally to weaponry. 
the projection of lifelines in sea rescw, signaling. and fireworks displays. 
Sot until the 2'0th cenrury did a clear understanding of the principles of 
rockets emerge, and only then did the technolog? of large rockets begin to 
evolve. Thus. as far as spacpflight and space science are concerned the 
stop of rockets u p  to the beginning of the 20th century was largely 
~ 1 o g u e .  

Se\.enheless. weil before the 1900s numerous authors showed a keen 
appreciation of what satellites might mean if only a way could be found to 
launch them. Their fiaic~nal accounts of space travel are oftea cited as 
earl! harbingers of the modern space age,? and in the light of recent 
achinements the long histoe- of rockets makes exciting reading. Especially 
those engaged in spare research and exploration find peculiar fascination 
in d i n g   bout liepler's i m a g i w  visit to the moon, described in the 
little book Somntttm, s n v  .=Istron~m~a Lurtaris published in 1634, several 
\car=, after Kepler's dq*'  ' I>; in following the flights of fantas) recotrnted 
In Jules St-me's Dc In . i r rc  ci In I-unc 11M.i) atid .furour dc la Lunr 
(1870). E\en the artificial satellite turned u p  in The B w k  Moon by 
Edward E v m t  Hale. serialued in the drlantrc ,%fonthly in 1869 and 1870. 
Launched bs huge rotciting water wheels, the Brick Moon, a nlanned satel- 
lite, was intended to serve as a navigational aid. In the first years of ihe 
space progridm. John Simlaides, one of the engineers professionally inter- 
ested in ,qeodes) and nat igation. took great delight in giving his colle;t.gues 
copies of Hale's little stov. 

These and numerous other writings of the kind legitimately belong to 
the lor- of the space age. \lshile they predatr the emergence of the serious 
borh on large rockets that made the space program and space science pos- 
sible, the) naertheless hate a sptxial significance. Such imagining reflect 



the mturics-long interest d mankind in the htamas. !hm men climbed 
mountains to ~c u p  asuonomical obrcrvatories. others to measure how air 
prcssurc changes with height. No rooncr had the Mmtgdficr brothers in 
1783 &monsmtcd the feasibility d hot-air b a l k  than aeronauts hcgan 
t~ fly in them. That same year J. A. CL Charles of France arended in a 
h ~ ~ - f i l k d  balloon. This first pasp on the ageold dream d flight 
brought forth an amazing zariety d ideas and en;pmiments. and by the d 
d the 19rh century powwed balloon flight w a s  a reality. tie sausage- 
shaped dirigible k i n g  the mos~ s u c d u l  fotrn.' In the 1920s and 1930s 
high-altitude ballooning w-as serious business. with mm like Gray. Pic- 
card. Andemon. and Ste\wrs setting onr altitude record after another. Thc 
mord d 22 kilometers .gained by the last two in the helium-inflared Ex- 
plorer N. in 1%. persisted for two decades. 

Where mcn could not go thg. sent their instruments, surrogates for the 
time being for those who would surely follow later. .b hmg ago as 1749. 
three ycrus More Benjamin Franklin's famous experiment with lightning. 
A k a m h  Wilson of Scotland sent &mnonuten aloft on kites to measure 
upper-air temperarures. By the late 19th century mcteorotogists were flying 
k i t e  and balloons canying themnomxers and pressure gauges to iinwsti- 
gate p r o p i e  ~f the atmosphere. In 1898 the French merecwologia Lion 
Phi l ipp  Teisserenc rle Bon started using such balloons to obtain reliable 
temperature measurements up  to a height of 14 kilomerers. By 1901 he had 
proved the existence of a stable. iwnhennal region a b e  I I kilometers. to 
which he gave the name stratosphme.~ 

During rhc 20th centuv free-flying balloons became a much u d  
means of making remote xientific observations in the high atmosphere. 
-1k airplarre, of crwrse, made flying at great heights routine. While air- 
craft couid not beat the balloons in altitude. the ability d the airplane 
pilot to control arruratdy the time and lorcrtion along the fli,ght path 
added a new dirmsion not a f f d e d  by the free balloon. 

.As won as men cauld cq to s o m e  hitherto inaamssible s w .  they went 
there for a variet~ of morivations-curiosit~. perhaps to make scientific 
o ~ a t i o n s .  simply rn overcome a challenge. to lay claim to a new do- 
minion. or in pursuit oi an inherent drive that it was psvcholo+$cally 
impossible to deny. The m r d  indicated that w l m  ma\  could leave the 
earth they would do so. The early ctories about spcv  trawl sentxi notice 
that  n;3n was i n d d  taking aim a: the stars. 

But. u hile the writings on spac~ up through the 19th m t u q  pointed 
a prophetic linger t,)ward the future. r h q  c-oi~ld c-ntributr little more. 
llostly fiction. much of the wriring was markably foresighted, but also 
much was incormt. Jules Ycnlr's enomlous c-atinorl uxrl to lai~nc-h his 
mooncraft from an under-ground pit in Florida would have subjected the 
psxngm to bone-crushing acmlmtions and the spacmaft to seariqg [em- 
pratures from atmospheric friction. But his u x  of stnail reaction rockets 



ttr c r n ~ t n l  the attiti~dr id the s p a m ~ 3 f t  in flight was quite a m  in cwt- 
c q x .  %I. tin. was .4chillc Eyraud's c x m r p ~  d a m u m  morm to hunch a 
s p r ( r a l t  c w ~  his l iyagc a l i f f ~ ~  (ptjMished in 18'5). but Eytatd  was not 
aware that water. whit41 hc uud as the p m p e l b t .  was utterly inadequate 
It# the job. 1,ilrwiw. Hsic's w s ~ m  w k l s  txwld ne\m haw imparted the 
Imrs*;nv i ~ n p ~ l w  t r ~  launch thr BritJi Mcxw~ into t d i t .  

-1hc writrrs td t h r  19th emcup  showed ;rwarnwJs d the s c k ~  d 
rhcir day. I#;( I- nutugh was k r ~ ~ w t t  a h w t  thc basic pttysit3 td tuckes fcu 
them tcr umkrsta~rd clearly what was r e q u i d  to lattr~c-h spumiah. Not 
tr~ltil a grnitirw it~nkTsti~tidin~ cd the p r i i ~ i p k s  cd wactitm mc~ors was 
attairmi CT)~IM t h r  large nn)(.li~( k~ s ~ ) ; ~ c ~ f l i g h ~  br m t d .  This 
itt~k-rstirttding ha1 to am-ait the 3lth crtittm.. -1hose wlw wnrr h.fm that 
tinw w m  trcxx~tdirr~lv t-.rst in thc l c t t r  cd ~wtqdwr. -4ftt-r t k m  c a m e  the 
pitwms. 

S e w  t h a t  krnBphcr> tu.l?iect. F.tt f n ~ m  i ~ .  Itnasi~~rtivc. writing twitinwd 
ir~r.~h;~ttd. e\nI .H-tulrratd. as lrtcr authcws ftxarrct tlmasrl\ps able to draw 
tqxm ;ur el\;pa~tiiing l ; ~ ~ ~ \ ~ I t x t . ~  ttd rc~l;<.cs ;lt#l prirk-iplt5 cd . s pd l i gh t  to 
give rhcir tr.irrarivc\ plattsibilir! and pcmu.asi\nms. 5ic~k-s .  c-rm~iz s tr ip ,  
trrdio prcw;etts--.i11ci btrr  tclt.\-isitrn-prt kt11 11p rhc thrtrw. Pcrbap tke 
cui~irinatic~n oi thrw 1xirpht-tic writine \\.:is to hr fcwrhf ir\ . % n h ~  <:. 
<:l;~rkt*'s ck:igitrhtl Thr E\-pk~rnlron o/  Spnt-c-)rcn~~~rl  as .I H l l i - u i l - t k  
51c~11th < : I I I ~  sit 1 !~t*~l-iti \\.hieit tltt- ;1t8ttww ts,.a.- ,ttbl**, 111 1:1\11sa:&-s ~CTIIIS 

\.rt wirkrttt ~ l t i i i : ~ ~ ~ ~  t t~h~lit-a1 \.tiidit!. to lay brfcm. tlw rc;& 3 \ t r ~ t . t b k  
l)lt~t.pr;~it td tlrr >fr.acm \ ~ r t ~ ; t t i ~  t t b  C X W I W . ~  

Much e l  \\-h.rr I : L r i c -  wrcrc. 111 1951 d m  u j k ~ ~ i  tilt* pic~tccrla!: wcxk d 
thr prmioirs .iO vc=*rh sr hr11 rhr lar*. I ~ R - ) ; ~ s  h.~! h w t  :~ttrt~ght into k i~ tg . '  
Ikaing t h a t  p-ricd ttxttbn:;czta-i.~t~s armi phrait ist, tk-irIiqx.cl ;a scxlrd than? 
ctl rtw-Lt.1 ~ttttpul\ict:r. !I\ ! ht* I ' r l~t txt  SI;II-. <i.rtii.tnv. a1n1 l t l~s\ i . r  b ~ h  
.tilratct~n ;rtrd t>rtdt~-Lriwls rs~wri~~tc~i t tx l  wit 11 t t t c '  rit'siqt. 4 ~ W ~ S I I I W I ~ ~ N I .  

.tnci l . t ~ t ~ t r h i n ~  o f  I w h  iitlt~id- anti arliti-lm)lwll.~nt nu-kcts. 'lht* i rnpr -  
t . t~kt-  of tht-it- 1)icmtwing work \\-cnt l.~rgcl\ unr tx -c~ i i r t~ i ;  ttw .grirt.1.11 
iluhlic w,ts alostl\ ttt~.r\v;rt-t. oi what tht. nw.kc*ttx-rs wcrt* trp t t ~ t - s r r p 4  when 
qnx r.tcwl;u tc>r.i td tht. trt-\\. f.tagltx1 1ie-s ic.t.s. ts.tiic-h oftc.it c~lcitrf in  mishap^. 
t.rttghr t t r r  ,wic*~riiotr .)I t l t r  nc.w?irtvwls ,111ci rrt%vslrclwn. But for tht* seriously 
inrcrt=sttd thcrr \\..IS .t g.i~\\.i~lg litcr;rtur-c to wire ~ I ~ W H I  . I I I ~  ck~t)trr. 

l'hrtr. pets~ttis \\*t-rr j~rrric.uI.rrl\ sigttific:rsr it* thr il;trtsiticwr frtwn thc 
s111.111 rcxkc.rs o C   la. l!)!h tr.ntttn t c t  tht. c.olc~ci td ttte slxrcx* age: Ktwiswntin 
):. I'si~tlLo\sk\- it1 Kua.ii.1, Kolwr~ 11. (;twid;rrd i r t  ttrc I'nittxi Stirttlr. .and 
I 1rrrn;titn 0h.rrtt in f;c.rm.alr. I t  ia .uc.trcr;tll\ ;rgrrc.ti tltar prior i t \  p m  to 
i'siolhtr\ sL\ ( 1 H-57- 1!)3.5). \\.tro .~plhtrc'ntl\ in his terrrs t~.c-;a~rtc. intt-rc.stt.ti in 
the. ptwiibility itf slkuvflight. fit. \\.rorc of ?ip.tc~flight ill w.ii.ticr. fit-tit#]. btrt 
r;.c*tlt f~tt tht~t.  St4f-1.111gIrt it1 ~l~.rtht'tit;ttics. ,lstrottotttv. ,111d phv~itli. hc. 
c~tdtxi  to drvcltq, ihr h r \ i c  ~kt+bt: of rrk-kt-I propt~lsiott. ;rtlii i : a  1W s u b  
nlitttd his tie\\. f.ttlto&tr .a:ticl~, '* l%e* Irr~tlr t i~atio~t r t f  Otrtc*~ Splcx* tv blt*;~rts 



d Rm-iio91 ..\pparatus." to the editors of Scimcc Sun-. The article. how- 
ever, was IMM published until 190S. For the m t  SO years Tsiolkovsky 
continued to write both technical papers and s r i m  fiction. much d what 
he had to sav being devoted to a lav<witc theme of flignt into dccy spice. 
about which he wrrne in 191 1: 

To p k  me's feet cvn thc soil d ;utcro& to lift a stone fm t h r  mam with 
your hand. to ccnistnkl nw~\ ing sutior~s ia eher s p y .  to cwg-nin inhabited 
rings arwr>*i k arth. I I I C X ~  a ~ d  sun. to ohsent Mars at thc d i m *  d sn-1 
trns d fig-. t.1 ;~CV'CIK~ to its sat~llitcs or OTII to its own wrCarr--what 
cxxlld br : i ~ s r + -  ~t~\attc! llowevcr. twl l s  at sln-h a tinre whm wat t i \~  dm& 
.arc applied. I\ s t !  a grc~t  r m  WJ k i n  in ;lstrcmc#ny: the cra ol mow in- 
tc.r;\l\ r s t u d -  t r l  tile t i ~ . ~ \  cms.2 

In iX?ti ~I'siolkovskv soggestrd the use ni artifit-ial earth satellites. includ- 
ing manntui pl3rkwm\. ;rs \vn? statiutm for in t t~planetan flight. arid in 
193 !re 1x11 forth an idea for ;I 111ultistap;t. rcw-ku which hz dexri&il as a 
rc* lit=! tr.&:n.* 

1.1i.c !he ;1pjw~11;11ic-1. of his first articlr on ruc-ker pritwiplcs, Tsiol- 
LtxsL! 's inf1ut.ric-c. itt K ussia \\.;IS dclayd. . i s  <;. A. 'Toiirrty. at.ridynamic-ist 
 rid c-hicf I C M  Lct r ic.nti\t o f  tllc SB\ irt (;o\tbl nmer~t in <i.nn;rn\ ( 19-46- 
IWii. c ctri;mc.nttri: 

i io l l s~~~t i r i  Eci:clrrir>\ ic-h Tsiolio\-sk\ c 1857- 193.5). the I ~ ; I I I  cd ".gt<at efforts 
.&titi li t t le rru-arch." i\ . . . cxu~s~cit~cd to tw the "f.tthcr" 16 p t ' r z ~ ~ t  Snt-iec 
a-hirvcnmits in rot let ttx-hrlolc~. Ht. q ~ v c  Russia a s!wceship p0jCr-t 
which was. ftu Im.3. 3bsol11tt-l\ trtriqur. But bring whi.1 he w-;a-a merc 
t a - h l l  in I m~rnne pnnithi~l x-hx*l. ;t t-h:u~)c+~ rather tha11 ;I I ~ W I ~ ~ C I -  

bis project did no1 .Itrr.rcr thr ar~mtitw~ II  8cscn-mi.Io 

. \ j~p~n'ntlv i t  tcwA the. j.rirhlic.~rion in <Xml;tt~.. in 1 9 3 .  of 1)tc Knkrtt- :u 
i fcn  I'ln~rrtor~-htoticr1~: I,\ tht, t Itrn~;tr i ;~rr - lu~~n t I c r ~ ~ w n n  Otr-r111 t o  gtwi tile 
R u s h n s  into .I' I IOI~.  Following t11c app..tr anc e t 4 Olxrtl.'% wcrrh. in which 
the author rlaborattd iri .qqrr;lt detail the applic-;~tiun of rcn.kt*t j>ropulsion 
to sptt c.flight. I~iolIiov.iL\ 's C;~I licr \\.c whs \rwe s c ~ ~ g l i t  out a * ~ d  .tvidl\ stu- 
ditxi. Intt.re.st in rtm-Lct prc~j>t~lsic>n iric rr.1~41 notic-r;~bi?. in the* Soviet 
I ' t~ion. \vllic.h ttwtk spu. i .~!  pains to .assert Kt1ssii111 c-l.tims to priority hy 
i s s ~ ~ i n ~  in 192-i <;csrman ir.lnslations of I'siolkrr\-sky's writings. That samtb 
\c..11 Fricxl~ ihh A. 1-~tl~tic.~.  I'\ic -!hct\ A \ .  .trlci Fclia F. 1)rhc.t rhi11d.v st;@rtcd 
tlic %% lc-tv 101  Slll(i\lll~ llitcl~>l.ltl~~t,lr\ ~ i ~ l l ~ 1 l i ~ l 1 1 i t ~ ; I t i c B l l s ,  .I 111.1)or .ls[~nr.l of 
\vhic.h c-ottc-t*rntxl intt-rplanctar\ 11 avcl. 

:\ftt-r a pericd o f  g~ouping  .rnd rc-grot~ping, Soviet \r.orkc*rs ill the cirly 
193th w*ttierl d c ~ n  t o  serious t-xjwrinietiting with 1;lr.w rrtx.lit-ts. with \r.hiih 
tire now bmili.tr II;II~NS o f  F. .i. I ' s ;~~ idr~ .  \'it. 1'. Ziondr;~t!trk. arid Xi. li. 'l'ik- 
hor.ravov \rV\.cre ;~sricxi;itc'ci. A s  carlv as 1928 liot~ctr.it?uk had put forth rile 



idea of using aerodynamic f o r m  to slow down a rocket returning from a 
trip in SF. Tsander designed and built a racket maor using kmosmc 
and l i q u ~ d  oxygen as popellants, which he suctpssfully tcsted in 1932. In 
.4uUqust of the following year the f i w  d u l  flight of a Soviet liquid- 
propellant rocket took p l m .  It was during this period that S. P. Korolev, 
who was to becume the giant of .Soviet modern rockerr?. in the 1940s a d  
1950s. b~g,an his work wl rcx-kets. His book Rm-krt Flight in the Strata- 
sphrrr was published in 1934 by t k  I'SSR Ministry of Defense. But not 
long thereafter a curtain C11 ow Russian rocker activities. not to rise again 
until the launihing of Sputtrik I revealed how much the Soviet I'nion had 
acmnlplishhr in the intervening 20 

Of special i n t t ~ e t  t o  s p - e  scientists. during 1935 a Sovi t~  liquid- 
propellant metmrologic-al r o c l i ~  desi.qned by 'i'ikhonravov was flown. 
-4ppirtrltly. howmtr. as in the Z'nited States, rockt  research in the \my 
high ntm<rsphere had to await the availability d the mow capable rockers 
titat appcutd  in World \Var 11. .+e-cording ro 'Toiraty. the exploration of 
the uppel atnlosphcre with rwktbts of thc 1'-2 class k a n  in the autumn of 
1'3-17. anti from 1949 on was rr~ntinucd with Pobrdrt rockets. d e x r i b d  as 
.gre;atl\ improved vt-rsions of the \'-?.Is 

k - o n d  in priority among thc rcr-krt pionturs \\.as the ;\mt.rican physi- 
cist Rob-1-1 11. Ciddard (IW2-IW-l.i!. \%hew t5ttr.m in the I'nittd States 
teday nlatc hes that of 'l'siolko\-sky in Russia. Grddard hitnxlf p i n t s  to 19 
0c . tokr  IRW ;a ttrc. ti;~tc \\.hen hc. still in high schrm~l. determined to 
cic.vote his ca1c.c.r to the ttttaintnrnt of s p c ~  ~sp10ration.l~ Like Tsiolkovsky 
;and ( i k r t h .  <hdd;ird clr:irlv wrc-eivtd the importancr of rcxkets for high- 
.tltitucit. flight .~nd aritton;aittic-s. .+Inlost i~~lmt*ii;~tel? hth b a n  \\.riting on 
thc s~rbjtx-I. hlanv of his pljx8rs \\.ere dc~cned to rc~ke t  thaxy, which he 
corrtu-tly esp>trnctcxi. Pc.rll;aps his ~no>st fanlous was the plprr  ".\ Xfethcd 
of Reaching C:xtrcmta .4ltitudcs." thtg titlc rcaflec-tins his enditring i~rtewst in 
high-.rltit~rcic. .tnci slxic-e rtw;arc-h. I'he paper \\-;IS originall\ \\.rittm in the 
sunltner of 1914 and rwised in la[:- 1916 in the light of exprri~nentai 
rcstilts. \Vith a It-\%. cditoriai changes and the addition of some net-. 
Gcdd;trci s.lhmitttxi the pijwr in 1919 t o  the Snlith?;oni;tn Institution, and 
i t  \\.its pt~blishcui in the Srnitlisotiin~i .\f rsc-r1lnnrr~rr.r Col1crtrorz.s of Dt.- 
c-t~n~ln*r l!319.1' 

Rc~tx-I t (;exici;ird W;IS st't o f f  frc)nl his cx~ntt~nlpr;rrit?i. ~I'siolhovsky ;tnd 
Otwrtl~. ill th;it hc bv no n1r;tns st~rc-k to thtwn ;and tvriting its ciid the othcr 
t\\.\.o. Fro111 thc >tart <;cddard \\.;IS t~trsy \\.it11 his h;tricis. c-onduc-ting cxlwri- 
mt*nts to chrc-l thc.ot\ ;rntl d:.\ising h;atd\vsrt. to put the thcr~ry into 
ptac'tice. I'hr very !car. 1914, in whic h he t ompwtd the first draft of the 
Smithsonian p;tjwr. he wits a\v\.;iriitri pitcnts for a rc~iict using solid and 
lici~rici projw'llants. ;tnd for .I multista.q (or sttbp rcxkt-t. (~cddirrd built attd 
flcw the first sucx-c-ssf~rl lic~~rici-~~rojx-l1it1it rcx-kct. Of primitive design and 

-. c-onstruc-tion. thr ~cukct fle\v :i(i ri1ctc.r~ in 2': scr-oncis s t  ;\ut)urrl, Irfassa- 



chusetti on 16 March 1926.1* In the coursc d his c a w  hc accumulated 
many ideas that came to tw familiar features of sumsrful large m-kets- 
such as liquid-propellant motors, selfcooled motors, the use d proscopcs 
for guidance and m t r o l .  d k t o r  vanes in the rocket jet for &bilizing 
and steering the ~0cLt-t. fuel pump.  and parachutes for m e r i n g  a spent 
rocket. !k prolific was his output that those who followed c-ould hardly 
take a skep without in some way infringing on one ar rimre of his patents. 
a fact  recognized by rhe t'nited State  govefnment when in 1960 the 
military xr '~ ' im and the National .4eramutics and S p i m  .4dminisuation 
awarded S 1000W ie the CGCJard estate. 

One might xcurdingl? suppow that Cbdchds influence om the spaw 
program and space science would be great. e a r  to the extent of eclipsing 
that of other contributors. I'nfortunately ttmt dcws not appear to haw been 
t w .  A suspicious nature-first aroused b~ adverw publicits connected 
with his Smithmian paper and later w ~ n f c ~ r d  by the conviction that his 
work was being plagiarized-Id Gnddard to work in isolation and for the 
most part to avoid open p ~ b l i c ~ t t i o ~  of his i b s  and accomplishments. 
This smiveness  s t 4  in the way ed his contributing the leadaship that 
he could so easily have sL;;ven to the field and io the enthusiasts of the 
?-oung .\mi-ricin Rcr-ktb( Stw-iety. which \\-as fotltidcd in 1930 as the .4mer1- 
can I n t q l a m  .Society. Years later C;. Edward Pcndray. one d the found- 
en of the =-iety. wrote plaili;ively: "\\'hen G&rd in his desert fastness 
in Scw Mexico proved ultt-r>mmunicati\c. those of us x h o  wanted to da 
our part in Ihunchirig the space age turned to what appeared the next k t  
source of light: the 1 irrrn fiir Rautw-iltflahrt-t he C&rnian Interplane- 
tap- Society-in Berlin."': 

The amateurs wcrc n c ~  alone in their failure ro join hands with the 
.qeat pioneer. Members of the California Institute d '1-rchnolog Rocket 
Research Projm-I. fs~ablishcd in 1936 by -l 'hdorc. ~ 0 1 1  Kiar~iiiin. dircrtor of 
the institute's ~ ~ u ~ ~ e n h e i n i  Aerc>aautical lalw,rclrofi. tricd lo persuade 
Cddard io joir~ fort-rs with thnn. it'hen it was stipulated that a part- 
ntbrship would require mut~ral dislosurt. of ideas and projects. Coddard 
shied away. His reluctaticr. to work openly with others deprived Gcwtdard 
not only of the opp~rtunity ro providc It-adcrship in thc field but also rut 
him off from the kind of professional assistancr that he might have 
re-eivtd from esprrienc-<xi cngint*.rs who cc,uld have helpxi pit t his many 
ideas into practic-e. 111 tuming away fronr the Roc-ket Rwarch Project. 
(kxi<t;rrd was also turnitlg down the kind of funding support from the 
militiary that could haw cap+ his long years of ivorli with tht*ir howi -  
for fruition. \Vorking ;itone with cxtrt~mt~ly limited funds. (;c~id;trd could 
not 11iatc.h the prc>.grcrs k i n g  made it1 C;rrman rtxketn. \vhirh w;ts sup- 
ported amply by the m i l i t a ~  during thrm yrars. 

Gcwidard fun~isht>s i t  tragic illustr;~tio~i of the in~prtanc-t. of ojwn ptrb- 
lir-ation and free rschangtg of ideas to thr xientific praccss. I'npublishtd, 



the impon ol C;odd;l~d's ideas went unrtvqaliffd fix the most p t .  and 
,he tinw they were wi&l)- known much of what he had done had bccn 
m h n .  as with the \'-2. .The q>pxtunity to be the le.& of the fidd 
during t h e  course of his dewloprnrnt w d  s(m pafsa4 !hill. he was a 
nun  d gmius and wigirnllity anti the Inany holm later accr>& him 
w m  well destwtd. NASA's Gndd;lrd Space Fl~ght Cmtef it1 Grrmbelt. 
Ma-lard. ;tpprqwiately bt-;trs his rranle. 3fzdals arr awarded and s y m p i a  
held in his honor. In 19% the National Rocket <:lub hxdn symsclring the 
R o k t  H. Gtriciarri .annual Sl~tnorial Din~wr in \\'ashington, faithh~lly 
;;ttenclrd by t.t~gintt-rs. ~irnt is ts .  .uiministratcm. Iqislarcm, militav nwn. 
incit~srrialiscs-ihr \Vho s \She d rcxkec and s p y  rearch-to p7y tribute 
ttr (;txkbrd's piorltwit~g role. S p n ~  ~(-it'lltis~s also rzcrygnize in C&d 
ihz first to wotk wric~~sly I*) the problem of k c l o p i n g  an effrcrirv means 
td sct~tfing st-ientific- i~lsrrt~nlrtlts br.vottd b ; ~ l l t k ~ ~  ~ l t i r t ~ l e s  into the upper 
; ~ t s ~ c ~ ~ p l ~ r r c  atlit oitteg. s p t  

But Gtdebrd utSvt-r tiid prrsclnallv ;tc-hit*\-t- his drrarrt d using rtx-krcs 
krr ttpprr-attncwphc~t* rcst.;arc-h. \\'hilt hc. tr,rttitlut.ci t o  \vtuli ill oh-itrit!.. 
sln'nding his fir~al \.tars during \\'nrlci \\'a 11 wtwking it1 wr-rtvv for rhc 
I'.S. S.I\-y. thr <hl 1'c.r-h Rtr.krr Rts;treh Prcrjc-,r-tx.c~r~tniztrl ill 1W.l as 
thc. Jcr P~opulsion l,~tk~r.rtcrr\-went on to hcxi~tltt~ the first grt,up in the 
1'11ittyi Stittt-s to l)ttilci ~ I I C ~  I.tl111t h :I rot Let qxx  ifit-.all\ cit~igr~etl f e w  irp;wr- 
.~ir rtw:trc-h. S.1111txi thc* \\'.4(:-<i~rpt~r.tl. rht- JIB[. t t w  kc: or1 26 . S r ~ ~ t c n ~ t ~ ~ r -  
I t )  1:. t c ~ s t ~  to .r Ilt.ighr t*f .thc~ut 70 L.tlontrtt~rs. .: I'.S. rtr-orti at thta rirllt*. It is 
thc. J PI. nw.ut h. r~at hrr rh.111 <;txid;ttd's. frt~tn \\,)tic h .I litlc. t .la iw tt.trtx'ri 
tiirtx-tl\ 111 rhr spttr  prcxr;trn. \Vrircrs ;r\ricx-i.rttri with <;rl'I'tr-h anci rhr v c ~ r ~  
h.irsl,itr SIOII~J  ct>n~~~~rtiic-.~ttxi the I.ttt?it itr I - c ~  Lett\ t o  tilts pt~blic ihro~igh 
st it-t~tilic ~ x r j ~ - ~ ~ . ~ % \ l t h o t r p l ~  rt5tric-ttxl in its t.i~c~rl.trioa .rt thc. t~nrr. k- . .ILIW cbf  it> tw.11111g , k t ~  11111tt:tr~ .qq~lit..ttio~~s. .I il.tt~tiI~x>h t ~ f  jt.1 prt~pt~lsiott 
put 0111 I)\ f PI. i~t . \ r t  I hrlrss I t,at-htd I;rrgc. 11trm1*.1 3 of pcr.u>~~?i itr I c~ kcr 
it.x-.ih t it .mi (it.\ t.kt~jbulcnt. I' hlor r sigttific-;rnt I \  f o r  syxlt-t. it*llc.r. the \\';\<:- 
Cilrixw.11 ~ . I S  the* p r c ~ c t ~ i t ~ ~ r  t i t  .t l.wx~-t, i~l~pre>\txi wltrl~di~lg t - ~ L . t * t .  t..tlltxt 
:\rrc>tx.c.-ilt 1.ttc.t \r~sit>ns c.:t)r~blt. c j f  carr\irlg ;i sirtfi~.~t~ti.rl i t~s t r~ i~~l i - r~ t  
1o.d .~hcnt- 2th1 Lilomctc.~a--\~hit h h.c-.trac. (IIIC of ttrc. tn.rjlr3t.n> t ~ l '  thc. 
.-\n~t-rit .tll high -.tit itrxdc- rr-w;nc-tt p1ogt-rtn.3' 

Scithc.~ <;c~ld.tttf's \vorL I I ~ B  the JPl.  ~twkt'tb prcnidtxl the irliti.11 i ~ n -  
pt+ttrs t o  tiit, q>.sa.e v it~t~t-e p~c)g.tttl in :\III~.I~~..I. < : i r ~ ~ ~ r ~ ~ ~ s t , t r ~ ~ x ~  111;1tit\ I ~ L I Y  
w~un t l i~~g  irt t11r I'llittul St.rtr> thc. l*.~a*fit i,tt-\ of t l l t b  t \ v o  dt\c.;ttfi- r b f  \ igor- 
,1113 tc lc  her tir\t*loi)rttt-t~t \vc>rL In < ; ~ I ~ I , I I I  ~\~w.~itlterltcrs rh;tr t*llrt~txi I e ~ l -  
Ic?\virtg thc. public . r t i c ) r ~  111 Olwrth'i Kc& ACI 111to i1I,znrtarv S/>ac.c. Sexirist~txi 
I n  (;cSrtll.ttl 111iIrt.tr \ S I I ~ } M ) I  I. rhc. <.<,I ~II:III t*xlw~ it~:,~iltrt s rtxliw tnt*rexi .inti 
t t , r t r \ t . l l t td  !<*I rt~t.irtsc.!\c-s rtarcclt 01 \r.h;t: (;cwiti.tt-ii \\..IS 1c;trttitt~ III ti tr '  
I'ltttc.tl St.ttcs\. (;0111g \\ .~11 I~'\otlcl \\.ll.tt <;c~l~t;t~cl ~ c t ~ t l t t  .rt-~.t>r~ti>li.ih it1 hi> 
~t*If-i~~qnmtxi i\c>\.tr iotl. IV.11trt I ~ t ~ r ~ t k t  set. !t't~r~~hc.~ \OII Br .I\III. .ttlti their 
c-ttllc-.tgttt\ \>~cnitrc-t.d thc. \'-L'-\'i~1~c~lt111t~~\r-.1lft~-7~\~t~1 ta \'c~tlgc.,~rrt.c~ \ \ ' t~;rp>~~ 



1'~u"-the first largc rcwkct to see s\rbtantivl serviccx.3 .\I the clcm of 
fl'orld W;ir 11, tl.S. Arnty farem c-i~purtd large nkrnibrrs of thew t~~otrstet-s 
at i~trdergroutrd k~ to r i t s  in tht* tiarr hlountains it1 e~trtml (krlrra~ry. hlotlg 
with 8 . m  Brat111 and key trretnbers of his te:im-\vho tcmk the initiative to 
ensure that t h e  k ~ ~ l i e  prisotiers of .41ireric-.rn, not Russi.tn. forcw'"-t lit* 
= \ ~ r n y  tach ttrr c:tpurd 1'-2s to the l ' t i i td  States. l'htw the missiles .scetr 
asxtnbltd. tested. and laune.hrci rtt the \\'hilt* S:rnus Pn~ving Gn~rtrd in 
Sew Mexiem to provide rsperieticr iir the handling and oper;ttioti of larkr 
rockets. 

Rather  that^ firr the n~issilt?i e111p1'. t h .  .\mi\ offtbrtxi to r~lluw inter- 
a t &  groups to itistrtrn~erlt tht-111 for hiah-iiltitude scientific- rrscr*rc-h. .4 
nitmbcr of militar> ;~ntl univt~rsity gcmps .rc.cr'ptt'tl, ftbrtiring tlir \'-2 I ' p p r  
.-\tmospht~t> Rtwarch Pant4, I\-trich h a t r i e  tht* ;ltsgis for the countr) '~ first 
sounding rcrkt*t progrir~l~.:' 



The Rocket and Satellite Research Panel: 
The First Space Scientists 

As World War I1 came to a close, a group of engineers and scientists in 
the Communications Security Section of the Naval Research Labora:o~y in 
Il'ashington began to cast about for new research problems to which to 
apply their talents. Long hours were spent on the subject, and the list of 
possibilities grew to siz.ble proportions. Milton Rosen, a competent, versa- 
tile. imaginative electronics engineer, suggested that the group might apply 
its rt-artime experience ~vith missiles and communications, including tele- 
visiorl, to a study of the upper atmosphere. The su-ggestion became the 
eighth to go on the b1ack'uoal.d in the office of Ernst Krause, head of the 
section. Thereafter it was referred to as Project 8. 

\$'hen the debate finally wound down, Project 8 was the clear winner. 
To the many ph\ s~cists in the <group the project offered an attractive and 
important field ot rtwdlch. The engineers could feel thechallenge of instru- 
nientirig and launching the rockets that would be needed by the scientists. 
And because of the irnportancc of knowledge of atmospheric properties to 
communicatio~is arid the desigi and operation of missiles, it was possible 
that the Navy might support the project. 

The director of the laboratory approved the upper-air research pro- 
posal in Decembe~ of 1945, and the section became the Rocket Sonde Re- 
search Section, a name that appropriately enough also came from the 
originator of the Project 8 idea. KO one in the section was experienced in 
upper atmospheric research, so the section immediately entered a period of 
intensive self-education. Members lectured each other on aerodynamics, 
rocket propulsion, telemetering-whatever appeared to be important for 
thc nets- tasks ahead. The author gave a number of talks on satellites and 
satellite orbits. Indeed, the possibility of going immediately to artificial 
satellites of the earth as research platforms was considered by the group, 
which assinrilated carefully whatrter information it could obtain from mili- 
tary studies of the time. The conclusion was that one could indeed k g i n  
an artificial satellite pro,qam and expect to succeed, but that the amount of 
new development ~equired \t.ould be costl) arid time consuming. The 
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sa t h s  coil% not hope to have their instruments aloft for some years to 
come and, anyway. were not likely to get their hands on the necessary 
funds. The Rocket &Sonde Research Section accordingly shelved the satellite 
idea and turned to sounding rockets. 

As they were considering what rockets-including the jet Propulsion 
Laboratory's ?VK-Coporal-might be available for the research they con- 
templated. word came that the 1T.S. Army would be willing for interested 
scientists to conduct experiments in some of the V-2s it was planning to 
fire at the White Sands range in New Mexico. Because of the narrow 
confines of the range, the missiles would have to be fired along nearly 
vertical trajectories and would accordingly malie ideal probes of the upper 
atmosphere. To explore the possibilities Iirause invited a number of inter- 
ested peiwns to meet at the Naval Research Laboratory. At the meeting, on 
16 January 1946, physicists and astronomers interested in cosmic ray, solar, 
and atmospheric research were present. Because of the potential impor- 
tance of upper-air data to military applications, the services were well 
represented. It was plain from the delibemtions that a number of groups 
both in universities and in the militaq would he interested in taking part 
in a program of high-altitude rocket research. 

.4ccordingly. at an organizing meeting ar Princeton I1niversit) 27 Feb- 
ruary 1946. a panel was formed of members to be actually engaged in or in 
some way directly concerned with high-altitude roc-Let research.' The origi- 
nal members (we also app. '4) bere: 

E. H. lirauw (chairman). Naval Research La'bratoq 
G. li. Megerian (secretary), General Elmric Ca. 
1%'. G. Dow. I'nibersit! of Michigan 
M. J. E. Ciola), I'.S. Army Signal Corps 
C. F. Green. General Electric Co. 
li. H. Kingdon. Get~t-ral Electric Co. 
51. H. Sichols. Princeton I'niversit) 
J. iS. \'an .=Illen. Applied Physics Laborator), John$ Hopkins Ilnivenit!. 
F. L. 1Vh1pple. Hanard I7ni\ersity 

Because of his role in getting things started and because he would be 
de\ ot ing full time to upper-air research with rockets, Krause was elected 
chairman. 

-1-0 Kritus~ must go the principal credit for getting the program under 
way. He was a physicist. with a doctorate from the I'niversit) of \\'isconsin 
in spuc)scop?, and it htckground in cc)rnmunicatinns rmearch. Both quali- 
fications were pertinent to the development of techniques for the investi- 
qation of the sun and upper ittmosphere. lirauw'5 energ) and drive were 
phenomenal. and his capacity for detail arid thorough~less were ideally 



suited to welding all the elements needid to get a sounding rocket program 
off the ground. When Krause left in December 1947 to participate in nuclear 
bomb tests, James A. Van Allen was elected to the chair, a spot he occupied 
for the next decade.= 

Van Allr:~ is by far the best known of the original members of the V-2 
panel. A physicist, at the time the panel was formed he was employed by 
the Applied Physics Laboratory of the Johns Hopkins t!niversity on the 
Bumblebee Project, a Navy missile research and dtvclopmerit project. He 
brought to the panel an intense interest in cosmic ray physics, an interest 
that led in time to his discovery of the earth's radiation belts that now bear 
his name. 

The panel had no formal charter, no specified terms of reference from 
an authorizing parent organization, a circumstance that left the panel free 
in the years ahead to pursue its destiny in keepng with its own judgment. 
The immediate task was to provide Col. James G. Bain of the Army Ord- 
nance Department with advice he had requested on the allocation of \'-2s 
to the various research groups. This the panel proceeded at once to do. and 
in fact until the end of the V-2 program in 1952 continued to direct its 
reports to Xnny Ordnance as principal addressee. Thereafter the reports 
werc issued simply to the members and to observers who attended ti12 meet- 
ings, with copies to a selected list of interested persons and agencies (see 
app. B). 

The panel's progam. if it may be called that. consisted of the col- 
lection of activities engaged in by its members. .is a forum for discussion 
of past results and future plans, the panel was a breeding ground for ideas; 
but whstever control it might bring to bear on the program was exerted 
purely through the scientific process cf open discussion and mutual 
criticism. 

kbr some time after its first session, the panel met monthly (see app. 
C). There was a great deal to do, c8 ickly; for Army Ordnance and its 
contractor, General Electric Cotnpanj, intended to fire the rockets on a 
rather rapid schedule. Since the Cierman warheads were not suitable for 
carrying xientifir payloads. the Naval Resea~ch Laboratory undertook to 
provide the different groups with standard nose sections specifically de- 
signed for housing the research instrumentation. T o  send information to 
the ground from the flving rocket, N R L  also furnished relernetering equip- 
rnent to go into the rocket and erected ground stations at the White Sands 
range for receiving and recording the data-bearing signals. In short order 
the word telcmetering, meaning the making of remote meiisurements by 
radio techniques. became a familiar part of the gtowing jargon of rocket 
sounding. '1'0 make the most of the large -pacity of the S-2. NRL de- 
signed and built a large, complex telemeter. The iirst version supplied in 
the progam could provide 23 channels of information; a later version pzo- 
vided SO. With characteristic preference for srrlaller, simpler instrumenta- 



tion, the Applied Physics Laboratory developed and used a much smaller, 
6-channel, f r e q u e n c y - 1 n u 1  telem~ter.~ 

Radar beacons were instalid in the missile to track it, providing infor- 
mation on where measurements had been made. The  range also required 
that each rocket be outfitted with a special radio receiver that could cut off 
the motor should the missile begin to misbehave after launch. Arrange- 
ments had to be made for building and supplying this guiprrtent. Also. to 
supplement the tracking information provided by radar and radio, theodo- 
lites, pr-ecise cameras. and other optical instrirn.ents -.vert3 installed at stra- 
tegic locations along the firing range to furnish both visual and photo- 
graphic trajectory data. It also would be essential to know the orientation 
of the rwket in order to interpret properly such nleasuremctrts as aero- 
dynamic precsures o r  cosnlic ray fluxes. For this, still more instruments- 
including photocells to observe ttre direction of the sun. cameras, and 
magnetomrtrrs-\vertx brought to h.ar.4 

Although much, perh:tp most. of the scientific data would be oh- 
tained by telemncring, some measurenrents would require the recovery of 
equiptnetrt and records flotli the rwket after the flight was over, such as 
earth and cloud pictures, p h o t ~ ~ p p h s  of the sun's ipectru~n. atid bio- 
logical specinlens exposed to the flight en\~ironment. For this purpose 
several techniques were developed. iac-luding the use of explosi\~es to 
destroy the streanilinirlg of the I-ocket, causing it to maple leaf to the 
ground; the deployment of parac-hutes to recover part or all of the spent 
rocket; and even the application of the kind of sound ranging ta-l-hviques 
used in \\'orld \t'ar I to locate Iargcb ~ I I I I S . '  

'41 first. operations at \Vhitc Sands !\.care an atnorphous collection of 
act~vities. During the first year of r<u-ket sounding the pron.edures and 
issues that would have to be dealt with in eveti grt.;itthr detail )-ears later in 
the space propran1 emerged: siift1ty c-onsiderritions. provision for termi- 
nating propulsion of the niissilr in mid- fl ight. trric-king. telemetering, 
tiriling signals. range co~nrili~nic-ations. radio-frrcjuenry interferenct~ prob- 
lems, weather rcports. recovery of i~~strunients and n*<-ords. and all that 
\vent into assemblirig, ir:strtrmenting, testing, fueli~tg, and 1aunc.hing the 
rwket. -1-0 cope ~ ' i t h  tt lv se~~nirigIy t'~ldlt>ss dt1t;til. 111r r;lngtl ~ - ~ ~ j ~ i r t d  for- 
nial written oi>er;itional plarls in advanr-t> that c-ould be disserni~ratt~i to the. 
various grot~ps. A more or !rss st;indard routi*le evolved with which the 
participants became farniliar.'j In only a fetv ytXars t.sperimenrrrs  ere hark- 
ing back to the "gmxi old d;iys" w.ht~~i o ~ w r ; ~ t i o n ~  \vert> frt>ts and e;isy and 
red tape had not yet titd everythi~~g i l l to  rirat littlt.. invioliiblr packages. 

b'hile the General E.lectric C:otnpanv persotlnel, Army worktsrs, and 
others 1ab)rc.d to prortuc-t. suc.c.essfi11 rcxket f i ~  ings, I he scicwt ists lahtred 
equally hard to de\.isc and prcduc-r thr instr~~rnrntatio~i that woulti yield 
the desired scientific rne;ist~~~enic~nt~. .At first sonrt' o f  f h r  inst~.~r~nrt~t:ition 
was telllafive, even crude, as \vhc.n R;ilph Ii;~vcns o f  NKL. tcwk an auto- 



mobile headl~ght bulb, knocked off the tip. and used it as a Pirani pressure 
gauge to measure atmospheric pressure in the V-2 fired on 28 June 1946. 
But even before the end of 1 9 5  spectrographs were recording [he sun's 
spectrum in previously unobserved ultraviolet wavelengths, special radio 
transmitters were measuring the electrification of the ionosphere. and a 
variety of cosnic-ray-counter tt lescopes \%.ere analyzing radiation a: the edge 
of space. A portion of each panel meeting was devoted to reporting on 
experimental results, which accutnulated steadily from the vety first flight 
of 16 .4pril 1946. Papers began to appeal in the literature and -ttracted 
considerable atterition as experimenters reported on tneasure~nents that 
hitherto were irripossible to make.' By the time the last 1;-2 wls fired in the 
fall of 1952, a rich harvest of intortnation on atmospheric temperatures, 
pl-asurcs, der~sities, composition, ionization, and winds, atmospheric and 
solar radiations. the earth's magnetic field at high altitudes, and cosmic 
rays hitd been reaped.R 

-]'HE SEED 1.0 KEPLA(:C T I I E  1'-2 

Bur not all of the results had k e n  obtained from the \'-2. To be sure, 
the immediate avrtilability o f  the \'-2 as a sounding rocket was a b n  to 
the program. for it meant that the sc.ientists could start experimenting 
without delay. Its altitude ~ x r f o r ~ n a n r ~ r  of 160 kilometers with a metric. t c r l  
of payload far exceeded that of any other rocket that the experimenters 
might have k e n  able t o  use. making investigations well into the iotio- 
sphere possible from thr outset. Xlorc significantly, the large weight- 
carrying capacity of the rcn-ket lnrant that esperimtmters did not have to 
miniiiturire anti tiit11 thrir ei~~lip~iierit to shc~liorri them into a very rc- 
stricted payload, but c.ould use rcllttively gross designs anc' construction. 
This c ap;rc.it\, l.v;~s a great tielp ;it ;lie stal-t. \\.hen everyorre \%.as learning, for 
it perlnitteti t l l t  resmrc-hcr to conc-txntr;tte on the physic. >f his experilllent 
\vithotrt k i r ig  cii\trac.ci.d I)! ;rtIdcd engineering teqitiremrnts inqx>.osc.d by 
the r(~-ket  t(~11. I.;itc~. with s0111(, ywrs of t*sp'~ienc-e twhind him, the experi- 
Inentrr i\.ould lx. able t o  t;llie t t ~ c  outfitting o f  tiiuch snlaller roc.kt.ts in 
stride. :\nd i t  tvas of ad\ iiliti~gc t o  go t o  srna1;t.r rockets as soon as possible, 

Snlallcr roc.liets wol~ld bi, rnuc.11 ctich;rpr, far simpler than the 1'-2 to 
;tsseriiblt-. test. ;rnd I;r~tnc.t:. .\Iorr.ove~., with [he ~.rl;tilrr. simpler rockets the 
logistics of c.onductirig roc-kcat soundings nt  places other than IVti i tc .  Sarids 
\could 1 ~ .  i~~arliigri~l)le. \\'ith 511~-11 111o11ghr i ~ i  mind, as panel rnt.ttilxrs 
presse(1 tht* *~xtd~,r;rtio~l of the I I ~ ~ C I  ;~ t~l los~)I~t~r t*  tvittl the \'-2 tht.: afso set 
ntlt to (ie\,cbl . \.ai-icbty of siriglt. ; i t l i t  irilal~israge rc~kets slwcific.ally for 
:rtntosphcr.it .ing.' Jiinlt's \';in ;Illeri and his co:leae;ues at the Applied 
Ph)-sic.s I.;ttx>ratory trndertook. \\.ith 5uplmrt frc~nl the 17.S. Navy's Bureau 
of Ord~i;rricr, t o  drvt.lop the* herobet. sounding 1oc.ket.10 A! tile samtl tirne 
S K I .  tcmk on thta job nf  c1ei~rlol)irig ;I Iitrge rocliet--first called Sei;,anc.. 



but later Viking when it was L n e d  a Neptune a i r d t  already ewisted--to 
replace the V-2s when they wem g o n ~ . ~ ~  At the 28 January 1418 meting of 
the panel. Van Allen reported on a series d test firings d the Aerober-- 
thm dummy rounds rurd one live roumL1z As soon as it was rcldy the 
Aerobee was put to work exploring the upper atmosphere and space, with 
firings not only from the original Aerobce launching tower a t  White kndr. 
but also from a second tower that the ~ Forc~ erected soine 57 kilomcrcrs 
northeast d the Army b l a  at the White Sands Pmving Ground. 
The Air Force tower was located at Holltnsm Air Force Base near Alamo- 
gordo. Not content with the payload and altitude capabiiities d the first 
Aerobees, both the .Gr Force and the N a q  continued the development, pro- 
duang somethicg like a dcwn different versions, one of which could cany 
23 kilograms of payload to an altitude d 480 ki10metes-s~~ In its various 
versions z2rlok was uSPd continuously in the high-altitude d e t  re- 
search program through the 19% and 1960s and was still in use in the 
mid- 1970s. 

In contrast. the Viking, althougl~ of a marwlous design-mil to^ Rosen. 
who directed the Viking developm -nt program, used to point wt [I-t in 
its time Viking was the most efficiently designed rocket in existence- 
found ven  little use. The dozen rockets bought for the development pm- 
gram wee, of course. instrumented for high-altitude r,search. But Viking 
was too expensive. The groups engaged in rocket sounding each had per- 
haps a few hundred thousand dollars a year to expend on the research, and 
a siagle \'king would have eaten up the whole budget. \$'hen the supply 
of German V-2s began to run low, consideration was given to building 
new ones; but estimates pt aced the prim per copy at around hall a million 
dollars, which was prohibitive. It had been hoped that Viking would be 
much less expensive. but More the end of the development these rockets 
k a m e  almcst as expensive as new V-2s. So Viking found no  takers among 
the atmospheric sounding groups a:id would probably ha\e been shelbed 
had it not k n  chosen as the starting point for the Vanguard ICY satellite 
launching tehicle." 

-:he contrast between \'~lilng and Aerobee typified a situation that has 
recurred in the space science program One group of scientists would favor 
develc ping large new rockets, spacecraft. or other equipmeni that would 
geatlg extend the research capability. .Another group would prefer to keep 
thin-gs as small and simple as possible, devoting it5 funds to scientific 
experiments that could be done with available rockets and equipment. The 
former . p u p  could alwa!s point lo research not possible with existing 
tools. thus justifying :he proposed dmelopment. In rebuttal the latter 
could alwa~s point to an ample collection of important problems that could 
br attacked with existing means. There was right on both sides of the 
argument. and it was usually a standoff. .As far as upper aimospheric 
research was concerned, howrter. 1'1king was too far ahead of its time. 



While in the next dm-de ~~ would be able to buy $1-million 
Snwrts (chap 10). in the early ).ran of d c t  sacanditig I'iliitag cost too 
-aut.h. 

O n e  t k  ball had started dl i r rg  with Acrdre a l d  Viking, other n u k e  
rw-*jinations began to appear. The experimtnters sought 1- cost, greater 
~:xnylicity. h i m  altitudes. mc#e p a y ' d ,  and especially a capability to 
curduct firings at dilfcmt geographic locations. Crrat ingenuity was dis- 
pl*?-ed in putting together ncur. combinations. Slwnding rewhets were taken 

the California amst, to Florida, to the Virginia coast, out to sea, and to 
the shorts ol Hwlson's Bay in Canada." The). were e w i  launchetl in the 
stmtmphtfC from ballorwa, a clornbinatioti that the in\-entor. Vat: .Ailen. 
callerl a R ~ k o o n . ~ ~  In the pawl meeting of 9 Septelnbtr 1954. Van .Allen 
repxted that R o c k m  flights in the Arctic had established the cwistenm d 
a soft radiation in the at~mral zone abow 50 kilonleen heignt. which 
p r o d  to bc one of the mi1estunc.s along the invtytigatiw clack that ulti- 
mately led to the discxtv- of the t*.trth's radirtticwl brlt. 

One of the most notable irsptx ts ol tltc priwl rtu-old is t he stt*adily 
incmsing scope of activit). In tht* n~inutt=s of thr t~rgatritillg ~ w t i n g ,  the 
serrctar? rcferrtui to thc group simi~ly its "tt~e pa~lrl." Hv 11rr thirt! nitvting 
Mt~efiarr was calling thw group the "Y-2 1'pprx.r ;\trnc~p:it-rt* Panel." -l'his 
n a n ~ r  twltitrrrtd ftx the ~?ext two ~ittx.tings; but the ;ri)1x41i1tio:1 "\'-2 1' i ) PT 
Atnicx+pherc* R-itc-h Panel" appmrtui :rt ttir sixth art~ting, ill !+tetlrlxr 
14Hi. and stuc.k for thr nest )-e:rr anci a half. '1'ht-w firs: titles r r f l ~ t t d  the 
panel's prticiprtion irr the Y-2 priqr;amnI. but thc group's pritnan bt~sincls 
\\-;IS high-;11titrldc. nw-arc-h. not 1'-2s. 'l'he pant.1. ~ r l l  ;trv:trc. that this suppi) 
of Y-2s wotrld be t-sh;tt~strti in ~h t ,  1101 ten) eiist;rnt futr~lc. girvc earl\ 
atrcntion to finding i~ltc*rnativr sclunciing rcx.kt*ts. Prc~icttd b!- thr Offir-r of 
thc Chit4 of Ordnailcz. at its Xf;rrc.h l9lH tt:t'c'ting tfw ptncl ctropptxl the 
\'-2 from its titlr and begi111 call;ng itst-It the "l'yiwr :\tnrosphrr-r Rcxker 
Rw;rrch Patrrl" (1'.\RRP!. This st~ffic.t.ri to dcfcrih ;re-tivitic3 rintil rncm- 
k r s  had sr) thoroughl?- invc)lvtd in ttw ittrcrnatio~~;tl (ku~pt~ysical 
Ycar scicritific sltellitt- progr;trn that ;u~othrr na:rrca chsnm t.gmcd ajb 
prc~priatc.. At it11 exec-~rtivt* scssioi). L! ;\pril 1957. thc pt1lc.l ;rdopttuI its 
final namc: "Rtlckct and S;ltellitc Rt.st.arc-h Panrl."l~ 

~I~hrcnrgliout nrcst of its ;rc.tive lift*. thc palel rent;rinrrl qtritt. *mall. H\- 
restric.ting its rolls to working mrlrr\n.rs onit, and illso by limiting the 
nttmtwr of rei>rc~sent;rtives from arrv ontb .:gtWlrc \. ttic p.rnrI kept its size 
down-which aracic tor mom maa;tgc.tble rla-rtirrp. l ' c . ~  rht.rt. \\.as no cicairc. 
10 Ii r i t i t  illterest or icoticilxttion in tilt' nrtr.tiags. .4 lov.11 i ;tritt- o f  ot)st.r\crs 
irttt~ndtd the sc?isiotrs th~ougtri~trt 1 1 1 ~  \c;t~s irnd joi~lcri ill the. disc r~ssio~ts. 
Fmnr the first. thc Xc'aiion;rl hdvison <i~ianritttr. lo1 At-rt)nat~tic> \\.;ts rc7prc- 





to a request d the R&D board for vie#% on rcguirnnents for uppetair 
uvxadl b.ecli€tes,= 

But, while the endorrtmcnt &-as of hdp, asrociation with the military 
also bought problems. At its 7 May 1 9 7  meeting, thc CIARRP kuncd . . 
that the R&D ircwd's upper-atmosphere group was conudnrng assigning 
primary mpmsibility to different aipencics for diflmnt kinds of upper- 
atmoapfren research. Although nothing ever cam of this, the thought d 
dividing the re~arch into ass@ parcels conflicted with the basic re 
search instincts d ITARRP mcnlbm 

h i m  serious, howem. was the question of d t y  classification that 
amsc pmiadic-ally. In Mmst of the research pmgmm, p a d  memhrs wac 
a m m d  to pointing a u t  the many practical M i u  to b gained from 
data and k n s ~ r l d g e  obtained. O\pf the )-cars the list d potmtial M i t t  
to the militan grew, until a report issued at the start d the IntcmatioMl 
Geophysical Year by a nurnbrr Of the prwl members cited a datm impor- 
tant applications: 

Design ul missiles. high-altitude c~aft. and space \Phicles. 

Deternlinaticrn of the m t n .  khat tor d long-range ballistic missiles. 

S p i a l  techniques of high-altitirde mviptk>n. 

Evaluation of hazards to personnel and equipment in tht* hi-& 
atmt~phcrr and s p i ~ .  

Study climate. 

Przdic-tkwt of tht. rrajw:ories of biolcsi~tl. chemical, or radiolagical 
agnts. 

k t l o p n , ; ~ ~ ;  of rcliablc and ;u-curate methcds of guidance, c.ontrol. 
and de1ivt-g d missiles to their rams.  

hc lopmen t  of reliable and acl-urdv m c r h d  of detection of enemy 
mi~\ilt=s and higb-altitude maft. 

ke!rrpncnt o f  n~untermeasures against e ~ ~ c t ~ l y  missiles. 

Biit to rhr estrri: the wlcrtn.atlship s u i - d d .  i t  also r a i d  the quastion d 
why thc ~ t+ t~~ \c i i i~g  : t~ Let rt3ults shouldn't x.-lassifid if they were w val- 
uable to the mititar?.. which was pa\ing for them. 

From the otrtw! the piinel had ,s~\ti:t~t.ct that its program. being basic 
reseilrc-h. would tk. ~tnclassifid. 111 :i tnrmoraildurn to the White Sands 



Proving Ground, Col. H. N. Toftoy of the Army Or$n;u#r Jkpanmmt 
had written that V-4 firing scireduks, rocke design. and flight infamath 
would be unclassificdH This decision was important to sht prognm, since 
tht  flight infamation was intimately d a t e d  to  the highaltitudc data 
obtained from the racket, and since M g n  data were IKCM for intaprer- 
ing mcas-ts-fa example, amdynamic pmsurc curves were rr- 
quired in obtaining a tmospk i r  densities Erom pmssm m c i s ~ u  
a h g  the surface of the flying de:. A scriow tlucat a m  when, at the 
October 1952 meeting of thc pand. Earl Ihorsskr d the R&D board an- 
nounced that the military had again raised the question d classification d 
upper atmospheric data. The p a d  unanimously agarad to fight dassifica- 
tion, citing the imponanc~ of the scientific procfts, in particular open pub 
lication and fm exchauge d info.maticm, to a basic rewar& activity. 
While there =as something to be gained by ctassifying cfftain specific rscs 
oi mecrtific infunnation, there was much to be lust by &ssifying the 
purely scientific data. In these efforts the pawl was sucrrsdul, and the 
paogram remained unclassified. 

The program called for a l a  of wark. but it was exciting. Panel met- 
i n g ~  were enjoyable, with none of the tedium that so d t c n  weighs opprcs- 
sivety on committee meetings. For mosr of rhc members. aft- a period d 
preparation at honw base-in \Vilshington. Silver Spring, Cambridge, Ann 
Arbor. or elsewhere-there would be a perid of sorne weeks or a couple of 
nlonths working in the lonely beauty of the New Mexico dews. How 
exhilarating it was to send a rocket r a r ing  into the clear blue s k ~ ,  watch 
the missile tray a brilliant white vapor trail against the azure background, 
a trail the stratospheric winds soon blew into complicated twists and knots, 
a ~ d  then to jump into a jeep and race northward to rpyieve cameras a d  
instruments! On one such day in hiarch 1957. with the shy as bright a blue 
as it ever had been, V-2 no. 21 landed in the heart of rhc White Sands 
Sarion.al hfonument. What a glorious hunt riding up and down over the 
snow-whtte dunes of gypsum sand that stretched as far as the q e  could see! 
At thc end of the da!. with a solar spectrograph. camwas, and other in- 
strument~ kafely stowed aboard the jeep, the i m p 1  party. as it was called. 
slowly worked its way out of the barren wildemers. As the group a p  
prsached thc edgr of the monument. w h m  the gypsum deposit has ac- 
quired a p ~ ~ h i s h  tint from the surrounding red sands of the Tula Rosa 
&?sin. the sun was setting. .An occasional yucca growing amid the pink- 
while dunes pro\ idtd disp1.1) o f  ittcon~parable k ~ u t ) ,  whit h the glow- 
ing sun tr;rnslorintd into a f.rirvland. \Vhen the white sands were finally 
left behind, one could feel the emotional release. 

The routine was frtquentl) broken by bits of humor. Early in the pro- 
Pam,  before the range was properly instrumented far tracking the V-2s. 
von Bratin often watched the flying rocket as it rose above the d m ,  judg- 
ing b) q e  whether it was on course. i f  the missile strayed. von Braun 



alkd for smpping the mgincs by rrtio, O n  ont orcasion, the eye faikd to 
detect a tipping towad the south, and the rnissik Landed in a cemetery in 
Juaa. Mexico. causing s~ne th ing  d an international incident. Rumor 
had it that tan Braun's law might haw been dated to his having same 
insutrmcnts riding on the m k a  At any rate p p r a t h s  to vack the 
missibs by insuumcnt wem aadaaud. 

The Naval Rcsparch Laboratory used mlM signals from the flying 
d c t  to measurr the ekctrificltion d Lht imqdme. F a  this pwpmc I# 
laboratory installed grwnd s t a h  uprange fnnn the launching area. Om 
d a y  as the men rere pnparing onc of the sations for an approaching 
flight, an Army jeep drove u p  and a sddier got out and began driving a 
stake into the ground IM more than a stone's throw from the station 
Curiou*. the men asked what that meant. That, they w c n  toM, was the 
aiming point for some planned f 'mest John rodre( tests. The men kt it k 
known $hey didn't fully appreciate being made the targcl of racket firings 
"Not to worry," was the answer. " n ~  m.er hit the target, anyway!" 

Often there was frustration to struggle with. During the counLd0~1-n 
for the firing of \'-2 no. 16, som(nhing in the tail switch, which was sup 
posed to turn the experimental equipment on after takeoff, was w 7 m g  An 
effort was made to reconnect the switch thew on thc launch stand with the 
fu!ly loaded rocket waiting to take off .  .+her launch. however, instead of 
turning instruments on, the mired switch pmaded to turn everything 
off. A postflight review s h o d  that there were several ways in which the 
switch could haw been b e e n w e d  to do the inttmkd job. and only one 
way in which it would fail. The one and only wrong way had been 
t-hosen-an in~portant ob jm lesson rPgarding hasty. last-minute changes 
in the field. It rum4 out. however. that this rocket tumbled d over end 
in flight. which would haw made the reduction of data an ~xcdingl lp  
complex matter. The scientist in c h a r g ~  later said it was probably a Qoad 
thing that the equipment had been turned off. for otherwise rhc e x p i -  
mmters would surely haw been unable to resist the temptation to try to 
interpret t h e  measurements and probably woitld have wasted a lot d time 
on a futile exmix .  

On another occasion. as a physicist watched a rocket can). aloft the 
cloud chamber ober which he had labored long and hard. he remembered 
that he had forgotten to remove the lens cap from the recording camera. 
Ib add to the feeling of despair. the telemeterinp; record inciimted that the 
cloud chamber had ~ ~ r l i d  perfectly during the flight. 

Of cuurse, i t  was always heartbreaking whcn the rocket fa i l4  to per- 
form. It was difficult enough for some experimenters to nrot~cile them- 
selves to the thought that the equipment they had struggled to perferr 
would often be desuoyed on a single flight. There was consolation when 
the flight produced the data sought, but not when the rocket failtd. After 
the p r w a m  had k n  under wa) for some time, it was noted that the 



rockets bnring thc simplcst payloarb sffmcd to haw the best wcccss The 
Applied Phjrk Laborator). grwp, which rwvcr attcmptcd to joPd  rock^^^ 
to full capacity, had acquimi an image d almost perfect s- In am- 
trast, the Air Forcr Cambridge RRcarch Center, which uicd to & 
& m n s  of complicated experiments m a single f l i g h t 4  cvcn length- 
encd thc \'-2 by a whale diameter to make additional instrument space- 
had cbv1opcd an image of a l n w  complete &ill;rr. The Natd R c s d  
laboratory. which flew payloads intenncdiate hnwn those of APL and 
AFCRL in compkxity. succcrdcd about two-thirds of the time. There 
sclemed to be an interaction between the experimenting and the launching 
operations. the m o r ~  comptex mpcriilmts tending to induce more prob 
lems with the m k e t  itself. 'I& suspicion that this was actually happening 
was widtly held. but never proved. On closer look, the widma is not as 
clear as it seemed at the time. far the Prinmon experiments n.cre as simpk 
3s any. and  ye^ all their rockets failed. which H-as no doubt t h e  main reason 
for Princrton's early withdrawal fm the program. 

One cattnot work with rtxlins a certain amount d danger. 
Although the misrile w m  ainwd away from them, the stations uprange 
were ne\~rrheless e s p d  to somp risk that the rocket might land on one 
d them. No direct hit eve did orcur. but on a few. masions the wreckage 
froin a falling rmkt.r landel uncomfortably clcse. The .greatest danger 
cxistd when the rocket was being loaded with propellants at& pcoplc 
w m  still wnrliing around it. completing last minute preparatims. When a 
spun of hydragen peroxide wt a jwp a f i t ~ .  the industrial si~pplier was 
tnovei t o  assert pttblic!? that the Iiqiliri  is prit'r'tly safe if only it m-ere 
hadled p w p t  I? .  ,\lost distnwing \\-i.n. .i, c iiicnts to prjcjt~rlet. as when ;; 
fuming sitlfitric acid inixturc bring loaded into a \'-2 pmaturel?. ejttrtt'd. 
spraying the face of a worker and endatlgering his c?csight. l'ne acid mix- 
ture was u d  tu qnmatr  visible clouds in thr stritosphert, which were 
then trrackd to tnc7;tsurt. stratospheric \vinrts. 

The author vividly rvmenrbers \vorLing with a conip~nioa on ;i plat- 
fortn 10 to 1.5 nieters ;alri\-c* ground. inwrtitig :ivc J.%TOa ~ c K ~ S  into 
rcuuptaclo in the inicist~tion of a f l ~ l l ?  loadid I--?. 'I-CSIS haci 3tlown that 
J. \ ' I -0  ~vouid ignite from the slightrst applied voltage. and caw had to br 
c-xcrc-id not to getlcr;ttr any st;rtic clcctric-it? ia to peltnit ctrrr~nt !o flow 
throitgh the J.1'1'0 igniter from the ohmrltcter be~na used to ci~rck the cir- 
ci~irs. Other wcwkcrs had rrtired rt: a respa-tfltl distanm. Slanting cnbles 
hiad h r n  dr;twt~ k t \ *  CTII thr work pl;~tform at~d the ground. down 
which-if things \vent \\~rong-owz c-orrld slick ,111d then rirn like hell to 
safety. 'i'hc J.-\'TOs. which were intcndtd t o  impitrt ;I spin to tile rcx-ket in 
the uppt armcxpheri.. did 1101 i p t ~ i t ~  during the Icxtding. But, thcn, treithm 
did they spin (tic 1.2 irt flisht. 

* I ~ I  \ ~ \ i  I .A, cnt tax kr1. i . - l l l t l ~ ~ ~ ~ i  h..~, I ' . I , ~ Y ~  I . I I ~  t~~ I.IL,. I I , I III  . h , ~ t  1 ~ 1 ~ ~ ~ , 1 ~ ~  





K. A. Anderson. State University d Iowa 
W a m n  h i n g ,  Ballistic Research Labontories 
L. M. Joncs. University d Michigan 
R. M. Slavin, Air Forcc Cambridge Rescan3 Ccntcr 
N. W. Spencer, tlni\tersity of Michigan 
W. G. SUOCHd Signal Engineering L a l x x a t h -  

The military services permitted their employees to take part in the ICY  
pmgnm and u ~ o o C :  to provide logistic support for shipboard opera- 
tions and for setting up  an A& toww and a Nike-Cajun launcher at 
Fort Churchill. The Army was in overall charge of the 1T.S. rocket con- 
tingent at Fort Churchill, while the three services shared the expenses. But 
additional funds were n&. Acrordingly, Van Allen submitted on behalf 
of panel membns a budget request to the IGY committee for more than one 
and a half million dollars, abovt 15 percent of America's total planned 
budget for the The costs of the program were defrayed by both the 
military sen-ices and the IGY budget. 

Although ix??vidtml n m k ;  had l m ~ g  hcen interested in the use ol 
artificial atrllites for scientific research, ihe panel rip to this point had 
rect~n;mendcd only a wmnding rrrkt-t p r w m  for IGY. But simultane- 
ously with t b  platwing for rocket firings. .enthusiastic advocates were 
pressing for the launching of scientific satellites. Inevitably the panel was 
rxught up in these proposals. To explore at length the ust.fulness of satel- 
lites for scientific rtxarch, the panel s p n m r d  a syniposiurn at the I'tli- 
versity of Michigan LW27 January 1956. -The p r d i n e  were published 
in a book.J' the sale o f  which generated a small tredsury for the panel.. 

Once aroused, interest in scientific satellites .grew rapidly. Most 
members took part one way or another in tha IGY satellite program. 
Gradually the idea emergrd that t k  Z'nitd States should go further and 
establish wmc kind of permanent space a m .  In the slimmer of 1957, the 
author jottcut down some brief notes o r ~ t l i n i n ~  a "Sational Space Estab 
lishment" to be organized and funded to conduct unmanned s p r y  research 
and applications and manned expkwrttian of outer space. Shortly thereafter 
the panel-which the preceding April had changd its name to Rocket and 
Satellite Rcwnrch Panel-took steps to explore formally its potential in- 
terest in earth satellites and outer space. Report 47. 19-20 September 1957. 
-..cords the creation of a Cammittee on the Occupation of Space. chaired 

* ~ I J \ I I I ~ ,  .I tud uttnint r r . ~ \  .I u>ttrir 14 un~n. ir'ri,lc'\~~\ IMH rtw~I\t~l ~ t i n l  \CAI\ 1.11t-r. N&IB I& 

mmrr bas (JOII.URI 113 a small. n ~ m w ~ i  .UII \  II\ calkd % ~ m r  *cr\ n n  Ihr nkxwnc Iron, ~ h r  @la was 
lo p m ~ &  fuc an ~nnual  a n a l  to .a uudrt~c cxm~pc~t~ig In I& Iritrrn*tt~lldl % ~ t m r  Fatr I IH' pwI 
w m r d  that ihr award be kx rxlrlkncr tn thr lwld spat'c crpkwatxm, s y r r  u#nrr. ywcr -1- 

tnwttle, sn q k 1 6  r .ciytlla ,ctlrwx \ l ~ r t . 1 1 1  111r11utc- td ptr1c. l  11s IW- l 



Rotx~i- AND !~TEIUFE RESEARCH PANEL 

by the author. When Sputnik 1 went into orbit, the pawl intensified its 
efforts on behalf of a civilian National Space Establishment.= 

On 21 November the group issued a paper entitled "A National Mis- 
sion to Explore Outer Space." A different version, "National Space Estab 
lishment." appeared on !?7 December 1957 (see app. D). The minutes of the 
6 December panel meeting record that the earlier *per had been discussed 
with Detlev Bmk. president of the National Arademp of S c i m .  Cbpies 
had also been given to James Killian, the president's science adviser. and to 
Lee DuBridge. president of the California Institute of Technology. Dr. Kil- 
lian referred the panel tepn to H e - k t  York, Emanuel Piore, and k - w g e  
Kistiakowsky , members of the President's Science Advisory Cow-::tce 
who were also exploring the question of the tynited States role in space.u 

To this point the panel's policy of restricting membership to those 
working in the upper-at mosphere program had made good senst. But now 
the panel felt the need for additional weight behind its recommendations. 
During I)eceinber 1957 the membership about doubled, adding key persons 
in the military research establishment, industry, the rocket development 
field, and the American Rocket Society (app. A). The society was also agi- 
tating at the time for the creation of a civilian space agency." The two 
groups agreed to join forces in promoting the idea, and on 4 January 1958 
issued a summary paper supporting their joint proposal for a "National 
Space Establishment" to have responsibility for investigating and explor- 
ing space. 

In addition to preparing that paper, the Rocket and Satellite Research 
Panel mapped out a plan to bring its recommendations to the attention of 
persons who might be in a psition to do something. hlembcrs bisited 
congressmen and officials in the administration and sought help from the 
-4cademy of Sciences. A small group, chaired by the author and including 
Wernher \on Braun and M'illiam Pickering. called on Vice President 
Nixon. who seemed most receptive. Through his good offices a number of 
meetin-gs were arranged for the group on Capitol Hill and in the executive 
branch: with the commissioners and general manager of the Atomic 
Energy Commission, with George Allen and key figures in the I1.S. Infor- 
mation Agency, and with the staffs of the House and Senate committees 
that were considering how to respond to the Soviet challenge in spate. 
William Stroud. von Braun, and the author appeared before the Joint 
Committee on Atomic Energy and shocked members by asserting that the 
proposed spaw program could very likely require as much as a billion 
doiiars a year and could become comparable to the atomic ener* program 
onre it got going." 

Panel members. of course, seized on whatever news dril could acquire 
about what was going on. They heard that the space program could go a 
number of ways: a new agency might be created. which the panel had 
naively recommended; or responsibility might be assigned to an existing 



BEYOND THE ATMOSPIIERE 

agency like the National Advisory Committee for Aeronautics; or the 
Departmrnt of Defense might get the job.% 

Among panel members the NACA haci an image of gross conservatism. 
In talking to Hugh Dryden, director of NACA, Whipple received the 
impression that NACA was "not prepared to undertakq space research on 
the scale considered essential by the RSRP and by the American Rocket 
Society." it'hipple had also talked with General Doolittle, NACA chair- 
man. who declared his intense feeling that it would be a peat error to set 
up any such organi~t ion  outside of the Defense Department's jurisdic- 
t i ~ n . ~ ?  His opinion was disturbing to ptnei membrrs, who had felt the 
pinch of budgets for sounding rocket rewarch competing with budgets for 
purely military purposes and who woulcj like to remove the periodic vexa- 
tion of the classification battle. Although members rerognized that the new 
agency would have to depend on the military for a peat  deal of hardware 
and logistical support, to a man-including those employed by the 
services-the panel was determined that the nation's space agency ought to 
be civilian. 

Doubts about the NAC.4 did not lessen the feeling of satisfaction with 
the National Aeronautics and Space Act of 1958. Members were prepared 
to give whole-hearted siippc3rt to the new National .Aeronautics and Space 
Administration. which was tc. &orb XAC.4 as its nucleus. Indeed, many 
joined the new agency. But the panel itself was now at loose ends. The 
purposes it had servtd lor more than ;I dt.<-ade would now be NASA's. For 
thr nest two years the panrl devoted itself to colloqi~ia on topics related to 
atmospheric ;and space research. but such colloqii; could hardly serve the 
now esplosively expanding field ihr way sessions of the scientific societies 
could. Members experienctd a growing dissatisfaction where before a feel- 
ing of piont~ring excitement had suffust-d the discussions. William Picker- 
ing submitted his resignation with a statement that he felt that the panel 
no longer served any real 

Having existed for so Ir>np: without any formal charter, the panel now 
found t inie t o  c-ompose 3 constitt~tion. \s hich was declart.d adopttd by a 
three-foitrths vote at the rnecting of 17 February 19fi0.39 Alter one more 
meet ing. the p a n ~ l  susiwnded t ~pcrat ions. 

.l'h~is. the panel's succ.c.ss i1.1 hclpinS 1,ritig ;ttw)iit thc. c-rt*r:tio11 of is ucw 
agency devoted to the investigation and explorrttion of space also brought 
the demiw of thc prnel. In ccaitrast. the National Acadeiny of Sciences. 
which the Kwket ant! Satellitt- Rese;irch Panel h;td c!riwn into the rocket 
rcsearc.h field. erp;tndtul its rolr in tilt, progr;\ni aftcr the creation of NASA. 
The Sp;tc.e Science Board, which grew out of thc academy's I<;S panels on 
rcw-ktatry and e;trttl zttellitt~s. \V;IS ;in irnnlctii;~tc source of advice to NASA i r t  

its formative years. taking over the advisory role that the Rcxkct and Satel- 
lite Rest-arch Pnnc? 11;td o11c.e played. :Is a c.ommitrtr. of thr n;ttion's presti- 



gious Academy of Sciences, The Space Science Board enjoyed a vantage 
point that the panel never had commanded. How the academy went into 
space science and events leading to the establishment of the Space Science 
Board as one of the prime sources of advice to NASA are dealt with in the 
next chapter. 



The Academy of Sciences Stakes a Claim 

In the fall of 1957 the National Academy of Sciences in Washington 
was hosting an international conference on rockets and satellites. The 
mood was one of anticibtion. The International Geophysical Ye- - Ltqd 
begun officially on 1 July 1957 after several years of careful planni ir11 

the guidance of the Conlith Speciale de 1'Annk &physique In 
nale (CSAGI). Now, during the week of 30 ~epcember to 5 Oci xr 1 ' - 
CSAGI was giving special attention to the continued planning of r. - . 
and satellite part of the ICY program. 

The International Geophysical k'ear-IGY for short-grew our of a 
suggestion made in 1950 by Lloyd V. Berkner to a small group gathered at 
the home of James A. Van Allen in Silver Spring, Maryland, that in the 
period 1957-1958 there should be a Third International Polar Year. Two 
previous International Polar Years, the first 1882- 1883 and the second 1932- 
1933. had demonstrated in some measure the value of international coop- 
eration in earth science investigations.' The group was heartily in favor of 
the idea. 

No better promoter for such a project could have been found than 
Lloyd Berkner. A world-renowned geophysicist, he had long worked s-rith 
problems of the ionosphere. the electrified region of the upper atmosphere 
that is responsible for reflecting radio signals around the world, making 
radio cammunications beyond the hori~on possible. Berkner had been asso- 
ciated with G. Breit and M. A. Tuve who, at the Carnegie Department ~f 
rI'errestiial Magnetis~ll in Washington, had bt :I among the first to meas- 
ure the height of the iono~phere.~ Berkner wal interested in the institu- 
tional and internatimal aspects of science, serking as adviser to the Depart- 
ment of Defense and in the State Department, and bcoming very active in 
a number of the unions of the Inter~~ational Council of Scientific Ilnions. 
Most notable was his boldness of vision, which in srientlfic cirt1t.s was 
full;. a match for that of von Britu11 in rocketr). 

Immediately swinping into action, Berkner and Sydney Chapman con- 
veyed the proposal to the Joint Commission on the Ionosphere of the Inter- 
national Scientific Radio irnion, the International lTnion of Geodesy and 
Geophysics. and the International Ast~anomic-al Union. In time the recom- 



MADEW OF S ~ ~ Y C E S  ST- A CLAI-J 

mcnduion rtrheddwasdoptcd by theIn#mPriaulCouncildSdar- 
tific Uniom-pmm body of rhc v a r h s  individual unimts-wkh in 19S 
appoinvd a special committee to averscc thc projcrt In the caursc d sdic- 
iting partkipation, the enrrrpise was mhrgcd to mc1omp;rss thc scientific 
study d the whok earth, a sum mac broadly appealing than pdar 
investigations 

Thus the ICY was ban.' The rpccial Clommituc was fornully daig- 
mtcd the Special Committee for the IGX, ~~ to in both ylcldr and 
wriling as GAG1 (generally pronounced kuh sclh ,k), the ammym d its 
name in French. <Xap-man became ttrt prrJidcnt d CSAGI. Berlulcr its 
vice pre4ent. a d  both labored tirelessly and dfmivd)- to makc thc proj- 
ect go. Eventually 67 m a i c s  joined. 

Chapman gavesome idcaolthescopcd the ICY as finally mnccivcd 
by its pianners and organ- in his gcnaal foreword to thc first volume 
d the Annuls of rlrc Inten-trlkww: Ccophysicul Ycrr: 

The main aim is to learn mom abut tfK fluid cnvtlopr d mu plane+ 
~ ; u d o c a m - - a u a d I t h c a n h u r d a t d l h e i g h r s ; m d ~ I h c  
~ . c s p r c k l ~ a t i a u p p a k u c l s . i s m u c h ~ b y ~ o n  
the Sun; hcm this also will b & e n d  mart chsdy and amtin@ than 
hitherto. W-thc~, the kmospkc. thr d s  magnc&m. the pdu lights 
cosmic glacms all ocrr thr world the sin and fonn d the earth. natural 
and man-made radioaaivity in the air and thr seas. earthquake m-zms in R 

m c  pbrcs. will b among the subjcrts studid T k c  rrsl?rdrrs &nand ~~ srmul&wuotu obsen.ation.4 

k spending to the international call to countries to join in the ICY 
project. the National Academy of Sciences, through its National Research 
Cmncil, established a National Committee fw the ICY and selected Joseph 
liaplan as its chairman (app. E). Ziaplan, a geophysicist who had acquired 
a considerable reputation working in the laboratory on band emissions 
from various atmospheric gases, was noted for an inexhaustible supply d 
pleasant anecdotes. His genial personality was ideally suited to working 
with the difficult. dark. moody, sometimes abrasib? Hugh Odishaw. execu- 
tive director of the committee. Odishaw was the guiding gtnius behind the 
organization of the V.S. ICY program, and his influence could be felt in 
the international arena as well. He had a mlarkable ability to foresee the 
future consequmcvs of present actions, and was in\-aluable in napping 
0181 strategy and directing tactics for securing support from the administra- 
tion and Congress and in dealing with the inevrtable conflicts and politick- 
ing on the international m e .  

In putting f m h  his original proposal, Bcrkncr had cited the great ad- 
vances in technology and -cientific instrumentation since the early 1930s- 
much of it generated in the .mu t ion  of World War II-as a compelling 
reason for not waiting -:.I 11.: 50 yean that had intervened between the 



F i r s l a n d S c o n d P o k r Y c a n . ~ t h c i n ~ t o 2 5 ) r e a r o w o u b d  
put t h t  proposed Thinl Polv Yarr in the p d  1957-19S8, which would 
&ordthcddtddv;ur~dkingatkolmuimumsuaspott,inm- 
mask to the sunspot minimum d the S c u d  Pokt Year. 

Among the ncw t- that could k a d i c d  to the dcuikd in- 
vest igat iondrhteanhurdsunwmthOSCd~.  wh<#tappIications 
to -)sics had kcomc patently dear from the work d the t1.rpprr 
Aunosphnr Rocket RcsmKh Paad. stme of n-hose w i n g s  Kaplan hd 
atundtd When rhe pan4 propoerd to conduct d e t  soundings as part d 
the ICY program, the U.S. N a W  Commitm quickly appmmd Steps 
were taken at ona to indude a sounding ndret segment in the U.S. pro- 
gram for the ICY. 

The Natktd R e d  Council establkkd a Technical Panel on R d -  
ewyaspartdthcICY m a d r i r m y , i u r d t h c N a t i o M l ~ y d S c i c m x s  
informed the CSAGI d thc U.S. intention *a use sounding rackets for  gco- 
physical invcsligations during the IGY."y thc time d the ICY planning 
meeting conducted by CSAGI in Romc during the wtclt of 30 scptcmbtr 
I W ,  rocket soundings had kmme an important clement d tbt progarr... 

But plans soon rrmt b y d  sounding rodrcts When the U.S. d- 
ing rocket program had begun in 1946, satellite were still dem& imprac- 
t i c a k  now matters were different. The Navy. the Air Form. and ocher 
group had camtiad to uudy the design and usc of artificial satellites 
launched arato orbit bv large, powerful KICICC~S, and by the early 19505 the 
feeling had kvlopcd thkr the satellite's time had come. Hidden by securitv 
w-raps, romc studies had m r d  fairly far along im? the planning stage.6 Von 
Braun and his people had convinced thwrsclws that thq- could swrccd in 
shori order in orbiting a small satellite, and it rankled that official a p  
pnnal could not be obtained. 

Members of the pppcr Atmospherr Rocket Research Pane! were aware 
of these studies, but ihose who were employcps d the military did nol. feel 
free to pms the issue. As has been seen, the panel recommended only a 
sounding rocket program to the Academy d Sciences. But geophysicist S. 
Fred Singer of the Applied Physics Laboratory. who had bccn conducting 
cosmic ray and magnetic fidd research in sounding rockets. felt under no 
restraints of military security. From some fairly simple calculations Singer 
concluded that it should be possible to place a modest (45-kilogram) satel- 
lite in orbit around the earth. and at me~y opportunity he urged that the 
m.~iatry undertake to do so. Singer's conclusions were quali.~tively nw- 
tect, but his outspokenness generated some friction for at least two reasons. 
First. Singer's manner gave the imprpssicm that the idea for such a satellite 
was origiml with him, whereas behind the scenes many had already had 
tlte idea, and the) felt thzt Singer had to b aware of this Muzzled by 
classification restrictions, they could not engage Singer in dehte. Second, 
k ing  unable to s p k  out. chose who had dug into the subject in much 



greater depth d not point out that Singrr's cstimaacs oveFshol the mark 
sommhaa,dthathissuggcsHdappmachwasnocas~b&tsothas 
that couldn't bc mcntiontd 

N ~ S i n g r d i d g r c a t o a v i a m ~ b t m p d r s r , ~ . B y  
making lurown the prscnt possibility d pldng ani f icd satellites in orbit. 
Singer aroused in- in this Lind d deviclr for scientific raerrdr.' The 
ICY was to b the first Miciary.  

Singer pined international attention fcr his pmpmal wbcn, in August 
1953 at thc Foutth International Congms on Arttoluutics in Ziirich. ht 
ckaibtd his idea for a Minimum Orbital llnnranntd Stcflitc Ex@- 
rncnt-which hc calkd Mouse. Mouse would wcigh 45 kihqpms and 
would b irrstrumcntcd for scientific mcuch. 

The Intcnulion?l Scientific Radio U n h .  at its 1 lth Ccna?i Assem- 
bly in the Hague, gave its support to Singer's pmpcd. At the urging d 
b h  Singer and Lloyd Berkncr, on 2 Scpvmkr 1954 the Rdio Union 
adopted a d u t i o n  drauing attention to the  d u e  d imammcmd earth 
satdlitcs for solar a d  geophy~ical obmations. Later that month. on PO 
Scptcmkr, the International t ! n h  of Gcodcsy axxi Geophysics at its 10th 
Gcnaal Assembly in Rome adopted an em stronger r d ~ t i o n .  actually 
rmnnrncnding that c~nsidcration be given to the use d small scientific 
satellites for geophysical research.@ h h  thc rrsoluticnr d the Union d 
Geodesy and Geophysics and the earlier one at the Radio Union were con- 
veyed to CSACI. which held its third gmcral planning meeting in Romc 
shortly after the close d the Geodesy and Gcophysks Union meeting. In- 
dnd. it is unlikely that lhcK two molutions could haw b m  m i d  by 
CSAGI, since many persons attended all ihrct mmings-radio. gcophyx- 
in, and CS.9GI-and em m m  attended both the Iw two. Also, the 
CSAGI membership included rqmsentative h-om a number of dcntific 
unions, including radio and g e a h y  and geophysics. Thc combining d 
form to promote programs of mutual interest is traditional among thc 
scientific unions, w k  maneuvering has much in common with ordinary 
politin. 

At any rate, on 1 October 1954 CXACl agreed and issued its challenge 
to the ICY participants in the following words, which closely parallel the 
rrsolution adopted by the ITnion of Geodesy and Geophy.sics. 

In vim ol thc p t  irnpmmm d obsmationr during cxtcndtd periods cc 
timc, d extra-tcrrcstrial radiations and gruphpsiral phcmwa in Ihc uppr 
atrnoJphcrc. and in view of thc &ancrci sole d prrscnt mdm tlrtmiqucs. 
CS.4GI m~mmcnds that thought b given to thc launching d small satellitr 
vehicle. to their scientific insuumcntation. and to thc new proMcms asso- 
ciated with satellite nprrimcnts. such as pcmm supply, t c k d n g .  and 
orientation d thc whick.' 



It mnaid for  in- anrnuies to mpond to the mx#nmend;rtion. 
Thc United States had ;Ilrrrdy a n d  its intention to conduct sound- 
ing rocket flights as part d the ICY program, but the compkxit). d 
ex- d an earth-satellite p q p m  nctdtd d u i  &dention by the 
irgcndes that would bt c x p m d  to cur). out the masaty dmdcpmmt 
and ICY ~~ Momwcr. at the opening d the Assembly of 
the Unian d Ccoclcsy and Geophysics Sydney Chapman as prrsidart d 
CEAGI had found it nmssuy to polnt out that the Soviets had not yet 
wen fit to join the ICY program. It n.as the United States and the Soviet 
Union, d mume, that werr expccud to rnpond positively to the CSAGI 
pfoposal- 

Thc U.S. National Committee f a r  the ICY gave careful mideraticnr 
mhproposald~hsprirrgd1W.Supponw~nolim~sclyu~n- 
i m w s  Clearly the dimrniions d this udcmking would k of a diEkmt 
order from the sounding rockets already a pan d the ICY planning. Daub 
were expressed over the wisdom d including the project in the ICY. Tech- 
nical aspcca were not the only considerations. There pras also the concern 
about what would be the rcactim of people to the launching of an anifi- 
cia1 satcllitc that could casily b vicwcd as an y e  in the sky, could b 
accorded some sinister import. perhaps even be equated with some kind of 
witchcraft. Memories d Orson Wdlcs's Man invasion had by no means 
vanished. Mast, how-, facored endorsing the project. Joseph Kaplan, 
chairman d the committee, was especially enthusiastic and jokingly coined 
the phrase "Long Playing Rocket" for the satellite, by analogy with the 
long-playing mmds newly on the market. He suggested that. sit= sound- 
ing rockets had bcromt familiar. the idea d a long-playing rocket wouM 
prove lcss disturbing than the completely new concept d an artificial 
satellite. 

.After much thought the National Academy of Sciences, spmlsor of thtt 
U.S. ICY program. and the National Science Foundation, which provided 
the money. agreed jointly to seek approval of an ICY scientific eanh- 
satellite program. The two agencies were surressful, and the V.S. intent to 
launch an earth satellite during the ICY was announced imm the White 
House on 29 July 1955.18 A significant factor in adminisua~ion support 
was the perceived need to develop and explore satellite capabilities for pos- 
sible militsv applications. The Pentagon was assigned the job and, after a 
review of several possibilities. sele-ted the Navy's Vanguard for the 
purpose-" 

With scientific satellite now in the ICY program. the ICY committee 
established a Technical Panel on the Earth Satellite Prognm, to do for 
satellites what the rocketry panel was doing for sounding rockets. Richard 
Porter. the General Electric Company engineer in charge of the V-2 test 
program at White Sands, was asked to be chairman.'? 



Whcn the Fourth Assembly d CSACI met in Barcllaru, 10-15 Sepma- 
btr 1956. the Soviet Union had joined the IGY  and was prrparrd to say 
something about Soviet rocket and sistdliu pbcs On 1 I Scpwmkr. Prof. 
I. Bardin, speaking in R u s h ,  announced to the G A G 1  delegates that rhc 
USSR would haw a rocket program in the ICY, details to bt given later, 
and also would use satellites for pressure. temperature, comic ray. micm 
meteor, and solar radiation W h m a s  the United States 
undertook to dcscrik in mnsidrrablc detail its sounding d c t  and earth 
satellite plans, to aid those who wished to make conriatcd measurements 
by other techniques. the Soviet Union furnished little achamx information. 

Thus. when C S K I  convened the conference on rodccts and satdlitcs 
in Washington in the fall of 1937, there had heen cxmkhabk time for 
work on the rocket and satellite projects, but it remained to be seen how 
much cooperative researrh could be done in association with haw projects 

The subdued sense of anticipation that mdxi the sessions stemmed 
from the awawness that preparations had been under way for some time. 
that the IGY was already in full swing, and that the first artificial satellite 
must soon appear over the horizon. But those expectations did not dimin- 
ish the surprise and dismay felt by V.S. scientists when the launching d 
Sputnik I was announced on the evening of 4 October 1957. At the time 
many of the ccmference attendees were guests at the Soviet Embass).. The 
news, which had been broadcast b) Mwcow Radio. was brought to Berk- 
ner. who shard  it at once with those present. His announcement practi- 
cally wiped out the pany as the tT.S. scientists, in panicular. mttered to 
their home bases 1.3 take stuck of what had happened. The author had 
qone home that evening from the planning sessions at the academy and 
;.as about to call it a dav whm Hu@ Odishaw called. -4s executive direc- 
tor of the IV.S. Sational Chmmittee for ICY. Odishaw wondered if a few 
people shouldn't meet at the I C Y  hmdauaners-1115 19th Street. N.W.- 
to discuss the turn of events. Once thcre. Odishaw. Richard Porter, the 
author, and others kept track of the Soviet satellite's course. From radio 
sightings as t t iq were reported, the ground uack of Sputnik was plotted 
on a map in the office. and in a few hours a pretty good idea emerged of 
the kind of orbit Sputnik was following. 

.Is the group in imagination followed the muse of the satellite across 
the heavens. the mentbers tried to wei& the Soviet accomplishment against 
the fact that the launching of the It.S. satellite, Vanguard. was still some 
months away. 'Thq tried to estimate \$.hat the public reaction would be. 
Disappointment was to be ex[- ted, but they did not anticipate the degree 
of anguish and sometimes genuine alarm that svould be expressed over the 
weeks and months that followed. 

The next morning. Saturday. 5 October 1957. in the auditorium of the 
Y.S. Sational .%cadem) of Sciences. .4natol\ Blagonravov took the floor to 



s p u k a t ~ a b o r u S p u t n i L . U m l c r s t n n b M c p ; i & w ; r r ~ t i n B l p g -  
onnww'sbarine,buthiswordsalsohistkdwithbubsforhisAmaic;m 
listcnas. T h e ~ d n o t - - o r a t a n y r a b t d i d n o t + f n # n c h i d -  
ing the United States Eor calking so much about its satellite idom having 
om in orbit, and commwmkd to his listems the Sovict apprc#ctr of doing 
m n d t h g  first and then calking h t  it. 

While thm was some mwurc d justice in Bbgamavov's ungtrious 
commmu, his U.S. colleagues anridn't hdp Wing that he missed-pa- 
haps intentionally--the point that much of the aduame dixusdon of the 
U.S. ICY ~;luiliu program was to pnwkk waxaq information f a r  plan- 
ningbythoscwhovisbrdtodbbp~rat~inrhtmdringcrothaopentianal 
aspects of thc mission. In view of the fntitfasness of CSAGI's efforts to 
elicit any such imuamdation frrnn the Soviccs, either at B a r d m a  in 
1956 or at the meetings in Washington. the remarks of their Russian cd- 
kaguc wac douMy h s t r a t h . 1 4  

Ncvathclcss, admiration for the Swm achin-cment was genuine and 
uniwrsal, and tlis colksgucs muid M y  applaud when BIagonravtw dc- 
c l a d  that he hoped that "this first step" would "scrvt as an inspiration to 
scientists throughout the world to arrelerate their efforts to explore and 
solve the mysteries and phmomma of nature remaining to be bt~lored."~~ 

R d o n  in the C:nited Sues was svong and widespread. It was clear, 
albeit intuitively to most, that a new d i d o n  had been added to man's 
sphere of thought and action. Equally clearly, something had to be done 
about the fac t  that the United Slates had not been the first to put a satellite 
in orbit. One r e d  and heard talk a b u t  Soviet technological supremacy. 
U.S. loss of leadership, the missile gap, and security and economic impli- 
cations In view d the impressively large weights of Sputnik I (80 kg) and 
2 (508 kg, 3 Nos. 1957). and the multiton launch vehicles that they ina- 
plied, the 8+kg payload of E x p b m  I hundred on 31 January 1958 did 
little to allay such mncents. President Eisenhower attempted io downplay 
the Soviet achievement. but couldn't carry it df.16 Congress todr the matter 
seriously , largely through apprehension over military implications. and 
began to crank up the machinery to respond to what was view& as a 
crisis. On his part. Eisenhowa created the post of science adviser to the 
president, elevated his Science Advisor): Committee to White Housc level, 
and asked the committee to develop a national policy on space. The result 
was to be the National Aeronautics and Space Act d 1958. 

By now atmospheric and space science had moved far beyond the nar- 
row confines of th i  Rocket and Satellite Research Panel and had estab 
lished a base from which the space science program could p r d  follow- 
ing the creation of the National Aeronautics and Space Adminisuation in 
the summer and fall of 1958. From the membership of its technical panels 
on rockeuy and on the earth ~tel l i te  program, the academy established a 
Space Science Board in June 1958. to advise the government in what prom- 



i d  to be a fast-growing and important field. tloyd Wncr  was named 
&ahman of SSB (app F). 

Events of the next thrcleguancrs d a ycar afm the fits S p u t n l  l a d -  
ing make a fascinating and cd~~71tiorr;ri story as h g r c s s  and the adminis- 
u a t h  cooperated and wrcstkd with each other to ham- out a legisla- 
tive response to the aisis." A number of circumstanm combined to give 
scientists the civilian agency and oprn space prolqram thq f a v d .  How 
this cam about will be dealt with in chapter 7. But before pmcccding to 
that part of the narrative. it is appropiate to pause and take stock of the 
rich h a m t  d scientific knowledge that a decade of rocket sounding had 
a l d y  produd More a n i f i d  can5 satellites took on an importance 
that commanded the attention of the pesidmt and the Congress. 



Early Harvest: 
The Upper Atmosphere and Cosmic Rays 

Scheduling V-2 flight< developing newer rockets, testing instruments. 
seeking financial support. fighting military classification, arguing and 
politicking in meetings national and international-such activities w ned 
to consume more time and energy than the actual science that wa lr 
ultimate purpose. But h u s e  of those subsidiary activities, which fill most 
of the pages of this book. the scientific research moved steadily forward. 
Month by month. year by year the results accumulated. By the time NhSA 
began to operate. a rich harvest had already been reaped from sounding 
rockets. with several significant contributions from the scientific satellite 
program of the International Geophysical Year. These, especially upper 
atmospheric and cosmic my research. gave N M A  a running start in space 
science. 

By the early 19605 the study of energetic particles and magnetic fields 
from the sun and their interaction with the earth's magnetic field had be- 
come a well integrated and coherent lield of study. By then, also. satellite 
geodesy had begun to make its mark. But the space science program was 
open ended, and the harvest a c-ontinuing one. This steadv advance of space 
science is the sttbject of thr- chapters (6. 1 1.20). whose aim is to present in 
broad outline what the space science disciplines encompassed and to show 
how space techniques made notable conuibuticms. The present chapter 
reviews achievements through 19%. 

Thirty thousand light-years fxom the center of a disk-shaped galaxy, 
itself measuring 100000 light-years from edge to edge. planet Earth revolves 
endlessly around an averase star, the sun. which with its attendant planets 
speeds toward remote Vega, b~;ghtest star in the northern skies. Although 
containing billions of stars, nebulas, and other celestial objects, most of the 
galaxy consists of empty. or nearly empty, space. T o  inhabitants of Earth 
the threshold to these outer voids is the upper atmosphere. 



One can easily show theoretically that the pressure and density of thc 
atmosphere must decrease exponentially with inacasing hcight above the 
ground, and experiment confirms this onclusion.~ Roughly, at kast for 
the first hundred kilometers, pressure aiid density fall to one-tenth their 
fonner value for every 10-mile (16-km) ir~crease in altitude. Hence, above SO 
km only one percent of the atmosphere remains, while beyond 100 km lies 
only one-millionth of the atmosphm. 

Interest in the lower atmosphere where people live and experience the 
continuous round of changes in weather and climate is obvious, but one 
might well ask what could possibly hold the attention. even of scientists, in 
a region so nearly empty as the upper atmosphere? The initial impression, 
however, is misleading. After closer study the upper atmosphere is found 
to exhibit many fascinating, often pr,aically important phenomena-such 
as the ionosphere, which profoundly influences radio communications. 
especially shortwave; the auroras; electric currents, whicb at times cause 
magnetic effects that blank out both radio and telephone links; and the 
ozonosphere, which rluring the debate over fluor0catbon-pope1led aerosols 
gained temporary stature in the public mind as the protecting layer that 
shields the earth's surface from life-killing ultraviolet rays of the sun. So 
interesting were the challenging phenomena of the upper atmosphere that 
by the time sounding rockets put in their eppearancle, scientists had alfeadv 
evolved from afar a coherent, comprehensive picture of the upper atmos- 
phere and soiar-tenetrial relationshijw. In the mid-190s this remarkably 
complete picture formed a paradigm that hundreds of geophysicists around 
the world shared and used in reporting their continuing researches at scien- 
tific meetings and in the literature. 

The main features of this paradigm were set forth in an article on the 
upper atmosphere by B. Haurwitz, first published in 1936 and 1937 and 
reissued with some updating in 1941.: Eor those who began using sound- 
ing rockets in 1936 to explore the upper atmosphere. Haurwitz's concise 
review provided i. helpful introduction, while a review paper bv T. H. 
Johnson told much of what was known about cosmic rays from ground- 
based and balloon researches.' '4 classic paper by Fred ll'hipple on the use 
of meteor okr \a t ions  to deduce atmospheric densities at altitudes between 
50 and 110 km was one of the best examples of the ingenuity necessary in 
sti~d?ing a region not yet accessih!e to them or their instruments.' But the 
work that best described the state of knowledge of the earth's high atmos- 
phere at the very time when the sounding rocket program was getting 
under way in the I'nited States was a book of more than 600 pages. The 
i'ppcr Atmosphcrc. by Indian scientist S. K. Mitra. Mitra furnished an 
exhaustive review of upper-atmospheric research. concluding with a chap  
ter summarizing what had been learned and listing some of the most im- 
portant problems needing further research. The very last paragraph noted 
that as the volume was going to press word had reached him: 



&VOND THE A'IXQOSPH~RE 

that experiments are being conducted in Lhc U.S.A. with the V-2 rockets to 
stdy the comic rays and the ic#roaphcric conductivity up to heights of 150 
lun (August, 1946). It is hoped that the scope d these experiments will be 
extended and that the records obtained themhorn will, on the om hand, give 
direct information of upper atmosphrric conditions and on thc orhtr rwal  
the true picture ol the intensity distribution d solar ultraviokt radiation and 
thus help to solve the many mysteries d the upper aunosphcrt which till 
now have misted all attadu5 

Mimes hopes paralleled the motivations of the sounding rocket expcri- 
menters, many of whom were entering what was to them an entirely new 
field. 

Following is an elaboration d the extensive paradigm that the space 
scientists inherited from the ground-based researchers (fig. 1). The descrip 
tion is based on the work cited above, esp&dly on Mitra's ueatist. 

The atmosphere extended to great heights, auroras being o h e d  on 
occasion to more than 1000 km. Pressure and dmsity were calculated and 
o k e d  to fall off in exponential fashion. If the temperature were uniform 
throughout the atmosphere, the decline in these quantities would be given 
by 

and 

where p and p denoted pressure and density respectively, the subscript zero 
indicated values at the ground, and h was altitude. The quantity H, known 
as the scale height, was given by 

where 

L = Bolumann constant = 1.372 X loi6 ergldegree 
T = temperature in kelvins 
M = mean molecular mass of the air = 4.8 X gm 
g = acceleration of gravity.6 

In (1) and (2) the value of g was assumed to be constant, whereas in 
actuality gravity varies inversely as the square of the distance from the 



Figure I. Thc upper atmosphere a.5 r~isuolircd in the mid-1940s. 
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center of the earth. Hence the expressions for pressure and density were 
only approximate. More significantly, atmospheric temperatute varied 
markedly with altitude, the scale height given by (3) varying proportion- 
ately. Thus, in regions of high temperature the pressure and density de- 
clined more slowly with height than where the temperature was low. 

In regions where the atmospheric temperature was constant or nearly 
so, each separate atmospheric gas individually followed laws like (1) and 
(2) with the average molecular mass M in (3) replaced Cy the molecular 
mass of the individual gas. Thus, the corresponding scale height H varied 
inversely as the molecular mass of the gas, and a heavy gas like carbon 
dioxide fell off in density much more rapidly than nitrogen, oxygen slightly 
faster than nitrogen, and light gases like helium much more slowly. As a 
result the lighter gases appeared to diffuse upward, while the heavier gases 
settled out. Such considerations led one to suppose that at the highest alti- 
tudes, hundreds or thousands of kilometers above the ground, the lighter 
gases predominated in the atmosphere. The outermost regions were ex- 
pected to consist of hydrogen or helium primarily, although no experi- 
mental evidence confirmed the supposition. 

Starting at the ground, atmospheric temperature fell at a rate of about 
6 K per km throughout the troposphere (or "weathersphere") to a value of 
around 220 K at the tropopaust-. or top of the troposphere, which was 
found at 10 to 14 km. the lower height corresponding to higher latitudes, 
the greater height to the tropics. .Above the tropopause the temperature 
remained fairly constant to about 35 km. h slight increase in the propor- 
tion of helium in the air above 20 km suggested some tendency toward 
diffusive separation, which at one time led researchers to expect that the 
region above the tropopause would exhibit a layered structure-hence the 
name stratosphere for this quasi-isothermal region. 

Above the stratosphere, temperature rose again, as shown by the fact 
that the sound from cannon fire and large explosions was reflected from 
these levels of the upper atmosphere. Observations on this anomalous prop- 
agation of sound waves permitted one to estimate that the air temperature 
was about 370 K at 55 kni height. Noctilucent clouds between 70 and 90 
km suggested a low temperature in the vicinity of 80 km. These extremely 
tenuous clouds were seen only in high latitudes and only when illumi- 
nated by the slanting rays from the sun below the horizon. With the as- 
sumption that the clouds were composed of ice crystals, the temperature 
around 80 km was estimated to be about 160 K. The study of meteors, 
investigation of the electrical properties of the high atmosphere by radio 
techniques, and obse~ ;ations of the auroras showed that temperatures rose 
again above 80 km to 300 K at 100 km, and to 1000 K or possibly 1500 K at 
300 km, with much higher temperatures beyond. Calculations from auroral 
observations were, however, not always consistent with this picture, often 



indicating considerably lower temperatures than those deduced from radio 
observations. 

Atmospheric composition near the ground was knc to be: 

(percentage by volume) 

Nitrogen ........................... .78.08 
Oxygen ............................. .20.95 
Argon ............................... 0.93 
Carbon dioxide ........................ 0.03 
Neon ................................ 1.8 X 
Helium .............................. 5 X lV4 
Krypton .............................. 1 X lV4 
Yenon ............................... 1 X I F 5  
Crone ............................... Variable. > 1 X 
Radon (average near ground) ............. 6 X I&'" 
Hydrogen ............................ Doubtful, < 1 X lV3 

Meteorological processes kept tfie atmosphere mixed, maintaining this 
composition at least u p  to 20 km. Between 20 and 25 km. heliuri increased 
about 3 percent ahove the normal value, but winds nd turbulence kept the 
atmosphere well mixed far a b ~ v e  stratospheric ht ,hts. u p  to at least 80 
km.; 

In the absence of otb t r  agents, this stirring should have kept the com- 
position fairly uniform throughout the mixing regions. Rut solar ultrd- 
violet radia*;on in the region from 1925 A to 1760 A, absorbed in atmos- 
pheric oxygen above the stratosphere, gave rise to a chain of reactions 
leading to the formation of ozone. Simultaneousiy solar cltra\~iole: in the 
neighborhood of 2550 A decomposed atmospheric ozonc. An equilibrium 
between the formation and destruction of ozone, conibined with atmos- 
pheric motions, distributed the gas so that in temperate: latitudes it showed 
a maximum absolrrte concentration at about 25 km height. and a maxi- 
mum percentage concentration at about 35 km. Al clgh never more than 
the equivalent of a few millimeters at normal ter matlire and pressurr, 
the ozone layer shielded the ground from lethal ultra\iolet rays from the 
sun. Ozone concentrations were observed to 'v higher In the polar regions 
thirn in the tropics, and tended to correlate with cvclonic weather patterns. 

Above 80 km, solar ultraviolet dissociated molecular oxygen, the disso- 
ciation becoming fairly complete by about 130 km. Thus the region from 
80 to I30 km appeared as one of transition irom an atmosphere consisting 
of mostly nlolecular nitrogen and molecular oxygen, to one of molecular 
nitrogen and atomic oxygen. It was assilrned that above 100 km diffusive 
separation of the atmospheric gases becdm~ increasingly effective, and that 
the dissociation of oxygen enhanced the tendency of nitrogen to settle out 
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a n i o n o s p h e r r w ; r r o b ? i a t d i n 1 9 2 ! i w h c n E V . ~ d M . B v a c n  
in England&t~-ud sky m ~ x s c o m i n g ~  t o t t w i r r n ~ i v a a f t u  bring 
rdkcccd by a high-altitwk layer.* .Wtkd d thr iknnclly- 
Heatisid= l a y  came from experiments by C. Brcit and M. A T u w  in 
Amcrkti  n K x ~ m s m t a n d i o p u l # u p u u & a n d ~  
twoanwwtd&yd pukes in a d m a  few kilonmasam-ay Eran tbr 
uansmitter. The initial rrcri\zd pulsc was aswmcd to be frcnn Ihc direct ray 
a l o n g t h t g r o u d a n d t h t o t h c r p u l s c s t o b e b t c c h o c S ~ -  
The mcrhod of Breit aid T u w  kcam the lmk f a  probing tbt ioclo 
qherc, using the rrfkctiolls to deccrminc the heights d varhus l a w  
Soohisticated formulas rspn. worked out to explain hcw the ~~ t c k -  
lions ahunud m-cre gtmemtcd by the Hnwrsphere. F m  rhtst formulas and 
the cxpaimcntal data. thmrim could estimate law heights, elcctmm den- 
sities. - ficM intensities, mllkkn fqwncies of the ckcuwrr and 
aanospharc panicles, and reflection and abdorpion cocfficicnts f a  the ion- 
a&" 

The ionizaticn was assumed to be c a d  by rokr radiations and uttn- 
vidcc was takm to be the most likely agent. Sydnq- Chapman showed b 
a monochnnnatic beam d uluaviok light wordd generate a parabolic dis- 
t r i b u h  d chon cormmoations in an exponential acmoqhm of 4 
cuks (I* ax)-gm) susceprible to ionization by thr  radiation (fig. k)." Start- 
ing with this basic theor). and tonsidering the effcct of the various solar 
w a d c n g t h  regions likely to influencp thc upper atmo@wre it was pa&- 
bk to estimate the variation with height of electron intensities and to make 
some guesses as to what the heavier ions might k. 

F m  both radio ObKn-ations and t hem,  scimtius concludtd that rhc 
had two main regions of ionizh.ion, region El centering on 1 10 

km, and region F, entering an 275 km. The i- was found to war)- 
with time of day, xason d the year. and phase d the sunspot cycle. For 
regions Z, a-xi Fz halfway brtwccn the minimum and maximum d solar 
aciivit--, the aierage ior~ization intensities corresponded to IW and IW dm 
rrons per cc. respecti~el?.~~ Mainly during the daytime. regions & and F, 



formed u heights d 140 lun and 2W lun. Region D. a some unranin 
d i w n c r b d a w t h c E r r g i o r Z w a s o b s a v c d a t t i m s d h i g h ~ ~ ~ ,  
a d  praumablv bK?usc d thc incrc?scd mdccukr adlition &cqurncy at 
( h 0 6 C l O V C f d t i t U d C S a r r r c d p m m u n a d ~ d r a d i o ~ d  
n m i i u m m ~ .  

A t g r ~ ~ d i s t v v f t ~ t h c e v t h t h c u n h ' s ~ f i e k l ~ a L e n  
to be essentially t b  d a uniformly mqpahd ic. a magnctk 
dipok !fig. f :i Clr#r in. the field was obsavcd to dcpw sammha Lrom 
that of a 5pc.k. misting of tht dipole, or rcguln, part, and an irrcgub 
pan. Some 94 percent of the earth's fiekt indudinp: sane of thc ificguhr 
f W w a s f a r n d t o h w i u c n i g i n ~ t h t & ~  Ofthtrrrnainiog6 
paccntdcrtenralorigin,abtmthalf;rppucdtobc~uscdbyaflawd 
cCerrric cumnt between the amoqh.c and the earth. The mnairrder. 
zbwu 3 percent of the tom1 fidd a p p a d  to be d u  to mdmd electric 
txumlts.'5 

S u d r d a u i c c u m u c o u M b c p r o d d b y w r r o s p h c r i c ~ a t  
high aitituck a d  by dar or lunar t ick, a by nonuniform hating of 
tht aunosphcrr by thc sun as rht earth turned. S Y h i k  thee  more a kss 
regular daily miations could easily tic acrounud fa by dccaic cumnts in 
thc ionosphere. magnetic storms whi& occtud at times d solar activity 
were nwwr likely associated with sucams at ddvgtd pvtidcs from the sun- 
The initial in- in magnetic fiekl obscnd during a storm cuniM b 
explained by the ilrival of dmgd panicles from rhE sun. which com- 
pressed the earth's magnetic fidd slightly and theby inaraxd its valw 
temporarily. The strong decline in intensity- to below nonnal salues which 
soon followed the initial phw might be c a d  by a huge ring cumnt 
around thr earth. fed by the panicle stream from the sun, as su@ by 

b Figure 2. Chapman layer- T k  pare- 
i bolic distribution alas estimated to  be 

within 5 prrrtnt of t k  actual drrtribu- 
rion of rhurge densitik ?O a dukncr' 
of one .~rale hright H f = kT'mg! 
a h c  and kbu* the lrzvl of mexi- 
mum ionization. 
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\ = electron 
d in- 
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Chapman, Fcmuo, and others- Then the gradrlal recovery from this "main 
phase" d the magnetic urn, as it was calk& signified the gradual dissi- 
pation d the ring current and a return to normal conditi- so it was 
thmght 

Among the mosl notable of high-altitude phenomena, and a n m g  the 
earliest to b.. studied in detail. were the auroras. the nwthem and s o u t h  
lights. These were seen most frequently at heights from 90 to 120 km, but 
also occurred at both lower and much greater heights. That the a u m  
correlated strongly with activity on the sun and appeared in an auroral belt 
at high latitude suggested that t b -  must be due to charged particles from 
the sun. Charged particles would be steered by the earth's ma-qnetic field, 
whereas neutral particles or solar photons would not be affected by the 
earth's field. Experimenting with cathode rays and small magnetized 
spheres. K. Birkeland in 1&98 and others demonstrated how- electrified par- 
ticles approaching a nlagne~iztd sphere from a distance would be guided 

the magnetic field toward the poles. Starting from Birkeland's concepts 
and experiments. o\er man? ?ears Carl Storrner developed a thmry of how 
electrons or prmans from the sun would be deflected bt the earth's mag- 
netic field into the auroral zones tc pa iucc  the auroras as the panicles 
impmed on the atmospheric molecules. causing them to glow.'6 The spec- 
trum of the aurora was ~ k r d  to exhibit primarily lines and bands of 
atomic 0x5-gcn and molecular nitrogen. with the forbidden green lines of 
atomic ox) g n  at 5575 h k i n g  particularly strong. 

.At nighttime the hi.@ a t m ~ p h e r e  was seen to emit a ver) faint light, 
sometimes called the permanen1 aurora. also ransisting of the !orbiddeta 
l i n e  a f  atomic ox\gen and of bands of the nitrogen molecule. This air- 



giow was estimated to come from well above 100 km, pahaps from as high 
as 4fM to 500 km. wry likely fnrn F-region ions as Lhy were neudizcd 
during the night. The yellow sodium D lines nrre also seen emanating 
fnnn the lower part of the  E region, and mme particularly intense at twi- 
light. From a distant cloud of material particles of some sort, the Eodiaoll 
light, with a spearurn similar to that of the sun, muibulcd to the light of 
the night diy. In the mid-1% it was not known whether this z d k t i o n  
came from within the high at- or from interplanetary space. 

At some height, probably around 800 or I(WIO km, the atmosphere was 
expected to cease acting like a normal gas. In this rej$on collisions between 
atmospheric panicles would be infrequent, and a mokculc might rise 
along an eltiptic orbit to an apogee and fall back without colliding with 
another molecule until returning to the denser atrnospke at lower alti- 
tudes. If the mokcule had suffick~t velocity it might mpn escape into inter- 
planetary space. Indeed. it was > . * r i d  that hydrogen and helium had to 
be exaping continuously t h r o ~ +  . I  rhis fringe region. epn rhough neither 
had been detected in the u p p r  atmosphere. Helium was known to be enter- 
ing the atmosphere from the pound-where it was produd by the decay 
of r ad imive  eletntnts-at a small but measurabk rate; but the percentage 
of helium in the lower atmosphere remained constant aver time. The natu- 
ral conclusion was that this light .gas had to be diffusing u p  through the 
atmosphere to the h i g h  levels where the t y  high temperature per- 
mit ted a ready exape of the .gas. 

.Somewhere in rhis fringe region. or t-sosphrr*. the transitior~ from the 
earth's atmosphere to the medium d interplanetary space was assumed to 
lie. One was hard put to it to define the boundar?.. Presumnabl~- when. the 
atmospheric density had dropped to the few panicles per cubic ceniimera 
expected in interplanetap spare the boundaq must already have been 
crossed. But long Mote  then the atmosphere had rPastd to exist in the 
usual sense ot the term. . \ c~ms  this i l ldefind interface. radiations from 
the sun entered the earth's envirorts to cause the auroras. magnetic storms, 
ionization. and heating d the atmosphere. 

Across this intertace also came the cosmic rays.': Ihese highly ener- 
getic pircicles from outer space were more the concern d the high-energ) 
physicist than of the geophysicist. Discovered betwtcn 191 1 and 1914 from 
balloon esperirmts m atmospheric ionization, cosmic rays quickly k- 
ranw a subject of intense interest. It was soon accppted that the rays came 
from outside the earth. hieasurements of the ionizing power af the rays at 
varioiis depths bclow the surf- of mountain takes re-=fed both a soft  
component and a hard. or extremely penetrating. component to the rays. 
Balloon esperiments showed that the intensity of the radiation increased 
steadily with altitude until a maximum-called the Pfotrer maxirnum- 
was reached at about L ?  km in mid-lititxdes. The shape of these intensity- 
alritude cur\-ts is shown in figure -ia.IP rigun. 4b sho\\c xhemaric-ally that 
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85541. 

the earth's magnetic field has a distinct effect upon the radiation. leading 
to the conclusion that the rays are cha@ particles. not photons. 

The shape of the intensity-altitude c w e  was explained as fol1ots-s. The 
primary rays. whatever they might be. upon striking the atmospkre pro- 
duced d shower of secondan: rays, which, a d d  to the primary rays. caused 
the initial increase in total ianization observed at high altitude. Ewntually. 
however, an equilibrium was reached. with the atmosphere absorbing 
enough enern from both the primary and secondap- particles to d m o w  
the total ionizing power with further depth into the atmosphere. Such a 
transition curve, as it was called, would be o k e d  not only in air. but 
also in lead or other subtlrnces. the principal difference being the spatial 
extent of the transitions. which dewnded on the density and nature of the 
material. 

The mily idea that the primary tmmic rays might be high-energy elm- 
tvc~i;ls wa. won rejected. It could be shown that to penetrate the entire 
attausphere and reach the ground. electron showers would have to be 
caused by primary electrons with strch high energy that they would be 
cornplctely kinhindered the earth's magnetic field. They would accord- 



ingly not exhibit the magnetic field effect already shown to criu. In 19% 
T. H. Johnson concluded that the primary radialion consistmi of protons, 
as theorists had guessed. somewhat earlier. In 1941 ballooll obsaMtions 
revealed that the cosmic rays within the atmosphere at high altitudt were 
-y mewu-0fts (-1, p-My %naad by h e  pPimary pr-" 
No significant component of electrons was obrervcd at high altitudt, s u p  
porting the condusion that there could be no significant cr#nponmt d 
electrolls in the primary radiation. But the soft compmmt obdcrvtd near 
the ground was believed to be electrons, decay products of the mesons g m -  
crated at high altitude. 

Thus, the scientific paradigm for the earth's upper atmosphere in the 
mid-1940s was rich in ideas accumulated over more than half a centur, of 
observation and theoretical study. It had been possible to explain to a con- 
siderable degree a wide range of phenomena. many of which ptaved to be 
extraordinarily complex; but many unc~nainties. unanswered questions. 
and problems remained. 

Consider the problem d estimating atmospheric densities in the E 
region of f ' -p ionosphere around l W k n ~  At it&. In the llMOs F. A. Linde- 
mann and G. hf. B. Dobson approached this problem by using observa- 
tional data on the heights of appearance and disappearance of visual mete- 
ors. Intuitively it seemed re :mnable that the density of the gas traversed by 
a speeding meteor should play a role in determining where the meteor 
would glow and be visible. The challenge was to develop a suitable theory 
to relate the observed meteor trails to the atmospheric density. Lindemann 
and Dobson assumed that as the meteor rushed into the atmosphere, a hot 
gas cap fomwd because of rnmpression of the air. Heat from the gas cap was 
tr. r~rfened to the meteor, and if the object were small enough it became 
incandexpnt. Allking a number of assumptions about how heat was trans- 
ferred from the gas cap to the meteor and using kinetic theory, Lindemann 
and Dobson derived expressior-, for pa, the density of the atmosphere at the 
height of appearance, and pd, the density at the height of disappearance of 
the meteor. The equations are reproduced here to emphasize !he large num- 
ber of quantities involved, uncertainties in which could cause errors in the 
dmived atmospheric densities. 

and 

24 T PAh gAi0 
p*= - .  - . p , .  - 
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P, = density d the meteor 
s = specific heat of the meteoric material 
T, = temperature d the surface d the mcor 
r = radius of the meteor 
x = angle of the meteor path to the vertical 
g = acceleration d gravity 
'U,, = molecular wight d the air 
k = (2;-I',) '3rp = calculated efficiency factor of heating 
1; = velocity of the c o m ~  gas molecules in front of the meteor 
1; = velocity of the gas molecules at the temperature of the meteorlc 

surface 
E = latent heat of vaporization of meteoric material 
2 = velocity d the meteor, assumed constant 
R = universal gas constant 
To = temperature d the atmasphere. assumed isothermal throughout the 

range of consideration 
L = total length of the meteor uail 
Ah = projection of L on the vertica1.m 

From m he ai~parent brightness of the meteor the rate at which energy 
was being emitted could be calculatrul. wh~ch multiplied by the time of 
visibility gave the total amount of energy radiated. w r i n g  this equal to the 
kinetic energy '~rnz" yielded the mass tn of the meteor. If one then assumed 
that the meteor was iron and essentially spherical, one got from the ex- 
preSsion 

mass = dmsit! times volume 

which gave the radius r. The other quantities in the expressions for the 
atmospheric density could be either measured directly or estimated from 
plausible assumptions. thereby giving densities at two altitudes. that of 
appearance and that of disappearance. 

The chain of reiasoning was lengthy, with many assumptions. The re- 
s u l t ~  obtain4 by the investigators immedia~ely put some of the assump- 
tions into question. For example. ike air densities obtained proved three 
i ime\ tcw high to c,orrespond t o  ;In isothermal ,~tmoliphere the strato- 
spheric temperat~lrt> of LEO li. rqtc~ring instt.ad temprraturt-s around 300 K. 
Between the stratosphere and the E region of the ionosphere. then. there 
had to be a si,gnificatit variation in temperature. XIor~~ver, orher o k r v a -  



tions indicated that it was not even likely that the temperature would b 
constant in the E region. Experiments with the anomalous propagation of 
sound mentioned ealiier showed that atmospheric temperatures rosc 
markedly between SO and 55 Lm to between 336 K and 350 li at the latter 
altitude. Noctilucent cloclds, on the other hand, strongly suggested wr). 
low temperatures at 80 km." The conclusion was forced, then, that the 
atmosphere was not isothermal, having temperatures which rase sharply 
above the stratosphere to somewhere at or above 55 km, fell again to very 
low valws around 80 km. and then rose once more between 80 and 100 km. 

Disagreements also arose over how the meteors became incandescent. 
One investigator objeu-ted to the idea of a ,gas cap. preferring to assume that 
the meteor was heated b! direct impact with the air mole~ules .~  in the early 
1940s f d  M'hipple obtaintd \en ac-curate photographic records of meteor 
trails from which he could deduct. decelerations. He developed an  elaborate 
theory of how the properties of :he upper atmospheric gases. the decelera- 
tion of the observed meteor and its heating to vaporization and incandes- 
cence. and its physical properties were all interrelated. Then, making some 
suppositions about properties of the incoming meteors and measuring de- 
celeration and luminosity from the photographs. Whipple finally d c d u d  
the densities of the atmosphere along the trail.?' Again there were assump 
iions and corresponding uncertainties in the results. 

For the ionosphericist the theoretical maze was even more complicated. 
The prober's principal tool was the radio wave. A signal sent into :he 
ionosphere would be bent by the ionized medium. and if the charge density 
were @eat enough would be reflected downward again. For a simple layer 
in -A-hich the strata of equal ionization were horizontal, the cond~tion for 
total reflectiot~ of a signal propagated verticall! was: 

w here 

.\: =value of the electron density 31 the point of reflection 
c = tile electronic charge 
m = nrass of the electron 
p = angular frequet1c)- of the radio si.gnal.2* 

Thus. a radio signal of low enough frequency sent into thc ionosphere 
would contin~lc upward until it reached a level at which the electron den- 
sity was .great enough to satisfy equation (7). .At that point the wave would 
bt. reflected. returning to the grcaund after a delay corresponding to its flight 
a!ong the up\r.ard and downv:ard paths. As the w.we f r ~ u e n q  was in- 
crc~scd. the \va\e \t.ould penetrate farther into the l.~!er before being re- 
flected, and the delay in the io!losphere would be increased. If the layer had 



a maximum electron density. when the signal frequency exceeded the value 
(called the critical frequency) for which that maximum charge density 
would produce total reflcxtion, then the wave passed through the layer and 
no  MU^ was observed at the gnwrnd. 

By sweeping the signal frequency from low vahws to higher o m ,  one 
could generate a record of signal m u m s  which could be displayed as 
shown in figure 5, curve E. The critical frequency cwld  be read from the 
figure, from whlch the charge density at the point of reflection could then 
be calculated, 1:sing equation (7). With a little additiohal calculation, the 
height of the point of reflection could also be estimated. showing where 
the reflecting layer existed. 

If, in the charge density, other maxima lay above arid exceeded the 
initial maximum, then as the wave frequencies w m  increased new reflec- 
tions would be observtd. corresponding to the higher-altitude. more in- 
tensely ionized layers, as showt~ in curve F of figure 5. From the critical 
frequencies for these higher layers. estimates could he derived for the 
charge densities and heights of the upper layers. 

By using an appropriate theory like that of Chapman concerning the 
formation of ionized layers by solar radiations (fig. S), one could then esti- 
mate charge densities above and below the maxima obtained from the radio 
propagation measurements, and thus construct a continuous curve of 
charge densities versus altitude. 

-The concept was simple, but enormous complications entered when 
all the pertinent factors were considered. First, the ionosphere was by no 
means as simple as assumed in the foregoing example, and at times the 
propagation measurements indicated gross inhomogeneities. Moreover, one 
had to take into account the earth's magnetic field, collision frequencies 
among the particles in the ionosphete. and the fact that the ionization 
consisted not only of electrons but also of both positive and negative ions. 
The earth's magnetic field produced double refraction of the radio signals 
used to probe the ionosphere, splitting the signal into what were called 
ordtnary and extraordinary rays, which followed different paths, had dif- 
ferent points of reflection and different delay timeh, and were differently 
polarized-that is, the electric vectors of the two rays vibnted in different 
planes. When there were several ionospheric layers to deal with, and par- 
ticularly under disturbed conditions, tlte prohlem of iaentifyhg properly 
the various .eturn signa!, co &Id m o m e  next to impossible. In addition. 
,,.hen the signal had to traverse region in which the collision fr-uencies 
were high. as in a strong D region during times of Bigh soLr acl.ilty, the 
sigr.al c uld be greatly attenuted or even Llanked out. Not knowing the 
ions in the ionosphere simply ad?ed to the complication. 

The mathematical expression of how all these factors affected the prb; 
a 6  ion of signals tl..ough the iono5phere was far more complicated than 
(he simple expression of equatron ,7), and applying it to the determination 



of charge densities in the ionosphere put great demands on ingenuity and 
insight.5 

These two examples d how investigator!, resuicted to working with 
h a t i o n s  obtained at or near the ground had to wrest the information 
they sought from long chains of suppsition and theoretical reasoning il- 
lustrate the son of opportunity h a ;  befell the rucket researchers, who ex- 
pected to make direct measurements in situ. Since much, even most, d 
what went on in the upper atmosphere was caused directly or indirectly by 
energy from the sun, a most important contribution the rocket sounder 
could make was to lneasure the solar spccuum both outside the appreria- 
ble atmosphere and as affected by altitude within the atmosphere. Know- 
ing the former would let the theorist know what wavelengths and intensi- 
ties were generating ionization, various photochemical reactions, and ul- 
timately heating in the atmosphere. Knowing the latter would immediately 
tell where the different wavelengths were having their $Em. T?K impor- 
tance Mitra put on this vital information is seen in his assertion that "the 
greatest obstacle in the study of the upper atmosphere, is undoubtedly the 
lack of ow direct and precise knowledge of the energy distribution in tht 
near and extreme ultraviolet radiation of the sun. For, conditions in the 
high atmosphere are almost rntiiPIy controIled by the sari."" 

,Many data the sounding roc-ke( kould obtaan apparently could be ob- 
tained in no other way. In addition, inany quantities that muL4 be =ti- 
mated from ground-based studies contained serious uncertainties which 
could be removed or lessened by rocket mcrasurernc~its. Thex  circumstances 
made it possible for a number of young rocket txperimentm in short order 
to compete respectably in upper-atmosphere researc!. against much more 
knowledgeable scientists of many years' expericnct. The ways in which 
newcomers could contribute may be illustrated by listing sortie of the prob 
letns that in the mi;-1940s still awaited salution.27 
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Diurnal, seasonal, and other temporal variations in atmospheric pres- 
sure, temperature, and density were needed. 

A correct description of atmospheric composition at all altitudes would 
be invaluable. One could determine the distribution of ozone in the upper 
stratosphere and middle atmosphere and find the level at which most of 
the ozone was fonned. Knowing the composition would dso allow one to 
know definitely to what altitudes the atmosphere was c~mpletely or nearly 
completely mixed and at what altitudes diffusive separation played an im- 
portant role. In particular one would want to know where oxygen began 
to dissociate into atomic fotm and at what altitude the dissociation had 
become complete, and whether at some altitudes nitrogen also dissociated. 
At what level would lighter gases like helium bcrome an appreciable or 
even dominant componqt of the air? 

With respect to the ionosphere, radio sounding could not determine 
the ionization intensities in a region lying above one of higher charge 
density. One had to rely on theory to try to fill in the missing information. 
But in situ measurements might remove this lack. Moreover, if the precise 
nature and concentrations of both the positive and negative ions could be 
determined, a better understanding could be developed of how the balance 
between those agents creating the ionosphere and those tending to destroy 
it was established. One would then be in a better position to determine the 
specific causes of the temporal and geognphic variations in the various 
ionospheric layers. 

There wits little doubt that excitation. dissociation, and ionization of 
atmospheric constituents. as well as various energy transfer and recombina- 
tion processes, were responsible for the night sky radiations; but there were 
various possibilities among which to choose. Moreover, there wete gross 
uncertainties in the attitudes from which man); of the radiations were 
thought to arise. Again in situ measurements should help to resolve the 
difficulties. not only by pinning down altitudes, but also by providing 
additional insight into the recombination coefficients and other fundamen- 
tal parameters involvd. 

As for magnetic field effects, a prime target would be to locate the 
c.Iearic currents that were responsible. One would hope, tw, to be able to 

kect and identify the particles that caused the auroras. 
With regard to cosmic rays, the precise composition of the primary 

radiation needed to be determined; for this purpose, measurements in outer 
space well above the atmosphere of the earth should be useful. Additional 
information on the effect of the earth's magnetic field upon the cosmic rays 
would be interesting. but more fundamental would be data on whether the 
radiation was isotropic or anisotropic in free space. An intriguing question 
was how many of the cosmic rays coming to the earth were from the sun 
and how many were from outside the soiar system. 



THE HARVEST 

Such were the problems to which the rocket experimenters addressed 
themselves. Once started, the tesults of their research flowed in a steady 
stream into the literature, contributing to a growing understanding of 
upper atmospheric phenomena. A concise summary of some of the more 
important results from the first dozen yean of high-altitude rocket sound- 
ing appears in the author's book Sounding Rockcts.m A deeper. more de- 
tailed insight into what had been achieved may be had from volume 12 of 
the Annals of the tntmrational Geophysical Year.s The following brief 
review is derived from these and other sources. 

It is not surprising that the first questions taken up by the rocket exper- 
imenters were those considered the most significant by the ground-based 
researchers. Naval Research Laboratory investigators built specuog~~phs  
and sent them aloft to photograph the solar spectrum ar high altitude. On 
10 October 1946 Richard Tousey and his colleagues obtained the first pho- 
tographs of solar spectra from above the ozonosphere.w This event marked 
the beginning of many years of intensive research on the structure and 
energy content of the solar spectrum in both the near and far rtltraviolet 
and eventually in the x-ray region, using a variety of techniques including 
spectrographs. photon counters, and photosensitive phosphors.'l Experi- 
menters at the Applied Physics Laboratory of the Johns Hopkins Llniver- 
sity quickly followed up the NRL achievement with spectrographic exper- 
iments of their own, obtaining highly detailed In March 
1947 the Naval Research Iabrator);  workers obtained additional spectra at 
various altitudes reaching to 75 km, and in June 1949 more spectrograms 
were recorded.33 In the )ears that followed, both IJniversity of Colorado 
and Navy workers developed pointing devims to keep rocket-borne spec- 
trographs aimed at the sun. and with these obtained more detail and con- 
tinually extended the spectra to shorter and shorter wavelengths. Using 
the pointing control, the group 3 t  the Irniversity of Colorado in 1952 flew 
a spectrograph to about 85 knl. 111 addition to the by now familiar rrltravi- 
olet spectrum from 2800 A to about 2000 A, there was a strong emission 
line a1 1216 A. This was quickly identified with t'le Lyman alpha line of 
the neutral hydrogen atom.f4 Between 1952 and 1955 both the Naval Re- 
search Liaboratory and Air Force groups confirmed the presence of other 
emission lines between 1 OOO A and 2000 A. In 1958 the LTniversity of Colo- 
rado team used a speciallv designed spectro aph to photograph the solar 
spectrum from 3000 A all the way to 84 d in the extreme u l t rav i~ le t .~~  
About 130 emission lines were measured and their intensities roughly esti- 
mated. The resonance line of ionized helium at YO-1 A was found to be very 
strong. In the years following, the Calorado workers, those at the Naval 
Research Laboratory, and a group at the Air Force Cambridge Research 
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Center in Massachusetts contributed much detail on the solar spectrum in 
the f+r ultraviolet, 

As had been anticipated, the uluaviolet spectrum of the sun, which 
proved to be very complex. did not correspond to a simple black body 
radiating at a 6000 K temperature as in the visible part of the spearurn. 
This finding was dramatially shown in a comparison of actual intensities 
obtained by NRL on 7 March 1947 with the 6000 K blackbody curve, shown 
in figure 6. 

On 5 August 1%8 in an Aerobee rocket flight to 96 km, T. R. Burnight 
detected what appeared to be x-rays in the upper atmosphere. Bumight did 
not follow up on his discovery, however, and it was left to others to pursue 
the subject.% 

These data on the solar spectrum below the atmospheric cutoff at about 
2800A supplied theorists with much of the missing information to explain 
how and where the sun's radiation produced different atmospheric layers. 
The workers at the Naval Research Laboratory and the Applied Physics 
Laboratory us-d observations on the change in solar ultraviolet intensities 
with altitude to determine the distribution of ozone in the upper atmos- 
phere." It was established that the level of maximum ozone production lay 
in the vicinity of 50 km, hence th;..t the higher concentrations of ozone at 
lower altitudes had to be due to atmospheric circulations. 

Solar ultraviolet could be tied with confidence to the E region of the 
ionosphere. The intense Lyman alpha radiation of the neutral hydrogen 
atom penetrated to 70 km and influenced the lower E r ion and upper D 1 region of the ionosphere. But x-rays in the vicinity of 2 penetrated deep 
into the D region and were far more efficient in prorS.lcing ionization in 
the D layer than was hydrogen Lyman slpha. 

Atmospheric structure-th~t is, the variation of pressure, temperature, 
and density with alt~tude-also received the early attention of the rocket 
 experimenter^.'^ Almost every flight carried gauges to measure these fun- 
damental parameters. Signal Corps and ITniversity of Michigan groups 
adapted anomalous sound propagation t~chniques to the rocket by sending 
explosive grenades aloft to be set off at high altitude; the sound waves 
could be used to determine both air temperatures and winds up to 60 km 
or higher.39 Those measuring x-ray intensities used the observed absorp- 
tion of x-rays in the ionosphere to estimate air densities there.40 As a result 
of many rocket observations, in the early 1950s the Rocket and Satellite 
Research Panel was able to issue an improved estimate of upper-atmos- 
pheric structure for use by geophysicists.4' By the time Sputnik went into 
ortit, the groundwork had been laid to descr~be the structure through the F 
region of the ionosphere and to give a considerable amount of information 
about both geographical 3nd temporal variations of these quantities.'? 

The ionosphere was i:lso receiving immediate attention in the sound- 
ing rocket program. .Among the early experimenters. J. Carl Seddon under- 
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Figure 6. Solar spectrum. Solar intensities abow the otonosphcrc at White 
Sands, Neul iuexico. Spectrum of 7 ~lfurch 1947, replotted on a linear intensicy 
scab relatizte to the intensity of a black body at 6WO K .  Durand et al, Astrophys- 
ical Journal 109 (1949): 1-16. Illustration cotirtesy of the Astrophysical Journal. 
published by the L'niucrsity of Chicago Press, copyright 1949, T h e  American 
.4st~onomical Society. All rights rcsrnred. 

took to adapt the propagation techniques c; the ground-based probers to 
the rocket. He used the intluence of the ionosphere on radio signals from 
the flying rocket to deduce charge densities existing in the atmosphere. 

'The phase speed c. wavelength A, and freqlcncy f of a steady-state 
radio signal satisfy the equation 

c = Af, (8) 

while the re1atio:l between c and co, the phase velocity in free space, is 

c = co 'n, (9) 

where n is cdled the index of refraction . b f  the medium in which c i . 
phase velocity. If the signal source is in motion relative to the observer, a 
shift in frequency, the well known doppler shift, results: 

The original transmitted frequency could be careful' . fixed in an experi- 
ment, Af *nd r j  could be measured, and c, would be a known constant. Hence 
n cou!d be calculated. Since n depended on the electlon arid ion conccn- 
trations, their collision frequencies, and the strength and direction of the 



magnetic field. one could thus get an equation relating the very quantities 
to he determined.4s Scddon ammged his experiment so as to get rcvcral 
such equations. which couM be solved simultaneously to give electron dcn- 
sitics as a function d height. and sometimes some d the other q m t i t k s  
such as collision frequencies. 

Although transmitting the probing signal from the flying rocket was 
supposed to reduce the complexity. many d the difficulties e x p e r i d  by 
the ground-based probers rrmaincct Inhomogcneities in the ionosphere, 
multiple reflections of the propagated wave. splitting of the signal into 
ordinary and exuaordinary rays, and ma knowing the identities d the 
ambient ions made the duction and interpetation d the data a challenge. 
N ~ ~ h e l e s s ,  Seddorr was able to improve upon elecuon density curves 
obtained from the ground and to famish some information about the Low- 
density regions that had been hidden from the probing d the ground-based 
investigators. Figure 7 shows a curve of electron density changing with 
altitude, drawn by Ja\n E. Jackson from a composite of NRL data and 
measurements by other groups. 

Other experimenters preferred to avr id the problems inherent in prop- 
agation experiments by using various kinds of ionization gauges. Even 
though the rocket introduced complications of its own, such as exuding 
gases carried frsm the ground and distorting the ambient electric field, 

Frgure 7. Ionosphcrrc charge dmsttres. Summa? as oj  Arcgust 1958 of 
ronosphcric data concspondrng to  summer noon. mrddlc latttudes, and 
sunspot maximum. Courtesy of J .  E. Jackson. CSAGI rnectrng. Mos- 
coul. 1928. 
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such gauge meaurremcnts w a r  felt to bc mom "'M' thPn thode oboind 
trnnthcprojmga~erpaimau.Bolhvchniquesmdtthcirannibr- 
tions. with the d t  that ground-bared cxpcri~~lrvrs were pnnridtd with 
a slandar& one might say, against which thy anrM calibnu merbodr 
d ckducing d t .  from their cheaper, more widesprrad o h u m a h ~  

Sinm the vexi~g question d composition continually c n t d  into dis- 
cussiotls d the upper atmosphe,  particularly sQcci;ll regions iilrt tht ion- 
osphere and the ewospherr or binge rcgion at the top & the aunosphar. 
investigators soon tackled the problem d identifying aunosphaic comtit- 
uents as a f u w d  d altitude. At altitudes up to tht bottom ol the E 
region, workers fnnn the University of Michigan tried sampling the air by 
opening evacuated glass vials a a d  bottks in the upper ammphen and 
immediately resealing thcm to lock in the sampk tifore the rocket dc- 
scrndtd It WQS uicky. bccaux one had to ensure that the b o t h  nacn't 
sampling gases carried by the rocket itself and also that the sampling pro- 
d u r e  was not wmehow altering *k composition d the sampk. Whik 
these experiments provided some hlnts of diffusive separation of helium 
over limited ranges a b v  the suatosphere. by and large they confirmed 
that the atmosphere was thoroughly mixed, up to the E region.M 

The most powerful technique ta be brought to bear upon the problem 
of atmospheric composition was that of the mass specuometer.* This 
device separates out the atmospheric panicles in accordance with their 
molecular ---or, more properly, in zuxmbm with the ratios of these 
to their charges in the ionized state in which they are fed to the spectrom- 
eter's analyzer. lt'hile there ian be some ambiguity. one can feel consid- 
erable confidence in the identifications achieved. With such an instrument 
John W. Townsend. Jr., and his colleagues at the Nahal Research Labora- 
tory produced a considerable amount of data on upper atmospheric com- 
position above White Sands. New Mexico, and over Churchill. Canada.* 
They confirmed that there was little diffmive separation below 100 km; but 
above 120 km separation processes, at least as indiated by the separation of 
argon relative to nitrogen. became quite effective. The changeover from 
molecular oxygen to atomic oxygen appeared to be slower than had been 
suppod .  Neutral nitric oxide, NO, was shown to be a negligible constitu- 
ent of the E region and above. since its presence would have been apparent 
in a pronounced absorption in the ultraviolet. No such absorption was 
observed in rocket solar spectrograms. On the other hand, NO' turned out 
to be a major positive ion in the E region of the ionosphere. In northern 
latitudes, during the daytime above Fort Churchill, as altitude increased 
from 100 to 1% to 200 km the relative abundances of positive ions changed 
from (O:, NO') to (NO', 0:. 0') to (0'. XO', 0:). In the United States 
above White Sands the results were similar except that the nitric oxide ion 
NO' was the predominant ion in the E region. In all cases 0' was the 
p rd~minan t  positive ion above 250 km, while according to Soviet data N' 
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was never mow than about X d  t k 0 +  for altitudes up to marc than 800 
km. On d flights the negative nitrogen dioxide NQ- was dclecvd in 
the E region. 

Somc d t k  uncertaintics conmming the heights of emission d the 
night *ifglow wnr r d  by mSct eApaimrnts" The atomic oxygen 
jpcn line at 5577 A was found to hat- its maximum at about % km. to 
show a sharp loa'cf atdf at 90 km, and to uail df at 1Nl km on the upper 
side. The sodium D lines (5890 A - A) c a m  primarily from thc i q b n  
between 75 and 100 km. peaking at about 90 km. The d oxygen l i m  
(6300 &-6W A) am from a h *  163 km. whik the 6257 A Mcincl hu- 
droxyl. OH. band -.as emitted in the legion from 50 to 100 h. 

Although some mcaurmncnts wnr made of the earth's magnetic fidd 
at high altitude and of associated current flovc-s.* this aspcct of thc high 
atmosphcrr m t i d  kss attention duc~ng the first drcadc d d m  sound- 
ing than it would later when satellites k a m e  a\=ilable. Cosmic rays were, 
howcrm. a matter of intcnx interest to a few mearchers. Of the many 
aspccls d this fascinating subject to pursue. two topics in particular stood 
out: (1) What was the coamic ray intensity above the atmosphere? (2) What 
was thc composition of the cusmic rats: J a m  A. \'an .4llcn tackkd t k  
questions in a rather straightforward way. By sending a single gciger 
counter i ~ t o  the upper atmosphert. he was able to trace out a counting rate 
c u m  that row to a Pfouer maximum at a height d about 19 km, abow 
which the remining atmosphere corrwmdtd to about 56 g cmx of m a t t  
rial (fig. She) With increasing aItitude beyond that Ieve! the counting rate 
declined until it leveled of f  at a constan: rate at and above 55 km. After 
m r r a l  flights Van ..\lien was aMc to estimate the \wtiml intensity of cos- 
mw rays at high altitude a h b e  White aands to be 0.077f 0.005 particles 
per seccm'-stcv.* clase to the value that workers at the Sam1 Research Lab- 
oratory obtained. N'ith rather poor stat istits the rocker experimenters =ti- 
mated that the primary cclsmic rays consisted d protons and alpha panicles 
in the ratio of about -5 to 1. with less than one percent heabier nuc1ei.W 
These figures differed somewhat from k t e r  measures being obtained from 
balloon observations. 

r'he enerm spectrum of the cosmic rays had suggested a distinct lower 
bound for the cosmic ray particles. Van .Allen &n to investigate the 
lower energy end of tile cosmic ra) spectrum. He sent counters aloft at 
latitudes ranging from the geomagnetic equator to the polar v i o n s .  Dur- 
ing these investigations. Van Allen notcd a pronouncd increase in the 
numbers of soft radiation particles encountered above the stratosphere in 
the auroral zone, particles that were ncn found at either lower or higher 
 latitude^.^' 



Frgtrrr N. Ccwmlr rav flux. Smwthrd iomposrtr r u n v  of .ipplrcd Physrc.~ 
1 . a b o r a l o ~  srnglr-c.or:ntrr count~ng ratrs a b o z ~  Ii'hrtr Sands. Snc* .\trxrco, 
gtorna_pnrtrr latrtudr fI0.V. C.crn,pnrs. jrnkrns. and Ihn .#lien rn Physical Re- 
tirw 75 (19401- Si-hQ; rourtrsv of /. . i .  I'an .illrn and Physical Rwim.. 

-The foregoing nontechnical description is merely illustrative. A review 
of a length appropriate to this book cannot cover in detail 12 years of work 
by h u n d d s  of scientists. Nor can the description m n v q  to the reader the 
man! sl~btleties and inn~~nrcr;~ble intcrrel;tt i o n  with which both ex- 
perimenters and thtwrists c-r~ncvrnnl thetnscl\-es. Nevertheless. brief though 
it is. the summary shows how the rocket sounding work contributed to 
atmospheric and cosmic ray research. 

The new tool. the high-altitude researc.1 rcxket. had indeed made it 
possible to obtain data hitherto unobtainable and to solve problems hitherto 
intractable-as anticipated. The rocket resi~lts enabled ground-based ob- 
servers to improve their tcc-hniqiics and to obtain better re i~ l t s  from their 
tneasuren~ents-that is. to calibrate their experiments. Whereas at the StaM 
some had exyrrssed grave doubts as to the wisdom of using lockets for 



highaltitude -h. a decade l a m  the importance d thc sounding rocket 
to the field was uni\mallg ~r.cognued. It is natural. then, to ask whether 
sounding rockets had mlu t ion i r td  the field d upper atmospheric re- 
search. 

In the excitement of new discoveries amid a continuing flow of im- 
portant dam from a long list of topics-solar physics; atmaspheric pressure. 
t c m p t u r e ,  density, ct~mposition. and winds; the ionosphere; magnetic 
fields, the airglow: the aunwas; and cosmic rays-thc rocket crpcrirmnters 
liked to think and spcak of their work as m.olutionizing the field. But it is 
clear in rttrospect that the first decade sf high-altitude fockct rrscaKh was 
normal science, not revolution. Put ahn. i se ,  the mults from those years 
of r c s c d  elaborated and mpandcd upon the already accepted puadigm. 
but did not force any fundamental changes in it. 

\\'me one to compose a schematic dia,pm of the upper atmosphere 
hscd on what was known immediately following the launching of Sput- 
nik, the picture would probably Icndc much like the drawing of figure 9. A 
rvmparison with f i g w  1 dmWn fmnl information set f m h  in Miua's book 
of 10 years earlier shows a striking similarity in overall concepts. In both, 
the atmosphere is visualized as cr>nsistinp; of a number of characteristic 
layers-tqxxphtm. stntmphcrp. ozam~herp. iomrsphcre. and ma-- 
at essentially thc smile altitude levels. In both. ten~pelatures vary nlarkedly 
with altitude, and these variations are associated with the diffewnt actnos- 
pheric layen. Srdar c~diations are cnnsidt-red to be the C;IUW of pht~cxhtvn- 
ic-al prorrsses going on in the atmc>sphmc. affecting cumposition, giving 
rise to the night airglnw. and fcxniitlg the cuc3nosphere and iotimphme. 
Healing of different levels in the atmosphere is ascribed to inmnling solar 
c'ncr-q?. which in ;I wries of sta.qt?s ulti~natcly ct~rwrictes into heat. 'There 
is little doubt thar the ;auroras arc causeti by charged prticlc.s frcmr the sun. 
and that in so111e \s.;ry such prtic-les rtrr also n.sp>nsiblc few c-hatiges in the 
~ t r th ' s  magtit-tic firld during tma,qnetic- stornis. 

Clearly the two pi~radignis. k fuw and after. are esst~ntially thc stme. 
'I'hr expert will, of wurst*, stc ;I new ric-htltrs o f  dcuil in the later picture. 
but nothing that the earlier paradigm cc~uld not accommdate once the 
facts were known. 'I'trus. sptm wienm's first dwitcie. rhr sorlnding rcrke! 
pried. rnust be chari~ctarited as cxtremelv fruitful trortnal xiencr. Never- 
theless. in that early harvest were the elenients of sonic rem;~rkahlr ciis- 
mveries. 

'The s o f t  radiation that \'an .\lien had cietrctni in thr i~uroral rqions 
prm~gd the discover? of A Iar.gely unsuspcctni aslwct of the crtrth's t.11- 

vironment. Following i ~ p  his interest in rhtw s o f t  radiations. Van Allen 
instrumented the first ..\mrric~n s~tellite. Esplorcr I, with c-c>unttars to probe 
further the incoming c.cntnic. cays. I'nexpec.terlly high radialion intensities 
were foutld above the at~irospherc and. aftrr itticiition;tl tiltsi~sttrt8tl~~lts in 
E.uplorrr 3. Van Allen on 1 May 1958 announcd the discovery of a belt of 
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Figure 9. I!ppcr a~mr>sphne as visualized in 1958. The general features are similar to  those of figure 1, corresponding to 
the mid-1940s, but there is much more detuil. 



radiation surrounding the earth, which at once became known as the Iran 
Allen Radiation B~lt.~z The discovery set in d o n  a long chain of in\=- 
tigations that in the course of the next s e v e n l  years f o r d  a revision of the 
picture scientists had developed of how the sun's partide radiations affect 
the earth's atmosphere. The new features of the geophysical paradigm will ? 
be pmented in chapter 11. 

The second discovery came from the rocket investigations of the sun's 
short-wavelength specmm. The discovery that x-rays were an imponant 
variable in the solar spearurn suggested that x-rays might also be im- 
portant in other stars and celestial objects, which later proved ta be car- 
re~t .~ '  When the exprimenten in the Naval Research Laborator). group 
turned their uttraviolet and x-ray detectors toward the stars. they initiated a 
new field of rocket astronomy. which will be described more fully in chap 
ter 20. 

In the meantime, the early harvest from rocket sounding of the upper 
atmosphere was convincing evidence of the rich returns that could be ex- 
pected from a program of scientific research in space. In this aspect of 
space, at least, the lynited States could consider itself fully competitive with 
any rival. 



Part I11 

Setting the Course 

Thr heatwas themselrics. the planets, and this center 
Obstnw deg~cc, priority, and p k e .  
InslJlure. course, proportion, season, fonn. 
Office. and custom, in all line of or&. 

Shakespeare. Troilus and Cressida 



Response to Sputnik: The Creation of NASA 

How brightly the Red Star shone before all the world in October of 
1957! Streaking across the skies, steadily beeping its mysterious radio mes- 
sage to those on the ground. Sputnik was a source of amazement and won- 
der to people around the globe, most of whom had had no inkling of what 
was about to happen. T o  one nation in particular the Russian star loomed 
as a threat and a challenge. 

In the I'nited States many were taken aback by the intensity of the 
reaction. Hysteria was the term used by some writers, although that was 
doubtless too strong a word. Cancern and apprehension were better de- 
scriptions. Especially in the matter of possible military applications there 
was concern, and many judged it unthinkable that the tlnited States should 
allow any other power to get into a position to den): America the benefits 
and protection that a space capab~lity might afford. A strong and quick 
response was deemed essential. 

Actually, as has been seen in chapters 3 to 5, the United State* was not 
far behind. A full decade of pioneering work had brought into being a 
respectable stable of rockets and nlissiles and still more powerful ones were 
under development. some of them nearing completion. Tracrting and tel- 
emetering stations were operating, and a number of missile test ranges 
were functioning. Sizable teams of persons with capabilities pertinent to 
space research and engineering were available in both government and 
industry. And more than 10 years of sounding rocket research combined 
with open public-ation of results had given the I'nited States a definite 
edge over the I-SSR in space science, in spite of its priority in the satellite 
program. \Ivithout question the I'nited States was competitive in space 
even as the country deplored its loss of leadership. 

Leadership was the key word. T o  be con~petitive was not enough. In 
an age when technology wiis vital to national defense, essential for solving 
problems of food. transportation. and health, and important to the na- 
tional economy, technological leadership was an invaluable national re- 
source not to be relinquished without a struggle. It was technologicxl lead- 
ership that would generate a favorable Salan<-e of trade for the I1nited 



States and afford s m g t h  in international negotiations. Moreover, the ap 
pearanre of leadership-while in no way equivalent to genuine technolog- 
ical strenjph in importance-nwerthel~ss had a strong bearing on the in- 
ternational benefits to be won. Plesident Eisenhower was right when he 
asser:ed that the country's position in rockets and missiles was a stn ~g 
one, which the launching of a small scienSific satellite by Russia could not 
substantively weaken. but in the mood , ~ f  the times people were not dis- 
patsed to listen. 

One heard of a race with Russia, a topic that would be debated often in 
the years to come. While many would deny the necessity to run a race-and 
some would even contend that no race existed-for most. competition with 
the Soviets was serious business. Even those in a position to appreciate the 
strength of the U.S. position did little to bring it out, most likely because 
they, too, were persuaded of the importance of recapturing leadership in 
space, especially in view of the military implications. National leaders were 
worried about the obvious great size and lifting capacity of the Soviet mis- 
siles. Also, insertion of a satellite into orbit proved that the USSR had 
mastered the final ingredient of a successful intercontinental ballistic mis- 
sile, guidance. Moreover. all this had occurred while the 1J.S. Atlas missile 
was still under development, far from deployment. 

During those formative months of late 1957 and the first half of 1958 
the broad spectrum of form impacting on space matters-at once syner- 
gistic and conflicting-began to become apparent. In the face of the Soviet 
challenge academic. industrial, and political forces merged in a common 
conviction that the country must put its space house in order. The mutu- 
ally reinforcing effect of these disparate interests all pushing for a properly 
organized, upified national space program led eventually to the creation of 
the National Aeronautics and Space Administration; their continued coop- 
eration during the ensuing years produced the broad spectrum of achieve- 
ments in manned exploration, science, and applications in outer space 
with which the world has become familiar. But the individual motiva- 
tions-political objectives. commercial goals, professional aspirations-and 
the differing philosophical backgrounds of the industrialist, academician, 
legislator, administrator. soldier, scientist, and pngineer set u p  cross cur- 
rents and conflicts of varying intensity that run through the early years of 
NASA's history. 

During the months preceding the passage of tb:. National Aeronautics 
and Space Act of 1958, space science and potentla1 ~nilitar) applications 
were already established areas of space activity that contendtd to attract the 
various interest groups that had or might have a stake in the nation's 
future in space.' Industry gravitated toward the military, with which it 
already had a close and profitable association. Professional societies, the 
Rocket and Satellite Research Panel, the Academy of Sciences, arid the 
President's Science Advisory Committee naturally pursued the scientific 



side of the matter. It was the military implications of space, the bearing 
that future space developments might have upon national defense and 
security, that imparted a sense of urgency to the deliberations in the execu- 
tive and legislative branches. Communications satellites, weather satellites. 
and earth observations from space for intelligence were all important to the 
military, the last named being of special significance in the Cold War. 
These considerations caught and held the attention of the legislators. But, 
though the military implications were deemed the primary concern of the 
country, circum~iances elevated the scientific aspects to a position of con- 
siderable influence. 

A majority of those who would finally make the decision soon became 
convinced that the most effective way of proving U.S. leadership in space 
would be to demonstrate it openly.* Moreover, a space program conducted 
under wraps of military secrecy would very likely be viewed by other na- 
tions as a sinister thing, a potential threat to the jxzice of the world. A 
cardinal point in the U.S. military posture had always been that the devel- 
opment and maintenance of I1.S. military strength was peaceful, not in- 
tended for aggression, but for self-defense and to enable the country to help 
maintain stability in a world in which weakness too often provided the 
occasion for trouble. It was an important thesis for the U.S. public to con- 
tinue to believe and to sell to the rest of the world and, in a matter as 
portentous as space seemed to be. special efforts were needed to present the 
proper image. It seemed important, therefore, that the U.S. space program 
be open, unclassified, bisibly peaceful. and conducted so as to benefit, not 
harm, the peoples of the world. 

A logical conclusion of this reasoning was that the program should be 
set up under civilian auspices. Thus, although the military had by far the 
greatest amount of experience pertinent to conducting a space program, it 
was by no means a foregone conclusion that the Pentagon would b as- 
signed the principal responsibility. T o  be sure, the Army. Navy. and Air 
Force had been among the earliest to study the usefulness of space to sup- 
port their missions.3 Military hardware afforded thc only existing U.S. 
capabilities for space operations.' Moreover, the services had provided the 
funding and much of the manpower for the rocket-sounding program ot 
the Rocket and Satellite Research Panel, many of whose members were 
civilian employves in military research laboratories, as shown in appendix 
A. Yet so powerful was the conviction that the program must project an 
image of benevolence and beneficence that the otherwise overriding mil- 
itarv fattors were themselves outweighed. 

Reinforcing these views wrre President Eisenhower's own convictions. 
Already distressed over the enormous power and unmanageability of what 
he later called the military-industrial complex. Eisenhower was not dis- 
posed to foster further growth by adding still another very large. very costly 
enterprise to the Pentagon's responsibilities. hloreover, at the time the Pen- 



tagon did not enjoy the best of relations with Capitol Hill. One heard talk 
of a "missile mess" and interservice rivalry in the Pentagon. Such concerns 
led, during the very period when the administration and Congress were 
deciding America's role in space. to the appointment of a new secretary of 
defense, the creation of the Advanced Research Projects Agency, and pas- 
sage of t~ l e  Iiefense Reorganimion Act, which among other things set up  
the Office of the Directorof Defense Research and Engineering. $>cia w n -  
siderations, plus Eisenhower's not seeing in Sputnik the crisis for national 
defense that others considered it to be, predisposed him to favor a space 
program with a strong scientific component under civilian management. 

The scientists were united in their desire to have a strong scientific 
component in the space program. The greatly expanded federal funding of 
science in the yeaa following World War I1 had declined. Members of the 
President's Sciencr. Advi'sory Committee and James Killian, special as- 
sistant to the president for science and technology, saw in the space pro- 
gram an opportunity to renew national support of scienm. Iynder the cir- 
cumstances Killian and PSAC had a considerable influence in the creation 
of NASA, pressing for a space program under civilian management with a 
strong scientific flavor.Vn this they were supported by the Rocket and 
Satellite Research Panel; the National Academy of Sciences, where Presi- 
dent Detlov Bronk took a personal interest and where the Space Science 
Board was set up; by the American Rocket Society; and by other groups of 
scientists who felt impelled to speak out on the issue.6 

Against this background the debate on how precisely to respond to the 
Soviet challenge proceeded. A deluge of proposals descended upon varioas 
congressional committees. In the Department of Defense the administra- 
tion had set up the Advanced Research Projects Agency, approved by Con- 
gress in February as a temporary holding operation.' But, as pointed out. 
there were cogent reasons for a space program under civilian auspices-in 
which case provision would alco have to be made to meet the vitally im- 
portant military needs. Among the civilian possibilities was the creation of 
a new agency-which some of the scientists had recommended-but to 
those who knew what was involved, that was a horrendous undertaking. 
Alternatively one could assign the responsibility to an existing agency, or 
build a new agericy around an existing organization as nucleus. \2'ith the 
apprication of nucltar power to rocket propulsion in mind, the Atomic 
Energy Cmmmission was interested in taking on the job, as both the com- 
missioners and the Joint Committee on Atomic Energy on the Hill made 
plain to members of the Rocket a- 1 Satellite Research Panel when they 
called to el-list support for the creation of a National Space E~tablishment.~ 
But, tor a number of reasons, the choice finally fell on the National Ad- 
visory C~mniittee for Aeronautics (NACA). 

The NIICA would.not have been the choice of most scientists. As a 
highly ingrown activity. the agency did not enjoy a particularly great 



esteem in sckntific cirdes, being thought of more as an applied research 
activity serving primarily industry and the military. Memims of rhe Rocket 
and Satellite Research Panel, in particular. were skeptical of the ability of 
an agency almost entireiy oriented toward in-house research and with no 
experkm in :he mmgement d large programs to take on all the research. 
development, and operiitimal tasks of a space program that some members 
thought would soon entail $1 bil!ion a year. For most of its life NACA had 
managed at m s t  a few tens d millions of dollars a year. In fact, the annual 
budget had not cxceeded S 1 million More 1930 and had not passed the 
$10-million mark until World Wa?- 11. It t d  the consuucuon and opera- 
tion of the large wind-tunnels of the 1950s to psh the budget toward $100 
million. Ekeptlcism within the panel was nor lessened bv the cautious 
attitude NACA management had dispiayed thnwgh the yem toward lev- 
ting NACA p q ! e  take pan. even in a small way, in the sounding rocket 
program. Doubts about the choir: oi NAG4 were increased in the months 
following the launching of Sputnik hy conversationz between panel mem- 
bers and SAGA'S Director of Research Hugh Dryden and Chairman James 
  little. 

The views of the scientists probably camed little weight. More telling 
was the dise;lchantment with NACA on the pan of its own clients, the Air 
Force and industry. The agency had started in 1915 as an advisory group. 
as its name implied, but k a m e  gun sh) when its adtice began to generate 
at least ar man) enem~es as  friend^.^ -4s a conseqence the NACA soon 
turned away from sdvising arid ~oward research. Even here it was necessary 
to keep from treadlng on the toes of either industry or the rnilitar)., and as 
a c o a q u e n e  the ageicy .gat itated toward aerodynamic and wind-tunnel 
research, in which both clients were happy to have help. Over the years the 
a,genc). had acqui~ed a reputation of =ution and conservatism. This con- 
servatism ma) have caused NAc4 to miss out on a number of important 
aeronautical advmces. the most significant of which was jet propulsion, 
where Britain and German) took the lead. At an) rate. because of such 
missed opportirnities. NACA in the 19% no longer had the unqualified 
endorsement of the military and indus'ry that it once had, and in the view 
of at least one historian might w-ll have died had not the space program 
come along to retibe it.Io ITnder the circumstances the agency was avail- 
able, and it was 2 case of assigning responsibility for the spam program to 
an or.ganization whose future was otherwise in doubt. 

NAG1 pursuit of this opportunity was something less than sparkling. 
At the urging of younger members of the agencv, Dryden and his staff 
deteloped a number of papers on the subject of space research. On 14 
January 1958 the so-called "Dryden Plan" was made public.ll The title. "A 
Nat ~onal  Research Program for Space rechno1ogy"-rather than a name 
referring to the exploration and investigation of space-reflected the agen- 
q ' 5  characteristic caution and narrowness of outlook. The plan was a 



born d a desire t~ keep much of NACA's OM way of life whik 
embracing the interests of both military and civilian groups. t!nder the 
plan the national space program wouM be a cmperative &art among the 
Department of Defense, the NACA, the National Academy of Sciences, the 
N a t t m l  SdcncP Foundation, and various private institutrms and com- 
panies. The Department of Defense wosld be responsible for military 
dew!opnent and operations. the National Academy of Sciences and the 
P!ational Science Foundation would have responsibility for the scientific 
experiments to be b e u c t d  mostly by the outside scientific community. 
while NACA would be responsible for mmrch and scientific operations in 
space. This catrtkls approach-which courted everyone and satisfied no 
one-was e n d d  in a resolution passed by the Main b n ~ r i l t e e  af 
NACA on 16 January. On 10 February 1958 the agency issued an internal 
document giving details of the expansion of NACA that would be required 
to s u g p n  the Dryden plan.'* 

I n  spite of the negative feeline about NACA, the akailability of the 
agency, coupled ~ 4 t h  doubts about its future in the field of aeronautics and 
the desire to put the space program in civilian hands, mmtually made 
NACA the prime candidate for the job. On  5 March Chairman Nelson 
Rockefeller of the President's .9dvi .or): h m i t t e e  on C o m m e n t  Organ- 
ization. Director Pmcival Bru.?dage of the Bureau of the Budget, and Spe- 
cial Assistant for Science and Technology James Killian jointly delivered 
to President Eisenhower a memorandtlm recommending that "leadership 
of the civil space effort be lodged in a strengthened and redesignated Na- 
tional Advisory Committee for .+eronautics." The memo listed a number 
of liabilities. but stated that these could be cnmcomc by enacting appropri- 
ate legislation. The N.4CA would be renamed the National Aeronautical 
and Space Agency, and the 17-member governing committee-which 
N A G I  insisted was the kind of buffer a research agency nerded at the top 
to shield it from external forces-would remain, but the membership 
would k changed and its power reduced. 

That same <lay President Eisenhower decided to build "a civilian space 
agency upon the NACA structure."j~ From that point matters ittovcd 
rapidly within rhe executive branch. The Bureau of the Budget prepared 
draft legislation with assistance from Killian's office and NACA. The pace 
with which this was atcomplished left little time for coordination with 
other agencies such as the w - r t m e n t  of Defense, a matter that aroused 
considerable criticism during the congressional hearings on the bill. On 2 
April 1958. Eiwnhower ssuhmitteci his proposal to Cangress. The Bureau of 
the Budget had insisted on a single responsible head for the new agency. 
one who would be advised by a board of experts but would not be repon- 
sible to and shielded by such a board. N.4CrZ leaders disagreed, and accord- 
ing to Arthur Levint some members of \he agency sought help from 
friendly congressmen to preserve the traditional N ACA 01 ganizational pat- 



tern.'* But although the administration's bill w-as considerably tighter than 
the d i f f w  a!y#mch of the Dryden plan, ard although the pmenration d 
t ' k  bill saved to channel the congressional deliberations into Iht cozuzc 
that kd to the passage of the National Aeronautics and Spacr Ad uf 1958, 
both annn~ittee members and wi*nesscs found much in it to criticize. 

The original bill I;idrcd provisions dealing with Gnigprshaal mmight and 
control. intmtional cooperation and conuol. patents. indemnification. 
limitztion d liability. conflict d interest. definition d terms, ceilings on 
salaries. relations with the Atomic Energy Commission. fonnal liaison corn- 
mittm, and cnw-all pdiq k c n n i n a h  and coordination. Thew was no 
v i s i o n  for nuclcar pmpulsion. or c\m any rccognith d its impmame 
in diis ncur. field. Vagucncss rtgarding the &lineation d mil;tar). and civilian 
activities in out- qmcc was chargcd lq- many. n#rc was no formal provision 
lor detcnnrn~ng agemy jur~sdictions in space mearch or scttling d jurisdic- 
tional dispute. There was much criticism d the lark d clarity in the sue 
and ~naktup ol the board proposed in the .4dmini~ration bill. Cancrm was 
;aid mw the lack d subsiantiw prmisions backing up \.arious aims put 
fonh in the decbtation d poliq.1) 

In the end Congress adopttd ;t hill which. while it accepted much of what 
the administration had proposed. ae\ertht-lCss introduced silbstantial 
changes to meet the \arious c~iticisms. 

The remarkable con.qrrssiona1 response to the Sputn~k crisis has been 
analyzed by a number of authors.I6 Even before President Eisenhower 
showed any wi1i;ngness to take the matter seriously. Cangress had k j p ~ n  
to probe the subject of the nation's missile and satellite programs.17 The 
Preparedness Investigating Subcommittee of the Senate Committee on 
Armed Services opened hearing on 2j November 1957. continuing through 
28 January 1958. accumulating more than 7000 pages of printed testimony 
largely devoted to how the I'nited States and the Soviet I'nion compared 
in science and technology in ,general and rockets and missiles in partit ~ l a r .  
in his opening remarks the chairman. I.yndon B. Johnson. set a tone of 
bipartisan. nonpolitical searching for the best possible national response to 
thc Russian challen.ge. a tone that was to characterize the entire process of 
the next half )car leading to the passage d the NASA Act. Ttie unanimous 
report from these first hearings called for quick and vigorous action. In- 
deed. the clear determination of the C~ngrt.ss to do something about the 
crisis had much to do with jpading Eisenhower into action to develop an 
administration proposal. 

At first congessional investigdtion and study, while extensive and 
much to the point, showed little agreement on how to proceed. Numerous 
rt.solutians and bills were offered, some of them proposing the establish- 
ment of a permanent space o~ganization.'Vor a while thcre .*eemd to be 
too many rcmks. but in Febri~ar) 19.58 matters began to .gel. .Setlate Resolu- 



tion 256 on 6 Fehruary mated a Special Committee on Space and Aero- 
nautics to frame legislation for a national progam of space exploration 
and development. On 10 February. IS senators. comprising a powerful 
representatiotl of the Senate leadership, were named to the committee.19 
The membrship i~lcluded the chairmen and ranking: minority members of 
all nrajor .Senate cornalitttus cotu-rrntd. On 20 Febrwn.. in a rare break 
with tradition. the majority leader. Senator Johnson, was eleaed chairman. 

-The Hog. won followed suit and on 5 March established its own 
blue ribbon group. the Select Committee on Astronautics arrd S p c e  Ex- 
ploration. to which 13 members were appointed.m As in the Senate, the 
House regarded the matter as sufficiently important to set aside tradition, 
and Majority Leader John I#*. MK.rmack was named chairman. Minority 
kader Joseph \V. Martin. Jr. was picked as vice chairman. 

Meanwhile t Se administration had been preparing the draft legislation. 
The appearance of the adrni~~istration bill drew cor?.qressional activity into 
fw-us. 011 I 4  April .Sena!d.-s Johnson and Bridge's introducrd the bill as 
S. 3609. The same day Mc<;orrnack introduced it in the House as 
1i .R.  11881 1. with identical bills k i n g  put forth by eight other represents- 
t i ~ t . 5 . ~ ~  '! he House c-ommittc-e beg;nn hearings the nest day, 15 April. and 
c-ontinud then1 through 12 Mil?.. Sot having conducted .r previous in- 
quit. as had the Senate. the House hrdrin-gs were thorough and extensive. 
In contrast. tht. .%nate committee directrd its inquiry nlore narrowly at the 
proposed draft legislation. The Senare hearings mverd six days, opening 6 
May and closing I3 5l;ty. 

Manv complex ijsues were debated: the organization and salary strr:r- 
ture of the new a-genq and its location in the executive branch: the rnatter 
of policy guidance at the top. and hox to providr coordination and liaison 
between the civilian space agency and numerous other activities-like the 
Department of Defense and the military services. the Weather Bureau of the 
Department of Carnmerm. the Sational . k i r n ~ ~  Foundation. the Aiomic 
Ener-gy Chmn~ission. and the kpartment of Health. Education. and \\'el- 
fare. for example-which had legitin~ate and important interests in space 
research and applications; and the matter of ensirring the military the 
necessary freedom of action to pursue applications of spate that werc 
deemed of milirary significanc~.~~ The last-named issue was of great con- 
cern and brought i:l k \  implication the question of how to divide respon- 
sibility in the spate program between a civilian agenq- and thc military 
establishment. Nurrlerous other issurs also had to be ironed out. such as 
organization witlrirl Congress anti how to provicie for congressional over- 
sight. polic). on information and publicity, and how to handle interna- 
tional matters such ins ctn>prration in space.'? Both committees felt that the 
administration proposal failed to cover adequately many of the importar11 
issues. As a conxquence, the bill finally passed differed considerably from 
that initially prc~pmed.2' 



Most significant for space science. Congtws did not prrscribe the spe- 
cific content d the spiur program with which the NASA An was tmmmed. 

In the end the Iegisiadve formulation d a detailed spem program was by- 
passed. 'k legislation sec up an agency, created its marhinay, and pn, 
vided for coutdination and mopmtioll between it and olhet branches of the 
Exectttive.S 

The Cangress had found it impossible to divide the program between the 
military and the new civilian agency: 

It rapidly b e a m  mident that it was thc use made of it and nor the satellite 
itself which might we!l dmenniiw whether it would be of a military or a 
peacpful rutitre. For twmple. a mn~missanrr satrllitc muld be used to map 
and pmtygrayh the surf;ut. of tht- earth for purpst's d defense or at(&. It 
muld also provide vastly improfi-4 rnrans for the study and exploration oi 
the uni\.erst..~ 

Intelligence gathering was gener~lly c o n d e d  to  br entirely military. space 
sc-ienc~ t-ssentially ci\-ilian-although the militar?. would necessarily be in- 
terested in certain aspects of sixice wieniv. .All else was rcmtmtd: mannrd 
s p c ~ f l i g t ~ t .  launch vrhic-le cieveloptiwt.nr. atid applications like c-oninluni- 
cations and meteorological uses of satellitt-s. In the face d this dilemma the 
It-gislators chost. to pro\-icit. rt framrwork that would give both the military 
and the civilian space agencies tht8 necessary freedom of action. while 
requiring c-cx~rdinatic>n and mutual assistance. Having established tlte 
framc.\vork. (i>tign*ss \\.auld Irave it to the twcr ;tge~nc.it8s to work out be- 
t \ \ . c ~ ' ~ i  1hc.111 tht' ;tpp~-oj)ri;~tt' ~l~visioli of laln~r a ~ i d  rc*s~n~tirihilit\-1)rt.- 
cluding. o f  collrst.. utlwrtrranttul duplication of efforr. 

Tile Irlck of a specific-all? ;)rcjc-ribd pro,grqrarii gave the first adminic'ra- 
tor o f  N;lS.A a \vide cic.grtu. ol iatitutic. in wl t~r ing  !,r~:jcu.ts and missions to 
undertake. a f r d o t i i  of choiw that was but little curtailed bby pitiatice 
1h;lt Jamt5 iiillir~n s1rpplit.d in the sltniriler of 19.58. iassigt\ing ~nanned 
spat-t-flight. m e t t ~ ~ r o l o ~ g ~ ,  pssive cnm~ii~tnic;ttio~is. and scietla to NASA. 
itnd active c.otiiriiutii(-3tio1i\ ;111d rt.c~onnaiss;~riw to t l ~ r  Depattment of 
Ikfrnw. 'I'he latitude S.4S.4 cnjoyrci periiiitttd the dcvriopment of a broad- 
rianging pr(~,gr;t~ii o f  science itlid esplorati.:ti. rand thc acconl~~nbying dt*vel- 
ol~ment o f  tec~hnology ;and the application of spac.tw teu-h~iiq~:c\ to practical 
iises. L)uririg the first sevt-rdl years this situatioti was entirely in k~l 'ping 
with the spirit of tiit. tiii1t.s. ;cnd on thc f Iill tlrtnrc. was mort. clut?itioning of 
\\'hvrher S."LSA \%+as being bole1 enotigh th;tn therc. was concern a b ~ u t  over- 
stepping .illy 1n:ttnds. In f;m. i t  w;ts c.o~isc'rv.~tist~i within thr ;~dminisrrit- 
t i o t i  tliat Itd t o  ronsiderrtble mcderatioti in bttilciing trp ttic p~ogram. 

I'hc c.lim;itc \\.;IS idci$l for  the gron-th o f  .I spac-c. sc-ic.tic.e ;,ro~rrttii. Sot 
twins prtsc.ritx.d in cietail-as far as u~it.11~-r \v;ts conct*rtitd the NAS.4 :\(.I 



simply called for "the expansion of human knowledge of phenomena in 
the atmosphere and space"n-the sciemx program could be permitted to 
unfold in keeping with the scientific process. Relying on the nation's scien- 
tists. including the Natiotlal Academy of Sciences, NASA p rocdcd  to 
attack the scientific problems of the atmosphere and space that the scien- 
tists themselves deemed most impartant and most likelv to produce signifi- 
cant new information. The organization of the space science program, the 
etabl ishment of idvisor). committees, the agency's funding requests, and 
the means by which individual scieniists, universities, and other research 
organizations were invited to jxuticipate-all were designed to make the 
space scienre program a creature of working scientists, in the conviction 
that such an approach would produce the best possible program for the 
country. 

111 many wass. although it didn't always seem so to the scientists, space 
science occupied a favored position. As a means of diverting attention from 
the militan overtones of the Sputnik crisis. President Eisenhower had 
favored a national space program with a sc~entific complexion. During the 
months of discussion on the Hill, there never arose the slightest question 
but that space science would be an essential element of the national space 
program. Long lists of scientists were called as witnesses, or their opinions 
sought by letter as to what to do. The importance of science to the pro- 
gram and the importance of a civilian arena for science, plus the interna- 
tional character of science. contributed to the argument for placing the 
space program in the hands of a civilian agency. Reinforcing such consid- 
erations in the niinds of congressmen and senators was the image of s u m s  
science had acquired in the International Geophysical Year that had 
brought forth the Sputnik challenge. 

Of c-ourse. the freedom that the first admi~iisuaror of NASA enjoyed in 
developing the <-it ilian space program had also been accorded the militan. 
services in pursuing military interests in space. As alrrady mentioned, it 
was the oiilitan potential of space that aroused the concern and held the 
attention of many legislators. and that virtually guaranteed a formally 
designated national s p c e  program. But the broad overlap of common in- 
terets that had st)mizd the legislators in their cfforts to effect a satisfactory 
division between the civilian and the militar) in the first place was a 
potential source of conflict between the new a-gent); and the militar). serv- 
ices. Such conflict the National Aeronautics and Space Cauncil and espe- 
cially the Civilian-Milita L-iais<?n Cammittee. called for in the NASA Act, 
were irltendd to handle. 

Another feature of the SASA Act that was of importance to spacr 
science was the provision of a single responsible head for the agency. I'nder 
the pressure of a national clamor to close thc gap with the Russians in 
space-a presstire continually reinforced by the urging of Cangress to get 
on with the task-N.4S.A had its best charice to break awav from the c-on- 



sewatism that had characterid its pmkemr. To continue the old N ACA 
structure, as NACA officials had urged. with an advisory board determin- 
ing policy and shielding the director from many of these outside pressures, 
might well have had a greater impact on science than on other aspects of 
the space program. Boards and committees tend to be conservative. Para- 
doxicall y. scientists as a class are quite conservative. As a group they would 
doubtless have been content to move more slowly, more cautiously. less 
expensiveiy, making the most of the tools already developed in preference 
to the creation of larger. more versatile-and more expensive-tools. Ex- 
posed directly to the outside pressures to match or surpass the Soviet achieve 
ments in space, NASA moved more rapidly with the development of ob 
servatory-class satellites and the larger tleepspace probes than the scientists 
would have required (chap. 12). Some of the most intense conflicts between 
NASA and the scientific community arose later over the issue of the small 
and less costly projects versus the large and expensive ones-a conflict that 
SASh's vigorous development of tnanmd spareflight exacerbated. 

Of course. the scientific community is not monolithic, and there were 
so many widely differing opiniot~s on these matters as to make speaking of 
a single posit ion of the scientific community nonsense. Nevertheless it 
seems clear that the new orginimtional structure prescribed for NASA not 
only helped NAG! people drop much of their conservatism, but also had 
an impact on the space science program in effecting a faster development 
of more advanced space tools than many leading scientists would have 
callpd for. 

'The National Aeronaictics and Space Act of 1958 was a remarkable 
piece of legislation. and the process which produced it even more note- 
worthy. The thoroughness with which the subjects of space and its poten- 
tials and implications were invtrrigated and studied. the thi~ughtfulness 
given to the isst~cs r a i d .  and the care titken in responding to the crisis 
prm-ipitattd by Sptttni k pro\ iite s rn<dt-1 that c.o~tld \r.tbll h- c-ommer.ded as 
a pattern for the handling d legislative matters. .As a prictic.al matter. 
however. i t  is not likely that tht* <i,ngrc.ss c o ~ ~ l d  find the time and rtwur- 
ces to devote srtch at tent io~~ to mort. than a select few of the issues that 
come bc-fort. it. .4lw. few other issues artb so Ire* o f  partis111 conc-erns and 
vested interests. 

At any rate, the act provided an elfective framework for both the ci- 
vilian and military components of the nation's space research and explora- 
tion. In the course of time. some chan.qes were found desirable.28 Perhaps 
the most telling were those in coordination. the area in which Congress 
had displayd so much concern and on which so rntrch time had been 
spent. President Eisenhower made little use of the i\eronautics and Space 
Council and did not provide a permanent staff for it. so it was left to 
N.ASA and the Bureau of the Budget to do the staff work. In April 1961 the 
N..\SA Act was amended to place the National Aeronautics and Space 



Council in the Executive Office of the President. to replace the president 
with the vice president as chairman, to decrease the size of the council, and 
to broaden its functions to include cooperation "among all departments 
and agencies of the United States engaged in aeronautical and space ac- 
tivities."- Also the Civilian-Military Liaison Committee proved ineffective 
from the start. In September 1960 NASA and the Department of Defense 
jointly established an  Aeronautics and Astronautics Coordinating Board. 
cochaired by the deputy administrator of NASA and the Defense Depan- 
ment's director of defense research and engineering. Because it worked, the 
AACB rapidly took over the functions of the Civilian-Military Liaison 
C~mmittee. T h e  new board s u d e d  because its rochairmen and members 
were in positions of authority in their respective agencies. where they could 
personally put into effect agreements arrived at in the board. No longer of 
any use. the liaison conlmittee was abolished by reorganization in July 
'%5.m There were some other changes, and additional authorities were 
acquired from related legislation-such as the authority to award grants in 
support of basic scie11ce.f' But. all in all, the strength arid effectiveness of 
the N.4SA legislation lay in the o~iginal  act of 1958. 

Z'nder its provisions NAC.4 prepred to move out on it5 new career-as 
Xe'AS.4. Dryden was not chosen as the first adn~inistrator. In retrospect it is 
easy to see why. The  r:tutious and diffuse approach of the N.4CA with 
\vhic.h Drydc.tl \vas iderttificxl. and Drydcn's cu>nwrvative views on the 
budget ntuuitd b!- the nets. ;a.~nt-y. dici not jibc with the Icxislators' st.ilsr of 
urgency in sprtce tilatters." Instead of Dryden. T. Keith Glennan-presi- 
dent of Caw Institute of -I'echnology, former head of the Xavy's New Lon- 
don l'nderwatcr Sound 1~aborittorit-s. and for two years a menlber of the 
.4toniic Energy Cfinimission-was cllosen. 111 spite of the difficultis with 
<hngcss.  Dryden had an undirninishd reputation for technical and ad- 
ministrative c-on~petence which lrvi Glennan to ask specifically for him as 
his deputy. 

After a brief preparittory pericxi, Glennan officially opt.ntri N.4SA's 
doors on 1 October 1958. Space science was one of the first of N.4S.4.s 
progritrns 10 flourish. Nevertlielcss it \viis riot the Sputnik crisis tliat brought 
space scienc-e into being. \\'hat Sputnik did achieve wits to brtxitk out mut 11 
of the t'.S. spitce program, including space science, fro111 under the mil- 
itary \ving where i t  had rrsided during the pioneering ymrs. Had it not 
been for the shtxk generated by Sputnik. the Americ-;tn space progatn 
would probably have, evolvtd into cine largely dcvotcvi t o  military objec- 
tives-with space science as an adjunct. I'nder such circumsta~ices, in spite 
of the comnitnciabl; enlightened policies o f  the 1.5.  ~i~ilirary citablish~nent 
r tp rd ing  support of biisic. research. the frcu. play of the scientific prtxess 
\r.ould have txu.11 clifficult to mnintain. Prcssl~rrs \vould havt* k n  in the 
direction of supporting rewarch with military applications and iniposirig 
security classificittion on some o f  ~ h r  resi;lrs. \\'ith thr program in XAS.4. 



the scientific community tVds in a stronger position to imp- its brand on 
American space science and to work openly with foreign colleagues when 
that seemed appropriate. 

Yet it is of interest that the members of the Academy of Sciences and of 
the President's Scienc-e ,idviso~-y C~n~rn i t rw  who had worked so hard to 
push the space program in the direction of science and toward the civilian 
arena wtw not those who p&d to carp out the space science prognm. 
.4s leaders of the scientific establishment. they continued to be beset by the 
problems of maintaining adequate appreciation and support for science in 
general; and as soon as the space program was launched they returned to 
thew broader matters. Rather. it was those who had already been engaged 
in rocker and satellite work. especially those working on projects connected 
with the International Geophysical Sear. who began to develop the na- 
tion's space science p. ogram. l'hese individi~als, with years of experience 
behind them in industry. on the Rocket and Satellite Research Panel. and 
in the 1C.Y program. naturally had proprietary feelings about space re- 
search: and it was easy for them to regard the space science proyam as very 
much their own creation. But the academy. from its asscxiation with ICY. 
and PS.iC fro111 its role in laying the legislative foundation for NAS.4. also 
had certain proprietary feelin.0 about the p r w a m .  'There arose accord- 
ir~gl \- it tension-c-<>nstruc-ti\.e for t hc m ~ s t  pmt-her ween KAS.4 managers 
anci ;tdvisers in the academy and on PS.4C. The issues of wha: the space 
st-ir11c.e program should be. hots. it shot~ld be carried ottt .  and who should 
make the decisions a r m  early and recurred contint~ally throughout the 
I % %  and into the 1970s. 



NASA Gets under Way 

None of the uaditional conservatism of the National Advisory Commit- 
tee for Aeronautics was evident in the autumn of 1958 when the National 
Aeronautics and Space AQninistration got under way. Rather, h e  indus- 
try, care, and thoroughness that had earned for NACA the respect of Con- 
pess over the years could be sensed as the new agency grared u p  for the 
challenges ahead. A seemingly endless list of matters had to be taken care 
of in the first few months after NASA was formally opened by Adminis- 
wdtor Glennan on 1 October 1958. and everyone had his hands full. 

The agency showed no inclination to take its role in the nation's space 
progrxm for granted. The debates during the previous year about the im- 
portance of the space program and the country's poor position relative to 
the Soviet Union demonstrated that Congress would take a deep interest in 
what NASA did. Also, the significance of the choice of a new man, T .  
Keith Glennan, as the first administrator, rather than Hugh Drvden, the 
direuor of NACA, was not lost upon former NACA employees. Even 
though the National Aeronautics and Space Act of 1958 had given NASA 
extensive authority, the agency still felt the need- to sell itself. As the sti$f 
prepared for NASA's first budget hearings, Abe Silverstein, drrector of 
spaceflight programs, admonished his people with words like the follow- 
ing: "Remember. it is not the program we hdve to sell. That has already 
been bought. What we haw to prove is that we are the right ones to do it!"' 

That was the mood of NASA as it bent to the tasks ahead. I. anything 
stood out at the time, it was that everything seemed to be happening at 
once. In the white hot light of public interest, NASA had to establish its 
organization, expand its staff, acquire new facilities, find contractors for 
the work to be done, carry out Vanguard and the projects transferred from 
the Advanced Research Projects Agency, work out its relations with the 
military and other agencies, develop a budget, prepare for the first congres- 
sional hearings, and plan for the future-all while attempting to get a 
program iinmediately under way. Again it was Silverstein who put it into 
words: "Two years. It will take two years to get things really under control. 
After that you can begin to take it easy." As a prophet, Silverstein was half 



right. It did take about two years to set NASA OTI the course it would 
follow for the next decade. 

The jumbled character of NASA's first years is readily apparent in 
Robert L. Rosholt's review of tht period? but in the midst of all the scram- 
ble, things were getting done. From hour to hour, and from day to day, 
NASA managers would move from topic to topic, keeping things moving 
on all fronts. Gradually the program began to take shape. Space science, 
even though it had the advantage of a head start from the previous sound- 
ing rocket work and the scientific satellite program of the International 
Geophysical Year, shared in the growing pains of the new agency !r ~ d & -  
tion, problems peculiar to a scientific endeavor had to be solved. 

'The following pages take up a number of subjects that the National 
Aeronautics and Space Administration had to address itself to for all its 
programs, but here they are considered in the light of their bearing on 
space science. Although discussed under several topical headings, these 
matters were inextricably interwoven and were being worked on simul- 
taneously. 

President Eisenhower's decision of 5 March 1958 to build a civilian 
space agency around N A U  set in motion the train of events that led to the 
establishment of NASA. On 2 April, when the administration's draft legis- 
lation was sent to the Hill. the president instructed NACA and the Depart- 
ment of Defense to work out the necessary plans. For its part NAc4 set up  
an Ad Hoc Committee on NASA Organization, under Ira Abbott, NACA 
assistant director for aerodynamic research. which made a preliminary re- 
port in May.' 

'The committee's suggested organization showed four major divisions: 
Aeronautical and Space Research, Space Flight Programs, Space Science, 
and Management.' The last named stemmed from a recognition that the 
prospective program would require substantial management attention, 
requiring, among other things. contracting for development and operations 
as well as for research. Aeronautical and Space Research would cover the 
advanced resesrch of the NACA plus that pertinent to the investigation 
and exploration of space. The large development projects and operations 
required for the space program would be handlcd by Space Flight Pro- 
grams. 

Spacc~ Sc~erice remained a separate box on the organization chart 
through the tentative plan of I 1  August 1958. Jn keeping with the plan 
that Dryden had proposed in J a n ~ a r y , ~  it was specially I- :ed on the charts 
that the space sciences proyrani would use the services of the scientific 
community, including the National Science Foundation and the National 
Acadcni) of Sc lt.ltc-tss. On 19 ,411g11st. Atiniiriisrrator Glrnnal~ met with k t y  



NACA officials to go over the planning, and a provisiotral organization 
chart was issued on 21 August 1958, from which the space science box had 
disappeared. A b u t  this time the author began negotiations with Abe Sil- 
verstein for a number of the space scientists at the Naval Research Labcra- 
torv to join NASA. As an outcome of these negotiations, John Townsend, 
john Clark, and the author transferred to NASA Headquarters on 20 Oc- 
t o k r  1958. A few days later, on 24 October, a tentative organization chart 
again showed a box for space sciencb%, but this time in the Office of Space 
Ffight Development, under Silversdn. Glennan's first official organization 
plan in January 1959 retained space science in the Office of Space Flight 
Developmen t.6 

Acceding to Glennan, one should not read too much into the shifting 
position and status of space science, which simply reflected the fact that 
"'space sciences' was only one of many organizational elements to be fitted 
togerher." Moreover, the adminisuator looked to Deputy Administrator 
Hugh Dryden to ensure that science was "accorded its appropriate role and 
status in the NASA family."; 

Had the 21 August chart persisted, it is safe to say that the scientific 
community would have been most distressed. As it was, making space sci- 
ence a subsidiary of sp~ef l igh t  developmeat did not sit too well with key 
scientists. who did not hesitate to characterize science as one of the major 
purposes of the space program. At the 18 December 1959 meeting of the 
Space Science Panel of the President's Scienre Advisory Committee. for 
example, Chairr~lari Purcell closed by declaring that "space science was the 
backbone of the Ameri-n space program, rhe foundation of what we can 
do in applications. 'B Space science may have k n  put where it was in the 
fall of 1958 because thc. scientists from the Naval Rrscarch L ~ k c ; r ~ : ~ i  y crnd 
elsewhere who came into N.AS.4 were 11nkIIow~l quantities to Dryden and 
Silverstein. 

Space scitbnce again disappeared from the organizational nomenclature 
when in February 1360 the author was listed as deputy to Silverstein. In its 
piace were two titles: Satellites and Sounding Rocket Programs, arid Lunar 
and Planetary Programs. Almost two years later, in November of 1961, thr 
second administrator. Janies E. Webb. arinour~ced his first major reorgani- 
zation of NASA; at that time the atrthor k c a n ~ e  director of ,t newly created 
Office of Space Sciences, giving science the kind of visibility in the NASA 
organization that the scientific- community felt it shotrld h~ve.9 

.An often repeated statenrent ol KACA people W;IS that the strength of 
NACA lay in its centers.+ That was where the trainid people. whr> repre- 
sented the research and technical cortlpetenct of tht. ,rge:c.lry. li;-ed. 'I'he same 
would be true o f  NASA. But from the outset kIugti Dryden was esp~ia l ly  

.I;tngIq Arrn~inutical 1 aboratra\ it1 Virgitiia. AIIICI, A~lnwai~tttal l a b n ~ a t o ~ )  and the High-SycPd 
Flight Staticni in Gl~lcwnia, nnd Lewis Yligh~ Prcy)ulsicm l~borarcm it1 Ohio. 
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NASA GETS [~NDER WAY 

concerned that tbr research character of the NACA centers-on which 
N ICA's reputation in aeronautical and aerodyr~amic research had rested- 
be preserved and protected against encroachment by the development and 
operational demzncis of the space program. Thus, the Office far Space 
Flight Programs had the dl~al  putpose of prokiding new capability for 
space research and deve1opmer.i. while leaving the old enters free to pur- 
sue !he advanced research and technology that w m  their forte. This policy, 
which appeared in the earliest planning, persisted throughout the evolu- 
tion of NASA. but weakened with the passage of time. Thus, to avoid 
overloading the Jet Propulsion Laboratory (which was already struggling 
with the Ranger. Surveyor, atid Mariner projects), in the summer of 1963 
management of the Lunar Orbiter was assigned to *he Langley Research 
Center.l0 This sizable project was followed in the latter hall of the decade 
by the even more demanding Viking." When the Centaur rocket stage 
needed special attention to pull it through its development difficulties, the 
project was assigned to the Lewis Research Center.'* At the Ames Research 
Center, studies of an astrc.nomical satellite undertaken in 1958 and 1959 
became the basis for much of the planning far NASA's Orbiting Astro- 
nomical 0bsenatory.l Later Ames became the management center for the 
Pioneer  project^.'^ The urge to take part in the space portion of NASA's 
program, the need for additional support to important projects, plus the 
argument that a modest development work would provide insignts h t o  
technological needs that would benefit advanced research, militated against 
keeping the research centers "pure." It eventually became a matter of keep- 
ing the development work at a rnodest level. 

Given the policy of protecting the resrarch character of Langley. Lewis, 
and Ames, an entirely new czpability for the unmanned and manned space 
programs had to be built. On the 29 January 1959 organization chart, 
Clennan listed under the Office of Space Flight Development, as space 
project centers: Jet Propulsion Laboratozy. Beltsville Space Center, Wal- 
lops Station, and Cape Ca~~averal.~Wallops Station had been an arrn of 
the L.angley Research Center and would now be devoted to a ~arietv of test 
proiects, inc!ud~r.% hr launching of sounding rockets and the Srout satel- 
lite-la~aching vehic1e.l6 Cape Canaveral, of course, was the site of : c Air 
Force's East Coast missile launching facilities, whit h would be er :.. ,ted tc 
support SASA, as well as military, programs. The Jet Propulsion Labor-. 
torv was transferred from the Arm) to NASA by executive order on 3 fie 
cember 1958, giving NASA a substantial capability for spaceflight develop- 
ment." By mutual agrecmcnt JPL, was steered i~ :he direction of lunar and 
planetary exploratio~l. The Beltsville Center-!\ hich took its temporary 
name from its location on surplus governnlent land near the Beltsville 
4gricultural Center in Maryland-grew out of planning that had started 
before NASA wa5 activated. This center was to provide a satellite research 
and development arm for the agen<-v.le 0 1 1  the first of May 1959, just a 



we& a h  construction had begun. Glennan announccd that the new cen- 
ter would be called the Caddard Spaa Flight Center in h o ~ w  of Robat 
H. Coddard. By %ember the first building was fully occupied- The cen- 
ter was dedicated on 16 March 1%1. Coddad. the Jet Propulsion Laha-  
tory, and Wallops Island were to btcome the principal NASA crnters in the 
space science program, although as mentioned earlier, otha centers con- 
tributed substantially. 

NASA's task of a m b l i n g  a team for the spaax program was hdpcd 
immeasurably b) being able to build on the NACI team. Abe Si!vcisuin, 
brought to Was n p n  by Hugh Dryden. played a key mie in the prc 
NASA plnning  and in getting the s~;:ce program under way. His imprint 
was to be found on mast aspects of the program. including space -. 

A k  Silizrstein was a hard-nosed, highly practical, boldly innovative 
cngincer, with a solid conviction-consistent with NACA tradition-that 
all research M to have a firm justification in practical applications to 
which it would ultimate!) contribute. Abe had come from the position of 
associate director of the h i s  Propulsion Laboratory in Cleveland to 
S A C 4  Headquarter to help plan the new Ir;,UA. He remained a few years 
to heal SASA's Office oi Space Flight Development and later the Office of 
Space Flight Programs. in which S.4SA's spaclr science division was then 
located. With him from Lewis he brought a ,lumber of persons who wcrc 
co plaj key roles in SrZS.4's management structure: Ldgar M. Conright, for 
man! ?ears &put? in the Office d Space S c ~ e m  and Applicaticw~s and 
later director of the Langley Research Center; DeMarquis D. Wyau, a I d -  
ing figure in programming and budgeting for the agency; and George M. 
LOW. who took over the Apollo Project Office at the Manned Spaceaaft 
Center after the tragic ;\polio fire at Cape liennedy. Still later, Low became 
deputy adminisuator of S.U.4. Abe also drew upon other centers in S A U .  
selecting Robert Gilruth of Langley to mnage  a manned flight Spice Task 
Group, which evoived into the Manned Spacwaft Center. subsequently 
renamed the Johnson Space Center. From the Ames Research Center he 
chose Hamy Goett to take over tile directorship d the Chddard Space Flight 
Center after John Tow-nwnd had that enterprise well under way. 

The space science team grew lalgelj from researchers who flocked to 
SAS.4 from other agencies. The author's upper-air-research colleagues at 
the Sa \  al Research Labratory comprised an appreciable number of these. 
Soon after transferring to X.4S.S. John Townsend. who had been head of 
rocket sonde research at SRL, was given the task of bringing the &Its- 
ville Spa- Center into being. Negotiating with the director of the Naval 
Research Laboratory. Townsend worked out the details of the transfer of 
additional scientists and enginen from his former branch. 44j o: whom 



were placed on the NASA rolls on 28 Lkembcr 1959."J From NRL Town- 
send also secured tempotar). housing for the new NASA group. With the 
r n c m b  of Project Vanguard who wac transferred en mas* by Rsi&nt  
Eisenhower on I O c t b  1958, these cmpioyccs accounted for most ol thc 
original staffing of the center. The manned flight Spaclrt Task Group at 
Langley was : ;minisuat;vely assigned to the C;oddard Space Flight b t e r  
for a while, but before any physical transfer took place the group was sent 
to Howton in 1961 as the nucleus of the Manned S p d t  Center. 

When Robert Jastrow, a physicist interested in pmpenies of the upper 
atmosphere, transferred from the Naval Research Laborator). on 10 Nowm- 
ber 19%. he immediately set to work helping to plan the future spact d- 
enct program. An attractive. able scientist. Jasuow quickly earncd the s u p  
pon d the administrator's office. He took the lead in dewloping for NASA 
a theoretical space sciences group, from which ~ m t u a l l v  came both the 
Theoretical Division and the Institute for Spare Studies of the Gatdard 
Canter. Through both of thee activities Jastrow was instrumental in draw- 
ing a high level of scientific talent into the agerrq, either onto NASA rolls 
or as visiting scientists. 

Remaining at headquarters. John Clark and the author worked with 
&lorton Stoller. Fdgar Conright. and other NACA pcople to build up a 
space sciences staff. S a w  Roman was enticed to leave the Naval ~ ~ c h  
Laboratory radio astronomy group to put her nand to developing an as- 
tronomy p r w a m  for N.4S.4. T o  help plan lunar and ,>lanemy programs. 
Gerhardt Schilling shifted o w  from the Academy of Sciences, where he 
had been associated with the International Geophysic~l )ear and Space 
Science Board staffs. Robert Fellcws. a chemist. came from Sprague Elec- 
tric Company to join in planning and directing the upper-atmosphere 
research propam. 

Such was the pattern. but no means the full .tcmunting. of the early 
space science staffing d S.SS.1. Those who had been pioneering in space 
research and development swelled the rolls of workers in the space pro- 
_pram. h h  within and outside d SASA. And a great many of these 
scientists interested in tak~ng part in the space science program. 

The pu- of an organization and staff is to do somethang. Icieally 
one should know what that something is More trvinp: to shape an organi- 
zation or to hire people, for the program should determine how and with 
whom to go about it. In practice the ideal can hardly ever he attained. In 
X.iS.4 much of the planning had to be done as the agency organized itself 
and hirrd staff. But not entirely. because SAC4 people-and others-had 
thought a great deal about what should be included in the space program. 

In anticipation of the use of near-earth satel!ites for geodesy. during 
the i 950s a number of groups had k n  busily engaged in preparatory 



Table 1 
Prc-Sputnik l k  for Space Projects 

Wralhrr racdliics 

Gmmunications satdliee 

Manncd sprr uatinns and orbilill bvcs 

Int nutmnrd y*rr fl&c. 
i = ~ d  lunar rn- 

Robrn Coddy& Wanhm Mn bun. l'pp 
Acrnorphm Rocket Rrvvctt Panel. Rus- 
S b I k  

Dirk Bluulvrr. Luigi jarrtrh. R. K. C Johrrr 
Jahn O ' M -  A- Chph).Jiol Iynion 
Cmunitccc on the G d c t u  App ld ions  of 
Artificial Satcilitcs. llppcr Atmosphere 
Rukrc Rclcuch Pawl. 

Hciru Habrr. 

Lynun Spiucr. F d  Whippk. lipprr Atmos- 
p ! ! R o t l u t R ~  M. 

K. E. *friolkovsky. Wernhcr v o t ~  Braun. 
A. V. Clcarm. 

studies and anal!ses. Among them were John O'licefe of the Arm! Map 
.%nice. I-uigi Jacchia oE Hanard. Dirk Brouwer of Yale, and their col- 
leagues. For the International Geophysicdl Year the Smithsonian Astro- 
physical Obser\atory had taken the lead in developing and putting into 
effm plans to use data from the ICY satellite camera network. As an out- 
qrowth of a11 informal cotnniittv~ organized at thr suggestion of R. K. I=. 
johns. the American C;eophysical I'nion Cammirfee on the Geodetic Ap- 
plications of .Artificial Sa*~llites k e p  gecdesists ir11orint.d of the possibili- 
ties of the new tools. A cotnmitter report issued In Spte tnk r  1958 shows 
that considerable thought had been given to the ~l.lbjert.?~ 

.AS early as 21 November 1957 the National .ldvisory Committee for 
..\eronautics had voted to establish a Special Camtnitrcc on Space 'I-cvh- 
nolw.Z1 Chaired by H. Guyford Stever. dean d thc Masswhusetts Insti- 
tute of I'echnolog), the committee included several memkrs from the 
Rocket and Satellite Rmearch Panel. such as f .imt.s I\. \'an Allcn, irs chair- 
man: \Vernhes von Braun. leader of the German missile tSxperrs working 



for the A m y  Ballistic Missile A p q  in Hun&;-ille. Alabama; and William 
Pickering. director of the Jct Propulsion Laboratory. The committw. 
assisted by a number ol specialized subcommittees. formulated a space 
research program. Although the report. completed on 28 October 1958 after 
NASA was already operating, never was published. NACA people had had 
the benefit af the thinking of the committee and its various subgmupsona 
wide variety of subjects, includinq technolog?.. space applications, the 
physical and life sciences, and m a n d  spaceflight.* 

With respect to manned s p d l i g h t .  both XICA and military agencies 
had been very x ive .  NACL4.s prospective thinking in February d !W had 
envisioned the travel of man to the moon and nearby planets. During the 
summer of 1958 the Advanced Research Projects .igmc-y was besieged with 
rquests for support of Air Form and Anny manned spaceflight proposals. 
But shortly after the psstt,ge of the N.iSA Act of 1958. President Eisen- 
hower assigticd the new 3.ge1icy the responsibility for manned s p d l i g h t .  
In mid-Sepcember ..\dministratnr Glennan and Roy Jotinson. head of the 
Advanced Rewarr-h Prcjcu-ts .Ifpnr-y. agreed that the two agencies should 
work together otr rc mart-in-spaw prog~~tri .  and to rwrdinate the activity 
the\ rstatlishtul a joint Xtanned Satellite Panel." Robert Gilruth. who was 
to be a k q  figure in ttw Mercury. Geniini. and ..\pollo progmns. was 
chtirnian. By virtue of this s p d e  work. S.4S.i was rmdy only one wwk 
after its opening to prcwwui fortnaily with ProJtu-t Ym-ury, the nation's 
first nianntd spar-ellight mission.?* 

.I'tie rtmts of [he sp1c.r scienct~ progr.im \\.ent 31 Icast as dwply i~itc> the 
p s t  as did thox of iht* ~n;tnncrl slu;ltrflight prc~ram. -1'akirlg c n t ~  the 
\';tngttard program. ;~ssuwing resp>trsibility for muc-h of the nation's 
sounding rcukct rt%trc-h. rtnd itcquiring tht* Pio11c.t.r d r rps~xac~  prcrobts 
from tlie Air Force. X.4S.4 had an ongoing spec ~zitbnc~ prograln from its  
first day. Building on t h t x  ac-tivitit.s itnet dritwing n:tp.on their o\vn expe- 
rienc-es of the just dtrade. tht- rocket rcw.~ro-h x-it-ntists who had come into 
S;\S.-\ \%ere able to put togethcr ;I plan that described in a gt-n.aeral way 
sha t  S.4S.A rvc.ould be doing in spice. xie~ic~ts for the nt.st two, dcx-ack. l'he 
s h p  of tht- emtrging prcw;tm was c~idnl t  in S.-\S.-\'s first harings before 

i,ng~-ess.?~ 
'1'0 tract* tht. t.tolt~tio~i of the spac-c. sciencu prograrn in the thinking of 

tht. SAS.4 plitnlit~rs IS int:.rc.sling. :\ shraf of \v.orkirig ptjwrs it1 the S.-\S.A 
files lor J;~nuar\ 1959 givn an overall sumniary of the spa* x-ience pro- 
gi.1111 as en\ isioned at thitt t i~nc. '~ Tlir prc3graai \\.;IS dcscribtrt it1 ttbrms of 
thc ciiffercnt scientific. disciplint-s to which spc-e rw.irrti could c-ontributc- 
f o ~  es;tnil.olr: piwtic-lc.s ;lnd fields, ;rstrotiom\. armospherrs. and ionospheres. 
-4 more for~nal cierunirt~r. 10 Frb~ilrtry 1959, elalxroratd lurtht-r. listing at- 
mospherrs. ionospht*tes. t-ncr gct ic part icles, el--tric ;and magnet ic. fit~lds. 
.tnd ;rstronom) .as arc..ts t)f  rc.scS;lrc ti \\.ithi11 ttic S;\S:\ sp.rc-r scit~ticr ptob 
,grar;tni.:: \\'it tiin thr 1;trger c.arrgoric3 \\.its ;I det;tiltut hrt ;tkcto\~n. 





Even mom detail could be found in a second document of February 
1959 entitled "The t'nited Srates National Space !kkmes Rogram." which 
added biosciences to the list d space science areas.m Of particular interest 
was the indication that working groups would be established immediately 
in half a dumn program areas. others later as nrcded. The evolution of the 
idea d working groups as a means d drawing outside scientists into the 
program will be d i s c u d  in some detail in chapter 9. 

A five-page paper of SO March 1959 elaborated on plans for a biosci- 
cnces program, including the estaMishmcnt of working group in the area. 
By mid-April a papa titled "National Space Sciencps Program." plainly a 
derivative from the 4 February document, s h o d  clearly the directions che 
program was taking.- Although this was only half a year after NAS?. 
began, the agency would follow those directions for the next decade. 

This early thinkir;: of NASA was reflected in the report the National 
Acariemy of Scitmas made to the international Committee on Space Re- 
search at its second meeting held ar The Hague. 12-14 March 19%. In this 
report the breakdown of SASA's Febuary working papers was follo ved." 

Quite properly the planning began with a consideration of the scien- 
tific objectives to pursue. a listing of the important areas of research, and 
an assessment of thc significant problems to attack. One can see this a p  
poach in the NASA documents of the first half of 1959. But a program-by 
which is meant a long term, continuing endeavor of rather broad general 
objectives-must be carried out in discrete steps. In XAS.4 parlance such 
discrete steps were called projects. Thus, the astronomy program. which 
was to investigate the universe from above the atmosphere. might be ex- 
pected to continue as long as s p a -  techniques could producp sip-ificant 
new information. and there was no f o m b l e  end to that. But a satellite 
project to measure gamma rays from the depths of the .galax).-which most 
certainly would funher the astronomy program by shedding light on ener- 
_-tic processes in the galaxy-would be of limited duration. long enough 
t o  prepire. fI\-. and operate tlw satellite, and interpret the data obtained. 

Evm as N.\S..\'s program plans were being developed. the agency 
started numerous projects to conduct investigations ranging o w  the dif- 
ferent areas of s p r p  science. In repaning on the program, then. it soon 
became p s i b l c  to list ongoing projects in which the nation's scientists 
were participating. In April 1960 S.4SA's report on the space science pro- 
gram could go far beyond the generalities of the papers developed in early 
1959.s1 'The various parts of the prcwm were integrated under a few broad 
c~bjectiws; namely. to lean1 more about suna r th  relationships. the origin 
of the universe and the solar system. and the origin of life. The specific 
disciplines supporting the broad objectives wew given as aeronomy. ian- 
ospherrs. energetic particles. magnetic fields. astronomy, gravitational 
fields. lunar scienm. planetolog! and interplanetary scienm. and micro- 



meteorites and cosmic dust. The similarity to the earlier breakdown is mi- 
dent. although a few new terms appear. Replacing atmospheres was ucr- 
ononay. a m coined by Sydney Chapman during the 1950s from the 
Creek words meaning "laws of the air." The term planetology had been 
introduced to mean the audy of [he body of a planet as distin.quished f m  
the investigation of its atmosphere and ionmphere. It was felt that dust in 
space might be an important factor in studying the origin and e\.olution of 
planetary systems and in designing spaceaah for interplanetary flight. 
k n c e  the prominence given to it. Mbnecewi tes  werr simply cmsmic dust 
panicles that struck a m h e r  body such as the e m h  or a spac-nraft. 

in  the April 1%0 paper a great deal d detail could bc given rn proiecrs 
to support the various programs. t'nder each of the above disciplinary 
categories were listed physical parameters to be measured. instruments to 
be used. experimenters mpmsible. and sounding rockas. satellites, or 
space probes to bc- employed. For example, under a e m m y  the SO-meter 
sphere of thin mntxallired plastic consuucted by William O'Sullivan d 
Langley Researifr Cmter was listed as a sounding rocket experiment to 
rneastire upper-atmosphere densities. The spherr would be carried aloft, 
eject& at altitude. and inflated. ..\cTurdte measures d the air drag cw the 
falling sphere would give the desired densities. O'Suliivan's sphere was the 
forerunner of the Ech:, pssive-com~iiunii~tions satellite launched on 
1 -August 1960. which o k r \  <rs around the world were able to follow with 
the naked eve. 

I'ndcr energetic prticles the dw-utnent had a long list ol exprinients 
on radiation k i t s  and the ma,ynetc~phere. some of them having already 
been carritd <out sttc-cessfull!. For thc relattri area of tnagietic fields. Pia- 
rrcrr 5 was shown as hating k r i  launched into deep spi-e in Xlarch 1 W .  
Rdio .  giimma-ray. w l a ~ ,  arid stcllar astronorn! projtu-ts were in the works. 
and a solar o k n a t r j p  satellite was ac-tually under development. A consid- 
rrable ;anoutit of work \\.;as i~ldicittrd as under \\-:I?- in gravitational fields. 
relativit?-. arid geodes)-. .A wries of lunar probes was also listed. 

From this point on. thr space wienc-t- prop;tanl wolvrd pretty much 
alot~g the lines alrt.ad?- rstablishrd. .\ c-ontinuing t-ffort to keep a spark of 
life in the planning rm.ast the program objectives in different k-wds from 
time to ti~tie. For eaamplt-. in March 1961 the priticilwl are-4s in the space 
M-ienc-e proparti tvete grouped under :he headin.gs: the earth as a planet. 
thr carttr's atmosphere. solar actit-it) and its infl~tence on thc earth. origin 
and liislory of thc moon and planets. and the natirrr of the stars and gialax- 
ies." B \  thr mid-1960s. whet) S.AS.4 made a sprcial effort in its ;tuthoriz;l- 
tiozi h w r i n ~ s  to prtwnt the broad kn,rs~>rc tive of the spice scienc~ program. 
!lie pn :~ i lwl  catcgorit.s had k t 1  rrductd to two: esploration of the solar 
s\sttbm and invc-stigatioti o f  the trni\-erst-. Llah~ritting on thtw 0bjt.c-rives 



the author stated to  the Senate Cmmittce on A e r a u t i c ~ l  and Space Sci- 
ences: 

.I& fim category includcs the inwtigation d our Earth and its atmor- 
phcrt, the Mmn and planets. and the interplanemy d u r n .  Thc nature 
and behatior of the Sun a d  its i n f l m  on the udar svstm, especially on 
the Earth. am of prime importance. With the availability ol ~ C P  tmhniqws. 
we are no longer limited in direct obsmations to a single body d the solar 
s)srenl. but may now srnd our insuumcnts and em men to explore and 
investigate ocher objects in the solar system. The possibili:y of canparing 
the pmpmies d the planets in detail adds greatly to th~ power d intlcstiga- 
tion of our own planet. Potentially far-reaching in its philosophical implica- 
tions, is the search for life on & p h s .  

The fu~ldanwnul laws of the uniwrsr in which we liw are the most 
inrpwtant objwts td scierltific %arc-h. S p w  txhniqtws furnish a most p w -  
rrful means of probing the n;attrrr cd the uniwrse. by furnishing the o p p  
tonity to thsmc a ~ d  m r ~ s u t ~  Irom 2-mve the Earth's atmospherP in %a\+ 
lengths that cilnnot yerwtmrr to ttw* grotttd. 'Ihere is also the opporttmit!. to 
prrforn~ cxprrinlrnts on thc u;~le of thr solar system using satdlites and 
spam p r o h  lo s ~ t d y  rel;ttivity. t o  delte into the nature of ~rrtritation. in- 
c-Itding thc *;arch f o ~  thc rxistetr~ td qiviwtional wa\rs.'* 

However expressed. the basic substance of the prognm was remarkably 
stable. 

In contrast to the overall prcparn. one would expect the projects to 
change coosiderqbly as the years went by. But even here many projects had 
their origins in the thinking of the first few years. Table 2 lists the major 
syac-c science. or wietlct--related. projec-ts u p  to mid-1968. For each project 
the dollar symbol indic.ates the first fiscal year in which money \\.as specifi- 
cally charged ag~ins t  the project, although money from supporting re- 
xarch or other general sourc-es most likely had been spent earlier in es- 
ylt>rator\ \ v o ~ i i  on tlw prt)jt'c.t. it1 U>IIIP c;lugs 311 astt.risk is inwrttxi to shew 
how :rluc-h t.;lrlit.r wrious c-c~tisicit~ration of strc h ;I projrct had bet-11 under 
way. Of the 2.3 projec-ts nanlrrf. 22 ;or 88 p m n t )  were under wxy by mid- 
1962 in the st=~ise that costs were k i n g  formally char,@ to them. More 
than thrtv-quarters of the projects were begun or were being seriously con- 
sicierd during C;lennan's tetluie. 

Cansidering the rapid de\-elopment of the N.4S.A proqam-on all 
fronts as \\.c.ll as in slx8c.e sc.it.tlc.r-and tht. wide rangr o f  yrojtvts, includ- 
ing I;~lrnc,h vrhic-lc dc.vc.lol>mc.nt to hc- disc.~~ssc.ti 1atc.r. that \\.rrc. wt in mo- 
tion during Glennan's term of office. i t  w m s  clear that the first adminis- 
trator must be gi\-tan the c rd i t  for setritlg S.iS.4 on the courx that it fol- 
Ic>wd for the nest det-ade. Severtheless. as he hinisclf stattd. Glennan was 



Table 2 
First Recorded Direct Obligatiow 

to Space Science or Related Projects 

............................. . W i n g  &c(s $ 
vanguard .................................... s 
Explorers .................................... S 
P h y k  and ;~slmnomy adrand 
tcwarch ................................... 2 

Lunar aqJ planrt;uy advatwrd 
rrscarch ................................... s 

.............................. B i m i r m r ; I r k ~ r u u ! m b  S 
Mannrd rpwr ximm advanmi 

mrarrtt .......................................................... s 
Orbiting sd;lr e a t  .................. $ 
.4d\rnrrd orbiting & 

o b a t o r i c s  .............................................. S 
.................... Orbiting amnomical &mv;riork $ 

Orbiting Rmphyskal obsmvatcwies ..................... S 
............................... Intematioml satrllitcs S 

Pionrrr ...................................... s 
Ranger ...................................... s 
Sumeya ............................................... S 

.................................................... Sumqor Orbiter S 
1-umr Orbiter ............................................ S 
Marim ................... .. ........................... S 
v w i t  ................................................ s 

............................ Srout k~ lqrmcnl  5 
Cmt;aur dcr'ckpnmt ......................... S 

............................ kl ta  kdopnunt S 
M m r ) .  ..................................... s 

............. <kmini ..................................... .... S 
.4polk, ...................................... $ 

u*.lo. Jaw Van Simrnm and h a r d  C Bruno with Robrrt L. R h l t .  S.fS.4 Hlrtoriral Data 
Book. I Q V - I W .  vol. I .  S.fS.4 Rtsourrcs. N . G A  SP-1012 ( W a s h i n ~ m  !976). pp 156-48. By thc r i m  
a sprcifir project apprars as such in thc financial -&. peral ly  a cons&raMr amount d timc 
(somrtimrs y c m )  has tnm spmt on a d w a d  planning and r m c h  to by the groundwork l a  thc 
pro*. 
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no "spare cadet." His was just the right balance of conservatism and inter- 
est in space to make him congenial to President Eisenhower and amptable 
to the Congress. "Thus, with strong support, when it was needed, from 
Eisenhower the Administrator's Office . . . with pushes-strong pushes- 
from Abe Silverstein and believable and solid advice from Newell and 
others-and strong pushes from the Congress-set the pace."" It may be 
said that Glennan set a strong but measured pace. 

The effect can be discerned in the methodical way in which the space 
science program was made to unfold. NASA's first and natural step was to 
extend the sounding rocket work, and the Pioneer deepspace investiga- 
tions already under way. The modest step from those to solar and astm- 
nomical observatories came next, although the Orbiting Astronomical Ob- 
servatory proved to be a much bigger bite than the space science managers 
had imagined. The investigation of the moon would be much more de- 
manding and costly than near-earth missions, and a serious commitnmt 
to a lunar science program came more slowly, even though Harold IJrey. 
Vobel Laureate and renowned student of the moon and planets. had begun 
:*. p m s  for such a program in the first few months of NASA's exi~tence.3~ 
Also, to maintain what he considered the right pace. Glennan for a while 
showed a reluctance to discuss planetary missions except as plans for later, 
for the more distant future. 

But "later" was not long in coming. as table 2 makes clear. Before 
Glennan left office NASA was engaged in space science projects that took 
in not only the earth and its environs. but also the moon and planets, the 
sutr. and even the distant stars. One ma) surmise that Glennan. exposed to 
the pressures from both within and without the agency, and perhaps him- 
self caught up  in the enthusiasm of those around him. moved more rapidly 
than he had originally intended. Xt any rate. he turned over to his succes- 
sor. James E. Webb. a well rounded p rwam.  well under way. 

By the time \\'ebb took office, the course of the space program for the 
next decade has been set. Even r\pollo, under study since the start of NAS.4. 
had btvn commended to President Eisenhower in the last months of the 
Republican administration. Though Eisenhower did not approte, the ideas 
were  here read) to be seized when President Kennedy came to feel that the 
suc-cessful accomplishment of an extremel) challenging space mission 
would be important to t'.S. prestige. The renewed sense of urgency that 
the .\pollo decision bestowed on the space proganl made \\'ebb's task one 
of loosening the shackles imposed by the previous administration and step- 
ping up the pace. But the program content was already there. Thus, Apollo 
and Gemini may be Iookcd upon as super projects designed to pursue an 
already existing program with ,greatel t igor. 

I11 this climate the space science n~rlnagt*rs put together plans to ex- 
pand their program. On 22 Ma) 1961 the S p c e  Sciences Steering Cammii- 
tee. which consisted o f  SASA's principal space scirr~cr progatn managers, 



met with selected consultants to review the proposed expansion.% The con- 
sultants represented a cross m i o n  of the disciplines of space science: Dirk 
Brouwer of Yale (astronomy), Joseph W. Chamberlain of Yerkes Obsma- 
tory (atmospheric sciences and planetary astronomy). Robert A. Helliwell 
of Stanford (radio physics), Harry H. Hess of Princeton (geophysics and 
geology). Bruno B. Rossi of the Massachusetts Institute of Technolo- ? 

(high-energy physics and x-ray astronomy). and Harold C. they of the 
I?niversity of California at San Diego (lunar and planetary science). The 
group endorsed the expansion of the program proposed by NASA and 
emphasized a number of exciting researches to pursue, including the moon's 
gravity. the almost nonexistent lunar atmosphere. solar radiations, the vi- 
cinity of the sun as close as 16000000 km from the solar surface (one-tenth 
the distance from the sun to the earth). and micrometeoric particles in 
space. In characteristic fashion the scientists favored large numbers of small 
spacecraft for investigating the vicinity of the earth and heartily erldorsed 
small grants from NASA to large numbers of universities for basic research. 
They recommended that serious consideration be given to a proposal from 
General Motors for obtaining b~ unmanned methods a sample of material 
from the moon. 

Bg the followiag autumn NASA had moved forward substantially in 
the expansion of its program and \Seas beginning to feel the need for a full- 
scale exch~n,ge with the scientific community on the content and course of 
the program. The .4cadrms of Sciences was requested to organize a study 
of the spcv science program. which the Space Science Board agreed to do.$? 
The stud!. would be conductdduring the summer of 1962: the program to 
be revieweti was described by the author at the NASA management confer- 
ence held at the Lewis Research Center on 11 January 1962.s8 In the pro- 
gram were sounding rockets. satellites, and space probes. The Scout. Delta. 
Agena. and Centaur rockets, to be discussed in chapter 10. were included. 
Spacec-raft, also to be taken up in chapter 10. included a variety of Ex- 
plorers: solar. geophysic;&l. and astronomical observatorim; the lunar space- 
craft Ratigr arid Surveyor; ;and hiariner planetary spacecnft. Some advance 
thinking ;ihc~ut a spacccrat t for ;I bioscencc progr;irn \\.as rnentio~~rd. The 
a-it-ntific ficlds Iserr thow ;r';llre:rdy mentioned. Gecxlcs!. \\-as described as 
important birt st\lnitxi by diffic-ulties ovcxr c~lassificrttion. . in interiiatiotial 
ccxq~rative program iiicliidirrg m;any of the disciplines was well iitider 
w.iy. \\'hat tvould Ix.  o f  spcc.ial interest to the surnmer study participi~nts 
wits the ~rni\,t~rsity pro>gr;rm, which in January of 1962 was rapidly incrt3as- 
ing. l'hz author's re~or t  1istc.d univt~rsity progranl f\inding ils S3 millio*~ 
for fiscal 19.59, $6 ti~illio~l for fiscal 1960, and $14 million for fiscal 1961 
rtht, fisc-'$1 year kginning July 1 prcrec?itig the corresp~tldirtp: c-alentfar 
yer~r). In fiw;al I%!! i>l;tns were la IIW $28 million on research projects in 
~rniversitirs. lirrgrly flight esperitne:~ts. plils 512 million for support of 
graduitte .raining in sp;ic.e rc-13tt~i firlds, resc;rrc.h f;w.ilitics on uni\t.rsity 
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campuses, and grants for research of a more general nature than the spe- 
cific flight projects. Space science managers projected a university program 
growing in the future to $100 million a year in projects alrd about $70 
million a year in the broader grant program-a growth that was only 
about hall reaiizd in the 1960s. 

In s h o ~ i  order NASA's new team of leaders, which included many of 
the NACA's top people, remade the organization and activities acquired 
from the National Advisory Committee for Aeronautics into a National 
Aeronautics and Space Administration as called for in the NASA Act of 
1958. As the new agency organized, developed its staff, and built its new 
facilities. NASA started the space science program along the lincs that 
would be followed for the next decade. The rapidity with which this was 
done was both a tribute to the NASA team and convincing eviderce that a 
strong base had existed on which to build in a number of areas, including 
space science.The thoroughness of the early work wouid be attested to by 
the fact that during the next decade-though the pace would be increased- 
little that was new would be added to the program. 
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External Relations 

To provide an organization for handling relations within NASA was 
not enough. In a program that clearly would involve more people outside 
NASA than in, and in which numerous other agencies would have strong 
interests, NASA had to devise mechanisms for a variety of external rela- 
tions. During Glennan's 29 months as administrator a considerable amount 
of management time was devoted to such matters.' Some of the arange- 
ments worked oat concerrled space science. 

D ~ P A R  I MCN I- ok DL) F 

Cangress had shown great c, lcern over how to ensure proper coordi- 
nation between the civilian and military s p  nlograms. S.yce science was 
one of the areas of mutual interest between N A ~ A  and the Defense Depari- 
ment. Sounding rocket research had :ken supported by the militzry services 
during the 1940s and 1950s, and the se~vices had participred in the scien- 
tific satellite program of the International Geoph pica! Year. The potential 
military applications (p. 4 1 )  were adea~r::t. motivation ior such activity, 
dnd there was no reason to s u p w ; ~  that the creation of a civilian space 
program would end military interest. 

Most of the space scientists who came to NASA in the fall of 1958 had 
been associatd with the Arm), Navy or Air Force rocket or satellite re- 
search Frograms. Their long-standing personal associations with people in 
tbr Department of Defense made coordinating the two programs relatively 
easy. The Civilian-Military Liaison Committee was too far removed from 
the day-to-day action to be as effective as informal personal contacts were. 
These personal contacts gradrlally led to a more formal arrangement. On 4 
May 1959 a meeting on the subject was held 111 the office of Herbert York, 
director of defense research ana engineering. Attending, in addition to 
York, were Samuel Clements and John Macauley of Defense, and J o h , ~  
Clark, N. Manos, and the author from NASA. The participants agreed to 
set up a 10-man group with 5 members fr0.n each organi7ation and to 



mcct rnonhlly to e h n g e  idonnation. N d  the N.4SA-Dd) Spea Sci- 
rnct Caninittee, thc coordi~aating gnwp under t h t  cb;lirm?nship of the 
author htld its first meeting at NASA Hadquarters on 1 1 August 1%9.* A 
month later. when Meme 2nd NASA cw!dishd ttK Aaumautics d 
AmoMutics Coordinating Boiud. the SpPce Sdenr Commitwe was re- 
named the Cnmanncd spamaaft P a d  d MCB.' 

The ddibcrations d the I'nmand SpaacrJr Puwl were anything 
but moncx- The pancl quickly &doped a nmh?nism for routinely 
tabulating. updating, and exchanging a great dal ot information on spiwr 
~rojccts in tht citiliazt and military program4 S i m  it was un- to 
&ow rht time d the panel e g s  to -tine coordinaticm. attention 
cwld mom easily be given to spcdal probkms. The probknrs t d  r c M y  
i n u r b s t a n c l r * r l d u r # w r s n c l r s . O n t d t k f ~ w ~ t h c q u c u i o n o l h  
murh sprx scicnx the military m d  do. !Man)- %-*A mcmbcn felt that 
the military scniclrs should look to X.U.4 for thcir spatr srirncr ncds  and 
&vote lhtmsdves to researches spmifically related to military applicltkms- 
With this position the wnicPs t iokntiy disagreed. insisting that hey had 
to k working in scimm to make the most dfmivr  applications d the 
ricm results- The author agrPcd with this position and had to take a bit 
of fbk from his o w n  colleagues. bemuse they fcucd that arguments 01vr 
duplication d effm might compromise the S . S A  program. D~-dcn a& 
that it w-as not reasonable to tr)- to stand in the way d a Mense  Depart- 
mcnt spa= science program. particularly because of the  bcncfit to military 
applications. The dispute was ewntuall? turned in the direction d en- 
suring. by careful coordination. that tht m i l i w  and civilian spact s c i c w ~  
w-orlr did not bring-in the jargon of the da8--"~~'astdul dupligtim. " 

.More serious were the disputes over questions of milit~classification. 
Such problems arose in connection w-ith accurate h a t i o n s  d the 
earth's surfact and in geodes?-. Earth observations wcre directly related to 
military interest in reconnaissance and sun-eillance. and inttlligcnce a m -  
cies were sensiti\-e about m ~ a l i n g  either their interest a national capabili- 
ti- in I!* fidd.5 Applications people ran into this problem first in cmncc- 
tion with w=ather pctum of rather gross rrsolution that w-ere obtained 
from the Tirw - \-cather satellites. There was concern over possible interna- 
tional sen sit^\. - to I'.S. satellite pho~ogaphy of foreign territories-*-en 
at resolutions oi no k t e r  than 400 to 800 meters.c Some feared that inter- 
national reaction might precipitate a confrontation that could compromise 
I'.S. ability to pursue legitimate defense interests in earth obsenations. 
This controversy was heightened in the late 1960s when NASA and other 
agencies began to push earth-resource sun-0-s of much finer resolution.; 

The space scientists also had their bouts with classification problems. 
The most knotty had to do witlt geodesy. the science of measuring the 
earth. The accuraq with which the gravi~ational field could b measured 



and analyzed intc its vdous components-- humorria, as thy arc 
alkd--was imponant in dctcrmining the size md shape of tht earth, rhc 
distribution d mass in the earth's crrrst, and tacssts within the mantk 
helow rbccnm But such \ku wacdsocucntial faaaura tcgu iduKcd  
long-range m k i k  To the scientists thc prrdst loation of diffe-mt 
points on thc tuth's sur f rc  dative to each other was vital far checking 
-ty rhcoricra~lthcmovcmcntofthcarth'sclust.&ttto 
the military those dw nmM &tennine thc position of potential m i l i q  
mgets dative to missile Lunching uar The conflict was f d m c n t a l .  
Tht scientists mnicd such information for W r  d and during the 
Intmational Ccophyrical Year had entered into worldwide, multi- 
~ t d ,  mopat ive  pragnms for making gcodnic mtawrrments from 
ohemations d ICY satcllitcs. The ICY prognm had naturally extended 
into tht NASA program and along with it w m t  the tacit assumption that 
the scientific data obtained would be asailable to all participants. Indttd. 
as with all the  ICY programs. the mults  w v w  to bt published In the opcn 
litctaturc. 

lhis pol6 was p n f u l  to the military people. who felt ha t  dam d such 
vital military significam should be ktpt under --raps a d  potential cnc 
m k  forced to cxpnd similar dfolv to obtain the infamation. A mwldk 
of cxrhangcs began bnwccn NASA and DoD cm the urbjcn Geodetic 
xicntiw complained a b u t  fcmdragging. At the March 191i0 m q i n g  ol 
the Space Scicncc Baani. Gcorgt Woollard urgcd NASA to uut at once on 
the preparation of a satellite ymifically for g e a k y .  A littk over half a 
scar htcr. thc .4cronautics and .btronautics Cowdinating Board was still 
discussing how NASA might -in geakic data for the scientific corn- 
munity.8 On 14 November the Department of Drfcnsc announced that the 
Army, Navy. NASA, and Air Fotct were jointly building a geodetic satcl- 
litc.' In that same period Deputy Administrator Hugh Drydm was mking 
clarification from the ,4cadcmy of S c i m  as to exactly what intm:tional 
commitments warding open publication d geodetic data thc United 
States had cnttrcd into. In mply hc received a pile of paper t h m  centime- 
tm thick showing that. intmtionally. t h m  was a scntral undemanding 
that the United States would publish dam from its fGY satellites that could 
b used for ,qrodctic studin, with thc -r)- information on the precise 
location of tracking stations.'@ 

The joint satellite, which acquired the name Anna from the initials of 
thc cooprrating agencies did not end tlu controversy ovet classification. 
The runrbiings reached the cars of Conqessman Joseph b h ,  chairman 
ol ihc Space Scimcc ~ n d  Applications Subcommittee of XASA's authoriz- 
ing committee in the House of Representatives. He plungtd into a series d 
hearings on the subjcct. The Ziarth hearir~gs. and pressure the president's 
xicncc adviser recritd from the xientifir cornmunit?. f o r d  a decision very 



much likt aplrthtid. It was finally lgmd b t  the scientific gcodcdt pro- 
gram would mtinuc. with opcn publication of results on the NASA s&. 
Likewise, the DoD prognm would contin=. and --hen appropiate thc two 
agcncia would coopnte, as with the Arm satelliu. But DoD would daide 
unilaterally on the disposition d the data and results from its part d the 
program. lbause of the knotty in this area, NASA. DoD, and the 
Dtpartment d Commcm--where the Coast and Geodetic Survy was lo- 
c a t e d - ~ ~  up a special Ccodcric Saullioc Policy Board for the difficult pob- 
Iem d coordination." 

It would be unfair to leave the impression that all Lhe suugglcs with 
questions of classification were c a d  by the military. Within NASA a 
pressure a m  to classify launch schedules Some of the pnsuur omc  &om 
the use of military hardware and launching ran- but much d the &sire 
to classify stemmed from the poor showing that NASA had made in its 
early attempts and f r m  an embanassing vndcncy d sduduks to slip 
because of technical problems. Onc could not properly use classification to 
avoid embarrassment to the agencyagcncy, but thc argument was put forth that it 
was important to protect the already damaged national rrpu~adon in space 
exploration from any further dam-. 

After a year's experience Administrator Giennan felt it unwise to p u b  
lish schedules with specific launch dates too far in advance. Past and 
imminent launches could be given by date. but Glennan suggested that 
launches over the next two years be announced only by quarter. and only 
by year  hereafter.'^ In March 1960 the author wrote to Ira Abbott, chair- 
man of a comtnittce dealing with matters of security classification. citing 
numerous problems that would arise in :he space science area if blanket 
classification were applied to N.QSA launch dates." It did not xcm 
appropriate to classify sounding rocket firings in which many universities 
participated-and for which schedules had been unclassified for more than 
a decade of the Rocket and Satellite Research Panel program. For plane- 
r ap  shots the timing was specified by the celestial mechanics of the solar 
system and. if the existence of the mission was known. its date was more 
or less obvious. Even where nature did not reveal the date d a prospective 
mission, S.lS.4 had other problems to work out. .4 large part d the space 
science program was carried out by researchers in the uniumities, who did 
nor ordinarilv have security clearances. Also, the civilian. peaccful charac- 
ter of the national space program would appear to be compromised if an 
effort were made to operate under security restrictions. Baker-Nunn optical 
tracking stations.operated by the Smithsonian .4strophysical Observatory, 
would not be welcome in countries like India and Japan. which opposed 
classified actit ities on their soil. It would be difficult or impossible to work 
with \olunteer groups providing supporting observations of satellites if 
xhedulec muld not be issued in ddvance. The same problem would arise 



with groups assisting in telernetering satelliter and space probes-various 
universities and the Jodrell Bank Radio Astronomy Observatory in Eng- 
land, fat exampk. 

Concern about h i s  aspect of classification continued t h m g h  NASA's 
firsr two years, but policy developed to met the need. Those participating 
in a mission were furnished the nmssary information for planning and 
meting schedules; and, in space science missions, while experimenters gen- 
erally did not have to wrestle with problems d security classification. they 
were expected to handle xhedule infmat iun  discreetly. 

ACADEMY Of SC~ENCES 
Most important for space science were relations with the National 

Academy d Sciences and the Space Science Board. It was assumed without 
question that NAS.4 would look to the Space Science Board for advice on 
scientific questions. Accordingly N.4SA joined the National Science Foun- 
dation and the Department d Defense in providing funding for the b u d .  
In the fall of 1959. when time approached for the National .Science Foun- 
dation to renew the anrlual contract with the board. Lhyden sent to Alan 
M'atermarr. director of hSF. a work ques t  that NASA would like to see 
~ncorporated in the new contra~t . '~  The contents d the request, a copy of 
which was sent to the National Academy the same daj it went to NSF. had 
been discussed in advance between the author and Hugh Odishaw. execu- 
tive director of the Space Science Board.15 NAS.4 sought assistance from the 
board on (1) long-nnge planning, (2) specific planning for the separate 
scientific disciplines. (3) international programs. and (4) the handling of 
space science data and results. The first two were straightforward, but care 
was taken to emphasize planning. and NASA took thrs opportunity to turn 
back an incipient interest on the part d the board in getting into opera- 
tional matters like the review and selection of experiments for space science 
missions. 

.4 major point under (3) concerned U.S. representation on the interna- 
tional Committee on Space Research (COSPAR). At the invitation of 
Lloyd Berkner. who was then president of the International Council of 
Scientific L'nions, the author had convened the organizing meeting of 
COSPAR in London 14 November 1958. Subsequently the question arose 
as to whether America's permanent representative should come from 
NASA. The Academy thought not, and Dryden and the author agreed. It 
was traditional and appropriate that the country's t ~ p r ~ ~ t a t i o n  on inter- 
national scientific, as opposed to political. M i e s  should fall under the 
aegis of the Academy of Sciences. NASA supported this view and further 
agreed to pay America's annual subvention to the Colnmittee on Space 
Research. 

The final item in the work request on data and results was fuzzy. not at 
all clear at the time. Since the Academy had been involved during the 



International Geophysical Year with the operation d world data centers, 
which architmi and dismbutcd data and information &rived from :he ICY 
science pfogranl. it was thought that the Academy might m t i n u e  this 
function for the national space program. After all, there had been a Data 
Center OF. Rockets and Satellites, so what CMIM be morc dirccr than to have 
that m t e r  expand its responsibilities? There were subktics to the prob- 
lem, one of which surfaced in a rncering 9 Dmmber 1959, htid at B o u h .  
Cobrado. Hugh Odishaw asked if NASA would supptwt .r centa h c d  
to data from all upper-aun<laphere and solar research. not just those ob- 
tained from rockets and  satellite^.'^ NASA representatives equivocated anrl. 
after prolonged discussion with  the Academy, established the Space ScimcR 
Data Center at the Goddard Space Flight Althou& the new 
organization did undertake to archive a great deal of data that w m  not 
obtained from space experiments. in gemera1 such data were selected 
because they woukl increase the \due  d the space data. 

During the period that NMA was developing its working relations 
with the Space Science Board, the age- was also fceling its way toward 
s o m e  nlechanism to provide broader and closer contacts with the scientitrc 
communit) than could be expected from the Space Science Board alone. 
For the most part unaware of the extensive and skillful use NAG4 had 
made of committees to keep in touch with thinking outside the agency, 
NASA space scientists bPgan to mote in a similar direction. Intcmally a 
Space S c i m  Steering Committee was established in April !!HI. with 
responsibilitv for recommending space science programs and projeas to 
the director of spaceflight programs. .\be Silverstein. The steering cornmit- 
tee also recommended the selection of experiments and experimenters for 
space science missions.'@ S u b m i t t e e s  were formed for the scientific dis- 
c ipl ine~. '~  I'nlike the steering committee. however, which consisred solely 
of NASA employees, about half the rnembm of the submmmittees were 
outside scientists. From this group of diriplinarv subcommittees the 
N.iS.4 advisor?. structure in spam science evolved over the years. Advisor). 
committees became a major element in SASXs relations with the scientific 
community and in planning and conducting the space science program. 
This subject will bp disc~sscd in detail in chapter 12. 

PUESIMSTS S a ~ s a  ADVISORY C O M M ~ E  

In space science at least. SAS.4's relations with the President's Sciencz 
Advisor? Committee grew out of the central role it had played in the for- 
mation of the agency. From the start the Space Science Panel ~f PSAC took 
a close anterest, frequently rmiewing what was being done and offering 
ad\ ice. When astronomers could not agree on specifications for the orbit- 
ing astronon.ical obsenator). and NASA founa ~tself in the middle, the 
Space Science Pant4 and its chairman. Edward Purcell. pushed SASA to 
resohe the d~fficulties. Of SAS.\'s desire to he cooperative. Clennar. years 



later would write ". . . no major opuating agency cvcr gave ~KUC consid- 
eration to the w r y  much less than objective a i c s  d the 'scimtists(.r 
Within the Administration-that is. NASA [-] we had solid and d tcn  
brilliant scicnti~r 1:-k. 01- able to plan a truly ' H A ~ N . ~ '  sciencv pro- 
gram in spite of the rdttn conu01'ersial advice and complaints so fmly 
given by the !Scientific Gxnmunity!'* 

By the spring of 1962 the space science group in NASA Headquarters 
had xrtlcd on policies to use in &doping tht prosam and in working 
with the scientific community. These policies 01m dcsaibed to tht S~pace 
Sc- Panel in April 1962 and a& t.1 haw the panel's blessing.?' 
The policies. t o g x k r  with the NASA management inscnrction on respon- 
sibilitics of principal investigators in r!lc flight program, provided the 
fram~w'ortc for the conduct of the spaa~ scitnce program during the 196Os.z 

It is worth dmclling 2 bit on thesc pdicies. since they cohtd  all of 
NASA's rrlations with the scientists. The a m  undmook. with the k t  
advice it could get. to dcttnnine the most important amas of research- 
clearly a subjective matter. which tht  a g m q  sought to handle as objec- 
tively as possibfe. Then S.GA uied to support competent scientists work- 
ing on what wtre thought to b the m<wt important proMems in each area. 
No attew* was made to saturate any area with resear*. in the belief that 
high qwality could best be achitvcd by supporting only those ~nvestiga- 
ti& that scemcd most fundamental and most likely to yield significant 
ntw information. \$'hen funds were ample, this policy could be follow-ed 
without difficulty: but when money became tight. difficult choices would 
have to b made. and perhaps an entire area of rescarch might have to be 
cunailed to afford adequate funding for the remaining areas. Such situa- 
tions did arise later on. For example, in the budgec squeeze of the late 
1!Hk NASA chose to decrease ionospheric and magnttospheric research in 
o r b  to maintain adequate suppon for solar system research and spacr 
astronomy. Although the Space Science Board endorsed this choim the 
board had to face dissension in its ranks from the particles-and-tields 
workers who were hard hit by the cutbacks. 

SASA tried to provide continuity of support to researchers. It was rec- 
ognized that a single experiment usually was but a step in an investigation 
and that it was important to enable a scientist to complete the entire inves- 
tigation For example. a single sounding rocket flight could yield interest- 
ing data on ion densities in the ionosphae. say at \\'bite Sands at n m n  on a 
summer's day. But to understand the processes in ionospheric behavior. 
geographic and temporal variation. and the relationship of solar activity to 
the ionosphere-an immeasurably broader and morc significant objective 
than to know the statt. of the ionosphere at only one time and location- 
would take years of research and many experiments. 

Continuity of support was a genuine worry to non-S.4S.4 scientists. In  
this regard they felt at a disadvantage with respect to scientists in the 



NASA centers who could count on being suppond continuously by their 
agency. Moreover, the N U A  scientists clearly had an inside tract in plac- 
ing their experiments on K M A  spacecraft; many outsiders worried that 
NASA would take care of its own scientists first and assign the leftovers to 
outside experimenters. To allay such fears, the author infonned the Spxr 
Scitnce Board that N.4S.4 would pick expcrimcnts on the basis d merit 
and would assign most of the available payload space on NASA science 
missions to outside scientists.* \$'hen. in November 19%. Lloyd Berkner. 
as chiirnlrtn d the Spicy ?;c.ierru h r d .  wnt a lm.gthy a-iticisnr of the space 
scie11c-r prc%rams to <'korgv liistiakowsk~. the president's sc-ienm adviser. 
Berkner found few th ing  to paise. One was the stated policy of reserving 
no more than 20 to 23 percent of the payload or1 science missions for 
N.AS.4 penonnel.s 

This po l ic~  did not haw universal support within S.4S.4. where there 
was much sympathy for the idea of taking care of one's own. After all. it 
was argued. S.4S.4 people had undertaken to create and operate the neces- 
sary space tools for scientific research. to defend the program before the 
administration and the Congms. and to do a lot of the drudger)- needed to 
keep a program going. For this the)- should b guaranttd first rights over 
those who chow to remain in the academic world with all its niceties and 
privileges. In synrpth? with the S.lS.4 laboratories. Silverstein himself 
voiced such views. and the rlutllar at t ime  found hirnself In the middle. 
Severtheless. a genuinc effort was made to adhere to the stated policy. and 
for a while the proportion of oirtside xienlists finding ber~hs on XASA 
spacwraft incrraxd. But the lin~ited anlcunt of pa~load spact* available. 
along with the increasing numbers of applicants who wanted to take part. 
militated against reaching the ideal. Responding to renewed criticism, in 
March 1960 John C:lark. in a S.AS.4 memorandum discussing relations 
between the a-genc-y and the Space Science Board, reiterated: "It is still the 
S;\S4 objective that the larger part of the scientific work \\.i:1 be ciotw 
outside of the S.AS.4 organization. . . . about tiO perrent of tht present 
space sciencr \u.ork is k i n g  done outside S.4S.4. cornpitred to t0 percent 
in-houx."24 

D u r i n ~  the 1960s. esctxpt 011 umle individual flights. S.4S.4 never quite 
acllitwrrf the stattd. admittedly arbitrac goal. IVhilc cxcasionallv a ciairse 
for grumbling. the matter did rrat  btuome serious again until the early 
19705 when tight budgrts once Irlore sr.enrtxl to put research .grotips in 
universitirs at a decided disrldvanta.ge rt-larive t o  r:low in SAS.4 c-cn!c-rs. 

S.4S.A also rtuognired that it \*-as not encrtrgh to pay only for flight 
esperimmts. .\ c-ertain atnount of related resr.arch had lo be suppo~ td .  
pirtirularly that rtuiuirtxi to lay the .ground\t.orLi for esperinlentirlg in 



space. During its first year, however, N 4SA appeared to be neglecting this 
important as- of space science in its concentration on getting spa* 
flight projccts going. In his critical lecter of November 1959 to Listia- 
kowsky. Berkner unleashed a lengthy critique of the pagram as he saw it 
at the end of its first year. k k n e r  dwelt on a number of cancems scientists 
repeatedly returned to throughout the years. Along with worries a b u t  rel- 
ative amounts of money going into manned spaceflight-Mercur) at the 
time-Berkner expressed the interest of rie~ltists in having large numbers 
of small vehicles in the program in preference to a fm- larger o m .  He also 
registered complaints about the domineering attitude of SASA project 
engineers toward exp=rimentm and about the difficulty outside scientists 
had in competing with NASA scientists unless the necessary engineering 
facilities were provided to enable the outside scientists to compete. Brrkner 
considered the question o f  support for long-term. space-related research a 
major issue. averring that S.4SA had toprt~vide support. since the National 
Science Foundation \\.IS not likely to do so.25 Responding to Berkner's 
criticism. .4dministrator Glennan wrote I., tiistiakowsky on 3 Dereinber 
1939 agreeing anlong other things that : 'ASA shoiild support the long- 
range basic research iniprtant to space sc i tn r r .~  In this vein, K.4S.4.s uni- 
versigy p r w a m  officy latcr devistd a n~eth<d of step-funding m a r c h  proj- 
ects so as to assirre a university xienkist of at least three years continuous 
support (chap. 1 Y 1.'; 

While recognizing its own responsibilities toward experimenters. 
N.4S-4 also asked principal investig~tors to assume considerable rrsyonsi- 
bility on their part-specifically for the preparation. calibration. installa- 
tion. arid opmation c ~ f  their irrstrun~cnts. This policy. which was somrwhat 
fun!- at the start. grew in clarity as tinle passed. until it was articulated in 
-4pril 1964 in a forrnal S.iS.4 issrrarlc~." Basir;tll!-. a principal investigator 
was given a plrtcr. 011 a satellite or space probr for his instruments, was 
assigntd the nectssaq- ciectricai power, telemetering. and other support 
fro111 the spac-tvraft. and was prtxi~ixd a c-ertain period of tinlc after the 
flight during which the data obtained would be reserved to him f o ~  analy- 
sis, interpretation. and publication. In return. the invt.stigator \%..as ex- 
pm led to work as a rnernbrr of the y~.c>jtu-t team. m r ~ t  all relevant x h d -  
ulm. arid enrure that his ctli~ipment wris prolwrl~ constructed. p;issed 
pr:w-ibed ~ests. and was ;rv;~ilablt~ in operating cdnditioa for installation 
in tlre spacecraft at the appropriate tinle. In addition to using the data for 
his own research. the experimenter was exptvted to put theri~ into a suit- 
able form for archiving in the data irntcr. a, that later rmarcht-rs could us? 
them for further studit%. 

'I'hr tw>lit.y \\-iis simplt> in concept. but problerns arose from time to 
time. Sot infrru~uet~tly the scientists would feel [hilt t o o  n~iich prominenc.t. 
was k i n g  givtv~ t o  cnginc~ring. as ,jppost=ti to scientific-, rrt~trirt~ments. :ttld 
that the projtu-I m;rnager did not apprtu-iate that the scientific esprrin~erits 



were the purpose of the project. On his part. the project manager often 
would feel that the scientists did not understand the difficulties in getting 
an operating spamxaft aloft. and the importance of meeting schedules and 
test requirements. Such conflicts otten seemed in the nature of things, for 
the engineer \\.as trrtinrd ill disciplined teamwork. while the scientist's 
stock in trade was highly individualistic questioning of authority. The 
engineer would find the scientist's propensity for last minute changes to 
make an improvement in the experiment baffling. while the scientist 
would find the engineer's insistence on prew-ribed routine frustrating. Yet 
the scientists and engineers could and did work out their differences. 
though sornetinles at the expense of mana,grment time. 

hlore subtle was the question of what was meant by the experimenter's 
taking responsibility for his experiment. If the investigator interpreted that 
as giving i ~ i m  control over the project matlager. the scientist-engineer clash 
was e a h a n d .  and management had to make clear that the projert man- 
a-ger was in charge. That the investigator should take responsibility for 
ensuring that all phases of his experiment were being properly taken care 
of did not mean that the scientist had to do them a11 himself, though some- 
times there was c-c>nh~sion about this. The investigator was expected to 
work out with the project manager how the investigator would meet his 
respmsibilities. Often a contractor \s..c)uld be engaged to construct the 
scie~~tific equipment. Perhaps S.4S.4 would agee to do part of the work. 
\\'hatever arrangement was madt.. it was still the investig;~tor's responsihil- 
i ty  to be awaw of ho\r. things \\-ere going and when ntuussar).. perhaps 
\vi~h thr prr>jwt manager's hrlp. t o  ST that steps were taken to correct 
def iciearit>. 

Granting an investigator the exclusive use of data for a specified period 
was important to both S.4S.4 and the investigator.5 To the scier~tisi the 
opportunity lo publish his results and earn the acclaim of colleagues for 
what hc had acc-ornplished was ;I substantial part of his rewar4 for conceiv- 
ing and carrying out an experiment. \\'ere N.4S.; unable to g ant a scien- 
tist the ncrt.ss;ar>- tinie to claim his reward. ihe best researchers w u l d  
surely h;avp sought other sci~ntific fields to plough. Yet from tinit. to time 
this fx>lic-y carnt. under attack by Can,gress. The argument was that the 
t;lspa\er was putting out etlormous sums for slurc rt?ii..~rc.h and. therefort-. 
had a right to the data as stmn ;is acquired. Most often this argument flared 
up whc.11 the data were spect;jculi~r pictures of the alcxoa or Mars. -1'hen a 
rialirar frr,rir the press to issue the pictures at once would be echoed hy 
members of <i>ngress. no doubt inspirtd to speak out by a fe\\- well placed 
phone c-;ills fro111 e ~ l ~ c t  p! ibing rrpjrtcl-s. I .it tlc c.otic-t.rn \\.;I% cspresuxt ovc-I 
rt.lc;\w c.d iiotlospht.ric Iilc.;lstlrc.n~crlts or ci;~t;~ 011 111;ignt'tic fields in si';t~'t'. 

X.4S.4 held its grounct 011 the tx~sic. pdic-y. Sc.tting aside the question 
of ~ht.  sc-irnlisr's pav for contributing his origin;~l ideas and carr\ing out 
tiit. capcrimtwt. S..\SA pointtri o i ~ t  [halt only the. scientist who had con- 



Bt-~oso i-ti,: AI'MOSPHERE 

ceived the experiment and had personally struggled with the intricacies of 
calibrating the measuring instruments, could reduce the data p p c r l v  to 
remove ambiguities and errors that would otherwise make the data useless 
to other researchers. In return for the exclusive use of data for a mutually 
agreed time. NASA required an experimenter to put his data in suitable 
form for archiving and use by other researchers. This was the taxpayer's 
quid pro quc; without such an arrangement, the taxpayer would not be 
getting his money's worth. 

The time r e q u i d  to put data in order varied from case to case and was 
negotiated between the agency and the experimenter. For a simple experi- 
ment, perhaps a repetition of a previous one, a few months might suffice. 
A more complicated. more subtle experiment might take the investigator a 
year or more to work up the data and publish his first paper. As an illus- 
tration. NASA could point to the ionospheric expiment  devised by J. 
Carl Seddon and colleagues at the Naval Reeiarch Laboratory for sound- 
ing rocket esperi~nents at White Sands." Simple in concept. the experi- 
ment ran into tremendous difficulties in practice. The idea was to measure 
the effect of the ionosp3ere on radio signals from a flying rocket and to use 
that effect to deduce the electron densities in the ionosphere. But the influ. 
erlce of the earth's magnetic field, the splitting of the radio signal into 
wpqrate componen:s. and reflections of the signal from inhomogeneities in 
the ionosphere req:rired m;rn? ytws to decipher. t'ntil that was done, the 
data would have been useless to other researchers. But once the various 
phjsical VrrK-twes were understood and could be unraveled. the analysis of 
data from a new set of measirretnents could be accomplished in a tew 
months. 

Pictlrres were a spe ial case. rhat was where the greatest public interest 
la). and ShSA adopted a policy of releasing pictures as soon as they could 

put in suitable form. Often this was virtually imn~ediately. a5 with 
much lunar photograph). But pictures of Mars received with low signal- 
power irsuall~ ttxA a great deal of electroiiic processing to bring out all 
a\ailable detail and it could be man) weeks or months before they were 
ready for release. 

Impc>rtant to the scientific community was the question af where 
scicnt ifit rt.sirlts from the sjx~ce program ~vould be published. Publication 
in the open lite1at:rre is. of coirrx, a funriamental aspect of t ?~e  scientific 
process. Both thc our:ide scierltists and thox who had joined the agenq 
were dedicated b) tlirrrling and habit to open publicatiort. Irr this they ran 
head on into S.4C.4 traiiiiion and practice o f  issuing researc h results in 
series such as S.AC.4 Reports. 'I-rchniral Notes, atid Technical hfemor- 
anda." 



NACA papers were highly respected in the field of aeronautics and 
aerodynamics. They were carefully critiqued and severely edited within the 
agency before being widely distributed to aeronautical centers, appropriate 
military offices in the lTnited States and elsewhere, and industrial and aca- 
demic libraries alound the world. It wds NAGl's position that the proce- 
dure ensured both high quality in its publications and provided for getting 
them to those who needed them in their work. Moreover, the existence of 
such series of NACA publications was the best possible advertising for the 
agency. 

NACA was not alone in this practice. Both the Bureau of Standards 
and the Bell Laboratories put out journals of their own; and, during the 
Rocket and Satellite Panel days, the Naval Research Laboratory had issued 
much of its rocket-research results in NRL  report^.'^ In the space xience 
field, the Jet Propulsion Laboratory began putting out a Technical Report 
Series under the imprimatur of JPL and the California Institute of Tech- 
nology." In academic circles Gerard P. liuiper, noted astronomer of 
unbounded energy and wide-ranging interests and head of the Lunar and 
Planetary Laboratory at the i7niversity of Arizona, put out a series entitled 
Comtnunications of the Lunar and Planetary Laboratory, listing the I1ni- 
vt:sity of Arizona as publisher." In the Con~munications liuiper and his 
colleagues publishtd a great deal of excellent material, niuch of it from 
research supported by NASA. B2t Kuiper was severely criticized by his 
scientific colleagues for using this means of bringing his work to the 
community. 'Their reasons for criticising were fundamental, deeply rooted 
in the stici::ifir process. First. it was pointed out. the usual scientific jour- 
nal accepted an article for publication only- after it had been given a careful 
review b>- one or more impartial experts in the fieid addressed in the arti- 
cle. whereas a scieritist publishing in what amounted to his own journal 
could hardly subject his own work to the same kind of review. Secondly, 
the 1iniitc.d distribution of a publication to a selected list o f  rtripients was 
bound to rniss persons who had not only a legitimate, but often a signifi- 
cant, ilitrrest iti the mate~ial, for how could one individual or a small 
group hope to be ;twitre of all such interests? This point \\.as particularly 
pertinent in a rapidly .go~. ing  fie!d with imprecise and fluctuating bound- 
aries. In contrast. regirl;~rl\ published journals, open by subs4ption to 
all who were interested, were widely known in the scientitir community: a 
scientist from anorher discipline could quickly find his way to material of 
importatlce to his work. .4lthough the NACA had had a very large organi- 
ration to draw upon for revie\ving papers before publication, thr same sort 
of criticism had k ~ 1 1  leveled at the SAC.\ publication policy. 

For S:\S:l's first \ear, t tie question of publicat ion rernairled in the 
hackground, with rhe NASA scientists assuming that thc. policy was to 
publish the results in the open literature. and former SAC.4 people tend- 
ing to expect a collectioti of S.4SX p~iblications to evolve. Hitrry <;twtt. * 



director of tile Goddard S ~ c e  Flight Center, precipitated a confrontation 
when in May of 1960 he proposed to issue NASA papers that had been 
given at a meeting of the international Cornmitree on Space Research in a 
NASA series.'' When the proposal reached Thomas Neill, an employe in 
the Office of Advanced Research and T ~ h n o l o g ) .  who had carried over 
from the NACA the responsibility for overseeing the publication of in- 
house reports. Keill r t ~ f u d  to fwrmit the <:(>SPAR pipers to go out as 
NAS.4 trchnic;iI report:. Neill's position \\*as that the papers had already 
been published in the COSP,iR sphere and to put tnem out now in a 
NASA series would be wasteful duplication. It was an understandable posi- 
tion, but it stood squarely in the wa? of those who svattted to build up  
NASA's own fine "fourtt.t.n foot shelf" of space scienc~ literature, as Abe 
Siiversvin described it. 

There was a great dca'l of dix-ussion of titis issue during the spring and 
summer of 1960. *She scientists. recognizing the intense desire of the NAC.4 
people to build up  a library of S.4S.4 pub!icatiorts along the N.4C.4 lines. 
favortd dual publication. A chtu-k \vith a n u m k r  of scientific societies re- 
vealed they \\.o~tlci be \\*itling to accept pipers for publication that had 
prcviously k n  put out under a S.4SA cover, since they did not regard the 
latter ;as genuine publication. This was the vie\; of 1-loyd Berliner, presi- 
dent of the .4merir.a1t C;mphysic.al I'ttion.   hen the i~uthor called him on 
19 X1;ly 1W. For .4C.11's own publication, the Journnl oj Gcoph ysiral Re- 
searclr. Berliner \\.as sure there \\.auld be no problem. rind he thought there 
should not be arty difficulty for the Phssicnl Rmieu*-which was later con- 
firmcul by the tditors.JC Srveritl other journals took t!le san~c  psit ion: of 
thost, quchried only the American C;hemiral Society expressed disapproval. 
Tiakiny +inug satisfaction in the considerrable evidenct. they had gathered 
that S. ... X or N.4SA rrporting \v3s 1 1 ~ ~  ge~~~~r;aIly \.ie\ved ulas genuine yubli- 
c-ation. thr S;IS.\ scirntist. p.rsc.vt.rc.d III urgir~g ;I jxdic.) rllat sp;tctx wirnce 
rtxstllts ~vould tw publisit.-tt in t h. olwn litrratitre. but thitt \r.herr dthsirtui 
duplicate S.4S.4 publication \\.ot~ld be permitted. Drytien approved the 
idea and aslit-d that an appropriittr pqwr 'x. dra\\.n tcp ;artic.ulating thr 
policy. whic it I d  to more discussions but no clear statenlent of policy that 
coltld be given for~ital apprctval. 

Instead the policy \%.as establishtxi by practice. Space science results 
were published in the olwn literature. and rilanagernent issuancrs pertain- 
ing to the progrant presunltd suc41 s 1wlic.y. 111 inter~tational. cooperative 
space science projects. implementing agreements c-alled for publication of 
results in the opc.11 litc.~;rturt..'~ Siniultanrously in-house public-ations tcxA 
a \.arit3ty of forms. -I'htl Jet Propulsion l.aboratory report series tras b t ~ n  
mentiond. From t i ~ n r  to tinlr the Gcdtiard Spaw ]:light (:enter i ssud 
bound collections of rty>rints of p~ib1ishr.d papers bv Gtxidarc! authors.JR In 
Septemhr 1959 Atx. Silverstcin \%#iIs considrring est;~blishing ;I NAS;\ 
jourttnl. n~uch  likt. th.11 o f  thy Burrall of Stir~~d;trds. which was cited as an 



ex amp!::^ But such a NASA journal did not materialize. Instead there 
ewived the NASA Special Publications, an aperiodic series, generally book 
length, devottd to the whole spectrum of NASA's activities. The Special 
Publications were an excellent means of publishing under tile NASA im- 
primatur integrated reviews of a topic or field, but were not usually suit- 
able as an outlet for original scientific research. They were in fact accorded 
the xime sort of mild disdain the academic community reserves. not always 
with justification, for most government publications. 

NACA had had a rather small involvement with the uni~ersities.'~ 
\f'hat university rc=searc-h NtZC:A did pay tor usually was tied into research 
projects going on at the NACA laboratories. For NASA. however. relations 
with universities would be more extensive and different. 'This was espe- 
cially true in space science. where the nullluer of disciplines enconlpassed 
in the program dictated that a great deal of the work would have to be 
done outside and largely in the universities. hfuch of this would be an 
extension of a university's o\rVn research. with the addition of new tools- 
rockets and spaceclaft. K.4S.A would accordingly be funding university 
research as a major part of a broad space science program rather than as 
specific support to in-house projects. By undertaking to carry out a sub- 
stantial part of the national space science program, the llniversities became 
allies of N.4S.4. 

But when ShSA also decided to create space science groups at the 
Goddard Space Flight Center. the Jet Propulsion Laboratory, and other 
centtm, the universities fo111id themse1t.e~ in the rolc of rivals to NA4SA. 
For, the in-house groups \sould inevitably be in competition with those 
outside for funding of their rc,search and for accommodation on scier-ttific 
flights. as mentioned earlier. ,I number of the mechanisnis that NASA 
devised for working with the scientific. community were influenced by the 
need to moderate the tensions that soon appeared. For this reason !he 
responsibility for selecting space science experiments and experilnetltfirs 
was kept in headquartcbrs even during periods when tht.re was a genetal 
attempt to decentralize authority by transferring to the field many func- 
tions previously handle<l by headquarters. 

\$'ark with the universities was sufficiently itilportarit to the space 
program-pi~rtit i~larly to the spilct science progr;rrn-that NASA estab- 
1isht.d ;an organirational tinit spc.6-ific,all\ for h a ~ ~ d l i n g  uriiversity r t h -  
tions.41 The university office guided NASA's work with the acadernic com- 
munity. not h:,sitatitlg to rsprriinent with nrtv ideas on goviBrnmellt- 
university relations. More attenticm is given to the N.4SA university pro- 
gram, particularly as it bore otl space science, in thaprer IS. 



~ I E N ~ I F I C  S~C~ETIES 
In seeking to bring the scientific community into the space science 

program and in insisting on publication of results in the open literature. 
NASA could hardly escape a close association with the scientific societies. 
The societies afforded thc most common meeting ground of the scientists. 
and their journals formed much of the open literature. 

A number of scientific societies soon became involved. l ' he  American 
Astronomical Society's interest was at first tentative, although a number of 
its leading members were fully committed to space astronomy-like 
Richard 'Tousev of the Naval Research. Laboratory, Leo Gc'Jberg of the 
University of Michigan, Gerard Kuiper of Yerkes Observatory, and Lyman 
Spitzer of Princeton. Spitzer had been among the first, in the mid-1940~~ to 
write about and advocate the use ot satellites for astronomical research. In 
the sounding rocket program of the 1920s and 1950s, Tousey had been one 
of the pioneers in rocket astronomy. And no sooner had NASA o p e ~ e d  its 
doors than L,w Coldberg was urging support of a solar astronomical satel- 
lite projttcr which the McDonnell Aircraft Company had designed with 
advice from I!l~iversity of Michigan astronomers. Under the pressure of 
such widespread interm, the American Ast~onomical Society's participa- 
tion grew steadily throughout the 1960s. Papers appeared in its journal 
and at its meetings, arid the society began to promote important aspects of 
spacc astronomy. The spectacular results of :Aanetary missions, particu- 
larl! in I'cti!) ;rntl early 1970s. helped dispel the disdain arid lack of interest 
with whic-h astr-otiomers had regarded the planetary field for decades. 

.4niotig the first learned societies to show strong interest were the 
American Physical Society and the Anzerican Geophysical ITnion. In April 
1959-sis months into N.4S;Z's first full yezr-the Physical Society spon- 
sored, along with NASA and the National Academy of Yciences, a sympo- 
sium on space physics. which was well attended.'? A n t i c ~ ~ a t i n g  the irnpor- 
tance of space science for extending geophysics to other p l a ~ ~ e t s ,  the 
Geophysical 17rlion went even further. In November 1959, AGI' officers 
considered the ~~ut.s:io!l of providing a home for spacr science. Encouraged 
by the show of interest, NASA's Robert Jastrow and Gordon J .  F. Mac- 
Don;tld. a bri l l i~nt y ~ u r l g  geophysicist, on 10 December 19.59 wrote to 
President Lloyd Berliner recom~nending that the union create a section on 
planetary ph)-sics.'j Aflcr consulting with AGI' officers, Berkner responded 
b) inviting the author to become chairman of a Planning Committee on 
Planetary Science. wit11 members Jastrow (secretarv). Lrroy Llldredge. 
Joseph 11'. C:i~a~nt>erlain. Thomas Gold, MatDonald. Hugh Odishaw, 
Alan S1; . . . I -  g .  Harry I'estinr. Harry \\'exitar. C:har-lcs \Shittcn, and Philij) 
,4\xlson l l i t i  ':~ter 12'altrr Orr Robert;), a11 of whorn had had important 
roles in :. .filternational Geophysical Year program. For the next two 
years the comrnittet. organized sessions on space sciencr for thc union 
meetings. and promoted the interests of space science within the unioii. 



For the summer of 1960 committee mernben prepad a saies of papers 
reporting on progress in the planetary and interplanetary sciences for pub- 
lication in tht Transactions of the 4mmicun Ccophysicel Union. Tht 
President's Page in the Tranractions for September 1960 carried a note 
lrom the author pointing out the imponanre of space science to geqhys- 
i a  and calling attention to t k  existence of the Planning Committee on 
Planetary Scicnces.44  

Within the union there was a steady ~novement toward the creation of 
a new m i o n  on the planetary sciences. But space science was itsclf but an 
extension of the : aditional disciplines, and them was opposition to the 
proposed action. The argument was that the existing sections of AGU 
covld provide the desired home for the new activ~ties in space. Tht d o n  
on meteorolog?.. for example, could accommodare satellite ~ l o g y .  
Any section dealing wit11 an aspect d the earth sciencrs could houx &.?r 
same aspea of the plailetary sciences. Ira fact, some feared that a separate 
m i o n  on the planetary sciences would become another littk union within 
the overall union. Even members thoroughly involved in the s p a c ~  
sciences-like John Simpson, experimenter on Pioneer and Explorer satel- 
lites, theoretical physicist .Alexander Dessler, and Harry Wexler, d i m o r  of 
research for the Y.S. Weather Burcau-were opposed. Nevertheless, the 
strong cohe: ,rice in the space sciences. generated by the peculiarities and 
dtmands of the space tools, sparked the push for a new section. The spring 
d 19til saw a great deal of discussion of the matter, and at its 22 April 1961 
meeting the council of the union approved in principle the formation of a 
new section-by a margin of one vote! The council asked that the emir$ 
organizational structure, activity. and nomenclature of rht union be re- 
viewed as a precaution algainst intolerable dislocations within the society 
from addition of the new section. The review concluded that no other 
changes were required. and on 25 April 1962 the council gave filial appro- 
val for the formation of a section on planetary sciences (which !ater in the 
decade di\~ded into *\era1 groups). I3e author became the first president 
of the section. and Jastrow its first secretary, thuc sl-mbolizing the close re- 
lations that S.4S.4 had de\eloped with the American Geophysical C'nion. 

The examples gi\en here ar? on]) illusrrative. The breadth of the space 
sciences generated an important association with many scientific and tech- 
nical societies and institutes. The interet of the American Rockei Societ) 
and the Inst~tute of Aeronauticdl Scieitces-which soon merged into the 
new American Institute of Aeronautics and Astronautia-was an obvious 
one, as was that of the American .\stronautical Society and the Interna- 
I ional .4stronautical Federation, although their conmrn tended more toward 
the engirirering and technolog). side of the picture. More directly concerned 
with space science were the Optical Society ol America, the International 
Astronomical Z'nion, the r\rner~can Meteorological Society, the Cmlogical 
Soclt'tc of America, the Amencan Institute ot Biological Sciences, and a 
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long list d others. Fcx some of these, interest in spxe science f l m d  up at 
the very s m .  while for others the intereu gradually ernergPd as the pro- 
gram unfokied. 

Inheriting so milch from the Intenrational Ckophysicd Year. N.4SA 
had an international program frofir the Thew were two main are- 
nas. that of the international scientific circles such as the International 
Gunci l  d Scientific Unions and its newly formed Cantnittee on Spare 
Res~ch,  and that of a political nature, falling generally in t.k sphere of 
the I'nitcd Sations. There were numerous polirital considerations relati\-e 
to spacx. and S.iS.4 was immedmely drawn into l'nitcd Nations delibera- 
tions on space matters. 

But the natural arena for spice scienre was the intematiotlat scientific 
community. and from the start X.G.4 .gave strong s u p p r t  to the Commit- 
tee on S p c e  Research. .4inong thr. unions of the council represented em 
COSP.\R were the International l'nion of Scientific Radio and the Inter- 
national I'nion cd Geodesy and Geophysicr. which had first recon~~nrrded 
the use of xientific satellites during the International Gmphysical Year. 
Following the orpnizing meeting con\-& b?. the author in Ln:don in 
Sovember of 19%. COSPAR held its fim full-sr-air busitleis session in The 
Ha-gue. 12-14 March IM.* .it that meeting Ridrard Porter ol the Syarv 
Sciencv Board. l'.S. rwresentative to COSP-4R. asked the author whether 
the I'nited States [night offer to launch spare science expiments  for 
COSP.4R members. In a phanc (-;all to \\'ashitrgtun. the author obtained 
Hugh I h y k m ' s  approval to inform the meeting that S.4S.4 would be will- 
ing to do so. Porter then wrotc to President t3. C. \-an & tfulst. saying that 
the l'nitcd Statt3 .s-ould ac-c~p single experinlcnts as part of larger pay- 
loads. or ,rvould lailnch c-omplcte payl~x~ds prepred by other cou~rtrit-s.~~ 
The rt-slmnse to thc I'.S. invitation \\..as immtdiate. and More the ?-ear was 
out a ntimber of c-ooperativc projects had bqun.  \\'ith the Soxiet I'nion. 
.gcnitiae cc~qw.r;ttion pro\t.ct t o  Ir diffic 1111 darring t11r I!kilh. lexs ciillic~l~lr 
in the 197% c linlatc. of ~ictznrc.. I'he~x. \ulbjer-t\ att. c i i ~  tl.iscri ;rt It-ngrh in 
c-h;tpcc~ 18. 

.As the leaders of S.AS.4 worked to reshape the S.\<:.A into an acrorrau- 
tics and space or~anization. t h q  also laid the foundation for rhc m;an? 
relationships \\-ith other government agrncics, industry, and the scientific- 
community that played an tssential role in planning and conducting thc 
program. But none of thi5 \soilid havt k t 1  of ;tar?- avail without the prin- 
cipal tools. the rockets and sp~crc-raft nscntial to the ins-etig~tiotl ;and 
csploration of space. .A first orcirr of businc-ss svr.as to pro\-ide for thest. 
tcmls. That S.AS.4 set about to do, strivin3 to cnt~rcome as soot1 as possible 
the visiblt- gap that lay bt.twtr.~ the I'nittd Starts ;asd the St>\-iet I'nion in 
propu;;ion cawbilities ;and launchahle spacer-raft weights. BC(.~IISC' of tht- 
central irnportanm of launch vchic-les ;and their jxayln;ads. ttrc next c-haptrr 
is c i t ~ o t d  cntirely to them. 



Rockets and Spacecraft: Sine Qua Non 
of Space Science 

Even as S . G A  was being formed. the stable of Amerimn sounding 
rockets was impressive. There were small (Deacon, Cajun. Xrcon. Arcas). 
medium (.Aerobee. .+&Hi). and l a w  (Viking) rockets. Viking had 
been designed to rtplace the V-2, which was no longer used after the test 
program ended in 1952. There were rockets using solid propellants (Dea- 
con. Cajun, .Arcon, .Arcas) and rockets using liquid propellants (second 
stage of Aerobee. Viking). Multistage combinations (Nike-lkacon, Nike- 
Cajun. Aerobee) achieved higher altitudes than could economic;ally be at- 
tained with single-stage rockets. Rockets had been launched from balloons. 
from aircraft. and from launchers aboard ships at sea. These swnding 
rakeis and the high-altitude w d r c h  program that went with them pro- 
vided SAS.4 with an immediately on-going component of its space science 
program. 

.\ similar situation existed with respect to the larger vehicles needed for 
launching spacecraft into orbit. The reentv test vehicle Jupiter C-which 
launchtd .\merica's first satellite, Explorer I. and which used the Redstone 
missile as its first stage-gave rise to a first group of what were called Juno 
spactr launch vehicles. Later versions of Juno used the more powerful 
Jupiter intermediate-range ballistic missile as the first stage.? The Red- 
stone, which w:s crated for the Army by the von Braun team and in which 
one could detec-t a distinct \'-2 ancestry. \\.as on hand and was used for 
.-\meria's first suborbital manned flightr.' The Vanguard 1C.Y launch ve- 
hicle. which used derivatives of the Viking and Aerobee sounding rockets 
as its first and second stages. wac also available.' X.4S.A took over Van- 
guard from the Saval Research Laboraton and completed the program. 
after which the Vanguard first stage was retirtd; but the upper stages were 
combined with the .Air Force's Thcr t? create the Thor-Delta. or simply 
Delta. launch vehicle. which from the very start was one of the most useful 
of the medium-sized combinations.5 In 1958 the Air Force's Atlas was the 
most powerful ZV.S. rocket that could be quickly pressed into m i c e  as a 
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spatx launcher. To it was assigned the launching d the first Anmican 
astronauts to go into orbit.6 Atlas mmtually became the main stage of 
Atlas-Agcna and Atlas-Ccntaur, multistage launch vehicles used to put 
m~ltiton payloads into space. 

The imposing presence of the Soviet I'nion in space following the 
launching of the first Sputniks and the substantial I d  it apparently had 
owr the IT.S. in payload capability generated a sense of urgent). to develop 

large payload qmbilitics. But with the variety of vehicles already in 
its stable or imminent. the United States clearly was not going to have to 
start from scratch. Indeed, had the counu); been willing to use the von 
Braun rockets for the ICY satellite program. the fint satellite in orbit could 
well haw borne a "made in America" stamp. At any rate, even this partial 
survey of the situation at the time NASA got going shows how deep in the 
rocket and missil: work of the 19% lay some of the roots of the svbse- 
q - t s w  program- 

Of course, along with the missiles and rockets available to N.a.4 and 
the military were h t e d  facilities and equipment already in operation. 
Launch ranges existed in Florida. California, New Mexico. and Canada. 
Tracking and telemetering stations. strategically located in the V.S. and 
elscwhcrc. were working. Vanguard Minitrack network of radio-tracking 
and telemetering stations for operating with the ICY satellites spanned the 
globe and provided a nucleus on which to build for an enlaiged program 
of the future. IGY optical tracking stations also girdled the globe and were 
immediately available for photographic and visual tracking of spacecraft 
that were large enough to he detected by such means. T o  produce all these 
a substantial component of American aerospace. electronics. and other 
industry had been employed. .generating hard&-are and acquiring an expe- 
rience ready to be used for tackling the challenges that lay ahead.: 

One of the first tasks facing NtZS.4 in the fall of 1958 was to determine 
what additional launch vehicles would be required to acmmplish the space 
missions planned for the program. While most of the launchem would 
derive from military hardware. some. especially for the manned spaceflight 
program. would have to be built from match. So. too. would the space- 
craft for the science. applications. ;and manned spaceflight missions. 

It is not nemsuy for understanding the relationship of launch vehicles 
to the space science program to delve deepl) into how t h e  \$ere dmeloped. 
but a few principles should be understood. First. a nurnber of different 
vehicles were required. One might have s u p p c d  that a single Iaunc h ve- 
hicle. which could do ever?thing the program rrquired, wouid be ideal. 
With only one manufacturing line. one kind of assembly, test. and launch 
facilities. onc kind of operational quipment rind procedures, and basic.all\ 



one launch team. a substantial background d cxpericnce would quickly 
build up  for that vehicle. Engimcrs and technicians wouM bmwnc thor- 
oughly familiar with its characteristics and idiaynaasics, so that a high 
degree of reliability could be ensured. 

But in an era when a launch vehicle was mpcndtd for each firing. the 
economics would not bt favorable. For. to be acccpta&, a singte vchidc 
would haw to be able to accomplish both the simplest and the most diffi- 
cult of the missions required-from small. near-earth satellite missions to 
manned flights to the moat. On the most difficult missions. the launch 
vehicle would presumably operate most efficiently, and the costs would he 
commensurate with the accomplishments. But to use such a whick for kss 
demanding missions would bt most i d f i acn t ;  indtcd the cost d the 
launch vehicle could m-helm the cost of the s p a d t .  To mitigate this 
problem of cost t h m  would. of course, be pressure to fly many small mis- 
sions on a single launch vehicle. or to let small missions ride piggyback on 
larger ones, thus. reducing the cost pcr spacrcfaft; but thcn diffarnt k i d  
of complications woiild enter in. Some of these would be fundamental, as 
when one set of experiments required a circular orbit. another ser an tc- 
centric orbit. still another a polar orbit, an4 a fourth an quatorial orbit. 

For expendable launch vehicles such considerations led to the d u -  
sion that the most efficient approach would be a graduated series running 
from a small, inexpensive vehicle to the very large. vcr). expensive o m .  
The gradation between vehicles would be large enough to yield a substan- 
tial increase in payload and misslon capatiility. but small enough to avoid 
having to use vehicles too costly for their assigned missions. Obviously the 
way in which these requirements were met was a matter of judgment, and 
in some respects arbitrav. The subject was constantly under study by both 
the military and N.+S.4.s 

Second, the basic physics of rockets dictated that major launch vehicles 
should be multistage. or step. rockets-that is. combinations of tw70 or 
more rockets. called stages, which bum one after the other. As soon as the 
first stage has used its propellants. it is discarded, after which at an appro- 
priate time the second stage is ignited. \%'hen the second stage has burned 
out and been discarded. the third stage is ready to fire. And so on. Multi- 
staging is important for rockets that must work against the force of gravity. 
for otherwise the propellants must supply the energy needed to p ro r !  the 
entire rocket structure against the pull of gravity the whole launching 
phase. But with staging. in which portions of the structure are discarded as 
soon as they are no longer needed. only a small f~action of the enti;e vehicle 
need be propelled into the final orbit or space trajectory. The early rocket 
pioneers recognized the importance of staging. a point that Robert God- 
dard elaborated in his famous Sm~thsonian paper.g In the space program 
two-stage and three-stage vehicles became common, four- and five-stage 
combinations not uncommon. 



In the scramble to put together a national launch vehicle capability 
after the formation of NASA, it was natural that whatever vehicles wew 
available or could be assembled from the existing military programs would 
be used. In 1959 six out of the men vehicles that wme available to NASA 
came largely from the missile program.1° The seventh was Vanguard, which 
had been built by the K a q  for the IGY. 

To expand the national capability, additional vehicles would be &el- 
opd (fig. 10). Scout. a four-stage, solid-propellant vehicle. would provide 
an inexpensive means for launching 70 kilograms to 185 (or even 550) 
kilometem. Vega and Centaur, the latter using the high-energy propellants 
liquid hydrogen and liquid oxygen, would substantially extend the launch 
capability d Atlas-based vehicles. Juno V vehicles and Nova were intended 
to support a variety of manned missions. Sova was expected to generate a 
thrust d GOOOOOO pounds-almost 27000000 newtons-and would be 
q u i d  for launching men in a direct ascent from the .ground to the 
moon's  surface. 

Fifteen years later the situation was cntirely different. By then a be- 
~cildering variety of rcrke stages and launch vehicle combinations had 
been developed. along with an extensive literature." What the vehicles 
could do lor the various space n~issions can be dtducd from the per- 
formance figures for the launch vehicles in figures 10 through 14. 

.is seen in figure 11. by lW the Hustler and Vega had k n  eliminated. 
Likewise. Juno 11. which had not proud particularly useful. had been 
dropped. Sova plans called for doubled thrust. and Saturn was to rely on 
liquid-hydrogen. liquid-oxygen e~rgir i t~ for its upper stages. B! 1% Sovia 
had disappeared because of S.4SA.s decision in July 1962 to use lunar-orbit 
rendezvous instead of direct ascent for the .\pollo n~issions.'? Several vet- 
sions of Saturn would support N.AS.A's manned spaceflight programs; the 
largest, Saturn \'. would be used for the manned lunar nlissions.'' The 
Department of Defense preferred not to be tied into the expensive and 
highly experirnentsl Saturn, so in follo\ving years the Titan 111 line of 
launchers was introduced into the stable to support large-sc-ale militan 
missions. Titan 111 additions can be seen in the display for 1972 (fig. IS!. at 
which tirne the only Thor-based vehicle remaining \\.as Delta. 

'I'hese launch vehicles. with the sounding rockets discussed at the start 
of this chapter. made up the backbone of I'.S. capithilit\ - 3  explore and 
investigate space. They resulted from joint plailning by S.AS.4 and the 
militaq lo sene their r~specrive nerds.14 Ottler rockets and rocket stages 
rcere put together for sp-cial purposes. usually by the military. hut their 
existence did not c hange the overall picture. 

In the 1970s ia basic change was initiated with the conunitment to the 
Spa- Shuttle. which in the 1980s would supplant most of the expendable 
boosters for launching spacwraft into near-earth orbit. The launch vehicle 
line-up in the fall o f  1956 (fig. 14)  shotvs how the elinlination of the 



.%turns. following the co~npletion of the Apollo and Skylab programs by 
the mid- 1970s. and the prospert d the Space Shuttle by the 1980s had 
thinned c~ut the stable. Only fiw vehicles remained: Scout for small pay- 
loads. k l t a  :rnd ;\tlas-Cantaur for medium and large payloads, and two 
Titan 111 co~nbinrrtiorts for the \rp large payloads. 

Throughout the entire evolution of the launch vehicle stable, both 
S-uut and Delta remained. Relatively inexpensive. able to support a sub- 
stantial number of the researches that scientists wanted to do. these launch 
vehicles had geat  apwal. Even with the Shuttle in operation. Smut at 
Iwst was likely to remain, for men the Shuttle trrighr not prove economical 
for small rrrissians with a wide variety of special trajec-tofi requirements. 

Scout and Delta also illustrate allother feature of the natio~lal launch 
\.chicle I-rcypnr. -4s the ,goup o f  vehicles improved as a family over the 
years. perfor~natr~e of the iildividual vehicles also improved. In 1962 L%ut 
c-ould put 1 0 0  kg into a new-earth orbit: by the 1970s this perfornrance had 
dorrbitd. In the L-snme period Delta's pt-rftx-m:~nt.r had shown an well g c a t c ~  
gro\vth. 111 l%Z k l r a  c - t ~ l d  send scl.t-ral hundred kilograms into a near- 
eitrth orbit or 2.5 kg to .\¶:in or \'enus: by 1976 Ihlt;~ could loft 2000 kg into 
a 18.5-km orbit or 340 kg to the near planets. l 'he increased performantr. 
which ~ r i c f i t  vehic.1t.s experit-trtrd over the ytsiirs. was brought by continuing 
prc~.qr;~nrs of improving and upr;tting the vt~hiclt~. FVhile imprc\-txment 
prcsrititls \vere t hc. prick of the vchic.le etlginers, they were somet tmes the 
btnc of top alanagemzst. which \vould oftt~n have preferrtd to settle upon 
some ;I(-c~pt;tble let-c.1 of pc-rfortnancx~ and then stop spendins any mort- 
ttutnth\ on vchic-lr development. 

I.ike the t'nittul States. the Sc1vit.1 l.njon developed a 1,iunch vehicle 
st;~blt.." Dtiring the IWh. ho\\-ever. thc Soviet t'nion ;rppr;lred to wly on 
ftp\\.er kinds of \.chic-It-s than did thr I'nittd Stace. perftsning to ust. a single 
n ~ d e l  for .a \victt.~- varitm of 111 issions. 'lhe R~~ssian pmferencr. ma? be prima 
f.u it. ta\idt-nce that thr ~onct~r r ic  f;tc-tors of using large vtxhicles for small- 
pitvioacl missit>ns \ct-~t~ not ;IS prohibitive 3s .\merican plrtnners felt they 
\cc.re; but cx>mp.tring Russian tur~noini<-s with .4nicric.;tn is a risky business. 
I'hc I'SSK 111;1\ s i~ i rp l~  h ; t \ ~  dt~.iciCd to p t y  the rgstr;i cost for the conven- 
icnc.c .iffordtrl. 

Onlv tht t'nitr.d Statrss ;tnd the So\it.t t*~~i r ,n  developm1 estensivc 
I;rirnc-tl r-;tp;tbilitit?i. Other n;tticwrs intert?ittd in spitc-e rtrrarc-h and applic-:a- 
ticbns turntui largt-I\- to thc I'rlittul St.ttes for assistance in launching spac-e- 
t-r;tft or indiviiiit.tI t .xix~-i~~rt~~its .  ;IS wil l  h t*splc>rtd in chapter 18. Sonre 
n;~tions. ltc)~.t'vt*~.. desiring to I ~ ~ s c = I ~  this ciep~~cien(-t*. pr~u't'c<iid to <tevelop 
vehic-It3 of their o\s.n. .-\mong those were Britain. Francc. Japan. People's 
Kt-public of Chi11;t. and the E\~ropc;tn Ivir~w-he1 tkvelopment Organira- 
t i o ~ ~ ,  a t.ca~lirios of c.oiintries that pcwltrl rtwurcrs to develop a la~~nctler 
.tpl)roactliti~ the .~tl;~s-:\crt~tl.~ e~;1p1bilit~.'6 It;tl\ set up an qit;ttorial launch- 
ing f;lc.ilitv in the Inct i ;~~~ Oc-tx;tn off the c.c~st o f  lieny;~. but ustd the .-\meti- 
c;ttt Scout ;I\ I : I ~ I I I ~  11 vt.hic~le.!~ 
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BEYOND THE AI-MOSPHERE 

By 1966-when Centaur became fully operational-the United States 
could at last launch spacecraft for just about any space mission the counuy 
might want to undertake, except the very demanding ones requiring the 
Saturn or Titan still under development. AlthougI the debate over whether 
the United States could or could not match Russian launch capability still 
arose occasionally, the subject no longer had the importance it once did. 
As long as the United States could carry out the scientific investigations 
and make the space applications it desired-sometimes using miniaturiza- 
tion techniques to overcome limitations on total payload weights-the 
country could compete with the Soviet Union on essentially equal terms, 
and the comparative sues of rockets were then an artificial criterion on 
which to judge Soviet and U.S. space prowess. 

The ability to launch objects and men into space rested on a substantial 
investment in manpower and facilities-design, engineering, construction, 
assembly, and test facilities in both industry and government. Most visible 
were the launching ranges, which along with the launch vehicles them- 
selves symbolized the nation's space capability. In the I'nited States the 
principal facilities were the Eastern Test Range, with launch areas a; C a p  
Canaveral and Merritt Island in Florida; and the Western Test Range, for 
which :he launching areas were at Vandenberg Air Force Base in Califor- 
nia.18 A smaller launch station was used by NASA for firing Scouts from 
Wallops Island on the Virginia coast.Ig Supplementing these were sound- 
ing rocket ranges at the U'hite Sands Missile Test Facility in New Mevico, 
\lTallops Island. Point Mugu in California. a ;1 Fort Churchill in northern 
Canada. Occasionally shipborne launchers were used for special missions. 

The Soviet Vnion operated a number of major launch ranges out of 
Tyuratam. Kapustin Yar, and P1eseuk.m A few other countries established 
satellite launch ranges.Z1 By invitation American sounding rockets were 
fired at numerous ranges around the world-for example, at Thxmba in 
India. at il'oomera in Australia. and at Andoeya. N o ~ a y . 2 ~  

What the t'nited States could do with its launch capabilities was re- 
vealed by the spacecraft the country built and launched. As with the many 
rockets and rocket stages. one could easily become totally immersed in the 
subject of spacecraft, wh~rh  displayed a bewildering variety of shapes, sizes, 
and purposes. A partial listing of I'.S. and foreign spacecraft is given in 
tables 3 and 4.23 As with launch vehicles, it is not necessary to know all the 
spacecraft in int~mate detail to understand their role in the space science 
program. A few general concepts suffice. By dividing spacecraft into a few 
representative classes, one can understand their various functions better. 

First, there was the sounding rocket, a rocket instrumented for high- 
altitude research and fired along a vertical or nearly vertical trajectory. T o  



Table 3 
L'nited States Spacecraft 

(Partial list, excluding commial and Dclmsc Dcpanmcnt spamaaft) 

Vanguard 

lntrrplanctary Monitoring 
Platform (IMP! 

Orbiting Ckwphysial 
Observatory (OGO) 

Orbiting Solai Obsmatory 
(om) 

Orbiting Auronomical 
O k t v a t o q  (OAO) 

High E n r t ~ )  Astronomical 
Obsenrtor). (HEAO) 

Relay 

..\ppl~cations Twhnolqp 
Satellite (.%TSI 

Tiros 

ESSA 

Nimbus 

ERTS 

Synchrmsurb i t  M e w -  
ologital Satellite (SMS) 

PAGEOS 

GEOS 

International Geophysical Year. Explorer clwb 

Small sarcllite for ncar-eanh missions. 

Explorer-ckss satellite to a p k  cislunar and lunar space. 

Obnua~ory-class satellite for geophysical mearch. 

ObKNatorytlass satellite for solar uudies. 

Obsen?~ror);-c-lass satellite for stellar a s m y .  

VCT)' heavy, oburratory-class satellite for studying shortwave 
and high-mcrgy phmomem in clozmos. 

O k a t ~ ) . - c l a s s .  rtmvmble satellite for life sciences. 

O b a t g . - c l a s s  satellite for micrometeoroid srudics. 

..\pplirations satellite. Large meulliztd sphere for passivr 
*-omnlunirdtions studics. 

Active com~nunirarions satellite in synchronous orbit. 

Plat'orm for a variety of applications t e t  hrlolcgy rrsearches. 
partirularly in synchronous orbit. 

Large Explorerclass weather satellite. 

Opentional version d Tiros. 

Obscrva~ory-class weather satellite. 

Earth Resourm Technology Sa~ellite. Applications satellite 
dewxed to earth rrswrm mcarch. 

Applications satellite in svnchrcmous orbit for meteomlogi- 
ral rcscarch. 

Passive gemhic satellite. 

.ictive p d e t i c  satellite with flashing lights and d i o  insuu- 
menlation. 

C d t i c  satellite with mmer rdlmors for use with laser 
bcams from the pound. 



Table 3-Continued 

Mercury One-man satellite. 

Ccmini Tweman satellite. 

Apollo (earth-orbiiing! Threeman satellite. 

Range Lutlar hard I&. 

Suwqor Lunar s d t  lander. 

Lunar Orbitm Lunar satelliie k w  photographs d the moon and lunar 
environment studies. 

Apollo lunar module with Manned lunar Lank  with manned lunar orbiter. 
rommand module 

Mariner Oka to ry -c l a s s  planetary and interplanetar). prok. 

Viking O k r v a t ~ - r . l a s s  planetar?. orbiter plus lander. 

Vovd-r Observatm-class !)latictan and i~iterylanetan p rok  for 
outm planet studies. (Spacmraii ci the 1970s. not the Voyager 
of the 19M)s that was d i s p l d  from the program by \';Ling.) - 

Table .! 
Foreign Spacerraft 

Soviet Spcrcraft 

Sputnik 

1-una 

Vcatok 

Voskhtxl 

Cinmcn 

\'c~ius (\'enera) 

Pol)ot 

Elektron 

t'ntnantied lttnar orbiter. lander. and rrtttrn niissiotis. 

First .So\ iet manned sp tmdf t .  

1 irm- cos- .-\daptation of Vos~oli to ~conimt&tr  two and i 
mollduts. 

Two- or three-man spacmft.  with working rompartmn~. 

Earth-orbiting 5lm-e station lor prnlon&. woc.cx1lxinc-y and 
r n  isitaticm by cxnmonauts. 

(itchall name lor variety of rrsearc!~ and test s f ~ c m a l t .  

I 'nman~mi Venus pobr. 

Earth wtrllite with onhcxard pn>p:~ision lor changing orbits. 



Table 4-Continued 

Zond 

Molniya 

hfeteor 

Intcrcosm 

O m l  

Man - 
Raduga 

Ekran 

Lunar a14 dccpspacr probe. 

Communications satellite in 12-hour orbit with low pcrigcc 
and with apogn ncar synchronous-orbit altitude. 

Weather satellite. 

Stimtific satellite for upper atmosphm and auroral scudics. 

Unmanned Martian probe. 

Satellite to study solar plasma fluxcs. 

C;eosyn&ronous communications sadlite. 

Televisian broadcauing: satellite. 

0 t h  Foreign Spamaaft, Lal~nched with t1.S. Cooperation 

Alouette 

ISIS 

San Marm 

French (FR- I 

ESRO 

.u.t7~ 

Skynet 

N A T 0  

c.4s ( EoIe) 

Barium Ion Cloud 

ANlL 

.4pros 

ANS 

INT.kS.&T 

Hel is  

Sy mphonie 

CQS 

United Kin- satellite lor geophysical ar . . n i a l  
research. 

C a ~ d i a n  satellite for ionospheric research. 

Canadian satellite for ionospheric reseairh. 

Italhn satellite for geophysical research. 

French satellite for ionospheric reearch. 

European Span= Research Organization satellite for  ,particles 
and fields inwstigations. 

Ckr~nan satellite for particles and fields r m r r h .  

l'nited Kingdom satellite for mmm-mications. 

NATO satellite for communications. 

F r m h  satellite lor data collection and meteorology. 

Grrtnan satrllrtr for gpophysical research. 

Canadian gmsvnchronous satellite for comn~unications. 

Cicrman geophysical satellite. 

Netherlands satellite for ~ltrdviolet and x-ray astronomy. 

Spanish satellite for ionospheric research. 

German deep-space probe for interplanetar) and solar stud- 
I- inside the orbit of Merca~ry. 

Frmch-Cfiman satellite for conimunications. 

European Space Agenr) satellite lor stud) d cosmic garelma 
rays. 



distinguish between sounding ruckets and s p u r  probts, a limit of ont 
earth's radius was arbitrarily set on the altitude ot a sounding rocket.24 The 
sounding rocket was really both launch vehicle and payload combined. 
Only rarely was the payload separated from the flying rodcec, and when 
this did happen, the paylaad uill traversed an upand-down trajectory 
alongside that of its launching rocket. 

Sounding rockets, which were the only high-altitude research vehicles 
capable of exceeding balloon ceiling before the launching of Sputnik, 
continued through the 1950s to be imponant in the ITS. spacr program, 
being launched at the rate of about 100 a year. They provided the best 
means of obtaining vertical cross sections of atmospheric properties up  to 
satellite altitudes and also were inexpensive devices for trying out new in- 
strumentation or making exploratory measurements of phenomena to be 
studied in detail later with more expensi~r spacwraft. Their relatively low 
cost and the speed with which a sounding rocket cvperiment could be 
prepared and carried out also made sounding rockets useful for graduate 
research wher: the s.  dent n& to complete a project in a reasonable 
amount of time to support his diwnadon. But not only uuderrts found the 
sounaing rwket attractive. Many professional space scientists continued to 
favor sounding rockets for much of their research, as opposed to the more 
complicated, more expensive, and more demanding satellitts.~ Through 
the years there was a steady demand on NASA for sounding rockets. and 
the a.genq was frequently urged to increase its budget in this area, even 
tllcugh by 1965 h e  budget had risen to $19 million a year, an order of 
magnitude more than had been spent per year on such research during the 
days of the Upper Atmosphee R d e t  Research Panel. 

Yet satellites were required for many spa- experiments. particularly 
for long-durat ion obsen at ions above the earth's atmosphere. For these, 
many different satellites were devised, as may be seen from table 3. Gener- 
a'ly these spacecraft could b divided into three classes: Explorers. observa- 
tories, and manned spacecraft. 

The simplest weie the Explorers. whose weights usually ran.& from 
less than 50 kil~grams to several hundred (fig. 15). Each was devoted either 
to a single experiment or to a small collection of related experiments. Ex- 
plorers were either unstabilized or used fairly simple techniques for obtain- 
ing a rough degree of stability. If thc spacecraft were gpun around a suit- 
able axis, that axis would maintain its general direction in space. Long 
booms could be used to .generate a gravitational :orque on the satellite. 
keeping a chosen side toward the ground. Explorers u;ually used battery 
power-supplies. sometimes replenished by energy from solar ce:Is. 

Explorers were much simpler than observatory satellites. The obsena- 
tory class-which included the Orbiting Solar Observatory (fig. 16), the 
Orbiting Gmphysical O k . a t o r y  (fig. 17). and the Orbiting Astronomical 



Observatory (fig. I8)--consistcd d very heavy, compktr, accurately aabi- 
lized spiutmdt. Weights nngd ban mvml hundreds d kilograms to tons. 
Thc much greater size and weight of the obsctvatorics p i t t e d  more sci- 
entific payload and more sophisticated instrumentation. They cwM h v a e  
a msidcrable weight to wwh w . ~  called "housekeeping" equipment- 
powr supplies, temperature control. and tracking and tdcmcceritag equ ip  
i-t As with the Orbiting Gcophysical O k a t  oq. there might be pro- 
vision for s e a l  operations such as erecting booms to hold instruments 
like magnetometm at a distance from the main body of the spacmdt,  
which otherwise might inn- the measurements to hc made- The Or- 
biting .4stronomical Observatot). and the Nimbus mctcocologicai satellite 
w m  equipped with large paddles. mvered with solar cells, which could be 
unfolded and kept facing the sun to furnish power for the spacecraft and 
its instruments. As a rule o h - a t o r i e s  carried elaborate systenrs for main- 
taining a desired orientation in space. so that scientific instruments could 
be pointed in a chosen direction. This was especially true of the asuonc,n- 
ical satellites. w k  insuuments measured radiations from selected crlestial 
bodies. The Orbiting .+stronomical Observatory. for example. used spe- 
cially desi.qned star trackers which. by fixing w m w a l  chosen stars in 
widely different directions. could establish a reference franle for the space- 
craft. Wi!h this refrenm frame as a guide. the obwmiato~ could k slewed 
around to any chosen d imion .  Once properly oriented. the spacecraft 
could be held fixed to within a minute of arc. and telescol;es within the 
satellite c-ould be trained for long periods of time on their observational 
targets with an ar-curq of fractions d a second of arc. 

.A varictv of schemes provided thc ability to alter and then maintain 
spacecraft orientation. Most frequentl? used were srr:all intermittent jets. 
developed either by small chemical rockets or by releasing high-pressure 
gas-nitrogen, for example-through small nozzles. Other methods were 
also used. often supplementing the jets. Electric current passing through 
loops of wire mounted in the spacecraft would develop ma,gnetic fields 
which. rcacring against the magnetic. field of the earth. would mert a torque 
on the satellite that coutd be used to alter the orientation. Rapidly spin- 
ning wheels-prtmpes-that stubbornly resist efforts to change their ori- 
entation in space. could also help point and stabilize spacecraft. Most of 
the structure of the Orbiting Solar Observatory rotated to provide ,gyro- 
scopic stabilization. Fiually. if the mass of a spacecraft was distributed 
much as the material in a dun~bbell. the earth's gravity could kecp the 
saiellite pointed toward the earth's surface. as in Applications l'echnologv 
S.1tc1liic.s. Sinc-e the earth's .gravitational field varies inversely with the 
sqaare of the distance from the center of the earth. the end of such a space- 
craft nearer the earth would experietlce a greater pull of gavity than would 
thc m d  farther away. 'Thus. whenever the end facing the earth tended to 









drift away. the greater force of gravity on it would pull that end back 
toward the earth again. 

Observatory-size spacecraft were also large enough to carry additional 
rockets which. when fired against the direction of the satellite's motion. 
could return the spcecraft to earth. where its equipment and records could 
be recovered. Once on its way down. the spacecraft would have to be pro- 
tected against heat generated by friction of the atmosphere. for which pur- 
pose retrorockets-that is, rockets fired in the direction of nrotion to slow 
the spacecmft-or panchutes. or a combination of the two. could be used. 

Finally. there were the manned spacecraft (figs. 19-22). These were even 
1ar.q than the unmanned observatories, since. in addition to housekeeping 
equipment and instruments. the s p a m f t  had to be completely maneuver- 
able to return the astronaut to earth after the mission and also had to afford 
a suitable environment for the crew. 

.ill three classes of satellites had their uses. The manned spacecraft 
introduced the element of esploraticn-of p-rsonal. on-the-spot investiga- 
tion-into the program. \Vith men aboard it became possible to extend 
laboratory research into the environment of space. as was done dramati- 
cally in Sky lab and the ;\pollo-So~w Test  project.^ \t'hen Space Shuttle 
development was begun in the early 1970s. one motivation \\.as to make it 
relatively eas? for researchers to perform esperiments in space laboratories. 

.it the other end of the spectrum, Esplorer-class satellites permitted 
scientists to perform a \vide range of space science experiments, as shown 
in table 5 .  '1-0 the scientists. the lolver costs meant that more of the funds 
a~ailable coirld be put into the scientific research itself. .-\iso. the effort 
required to put an experiment into an Explorer was cotlsiderabl!- less than 
that required tor an obsen.aton-one or t\r.o years as opposd to many 
years. \\'hen a discover?. \\-as made. an experimenter could more quickly 
follow up with new esperiments on soundirlg rockets and Explorers than 
he could using observatories. ;\loreover. not having to fit his instruments 
alon,gside those of many other experimenters-with all rhe problems of 
electrical. radio. and other kinds of interference-the experimenter cc>uld 
exercise ,greater control over his These advan~a~ges account for 
the unvarying insistence of the scientific community that S.1S.i continue 
to provide wunding rtn-krts and sm;~ll wtrllitrr. \\'henever Inrgcr projects 
appeared to threaten the funding of the smaller one .  the scientific com- 
munity rose in defe11.w of the smaller. Ovrl- [his issue the u-ientists carxle as 
near to unanimity as the? mer did. 

On the other hand. jome investigations required .I ,greater capability 
than the Explorers afforded. .istronom\ esperimetlts that rquir td  large 
telescopes and precision pointing are one esample. Bioscience experiments 
that required the recover\- of specimens after exposure to the environment 
of space-as in the Bio~at~llite-are anotht~r.?; The Orbiting Geophysical 
Obsenatory aiforded the lneans of conducting 20 or more experiments on 





Table 5 
Examples of Inrestigations in Explorct-Ck Missions 

Explorer I 
Expiorrr 6 
Expbtrr 7 
Explorer 8 
f i p b r r r  9 
Explorrr I 0  
E.rplorrr I I 
Explore 12 
E x p b m  I? 
ExplaTer I f  
E x p h  16 
Expkrrr 17 
Expbrrr IX 
E x p h  20 
Explorer 27 
Explorer M 
Exphr r  38 
Erplorm 42 

Charged pYticlt ndutian in space. . - 
Rdr;ruon bdr; macadogy. 
Encrgctir pucirkr; microma- 
Iomsphmcaaunosphcrircanpmiliorr. 
Aumsphrrirpr~uursanddmsicics 
Inmphmaq magmir f i i  ncar cuth, part* radia~ionr 
Gamma rays lmm spn. 
rhgmqhkstudirr 
M i a n m e t d  
Charge l  panick anl magnetic fidds in mqpm-. 
Miaomrccoroids. 
Almasphmc €un)lasition. 
Chargcd putirks and magmic fidds in cislunar space. 
Probrdtopsidrdiamphcw. 
C&v by radio trarking ~~;!KxIs. 
Solar x-ray uudirs. 
Radio astronomy. 
<italog and stud) of mle~i.il x-ria! sourm. 

Intcrplanclan- charged panicks and magnak fkMr 

Iamspkk and solar m c h .  
;\tmosphcric research and adio astronomy. 

Charge dmsirks in uppcr ionoaphcrr and radiation belt studies. 

Atmosphrric physics. 

Cramic rays and radiaticlns fnnn sun. 

one spacecraft, so that a \-ariety of relattd phenomena coiild be observed 
sirnultaneo.rsi~ and correlated. 

As with the 1aunc.h vehicles. it proved impossible to find a single space- 
craft carrier that would serve all n d s .  although some attempts were made 
in this direction. One spoke of building a starldardized satellitc, to effec-t 
wonomies and improve reliability. \iFhen conrrived. the Orbiting Geo- 
physical Obser~atory was described as a "streetcar satellire." whose contin- 
uing use would so redtwe the preparation time for. an exlwrirncnt that 
rexarcht~rs could get their equipment aboard at the last minute-like 
catching a streetcar or bus-to follo\r. up on some recect spacc science 
discover).. Initial reaction to the urtytcar concept was positis,e, and the idea 
had the blessing of the Space Science Panel of the President's Scirtlce Ad- 



visor). Committee." But the problems of serving so many experimenters on 
one spaceadt defeated the objective. For each ohm-atory a great dcal d 
tailoring was required, compromise had to be worked out on orbits. orien- 
tation, placement of instruments, magnetic cleanliness of the sparraaft. 
allocation of telemetering capacity, and operating time. Use of a common 
electrical power supply invited electrical interference among different ex- 
periments, and often an offending experimenter was nequircd to provide 
his own power. Ionospheric and radiation belt pheno- were funda- 
mentally related to the earth's magnetic field, making it important to 
measure ions. radiation particles. and magnetic fields simultaneously. But 
the various measuring instruments could easily interfere with each other 
unless care was taken. Those who wished to determine atmospheric com- 
position at s p a a a d t  altitudes required that the satellite and other instru- 
ments not mntaminate the natural atmosphere with gases brought up  from 
the ground-another difficult problem when large numbers of experiments 
were being conducted simulmneously. 

Such problems defeated the efforts to produce standardize '-liites in 
the same sense as standardized autos and auto parts or stand-a. -.ad home 
appliances. Severtheless a considerable amount of uniformity was achieved. 
The basic structure, housekeeping. and orientation systems of the solar 
obsenatorins were essentially the same from spacecraft to spacecraft. Even 
the geophysical observatories, with all the tailoring that they required, had 
much in common with each other. More important, the technology on 
which spacecraft were based acquired over the vears a certain amount of 
standardization. 

In this sense even the Explorers were standardized. Certainly no more 
varied looking group of satellites cculd be assembled than those of figiire 
15. which shows a large number of the Explorer satellites. Yet they were all 
cousins, stemming from a common, rather straightforward technology. 
When an engineer started out to design an Explorer-class satellite. he had 
pretty much in mind the kinds of stntcture, temperature control, tracking 
and telernetering de\ ices, and antenna systems he might use. He was famil- 
iar with the kinds of vacuum, thermal. and vibration tests the spacecraft 
would have to pass to be approved for flight. T o  be sure, the technology 
advanced over the years as better components and materials became avail- 
able, and improbed housekeeping equipment was devised. But the family 
relationship remained. ?'he steady, though gradual. change in Explorer 
technolog?. did make the later Explorers considerably more capable than 
earlier ones. got example. Explorn  35 launched on 19 July 1967. weighing 
IN kg and operating from an orbit of the moon. could far outperform the 
first several  explore;^ which weighed only tens of kilograms. Yet in the 
ebolution of the series, any given Explorer was quite similar in its technol- 
ogy to the immediatel? preceding one. The same point is illustrated by the 
solar observato~ies. These also changed padually over the years. In August 





thc solar system. A year later Pionem 11 also flew by Jupiter. sending back 
more data on  tht. giant planet and its satellites, leaving the planet on  a 
course that would carry the spacecraft in September 1979 to the vicinity of 
the second largest planet. Saturn. famed for its rings. These missions into 
deep space give some idea of Pioneer's usefulness to the space scientist. As 
with Explorer, Pioneer technology also advanced steadily through the 
years, so that in the early 1970s it was ix~ssible to plan to use Pioneer 
spacecraft to carry orbiters and attnospheric probes to Venus in the late 
1970s.s 

Analogous to the observatory satellites were the larger lunar and plane- 
tary probes: Ranger. Surveyor. Lunar Orbiter. hiariner, and Viking ( f ig .  
21-28). Like the observatories, these spcecxiaft were maneuverable and, 
using a celestial reference systetn. muld be accurately oriented in space. In 
addition to small jets for orienting the spacecraft, they also carried a larger 
rocket that coiild be fired to alter the trajectory so as to keep the craft on 
course to its intended target. 

Lunar Orbiter carried enough auxiliary propulsion to place it in a 
lunar orbit. fro111 which the spacecraft obtaintxi a series of photographs of 
the moon. I ' h w  were later used to prcducu maps of the moon's surfacu 
and to aid in planning .4pollo missions. Several Mariners carried enough 
propulsion to place the111 in orbit about Xiars. Surveyor used retrorockets 
to slow the spa<-wraft for a soft landing on the moon. after which remotely 
mt1trollt.tt instru1ner1ts tt.lt.vistd and investigattd tiit- surrounding land- 
scape. \-iking combined both the orbiting and landing capability, the ri1ain 
vehicle first going into orbit of Mars. after which a p)rtion of the sp;tw- 
craft sepr i ted  and was f o r d  by rockets to descend t o  the Xiattian surface. 

Decp-span. probes had to overcome problenls ;additional to thow CII- 

coirntered b\ earth sitellitrs. For ehomple. ;I lI;+rtian probe took about 
two-thirds of a year to get to its destination. P i o n ~ n  10 and 11 required 
al~iitat two years to fly to Jupiter. and hitci to survive thost. two ytb;rrs in the 
environment of space to accon~plish their assigned missions. If an earth 
satellite operated properly ior a few tnonths. the experimenters would havr 
a few nlonths worth of data for their trouble: birt if a planetary probe 
ou<.rattui f o ~  only ;i few months, they w.ould gt.1 no planetary data at all. Of 
courst.. :,ne ;llso made intcrplant*tan measure~~le~its on pl;~nt*tan fliglits- 
observing thc solar wind. magnetic fields in spact.. di~st. mrttx)r strt>iims. 
and cnsmic rays-but on planetan missions thtw wertB sc-conditq objt.ctivc?i. 

:Inother requirement for the great tfistarlces traveled by interplanetary 
and pl;antatary spacecritft was marc pnverfi~l radio c-omm~~nications sys- 
tetns. 'I'he antenna had to be pointtd toward the earth. If oni11idirt.c-tio11;11 
or wide-anglt. antennas wert- ustd, llic ln)\vcr rtu~irirt.nieri~s went up. somc- 
times prohibitively. If. to conserve posver, n;~rrow-krt~n arltennas wcrc 
used, they esacerbated the antenna-point ing rrcjui~-t.~nent. Finally, ~pia~t- -  
craft that flew toward the sun h;id to In' prottbc-tt~i .ag;rinst overheating b\  



solar radiations, while those that flew away toward the outer solar system 
had to be protected against freezing. 

With these larger space probes one could plan in the course of time to 
investigate all the planets and major satellites of the solar system, and the 
asteroids and comets. Spacecraft could be placed in orbit around other 
bodies, as was done with Lunar Orbiter around the moon and Mariner 
around Mars. Landers could place instrumenled laboratories on thc sur- 
faces of other bodies, as did Surveyor and the Soviet Luna on the moon, 
Viking on Mars. and Soviet Venus probes on Venus. It was even possible 
to deposit roving laboratories on those bodies, as the Soviet Union did 
with Lunokhod on the moon. or retrieve samples of material from them 
as did Lutza 16 and 17.30 

Finally. there were the manned space p r o h ~  (fig. 29). During the 1960s 
these consisted solely of the Apollo-Lunar Module combinations that the 
American astronauts flew to the moon. As with the manned satellites, these 
provided the added dimension of manned exploration. The successful 
Apollo missions yielded such a wealth of scientific data as to soften at last 
the years-long lament of the scientific community over the tremendous ex- 
pense of the Apollo program. 

Of course, operation of these spacewaft required auxiliary equipment 
and systems. Out of the Minitrack tracking and telemetering network of 
the international Geophysical Year grew a versatile satellite network for 
issuing instructions to satellites, determining their orbits. and receiving 
telemeter4 inf~rrnation.~' T o  work with the deep-space probes. the Jet 
Propulsion Laboratory established a deep-space network using 26-m and 
64-m parabolic antennas at three stations spaced roughly equally around 
the world in longitude, so that a distant space probe could at all times be 
viewed from at least one of the stations.32 For manned spaceflight a special 
network was linked to the Johnson Spate Cxnter in Houston." As needed 
these were supported by trackingtelen~etering ships and aircraft furnished 
by the Nav) and the Air Force. 

The rockets and spacecraft ;$.ere a sinr qua non of the space program 
and of space science. It is not surprising. therefore, that most of NASA's 
actibity and resourcrs went into the c~eatiori and operation of thew vehicles. 
The scientific rewarches themselves. while nor inexpensive, required only a 
fraction of what the tools-the spacecraft and launch behicles-cost. Since 
the tools were where most of the money was going. Congress spent a great 
deal of time probing the budgets for them, and NASA managers became 
accustomed to thi. ting of their programs in terms of hunch vehicles and 
spacecraft. One would speak of Ranger and Mariner programs, and of the 
Polar Orbiting Geoph!siral Obsenator) pmgram and the Orbiting Solar 
Observatory program-or rather, to the distress of those to whom acronvms 
are anathema, of the POCO and OSO programs. From time to time sci- 
entists would chide NASA on this habit, pointing out that as far as space 









signed up  for a long difficult period of preparing for a space mission." It 
soon h 3 m e  a p p r m t  that the time and dfon required to d u c t  an m- 
periment tm a satellite ryr a s p ~  prohe was far greater than that required 
to perform experiments in t h  laboratory. F a  the laborator)., one nonnally 
thought in terri~s cd months. whereas s p a -  experiments cwrld rzquire years 
of hard work. Scientists bqpn to p i n t  cmt ;hat taking pan in one ot a few 
space scirncu expcrimcrrts c-ould c-c~nsume an appreciable fracxion of a per- 
54 11's productive carer. dnd in a "publish or perish" world the iailure to 
,w reults becausc 3 rocket or a spscerraft didn't frrnction prop-1% could 
seriously affect that camr. SAS.4 was a - i y  awved by such mnsickrations 
to adop a p i icy  id reschcdulitg crp~riments which. throtrgh no fault of 
the experinlcnter. did t ~ w  suc-cred.*' 

Atlas-.Able made plain that stwrrss on space missions H-ould br r i r i t k  
automatic- nor chcap. 'l'het-e \\-:as a p i t y  to pi!. and pan c~ that pice was 
fa~lure of some missions. 'l'his prim S.4S.A nwnagrment would never find 
r-omfc>rtabIe. The trouble with a philtmylh~ of :~-cepritlg a <main  nitrnber 
of h i lu re  ;IS normal arrd inmitable. was that eve11 "learnin!: failures" in 
an o p t e t  program like S.4S.4'6. cx~nducltd under the watchful ~e of a 
whole world. I c ~ ~ k t d  to the public- .itid <i)a.gns like absolute failure. The 
press tre;~td tksn  as hi lure .  11 didtr't matter that previous developmnmit 
projects like tile \'-2. .Arias. I'hor. Polaris. and a l ~ c n t  ,an! o ~ h r r  major 
roc-kct rkvelop~ncnt cmt* c-ottld rlame. had ha< their share of ttnsuccrssful 
earl\- firi11.g. ;lnd that this had Ix.c.11 sccrptcrl as ;I ncux55;1ry ,grc>wing pain. 
'l 'hc~e diffic-ailties !?d Ix-tan hardl!- visible under the cloak of military se- 
c~tu-\.. But spacu prcqprmrn ciiffic-ultit5 \rvrtS h i ~ h l ?  visible and distressing. 

.1'hth first not..ble applic at ion t ~ f  ;I cloublr stdndard c-amc even before 
S.1S.A was formed. with thr slxu-t;~cular \ ';tn~t~ant explosion in DccPmh 
193i.4: Br.lo~c thc Y.tng~.trct tfc~cCq,mt~nt tl-er got trllder \\..~v. 11 h.id 1x-n 
;tgrtxxt .tt the Sationvl .\cridcm\ of Sienc-t> that if only c>nc I~rtmatic>nal 
C;tr);)hvsic;rl Yt-ar i;ttc.lli!e c ~ r t  o f  six m;rd*. it to orl~it. th;tt \vould he takcn 
.I* .I \tat-t~ssftrl outcorl~c cd tht. !)rcr,tt-t. sc3 ciifficult w;.s ~t c-orisidcrtd. In fac-t, 
\vhcn tht- llt l111k~i ctf l;ti~~lc-llt\ lor the }prc?qram \v;ts ct11 Iwc-k from 12 to ti. 
the xientists .ir%tarct %crol\gI\ tllal the\ c-ouldn't rc~wnahly cxfm-I nlorc 
t h.111 t i v o  s11u t w f ~ l  fl~gtlts." .At t ~ r ; t I l \  tltrt-t* \r.ertx stat-cc?isfull\- launchtul 
twforc* thr rncl crl tht. i,rowr.rrn. \lorcw\c.r. out of the \-;tngia;trcf ck.velop- 
merit c;tme tht- licluid- anti wlitl-:lrt.lt.c: tcpprr .itage- th.tt tnade the I k l t ; ~  
1;curich vchic-1:- tl~c- trc.n~cnett~r\ .;ut c t>\ ttl;ti it ;nu-ame. In addition. t l~e  
1-itngu;trd prcKr;rm c c )ntr iI*tltcd the .\li~iitrack ,tnd KIL,-r- Sutln trac-king 
tit-ts t o  help get thc. IW\V * } ~ t t - t *  ~ I O ~ I ; I I I ~  ( a f t  tc ,  ;I gtx1i st.lrt. 

B\ itn? r*~tsi~n;thl\ o1)jc.c ti\e mt.;~strrrs-c.ertait~l) b\ previousl!. ;I<-crptd 
~ c ~ t ~ i i i . t r c t ~ - Y . ~ ~ ~ ~ t t . ~ r ~ t  \V.IX .I s~:t-a:~sfuI tic~~t~1c~~~ri~c.111. Yt-t the- e;tr!\ I~ttrnt~h 
f.r i l t r t t3 nl.tdt. thc crirllc pio~1.tn1 .I \!mlx,I Lor iaiiu~c iri the p~blic- mind. 

i'hc* l f i w ~ 1 1  ol \'.t~tal~;~rct w.ts p'.titt. S:\S:\ c-o~ild not ;~fford lo rtx;~rd 
f.tiltart. .IS .ttcc.~tt.:I,lc- 1111c1t.r .I:)\ y ~ i s c  C~iccc-s*  h.td to 1w ~ ~ t t g h t  on the fi~st 



try, and cvcry reasonable effort bent toward achieving that outcome. Thi5 
philosophy was epitornind in the "all-up" approach adopted by Ccorgc 
Mueller. who had taken Over dimion d NASA's man& s p d i g h t  
grams in September 1963.*' In Apollo the all-up philosophy-which crlkd 
for assembling a complete launcher and attempting to can). out a complete 
mission even on the early test flights-was intended to produce economies 
as well as to p m e n - ~  an in- d succ~ss. 

But the all-up approach had already been applied to other NASA proj- 
ects, particularly in the space science and applications areas. Explorer 
satelliies were simply expected to s u d ,  and did. The Orbiting Solar 
O h a t o r ) -  was fully insuumented for space science on its first launch in 
March l969. The flight to \?enus in August was Mariner's maiden 
voyage. Later. Associate .3dministrator Seamans did not permit the Office 
of Space Science and Applications to try for only a part d the project's 
objectives on early launches of Surveyor to the moon. He insisted on a 
full-scale mission on the first lunar flight attempt. It k a m e  customary to 
plan for only one or two spacecraft for a project. expecting those to meet 

the desiwi objectives. While this poliq kc-pt the question of backups al- 
ways in view, and was a source of some uneasiness, the detailed attention 
r e q u i d  to make the policy of success-on-the-first-tv work was important 
in building confidence in X.S.A's ability to do its job. 

And that was the third issire highlighted by the ill-fated Xtlas-.Able 
project. While getting on with the business of systematically building up  
the national launch capability, S.3S.A had more or less turned over the 
handling of Atlas-.Able flights to the industrial contracror. It was not a 
procedure that the awn* would follow v v  often. Rather, with its open 
program-operating in a goldfish bowl. as it were-the agenq would pre- 
fer to monitor its contractors very closely. often more closely than th,o con- 
tractors thought necessary. Indmi, a q r a t  deal of X.AS.S.'s mana,qrment 
time would be taken up in overseeing the work of contractors on rockets. 
~ . ~ ~ f t .  and other equipment needed for the space program. 

Finally. the .Atlas-.Able missions served to emphasize the key role play-ed 
by the rocket in space operations. Successfill rockets .,pened u p  space to 
human exploration. \Vithoui rockets. space must ~emain ever remote and 
inaccessible. Moreover-aad this w;ts the point behind the .Atlas-Able 
attempts-some rockets c-ould do more trlan others. Yeither the Jupiter <:. 
which had launched Explortr 1, nor the Vanguard launch vehicle could 
send probes to the moor. or planets. \\'i~h such vehicles one would have 
been restricted essentially to small artificial satellites of the earth. The limi- 
tations of these first American launch vehicles were further emphasized by 
comparison of the 8-kg Explorer I and the 26-kg I'a~sguard 3 with the 
91- and YM-kq weights of Sputnik 1 and ,7:5 Indeed. even more disturbing 
than the .Soviet i'nion's launching d the first satellite \\.as its obvious suprrior- 
ity in launch vehicles and implied superiority In long-range rniss~le capa- 



bilities- The disparity was brought out ewn further by thc launch of Sput- 
nik 3. weighing I327 kg. on I5 hiay 1958.* 

Building :he launch vehicles and s p m c d t  desaibtd in previous sec- 
tions was expensive. but necessar). if the United States was to achieve the 
stated objectives in s c i m ,  applicdtions, and mploratmn. Mo~eoyer, costs 
did not end with development. Since mat rockets and spacecraft d the 
1960s were expended in the accomplishment d their missions, it was neces- 
s a y  to buy a new launch vehicle 3nd a new spa<eca[t for each new mis- 
sicm. 

Individual costs fx launcfi \chicles are given in table 6. nKsc are 
rough. &-of-magnitude figures Actual msts varied. depending on hour. 
many special requirements ..-re placed on the launch by the science ob 
jectives. To start, launch vehi ~ m t s  ex& those of the paplaads they 
carried. but in just a couple of years Hugh Dryden was informing the 
Congress that spacecraft costs had come to exceed those of the launch ve- 
hicles.*' -4s time went on. engirlzers and scientists became expert in mini- 
aturizing equipn~ent. cramming their satellites and space p b e s  with in- 
struments. This practice inc-rased the amount of research that could be 
accomplished 111 a giwn p h r  load weight and sparre. but it also made ior 

Tablt 6 
1-nunch 1 'rhirlr Costs 

C ~ s r  d Hadwarr Plus Launchingo 
(millions of 1970 ddb) 

Scuut 

Iklu ( =  -nxW-[klla~ 

.4th*-Agem 

AtlasCmuur 

Tiran Ill(: 

Sacurn IB 

Saturn V 
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I hrw .arc tu~l\  ~ ~ r ~ k r l d  rru~~rrttnb , < n r \  \ I~~n*\c.r. rtu? .trr thr aft= mar;\ \CAI\ c x i m h r  
\ \\; ha11 hqmi  \:IIII r.~~irld t t n t  rlwtrr $1 nirllrc~ti j n  rlu h:r. htrr huh rnlLa~am r r ~ c f  ircWarn5 to 

rrnpw\r ~rrfrnm.trkt. r r t v l i  r k  p14r ~ ~ r ~ r . a r r r r . t l l \  .tunr rhc tar- In(lrtrtu~ arni trnprowmrnl [ritr 
qr.rrn*.nIw~ rrhrr.rvli tlw41nr $ 4  Ih.11- 4nr1 rhc \r.ar\ 



expensive spacecraft. From experience with Explorers. a rule of thumb 
develop! that scientific sparecraft would mst about MOOOO to $40000 per 
kilogram. btrt in time rnore complicared and sophisticated vehicles, such as 
the larger deepspai-e probes. were far more expensive. Typical costs for 
S.U.4 scientific spacerraft are shown in table 7. 

*I& tabulation illustrates why many ri.mtists were wary about getting 
into projects using the larger spacecfatt. The cost of about three-quarters of 
a million dolhrs for four Vikings could pa\ for at least twice as many 
Pioneers. w for &ens of Explorers. \+'hen the c a t s  d the Viking program 
continued year after !ear to delay undertaking Piontvr missiur~s to Venus. 
there were strong pra~s ts .  For b h  satellites and space probes. the larger 
spacerraft were recognized as essential to the .scmmplishment of many 
important investigations. but .gmerall~ w m  ntx acceptable at the sacrifice 
of the smaller missions, \;-hich .gave the scientist more flexibility and P I -  

sonal freedom d action. 
Manned spamraft were an order of ma,gnitude more expensive than 

unmanned satellites and probes. Thi\ was so noc only because of the larger 

Orbilinp: Solar Otamamn 
(dqnwlit~g am c- tmphi t?  ) 

P i c m r  I frcwn IN,. ti em I Ii5-= 



R04XE7s AND ~ A ~ C X ~ F I '  

size and greater complexity of vehicles that were to ~ n y  men. but also 
because every effort had to be bent to guarantee the safety of the crew. Try- 
ing to guarantee perfect performance was very costly. d ten  requiring much 
redundancy. For unmanned spacecraft and launch vehicles. it did not make 
economic sense to try to achieve the same degree of refinement. Scout, for 
example, was designed to be an inexpensive launch vehicle for xience and 
applications missions. Reasonable care and good engin-ing and opera- 
tional practices could achieve success rates of 90 percent or better, and still 
keep the vehicle in the inexpensive category. To tq to guarantee 100- 
percent success, on the other hand. tvould have increased costs enormously. 
Thus, if one required 10 successful firing for a m i n  program, and was 
willing to shoot for getting those 10 successes out of a total of 11 or 12 
firings. the total program costs would be much lower than if one insisted 
on achieving the 10 successes i\.ith only 10 firings. 

The author vividly remembers a discussion of this point before the 
Spacr Science and .-\r~lications Subcommittee of the House Cammittee on 
kience and -4stronautic-s during hearings on NAS.4's fiscal 1966 budget 
request. Concerned that SASA might be escalating the costs of Scout by 
insisting on too high a degree of reliability. Congressman Weston Vivian. 
himself .t former engineer. queried Ed-gar Cortright. deputy in the Office of 
Space St-ienc-e and Applications, on the matter.'S While acknowledging the 
desirability of striking a proper balance between cosrs and reliability, NASA 
people took special delight in this new twist. The normal experience was 
to be challenged to explain why the unmanned program wasn't striving 
all-out as in the manned prcyram. to achieve perfection. 

Seither SXS.4 not the lkpartment of Defense had carte hlanche to 
spend unlimited sums on rockets and spacecraft. While desiring that the 
nation's s p r  program should be first rate and that the countn- should 
r w i n  the i:,rage of leadership in the field. the administration and Cangress 
still \\.err cot~cerncd that costs be kept down. \Vhile it \\-as appalent at the 
outset that in time many agencies would come to be in:erested in applying 
space techniques to their work. it soon became equally appareni that these 
agencies could not expect to operate their o\\ n launch and spa<-ecraft facili- 
t i t s  If the \\'eather Bureau. the Geologiral Survey. the Federal Aviation 
.4c!n1inistratioi1. the .\!aritime ~bmmission. the Department of Apiculture. 
and the Forest .%nice had attempted to run their own space programs. the 
aggregated costs w-ould have k n  prohibitive. Xs a consequence it was 
exptu-ttd that S.4S.4, and occasia*;rrlly the Department of Defense. would 
sen-iw other agencies wishing to use space methods in their o\vn pro,grarfis. 
.As the nu11ibt.r ol space applications ,grew o\er the years, more and more of 
S.4S:I.s \wrk war expected to go into providing support to others. 

But maiipo\vcbr and money were not the only price to pay for exploring 
and utili~ing spac-e. -4s the example t>f the ill-i~ted .Atlas-Able missions 
sho\vcri. there \\-ere failurcs and frustrations to etdure. Also. rcw-lets and 



spacecraft could at times be hazardous. Perhaps the best known illustra- 
tions were the Apollo fire. in which three astronauts were burned to death 
in a tragic holocaust of flammable materials in the oxygen atmosphere 
used in the Apollo capsule. and the April 1967 flight of Soyu: I, in which 
Crrsmonaut Vladimir Komordv was killed.*9 Because of the universal inter- 
est in the manned flight program. these tragedies m i v e d  worldwide atten- 
tion. Apf lo ,  for example. became the subject d an intense, deeply probing 
crrngressional investigation." But others also gave their lives in the course 
of the program, though with less notice from the public. Astronauts who 
died in accidents in their training airplanes recei~ed only momentary 
notice. On 5 October 1967. at Sorthern American Rockwell's plant in 
Downey, California. a hazardous mixture containing barium used in 
SASA sounding rocket experiments exploded. killing 2 workmen and in- 
juring I I. The accident was thoroughly investigated by a NASA board and 
the proced!~res for handling such chem~cals were revised. To the public. 
how-ever. the matter a p ~ d r e d  to pass as just another industrial a~cident.~' 

Just as tragic as the Apollo fire was the accident to an Orbiting Solar 
Observatory on 14 April 1W. In an assembly room at Cape Clnaveral, a 
Delta rocket's third srage motor had just been mated to   he spacaraft in 
preparation for some prelaunch tests. Suddenly the rocket ignited. filling 
the workrootn with scaring hot gases, burning 1 1 engineers and technicians. 
3 of. ihern fatali?. .An investigation following the accident showed that a 
spark of static electricity had probably set off the fuze that ignited the solid 
prop ell an^.^? But. whereas the .4pollo fire had evoked a national outcry. the 
OSO atriderit drew little attentio.~ except from those closely associated with 
the project. 

One measure of the difficulty encountered in a development program 
was the increase in cost and schedules over the original estimates. \Vhen 
estimates pro\.ed an  the mark, engineering difficulties had been correctly 
estitiiattd and the project could b carried out in the specilied time arid for 
the stated price. But when u n e s p ~ t e d  technical probienis required extra 
tir:ie to solve. costs i n r r ea~d  and exceeded the original estimates. These 
overruns, as they were called, were usual in the complex, novel develop 
riierits of this space progranl. arid specii~l rnarlagernent attention \\.as needed 
to keep them under control. 

The Department of Defense had esprienced such probleiiis in the 
development a i d  acquisition of large weapon systems. Studies showed that 
in the course of 12 Tnajor development projwts. costs increased by an aver- 
age 3.2 tinlrs and xhtdules lengthend by 36 pel(-elit." 9.4S.4 l a r d  little 
better. 

.-\lthough the space ager. -)-. after its initial iroublm. began l o  develop 
an enviablr rec.ord of successes in its nurner:>us programs. acquiring dur- 
ing the 1960s a rcgputatic?n o f  b ing  able tc: do what i t  wt out to do, neverthe- 
less the riu-ord was not as neat as the agency \\.auld have desired. An analysis 
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in 1969 by D. D. Wyatt, who from the start had played an important role 
in NASA's programming and budgeting, showed that c a t  inaeases over 
the life of a project were likely to rise substantially when the estimates were 
made before "establishing a well-defined spacecraft design and a clear defi- 
nition of required experiment de~elopment ."~ Space science programs had 
their share of horrible examples. The Orbiting ,btronomical Observatory. 
the Orbiting C.mphvsical O h a t o r y .  and Surveyor all increased in cost 
by about four times, as did the meteorological satellite. Nimbus. In con- 
trast, the communiations satellite projects Relay and Syncom, and the 
Applications Technology Satellite, for each of which a good definition of 
requirements was reached before estimating, showed only moderate cost 
increases. by between 1.1 and 1.3 times. \I1hile the manned spaceflight proj- 
ects showed somewhat Inwer cost r im.  Wyatt noted that the cost projec- 
tions were made a considerable time after the projects had started and that 
there was evidence that estimates at the ta ue start would have been much 
lower and cost increases accordingly much higher. 

Wyatt's basic thrtsis was correct. His analysis, however. did not go un- 
challenged. Hans Xlarli. director of the Ames Research Center, wrote that 
the analysis failed to take into account that pmgtams sometimes were ex- 
panded in scope in midstream, as had happened in the Pioneer program. 
This, of course. also added to the total cost, but such increases were not 
properly classed as overruns. T o  get a true picture. one needed to take into 
account intentional changes in pro .g~am.~~ 

The Orbiting hstronomical 0bsenator)- was a good example of the 
kinds of trouble one could get into by trying to force too big a technologi- 
cal step. Some of the required subsystems for the satellite were not far 
enough along to ensure a s~nooth development of the spacecraft. The star 
trackers. for example. essential for establishing the stellar reference frame 
asainst which the spcwraft would he stabilized. ran into difficulties that 

a long time to resolve. The cost of solving the problem was only part 
of the total increase, for, \vhiIe engiiieers wrestled with the star trackers, a 
far gredter number of workers on the rest of the observatory project also 
had to be paid as they waited for the star trackers.% 

The observatory finally proved to be a powerful astroraomical facility. 
But in retrospect it can be seen that SrlS.4 might have done better to fol- 
low- the recommendations of its advisers, who \sould have preferred to start 
with a 16s ambitious astronomy satellite that would have permitted astro- 
nomical observations sooner. Having the less rapable astronomy saiellire 
sooner. the astronomers wottld have been content to wait for the larger 
one, as Edward Purcrll and other members of the White House's Space 
% ience Panel had indicated.ii 

Both Ranser and Surveyor suffered from launrlr ~ehicle trouhlt5. Five 
hunch vehicle failures in a row irnpxicd the developn~et~t of Ranger, draw- 
ing the attention of S.aS;\ manitgemrnt atid the Con.gr#rs. IVhen on the 
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sixth flight the launch vehicle finally did work, sending the Ranger space- 
craft precisely to the intended spot on the moon, only to have Ranger's 
television system fail in the last seconds, the reaction was swift. Searching 
investigations into the engineering and management of the project were 
conducted both within NASA and by the Congress.' The performance of 
the Jet Propulsion Laboratory dnd the Office of Space Science and Appli- 
cations was under scrutiny, as well as that of the television contractor, 
Radio Corporation of America. The steps proposed to solve the problems 
were carefully examined by NASA management, and only the resounding 
success of Ranger 7 averted what might have been drastic management 
changes. 

Surveyor's launch vehicle troubles were of a more subtle kind. At the 
start the project suffered from lack of adequate management attention at 
both the Jet Propulsion Laboratory and the contractor, Hughes A i r d t  
Company. But Surveyor's difficulties were exacerbated by simultaneous 
development of launch vehicle and spacecrzft. The Centaur was the first 
major rocket to use the high-energy propellants liquid hydrogen and liq- 
uid oxygen. The Advanced Research Proiects Agencv had started Centaur 
in 1938 before NASA was created. When NASA took over responsibility. 
the project had been handled more as a research project than as a serious 
development effort, but NASA considered the Centaur stage an important 
component of the launch vehicle stable. 

Nevertheless, since only estimates could be given of the vehicle's per- 
formance. it was difficult for Surveyor engineers to pin down weight and 
payload requirements for their spacecraft. These difficulties were further 
enhanced by the large number of other spacecraft being assigned to Cen- 
taur, influencing specificatiot~s for the rocket. In April 1962 Surteyor. 
Mariner, a variety of near-earth and synchronous-orbit missions, and the 
Department of Defense's communications satellite, Advent, were assigned 
to the Centaur.5g The s)nchronous-orbit missions-that is, launchings to 
an altitude of 36000 km, where the satellite's rat? ot revolution would equal 
the earth's rate of rotatibn-would be about i c  demanding as missions to 
the moon. 

When the program difficulties-including failure of the first flight test 
of Centaur-became roo Intense. NASA cut the Gordial knot by asserting 
that the initial Centaur would be developed for Sunleyar only. Once Cen- 
taur hdd proved successi~l. a suitable program to uprate t b  vehicle could 
be instituted to meet additional requirements. .\long with this derision, 
NASA also moved m a n a m e n t  of Certaur from the Marshall Space Flight 
Cr -ter-where the demands of S-~turn preempted the center's management 
attenlion-to the Lewis Re.,~arch Center.60 

But these changes did not come before Can-qress again had seen fit 'o 
delve into how A.ASA was pe forming. Congressman J w p h  liarth's Space 
Science and App1i.-auons Subcc ?mitt= of the House Committee on Sci- 



ence and Astronautics explored all aspects of Centaur: its management, its 
importance to the space program, its funding, the contractor, and even the 
engineering principles tinderlying the design.6' Such investigations into 
NASA failure made it perfectly plain that the agency had to bend ewry 
effon to avoid mishaps and provided much of the motivation for P&te 
Administrator Seaman's policy, mentioned earlier, of seeking surress on 
the first try. A variety of management tools was used to make the policy 
succeed. During the fall of 196S and throughout 1%. much attention was 
given to devising and applying more effective managernent.Q 

For the development of the Polaris missile, the Navy had devised what 
was called the Program Evaluation Review Technique, or PERT, systern.a 
This laid out in graphical form the schedules of the different parts of a 
project to show how individual schedules were interrelated, and in particu- 
lar to highlight the components or subsystems that were most likely to 
delay the whole project. Once highlighted. the critical elements of the 
project could be given the necessaq funding and management and engi- 
neering attention needed to keep them moving in pace with the rest of the 
project. N S . 4  adaped this system to its own projects. 

Like the Department of Defense, NASA also experimented with special 
contracting devices to reduce cost overruns and delays in schedule.64 In the 
development of a new launch vehicle, spacecraft, or other equipment, it 
was not possible for either NASA or the contractor to specify in detail the 
product desired. Instead, performance specifications were given, and the 
technical approach then agreed on between NASA and the contractor. In 
this situatim, the contractor was in no position to sign a fixed price con- 
tract. Instead. contracts were customarily "cost plus fixed fee," that is, the 
government agreed to pay the actual allowable costs incurred in the devel- 
opment, plus a fee that was based on the contrartor's original estimate of 
what the costs hould be. There was a certain amount of incentive in such 
an arrangement for a contractor to finish the work within the specified 
time and cost, for the longer a project ran and the higher the costs went. 
the smaller would be the percentage represented by the fee. Also, the per- 
formance of a company was bound to influence the government's decision 
on the choice of contractors for other projects. 

But experience showed that these incentives were not particularly effec- 
tive in keeping costs down and schedules short. Therefore, additional in- 
centives were introduced in the Iorm of bonuses for meeting or beating 
schedules within estimated costs, and penalties for exceeding estimated 
costs and ~hedules .6~ The va!ue of such incentives was difficult to estimate 
precisely. Perhaps the greatest benefit lay in the increased management 
attention they evoked. 

One of the most effective ways to keep costs down was to see that 
schedules were met. The longer a project ran, the longer salaries on the 
project were being paid, hence the greater were the total costs. Timc was 



money, and if a project manager could keep to his schedule, he probably 
could keep close to his original cost estimates. A striking example was 
furnished by the 1967 Mariner mission to Venus, preparation for which 
began only a year or so before the launch date. Since the date for laurwhing 
a spacecraft to a planet is fixed by the celestial mechanics of the solar 
system, there was no leeway in the schedule and the date had to be met. 
On? result was that the project was completed for slightly less than the 
original cost estimate.@ 

Most projects had several distinct phases. First was the period in which 
the project was being conceived. The specific objectives would be worked 
out-for example, to investigate the solar wind and magnetic fields in 
interplanetary space. The feasibility of the project would be determined. 
Could appropriate experiments be designed and instrumented? Did s suit- 
able spacecraft for the experiments exist or cquld one be made? Was there 
a suitable launch vehicle that c-ould be used? Much of the effort during this 
phase would be paper work, supported by lirnited amounts of !ahrator)' 
research. 

A second phase would be that in which engineering studies analyzed 
various approaches, seeking, if possible, a best one. During this phase per- 
formance specifications were worked out. to provide the basis for deuiled 
engineering design carried out in the third phase. Once the enet ler ing 
design had been completed, it was possible to move into the fourth, final 
phase, that  of actual development, in which hardware was made and tested. 
Major costs in the project would come during the fourth phase, and if 
delays occurred because eng.ineering difficulties had not been properly an- 
ticipated during the earlier phases, large overruns could accumulate. 

T o  try to avoid such overruns. NASA instituted what it called a "phased 
project planning system." recognizing tour phases A, B, C, and D, corre- 
sponding to those described above.67 The plan required compleiing the 
early phases before proceeding to later ones. The costs of phases A and B 
would be a minor pan of the project expense, and one could afford to spend 
time at these stages getting matters right. Similarly, in the detail design 
phase, C, although costs would be appreciably higher than in phases A 
and B. they would still be far less than those of the construction phase, D. 
Again, it would pay to spend whatever time was needed in phase C to 
avoid problems later in phase D. 

The phased project planning document was used in NASA less as a 
bible than as a set of useful guidelines. Wyatt's study seemed to show t5,a 
when the principles embJied in the phasing scheme were followed, costs 
and schedules were indeed kept in line. 

By such devices NASA sought to sustain a high level of performance. 
For its own use, the Office ot Space Science and Applications held monthly 
status reviews. just bfore those of the associate administrator. At these 
reviews progress and problems were discussed for all parts of the program. 
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Beginning in November 1966 these reviews, which had already been going 
on for several years, were documented in OSSA h-ianagement Reports.64 

To keep a tight rein on the agency's activities, the administrator re- 
qu i~ed  that the program offices obtain formal approval of all programs or 
projects. This process evolved over the years until in the latter 1960s a 
signed Project Approval Document-or PAD, as it came to be called-was 
required for each major element of the pr~gram.~g The PAD set forth the 
purpose of the project or program, outlined approaches to be taken, and 
gave estimates of schedules, manpower, and costs. The document described 
how the phases A, B, C, and D would be accomplished. Where outside 
contractors were to be used, a procurement plan acceptable to NASA's legal 
and procurement offices had to be provided. Before a program office could 
obtain approval to move to the later phases of an approved project, the 
office in charge would have to furnish a detailed project development plan 
showing that the groundwork had been properly laid and that the path to 
completion of the project had been thought through. Administrator Webb 
liked to refer to the Project Approval Documents as contracts between him 
and his pr-m managers. They furnished written evidence, for those who 
might wish to probe the agency's performance, of the care that NASA took 
to ensure effective performance on its projects. 

The wide scope of the space science program required a large number 
of space science PADS. Although these were primarily the concern of the 
program and project managers, they did affect the scientists themselves, in 
that experimenters were required to meet schedules, adhere to cost estimates, 
and furnish an appreciable portion of the documentation needed by man- 
agers to keep track of progress on their projects. Much of this was onerous 
to the scientists, who preferreci to spend their time on their experiments. 
For manned spaceflight projects especially. where managers felt keenly the 
burden of ensuring absolute success, not only to justify the many dollars 
spent on the program but more importantly to protect the safety of astro- 
nauts. the schedules were quite ~igid.  and doc~~mentation considerably 
more detailed than for unmanned projects. Many scientists shied away from 
working in the manned prowam, preferring to fly their experiments in 
unmanned spacecraft for which the mar3genlent requirements were less 
burdrnsome. 

It is not likely that advanced research and development programs like 
those of NASA and the Department of Defense will ever be entirely free of 
mishaps and failures, cost overruns and schedule slips. Workinq at the 
frontiers of science and technology, the likelihood of encountering unfore- 
seen technical difficulties must ever be present. The prescription for per- 
forming satisfactorily under such conditwns 1s constant management at- 
tention and the rrlost effective techniques for rducing the l~nforeseen to 
only the unforeseeable. In the space program, such managenrent attention 
could produce acceptable performance. FGI launch vehicles. NASA's per- 
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formance improved over the years from a very poor showing in the first 
two years, to better than 90 percent successes in the 1979s (fig. With 
spacecraft the successsn-the-first-try policy appeared to bear fruit. During 
the 1960s every Explorer satellite that was properly placed in space by its 
launch vehicle achieved its mission. The Orbiting Solar Observatory, Sur- 
veyor Lunar Orbiter, Mariner, and Viking worked the first time out, as did 
the Canadian Alouette, the British Ariel, and the Italian San Marco. The 
first Orbiting Astronomical Observatory failed, but the second was highly 
~~0dUCUve. Like the astronomy observatory, Biosatellite was successful on 
its second flight. In spite of its hectic development history, the second time 
Ranger reached the moon it performed perfectly. 

T o  complete the picture, applications satellites that succeeded right 
away included the Tiros and Nimbus weather satellites, the Echo. Syncom. 
and Intelsat communications satellites, NASA's Applications Technology 
Satellite, and the geodetic satellite Gms. All the manned spaceflight 
spacecraft-Mercury. C~min i ,  tlpollo, and the Lunar Module-worked on 
their ifiitial manned flights." After more than a decade of experience, both 
NASA and the Department of Defense came to expect spacecraft to func- 
tion correctly once they were launched properly, and with the increasing 
reliability of launch vehicles, the probability of success on a mission was 
very high. 

With reliable launchers and spacecraft available to carry out their ex- 
periments, scientists could conduct a variety of experiments from near the 
earth to the remote regions of the solar system, and tire value of what they 
did depended very much on their own scientific competence. Recognizing 
this, NASA had consciously set out ro interest the best of the nation's sci. 
en tists in the space science program. Policies for supporting research, 
procedures for selecting experiments and experimenters, and arrangements 
for securing to NASA the best possible advice were designed to attract the 
best researchers into the program Most important was the policy of letting 
the space science program become very much the creation of the scientists. 
with projects to attack the problems the scientists themselves perceived as 
the most fundamental and most likely to provide important new knowl- 
edge. The way in which this policy was put into practice is the subject of 
chapter 12. Before proceeding with the narrative, however, it is appropriate 
to review some of the significant space science results obtained in NASA's 
first three or four years. 



NASA Record of Spaceflight Performance 
(zs of 3 1 December 1975)  

Cakndaryeu 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 7% 74 75 

NASA payloads TOW 

q w o  miuiona launched on a single vehicle. CTheae figurea include NASA vehicler used for 
b ~ i v e  miuiona on two vehicles are included. non-NASA or cooperative mirrions. 

Figure 30. NAS .success rate. Alter r poor begtnntng, NASA1.s succc~s rate rose steadily, mentually better- 
ttlg 90 percent. N A S A ,  " Htstortcal Pocket Stattstzcs" (Jan. 1972 arld Javt. 1976); Astronautics and Aeronau- 
tics, 1972, NASA SP-4017 (1974), app.  B. 
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Deepening Perspective: 
A New h k  at the Old World 

Among the mew imponant contributions d m ,  satellites, and space 
pmbm made to science was the new perqxztive they afforded in many 
areas, particularly in the earth and planemy s c h a x  Earth scientists. d 
course, had always enjoyed an advantage in being clcrsc to the object of 
study. living on the earth a d  immersed in its atmosphere. where the in\=- 
tigator could collect great quantities of data in situ. This was the very 
adtantage that scientists seized upon when sounding rockets made it pos- 
sible at long last to get on-the-spot measurPments in the u p p r  atmos- 
phere. But a certain myopia w-as also associated with being too close to the 
o m  d study. 

One d the rash facing the researcher on the ground was dewloping 
an integrated picture of m-hat m-as often a \vry large-scale, as well as com- 
plex, sjrtem. The nwteorologist. for example, in spite of the enonnous 
quantities d data he gathered on the weather. still found them too sparse. 
Even on land dwy came from rather widely separated stations. and there 
were none at all from vast stretches d the oceans. .4s a consequence the 
investigator was hard pressed to describe with any confidence the huge q - 
clonic syrcems and rk i r  interrelationships that characterized the general cir- 
culations of the earth's l o w  atmosphere, let alone tell what the weather 
was like in remote unobserved regions. But when the first weather satellite 
pictures became available. showing cloud patterns over borh continents 
and oceans. the meteorologist had at hand one of the integrating factors 
that he needed. For. clouds. being intimately associated with pressure pat- 
terns and air circulations. showed by their distributions the major weather 
systems. Most of what was seen in the early cloud pictures m a s  expected. 
but there were also surprises. The author can recall hearing Dr. Hamy 
\\.exler. director of research for the ('-5. \\'eather Bureau and strong pro- 
p3nent of weather satellites years before an! satellite had flown, exclaim that 
he had never expected the large-scale patterns of atmospheric vortices that 
stood oirt in many satellite photographs. When in the course of time satel- 



lite cloud imaging was impnn.ed in rrsolution and supplemented by tcch- 
niqucs for measuring cloud heights. the vertical disuibution of atmas- 
pheric temperatures. and 1-1 winds, mtrcorology bccamc nor merely 
local. not mmly regional. but the global .si(rxx it had always aspired- 
and needed-to be.' 

Metcotn1o$sts were among the most ready to take advantage d the 
new approach and in short order used the satellite picturn in making 
weather forwasts. But such picturrs also showed complete ice fields, total 
watersheds, entire p log tca l  provinces such as \olcanic fields or geosyn- 
cline bsins. karying patterns of land use. and vast expanses of ocean. To 
many it was clear from the start that the pcrspcctive affordcd by satellite 
obstn-ations would in thne prove oC immense value in these and orher 
arras. Such has p r d  me.' 

After more than a decade of rocket sounding of the upper atmosphere. 
spact science was quite ready to M i t  from the new perspective. In the 
first half dozen years following the formation of NASA. especially rapid 
progress was made in the continued stud) of the upper atmasphere and 
ionosphew. solar physics. rocket astronomy. m y .  and the magneto- 
sphere. .4omplishments in dre last two areas p v i d e  good illusmations of 
the p w - m  of space tmhniques for scientific research and are the subject of 
this chapter. The contributions to geodess were anticipated. causing a 
nutnber of researchers to lqiw serious attention to the possibilities during 
the 1950s. wars before Sputnik wmt a10ft.~ In cwntrast. the nragnetosphertl 
emerged as something of a surprise from tlie early rocket and satellite work 
on panicles and fields. 

For want of a more appealing name the phrase purtrrlcs and frclds 
came into early use in the space progranl to denote the study of magnetic 
and electric fields in space and a variety of particle radiations. Among the 
last named were the extremely rnergrtic cosmic rays. plasma radiatiotrs 
from the sun. and the electrons. protons. or whatever they were that were 
thought to c-ausr thc aurorac. (Gravitational fields were not included. fall- 
ing rather nndcr gtxdes!. relatit it!. and cosmology. with which gravity 
studies were naturall? associated.) The term magnctosphrrc denotes the 
region of spare surrounding the earth where the earth's magnetic- field 
plays a promiaent. often cc~ntrolling. role relative to various particle radia- 
t ions found thrrr. .As w il l be swn. magnt*tosphcric physic-s constituted an 
important aspect of thc discipline of particles and fields. 

The discov.cn o f  thc magnetosphere began with Van .Allen's discovev 
of the earth's radiation b l t .  .At White Sands. Sew Mesico. Van ..\llm had 
traced the curb t. ol cosmic ray intensity through the Pfotzer masimum to a 
more or less stcady \;rluc at hcights greatzr than 55 lit11 that Ich>licd very 



much as though it might be the free space value of the cosmic ray inten- 
sity.' Cosmic rays, being charged particles, were affected by the earth's 
magnetic field, and fewer of them were able to get in over the g c o ~ i c  
equator than in the polar regions. The less en8 rgetic rays were the most 
affected by the m a m t i c  field, making it difficult to determine what the 
lower end of the cosmic ray spectrum might be ;P interplanetary or inter- 
stellar s-. Since the total energ). spectrum d the msmic radiation in 
space would be an important factor in trying to figure out how and where 
cosmic rays were generated. Van Allen took a special interest in investigat- 
ing the \-ariation of the high-altitude roamic ray intensity with geomag- 
netic latitude. For this purpose he took Aerobee rockets to sea aboard the 
I7.S. Navy's seaplane tender Norton Sound, which had to be specially out- 
fitted with an .4en,bee launching tower. Van Allen's sounding ranged from 
the geomagnetic equator off the coast of Peru to Alaskan waters.' The 
measured ~qriations were sufficiently intriguing that Van Allen pursued 
the subject funher with Roclroons-the small sounding rockets that he 
launched from Skyhook balloons in the stratosphere. These Rockoo~~ ex- 
periments turned up  a most intemting and puzzling phz~~omenon. In the 
auroral regions above 60 km was a rather soft-i.e.. nI0derately perie- 
trating-radiation that could be a niixture of char.@ particles and x-ray 
p h ~ t o n s . ~  This radiation was assumed to be in some way connected with 
the auroras, and efforts were begun to explore the contiection. 

At about this time the appearance of the International Cmphysical 
Year satellite progmni gave Van .4lien the chance to extend thew investiga- 
tions to even higher altitude. When the first Explorer was launched (31 
Januar?. 19.58). Van -4llen's counters appeiared to show a zero counting rate 
at certain Icn.~tions. which didn't .w111 to make sense. Further study 
showtd. however. that actually the counters were slturating k a u x  of 
ambient radiations far e x d i n g  intzn~ities with which the counters had 
been expected to CDP. Explorrr 3 (26 March 19%) pursued the question. 

.Soon Van .4llen decided that he was observing a rqion of intensc8 rrrdi- 
ation surrounding the earth at high altitude. arid on i hlay 1958 he 
announced his dixovcry.: 'l'he r t ~ i o n  at oncr k i n i t  kno\s-~i as thC \'an 
.\ilen Radiation &It. Soviet measi~reti~ents in Spu:riik 3 ( 15 Xlay 1'3.58) 
confir~iled the dixovrr).. 

.in explanation was quickl! forthcoming. The radiatiorls wcrc. attri- 
buttd to c h a r d  particles c-:aught in the earth's rnag~lctir field, unable to 
escape because their cnergit.s were too low to allow them to cross 1 1 1 ~  sur- 
rounding field lints. One thus visualixtui fmpprrig rrglons \\.ithi11 rhc 
t.arth's firld and spoke of frapprd radiations. Suddenly i t  was c.r\st.rl clear 
that the earth's niagnctic field. which c-ouid ;,revent wmr chitrgtd particles 
it1 interplanetary spc-e from eve1 reaching the twth. could also prewlt 
other jxlrticlt-s already nedr the earti1 frotn leaving. 



In reumperx it seed remarkable that the existeim of the radiation 
belt had not been anticipated long Mm its discowr).. Workers c o d  
with the problem of how gases cs2ped from the atmosphere undcntood 
that the magnetic field would himkr the cscape of ions.' More signifi- 
cantly. the experiments of E. Birkeland and E. Briiche with cathode rays 
aimed at small magn~izd  spheres and the half m t u r y  d themtical work 
by Carl Stermer and others on the influcncr of the earth's magnetic field 
on auroral particles and cosmic rays provided a substantial basis for pre- 
dicting the existence of trapped radiations near t k  earth.' Seeking an 
explanation for the auroras, Sterrner had dewlopcd a theory of the m i o n  
of an electron approaching the earth's dipole magnetic field from the sun. 
He showed that such an electron would be deflected by the earth's field 
away from the equator to the polar rrgions. an action that appeared to him 
to explain the existence of auroral regions or zoncs at high latitude. 

St#rmer's calculations showed that there w m  regions inside the earth's 
magnetic field which such solar electrons could noc reach. to which he 
gave the name "forbidden regions." Birkeland, with whom the theor). had 
originated. had already demonstrated in the laboratory that electrons 
would br defier-ted to the polar regions. it fact StOnner's cdlculations nicely 
brought out. 

Later. in the 19305 and after. theorists interested in explaining the 
p;eoniagnetic-latitude effect okn-ed  in cosmic ray intensities, extended 
St9r1ner's work to mitc-h higher t.neqq relativistic particles-i.e., particles 
apprcuching the sped  of light-such as were to be found in the cosmic 
rays.'@ Their calculations also revealed forbidden regions toward the 
lnagnetic equator and sewed to explain why cosmic rays i n m d  in inten- 
sity with increasing geomagnetic latitude. 

Thew investi~~tion:, furnish an excellent example of how initial orien- 
tation can n~rrrkecily bias an itivestig-tor's c-onclusions. To those seeking 
explanations of the auroras or the msn~ic-ray-latit& effect. the orienta- 
tion was froni oatsicie in. Their particles were approaching the earth from 
great distances. It was natural. then. that the rt-gions which the earth's 
magnetic firld preventrd those particles from entering shorrld be named 
forbidden regions. \Vhilc the point was not m i d .  still the investigators 
did not f ~ x u s  on the fact that for a particle already within one of those 
regions. it could be the outside that was forbidden-in other words. a par- 
ticle of ccm low an energy ,tlrc*ady tvithin one of those regions couldn't get 
out. \!'hat were forbidden regions for particles approaching from the out- 
side \\.ere trapping rrgions for some gxirticlc-s irlrrridy there. 

I t  wits only ;i tiny sttbp from this rea1ir;ttion to the idrit that thew 
trapping regions might well be filled with trapped radi;rtions forming a 
rirdiatio~l kit around rht* r a t~h .  But 110 one ptid attention to this p s -  
sibilit! until. on the r\ .C of \'a11 .illen's discover).. S. Frcd Singrr in diwirss- 



ing magnetic storms touched upon the possibility that rrgions of trapped 
radiations might be found at high altitude around the earth." Following 
Van Allen's announcement. this field d investigation blossomed forth as 
researchers vied with each other to learn about the fascinating trapped 
radiations.': 

In the next halt-dorm years a new paradigm ctne@ to characterize 
the magwtwphcre and magnetospheric physics. Whereas Mort the spring 
of 19% the space environment immediately surrounding the earth was 
thought to be relatively uncomplicated, it soon became clear that the 
r m n t  ly discovered magnetosphere was extremely com ylex. Before the 
recognition of the radiation belts. t here was no grrlcrallv acccptcd pictuw 
of the swcc envirtnrnlcr~t near the earth. StiHknts of the errrth's upper 
atnrcmphtre and ionosphcru tctrded to think of thew as atteruating more or 
less exponentially with altitirde. eventually merging at some mnsidetable, 
hut unk~lown. height with the mdiunr of interplanetary sprrc-e. Amund 
the planet the earth's magnetic field was visual id  as essentially that of a 
dipole. much as depit-tt-d in figure S in chapter b. It was known that parti- 
c1es fronr the st111 swept B~YC)L~S the earth's atmosphere, sonre of them c-aus- 
itrg the auroras. Sidtwy Chapmrrn. \'. C. A. Ferraro. and others sup~wsed 
thirt some of the wlar particles itnpingina upon the e'rrth's nra.qnc.lic field 
would c-onrpress it, therehy causing the sudden inc-reirx in the surfaw ficld 
that had long been c>bwrvt-d to follow f lam on the sun. Such a theor)- 
irnplird. of c-i>trrst.. that the e.?rth's ~nag~rrtic field would b d i s l ~ t e d  some- 
\\*hat by the solar partic.les. Biorttm-r, to esplairr the ~irain phase of mag- 
netic stornrs i ~ r  which the field dropped well below nonnal for a day or 
nrore. C:h;rpman rand Ft-rrarc) thought of the c.lokrd of wl;w particles as 
sotilehow st~ttinp; up a ring currtgnt around the eiarttr: the c:rrrent generated 
a magrtetic ficld that c a t 1 4  the cortsiderable drop in ficld intensity an 
hour or so after the sudden incraw of the initi;rl phase oi the storm. The 
c.loud of solar piarticles was presi~nrabl-. a plasnta: that is. a ,4;as n ~ n r p s d  
o f  tyual nrrmkrs of positively ;and nqativcly chargtd particles. 'I'hus. the 
plasma. though neutral in the br.ge. \wuld bc highly ~~nditctirrg.  .Uw. 
siacY thc positivc prrtic1t.s would be ctc-fit%-tcd in one dirwtion by the 
earth's magnetic fit-Id. the ntwative ~wr.iclcs in the oppaire, one cauld 
sense intt~irivcly how a cilrrrrrt might bt. set tip ;rround the rarth- 
;rlttrough there wcrr for~nict;able ciiffic.ultics to oterc-omc in developing stvh 
;I thtu>ry. 'I'hc pricwi of one to xvt*r.tl ci;tys rquirnl  for the field to rctt~rti 
t o  norn~;rl would then bc tht* time r t~~uir t r l  for the ring cumnt to dissipate. 

<:h;rp~i~;r~r ;and Ferraro visuslizd the ring current as flowing on the 
surfrrcr of ;B h u , ~  c..avity w1lic.h the ciarth's magtrctic. field c.;rrvt.d out of the 
pl;rsma clouri ;as it swt8yt by the ctrth. -l'hew wen*. of ccmrw. two sidtr to 
ttris coin. Fronr one point of view the rarth's nragnrtic field gvnerattd a 
c;rvity in thr flowing pl.rsm.r. Frcm rhe other ?x)int of view. hc>wevcr, one 
roult! think of the. pl;rsnl;t (,loud as cx~nfi~ring thc rarth's fiild to the c;rvitv 



region. The discovery of r \e radiat ioq belt focused attention on the w m d  
point of view, and the regon within the Chapman-Ferraro cavity became 
known as the rnagnctorpherc (fig. 31). 

Because of the intense interest in the new topic. many of NASA's early 
spacecraft-and those of the USSR, also-wm instrummtcd to make mea- 
surenlents of the panicles and fields in the vicinity of the earth and in 
interplanetary space. By the end of 1964 a highly detailed picture of the 
magnetosphere had been worked out, a picture that was still ev~lving.'~ 

Explorn I measurements put the radiation belt at about 1000 km 
above the equator, and Explorm 3 and Sputnik 3 c o n f i n d  this o b -  
tion. From Explorn 4 and the space probe P i o n m  3, Van Allen could 
show that. at least for particle that could penetrate one gram per square 
centimeter of material, there were two radiation belts, an inner zone and an 
outer mne as shown in figure 32. Ptoncer 4. which eventually went into 
orbit around the sun. gave additional information about the extent of the 
radiation belts. It appeared that the belts extended to about 10 earth radii 
from the center of the earth. but the exact location of the outer edgc 
appeared to be variable. 

The variability was quickly tied to d i t i o n s  in interplanetary space. 
w!lich in turn were controlled by solar activity. A major factor influencing 
the earth's syace environment was shown to be the solar uptnd. In I958 
Eugene Parker had shown theoretically that the sun's corona had to be 
expanding continuously, and that a continuous wind from the sun should 
be blowing through interplanetar). space.14 Highly mnducting and virtu- 
ally free of ct)llisions among the constituent particles, t h ~ s  solar wind 
should entrap and draw out ma-gnetic field lines of the sun. Such inter- 
planetary plasma fluxes of about 10d particles per square centimeter per 
second were mrasured by Gringauz on Lunik 2 and 3.1; With a probe on 
Explorcr 10. H. Brid-gc and coworkers at the 31assachusctts lnstitute of 
-I'echnolo.gy confirmed the fluxes detected by the Liiniks and found that 
the wind came from the ,general direction of the sun at about 300 km per 

More definitive measurements from dlartner 2 and Explorcr 18 
showed a verv gtisty wind. nearly radial from the sun. to be blowing at all 
times with \elocritiw of r(>ughl~ 300 to 5 0  knl per sruond. Protons and 
helium nuclei appeared to be present it1 the wind.i2 
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Radiation Belts 

loo I 1" 

Ftgure 32. Radratron belts. ?'an ifllm'r ptcture of the tnnn. and outer 
z n e s  of the radratron belt madt a f tn  Pioneer 3 data rrturns. J .  A. Ibn 
d l l m  and L. A. Frank. from Naturr 183 (195Q): 430; cupyrrght hfacmal- 
lan Journals Ltd.. 1959. 

Meantime more information had been collected on the structure of the 
radiation belts. The inner zone was shown to be largely high-energy pro- 
tons, many of which could be accounted for by the decay of r~eutrons 
splashed back from the atmo~phere.'~ The neutrons were generated by 
cosmic rays colliding with nitrogen or oxygen nucl~ i  of the air; being neu- 
tral, the neutrons could move upward unhindered by the magnetic fielri. 
But the neutrons decayed quickly and produced protons and electrons 
which. being charged. were trapped to form a part of the radiation belt. 
Detailed measurements revealed that both protons and electrons existed 
throughout the altitude range from the bottom of the so-called inner zone 
to the far edge of the outer zone. The apparent existence of two belts had 
been due to the insensitivity of some earl? instruments to lower-energy 
particles. 

The boundary of the magnetosphere was first definitely located with 
instruments on Esplorrr 10, which was launched on 25 Xiarch 1961. The 
spacecraft was projected at an angle of roughly 130 degrees fro111 the direc- 
tion to the sun. that is. quaitering away from the sun. Between the distances 
of 22 earth radii and the apogee of 47 earth radii. the satellite appeared to 
cross the bounddry at least six times, suggesting that the boundary wavered 
in the wind. Inside the boundae the magnetic field was 20 to 30 gammas 
and steady, and there was no detectable plasma. Outside the boundary. 
however, the field weakened to between 10 and I5 gammas. and plasma 



was always obwrved. Data from  explore^ 12 in the direction of the sun 
showed a very sharp outer limit to the geomagnetic field, a limit that came 
to be called the magnetopuuse. Beyond the magnetopause was a region in 
which the magnetic fields were variable in direction and intensity, and the 
ambient radiation isouopic.1' 

Thus, by about the beginning of 1962, scientists began to envision a 
magnetosphere much as shown in figure 33. A continuous solar wind 
blowing against the earth's magnetic field was pictured as sweeping 
around the earth, confining the field to an immense cavity which extended 
to about 10 earth radii in the direction t o u d  the sun, and to considerably 
more than this in the opposite direction. Inside the cavity lay the Van 
Allen Radiation Belt which showed considerable structure, with high in- 
tensities of energetic protons in the inner portions and large quantities of 
electrons in the outer reaches. Outside the magnetopause-that is, outside 
the boundary of the cavity-lay a region of turbulent magnetic fields and 
plasma. It was suggested that surrounding the turbulent region would be 
found a huge shock wave produced in the solar wind by the earth's mag- 
netic field, which would act upon the high-speed plasma much as a blunt 
body would act upon a supersonic flow of gas in ordinary aerodynamics. 
By analogy with aerodynamics, estimates were made of w h m  the bow 
shock might be found. 

The bow shock was first detected by instruments in the Interplanetary 
Monitoring Platform. Imp 1, otherwise known as Explorer 18, which was 
launched in November 1963 into an orbit with an apogee at 30 earth 
radii-P0 In the crlurse of its lifetime the spacerraft's instruments provided 
clearcut evidencr that Imp I had crossed the magnetopause and the bow 
shock many tin~es. The data from a magnetometer installed by Norman 
Ness of the Goddard Space Flight Center were most convincing.*' Figure 
34 shows magnetic field data from orbit 11 of Imp I. Inside 13.6 earth 
radii, a well-ordered field was noted, b!it from 13.6 to 20 earth radii the 
field was quite turbulent. Beyond 20 earth radii the field became quite 
steady at about 4 gammas, with some fluctuation in direction. The ri~rbu- 
lent region from 13.6 radii to 20 earth radii was interpreted as a transition 
region between the shock wave in the solar wind and the magnetopause 
bounding the geomagnetic field. Plasma data from MIT and Ames 
Research Center instruments were consistent with this interpretation." 
Beyond 20 earth radii the MIT instruments showed large fluxes in only 
one of six energ). channels, presumably that due to the solar wind, whereas 
in the transition region the plasma probe indicated co~~siderable tur- 
bulence, showing appreciable fluxes on all six channels of the instrument. 

In December 19ti3 I m p  1 found the interplanetary magnetic field, 
which was usually quite steady. to be disturbed, rising to about 10 gammas 
for a day or more. On the first day of this disturbance. 14 December, the 
moon was close to lying between the satellite and the sun. Ness originally 
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Flgurc 3 3 .  The magnetosphere as zvsualtxd early In 1962. Here and tn figure 35. 
the lines emanatrng from earth represent magnet~r field lrnf i .  Although the gcn- 
cral structure u1as emergtng. many fcotures u9tw still t o  be dclrneated. 

attributed this unusual disturbance to a wake produced by the m w n  in the 
solar wind.=' That the moon with almost no magnetic field should p;a- 
duce a wake detectable so close to the earth at once suggested that the 
much larger earth with a strong magnetic field would produce a similar 
wake reaching certainly to the orbit of the moon, and most likely well 
beyond. It began to appear that the earth's magnetospheric tail should 
extend to very large distances in the antisolar direction. 

As investigation of the magnetosphere proceeded, it was clear that this 
region was intimately involved in many familiar phenomena. such as mag- 
netic storms and auroral displays. serving in some way as a connecting 
link between the original solar radiations and the ultimate terrestrial 
effects. But the precise mechanisms involved eluded explanation. It was 
shown that both electrons and protons produced the auroras, with elec- 
trons of energies below 25 kiloelectron volts coittributing most to the 
auroral emissions.2' St~rmer's theory that these particles came directly 
from the sun into the auroral regions of the earth had to be abandoned 
when both Soviet and t7.S. deep-space probes showed that the fluxes of 
such particles in interplanetary space were insufficient. An alternate theory 
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Figure 34. hlagnctosphrric bow s h o d  as m*altd bs space-probr mrasurcmmts. 
Afagnctic field data from orbit 11 of Imp 1. Thr  magnrtopaue is at 13.6 w r t h  
radii. Thr  second transition at 30 earth radii to an ordered field outsidr is the 
lwation of thc bow shock ularje. C .  S .  Scmrcv and 1. R. Srtk, Journal of Ckophysi- 
cal Research 69 (1964 k 353149; copyright An~rrican (;rophysical l'nion, 1961. 

that the particles were accumulated in the trapping regions of the magne- 
tosphere and then dumped or dribbled into the auroral zones to produce the 
auroras also mn into difficulties. Although both Soviet and IT.S. measure- 
ments showcd that the fluxes at the altitudes from which the particles 
could spiral along the field lines into the auroral regions were adequate to 
produce an aurora. the quantity 01 radiation was rim low. The  particles 
would be drained away in a few seconds, whereas auroras often lasted for 
hours.*' Brian O'Brit-n obsened. however, from it~struments in I i~ jun  satel- 
lites of the State I'niversity of Iowa that trapped elfitror~s in the radiation 
belt, electrons precipitated into the atmosphere of the auroral zone, and 
auroral light emissions all increased s im~lraneously .~~ 01;t' .auld conclude 
that the disturbances ultimately causing the auroras somehow a?so replen- 
isht-d the radiation belt. perhaps in this way making it possible to sustain a 
long-duration auroral display. Whether these additional electrons were 
inserted into the racliation belt from outside or c a n e  from lower energy 
electrons already existing within the belt arid accelerated by some mecha- 
n i s t ~ ~  to the necessary higher energies was not knotvn. Indeed. while niatly 
clea~cut relationships &tween auroras and radiation belt activity had been 



established, at this stage the actual mechanism producing the auroras re- 
mained a mystery. 

Also unexplained was the immediate cause of the main phase of mag- 
netic storms. A ring current around the earth continueci to be the most 
likely candidate, but how such a current was generated remained a puzzle. 
It could be shown that charged particles in the magnetosphere, in addition 
to spiraling around magnetic field lines bouncing back and forth between 
northern and southern reflection points, would also tend to drift longitud- 
indly, the electrons drifting eastward and the protons we~tward.4~ Thus, 
these drift motions produced in effect a ring current, which S. Fred Singer 
suggested as the cause of the main phase of magnetic storms.% By the end 
of 1964, however, no spacecraft measurements had been able to locate the 
postulated ring current. 

By the mid-1960s a very detailed, though by no means complete, pic- 
ture of what the magnetosphere was like had evolved, as illustrated in fig- 
ure 35. In the magnetospheric paradigm of 1964 the existence of the solar 

Figure 35. The magnetosphere as uisualtzcd in the mid-1960s. Space-probe mfnr 
urements have provided a wealtn of &tail. The prancrpal research problems are 
shtfting from describing the phenomenon to  explaining the relationships and 
processes. 
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wind had been established. The wind consisted of protons mos~ly, with 
some alpha particles (helium nuclei), both of which had been observed. T o  
be neutral the wind had to include equal numbers of electrons, but these 
had not been detected as yet. Embedded in the solar wind was an inter- 
planetary magnetic field pulled out of the sun by the solar wind plasma. 
Near the earth the interplanetary field intensity was between five and six 
gammas. Blowing against the earth's magnetic field, the solar w ~ n d  pa- 
duced a huge shock wave sweeping around the earth much as an aerody- 
namic shock wave accompanies a supersonic airplane. But, whereas an 
aerodynamic shock wake is produced by compression of a gds consisting of 
air molecules all colliding with each other, the magnetospheric shock wave 
was set up by defleciion of the individual plasma particles by the earth's 
magnetic field and  as referred to as a collisionless shock wave. 

Behind the shock was a region of turbulence. Here the magnetic fields 
became highly disordered; particle velocities, which in the solar wind 
were usually confined to a rather narrow range, suddenly varied widely. 
Closer to earth this transition region was bounded by :he magnetopause 
enclosing the geomagnetic field now grossly distorted from the simple 
dipole configuration that would have existed in the abwnce of a solar 
wind. Some of the field lines that would otherwise have lain on the sun- 
ward side of the earth were swept backward in the antisolar direction and 
along with field lines on the night side were extended into a magneto- 
spheric tail. The magnetic field lines that still enveloped closed regions 
near the earth contained the Van Allen Radiation Belt, which paradoxi- 
cally appeared to be more limited in extent on the night side of the earth 
than on the daytime side, where the field was compressed by the solar 
wind. On the dayward side, toward the poles, where some of tht field lines 
were swept out into the ~ d i l ,  appeared a cusp or dimple in thv magneto- 
Fause. It was thought that where magnetic field lines of opposite. direction 
came together near tile equatol id1 plane of the tail, they might cancel tach 
other producing a neutral sheet. Along this neutral sheet one cotild envi- 
sion charged particles leaking from interplanetary space into the zones 
closer to earth, where they could then be steered by the field toward the 
poles. 

I the steady state this magnetospheric ronfiguration drifted slowly 
around the earth. always keeping the tail awny from the sun as the earth 
revolvrd arot~rid the sun. I'he nose of the shock wave was awut  14 earth 
radii from the center of the earth, and the nose of the magr'etopause typi- 
cally at about 10 earth radii. The extent of the magnetospheric tail was a 
matter of speculation,- but it appeared certain to reach at least to lunlrr 
dimnces. 

At tinies when the sun \s7as disturbed, the magneiosphere and the radi- 
ation belts were affected. The spatial extent of the magnetosphere varied 
appreciablt ~ n d  trapped r'idiations were enhaticed followi~~g solar storms. 



Thcn &as a question as to whtthcr during these disturbed caditiom m 
~ w a c i n ~ d i n t o t k n d i a ~ b r l t a c n a ~ y ~ ~ ~  
hv~wavtsfrorrrhcintcrplancrart.pbwnatopanidadrtady 
in the magnetasphem. 

Many probkms. d i ~ursr, mahd unsoi~d. An explanation of the 
auror;rs yrpami ranlalkngty -, yet dusi~t- llrt immtdiur  use d 
t h c m a i n p h a s c d ~ k s t o m r s w r r ~ i l l m b t ~ . H a w r n a g y u r d  
panicles were inseneti froxn tht  in^^ medium into thc magneto- 
spheric regions had yet to be explained. 'lht cwismm of the neuual sbccr 
had not been estaMishtd IKW had its prrdrt rdt in magnctosphaic phys- 
i c s k c n d c s c r i ~ ; C . r ; . H u w : t h e f i e I d l i n c s i n t h r ~ r a i l d o a t d  
aeainalsobarila t o b r k i b e d . D i d t h q - ~ c o n n c c t w i c h m a g m c i c  
field lines ir, i n tq4awi .n~  space, as as swmk& Rdavd quatians 
cnmemd II:K How did the sJn manage to eject the smams and 
clouds d highly -K partides and -mgmcic fields that frcun time to 
time upset the normal conditions in the solar w i d  Them --as to 
suppasc that solar mag& fie& w e  the ultimate sours d the energy 
conveyed to these clouds, but thew was as ).ct no generally accepted 
explanation. 

Most d the earl) rPsearch on the magnetosphere was dimmed toward 
describing ii. As the subject became more familiar, more and more atten- 
tion was devoted to achieving a coherent explanation d the magneto- 
sphere and its relationship to the sun and interplanetary medium on the 
one hand, and to ttmemial on the other. By 1964 the major 
interest of tkz scialtirt lay in trying to underwand Lhe \arious pro<xsses in 
magnetosptwrk ii;-qics. There was, of course, still much to learn about 
u-hat the r n ; . . ~ ~  a+rlere and its most important phencmem were. But 
enough d the .+ k t  t ad been learned that now investigators could profita- 
bly s p e d  muc.; G: their time on the how. the immediate and ultimate 
caw- d the auroras. magnetic storms, radiation belts, and the magneto- 
spheric tail. and on the processes that related causes with effects. To under- 
stand these procam would be the principal objective of magnetospheric 
research in the yean ahead. 

Clearly the discovery of the earth's radiation belt and the subsequent 
description developed for the magnetosphere constituted a major xiertific 
achievement. It is natural. then, to ask what the significance of the achieve- 
ment might be. \\'as magnetospheric physics really a new fieid of research, 
as somc claimed? Did Van Allen's discover). set in motion a scientific revo- 
lution. or was the unveiling of the magnetosphere simply normal science? 
The attempt to answer these questions provides a good illustration of the 
difficulties in liuhn's concqts of paradigm, normal science. dnd scientific 
revolution. 



A s t o w h a h e r ~ ~ p h y s i a w a s a m f i c M d n o c u c h .  
cmainly More thc dirova). of h radiation belt no ont =as mrrsciously 
working on investigating thc ~~, since the d uwh a 
region was unknown. Followi~rg Van Allen's cxpcrimcnu, fcorts of 
rer+archcfs began to investigate the magnet-. Ow couM then kgit- 
imatdy argue ttut hew was in- a new E i c l d  ol mearch, not king 
pumJ Marc, now being prrsscd vigomdg. But this seems too shallow a 
conclwic..~. For mcarctr on the eanh's magnetic field. the aurrwas. zun- 
earth relationships. and cosmic rays had bren d long standing wkr? 
Expfote~ I went aloft. From this, magnctosphcric physics appears more as 
simply one aspert of those other fiekis-a remarkable and hithmo drr- 
seen aspea to ht sure. but integrally re la td  

Did then, the unwiling d the magmtosphem constitute a sc imt i fk  
revolution it1 tiee r e h i d  scientific fields3 &win$ the magnccmphaic 
paradigm that emcrgPd from the first halfdozen years of catdlite and 
space-probr research was new and unpdictcd. One is tempced. then, to 
argue that the emergence d this entirely ncm. paradigm was evidence of a 
scientific revolution. But again the quick answer may be too superficial. 
True. the uapped radiations and the magnetosphere as it was m-ealed were 
unpdicted. But that is not the criterion d a scientific m'olution. One 
must ask instead whether the radiation belt a d  the magnetmphere 
unprcdictabk from tht  existing paradigm in the m s e  of being fundamen- 
mll? iac-onsisrent with it. The ansrr-m to this question may weil be no. In 
fact, the work of St- and 0 t h .  hamf wholly on the existing para- 
digm. had provided an adequate basis for predicting the existence oi 
trap@ radiations in the earth's magnetic field. In this light the new. mag- 
rietosphrric paradigm appears as a s u a i g h t f ~ ~ a r d  a temion d the pre- 
v~ously existing paradigm, requiring no changes in fun&.mmtal p r i r ~ i -  
plcs or concepts. From this per spec ti\^. then. the magnetospheric research 
of the early 1960s was normal science---exciting. producri\v. important. yet 
normal science. But ma.qnetcspheric physicists are likely to corbider the 
above p p e t t i v e  tw broad. Sorman Ness, one of the key figurn in mag- 
netospheric research. regards the progws made in the half-dozen years fol- 
lowing the discover?- of the radiation belts as revolutionar?.. In this assess- 
ment Sess considers the emerge- of a new magnetospheric paradigm 
and the fact that no one predicted it as of primary significance." 

One major implication of the research on the earth's magnetosphere- 
which was immediately recognized-was that the way in which the inter- 
planetary medium affects a planer depends strongly on whether the planet 
has a ina.gnetic field. in a period wher the idea of comparative planetolw 
was being cmph;~sized by the availability of spacecraft to carry scientific 
investigations to the different planets. scientists p i o u s l y  interested in 
sun-earth relations were kginning to talk about sun-planetaq relations. It 
had alrrady appeared as though the moon prducrd a detectable wake in 



the sdar wind, although later measummmts by Explorcr 35 would show 
lhat the lunar wake aunds only a few lunar radii downmeam. instead d 
to the vicinity d ttx canh as originally s u p p o t d m  Th? moon presented 
the case d a ,,lanetar). body with tr). littk magnetic field and no atmos- 
phere. Solar wind particles might he expmcd, then, to suike the lwmr 
surfact dimly.  In the case of Venus, which also has little magnetic f i  
but which has an atmosphere perhaps 100 times chat d Eanh. t k  solar 
wind would impinge on the top d the aunosphere but would not bt able 
to reach the planet's suriacc. Mars ~ ~ l d  present the case d a planet with 
little magnetic field and an atrnosphcre about one percent &at of Eanh. 
Jupiter, on the other hand, with i u  very strong magnetic field would have 
a tlugc magnet-. If radio bursts that were o b m d  to comc from 
Jupiter were from trapped panidcs. the Jupiter radiation belt wmld prow 
much more intense than Earth's. .4t the end d 1964 these principally 
i k s  for future research. iinowiedge d tanh's magnetospkre intrs(cd that 
future research with conskkrabk pnmrise. 

Satell'te gedesy also made a substantial contribution to the deepening 
perspective in which men could view their own planet. But the new per- 
sptktiw differed in an interesting wa?- froni that provided in magneto- 
spheric physics. For the latter. rockets and sateilites m ~ a l e d  a wide range of 
hitherto unknown phenomena. In contrast the subjecr matter and prob- 
lems of gpodesy were well known: it was increased precision. the ability to 
measure higher order effects. and the means for constructing a single glo- 
bal r e f m  ssstem that space methods helped to provide. 

C d e s y  may be divided into two areas: geomctrrcal geodesy and 
dynamrcal. or phvsrcal gc0dc.q. l h e  former seeks by geometrical and 
astronomical measurements to determine the precise s i ~ e  and shape of the 
earth and to locate positions accurately on the earth's surface. The latter is 
the studv of the gravitational field of the earth and its relationstlip IJ  the 
solid structure of the planet. As will k w n ,  .qeonietrical and physical 
pwfes) are intimatel) relatd. 

Geodesy offers many practicxl values. :\ccurate maps of the earth's sur- 
face depend on a knowledge of both sue and shape. Into the 20th centuv 
the requirements for precision were rather m&t. Individual countries 
could choose their own reference systems and control points and. 
using geodetic measurenwnts made within their ~ \ \ . I I  territorin. prcdi~ce 
maps of sufficient accuraq for n.~tional purposes. l'he appreciablt. difter- 
e n m  among the iarioirs g d e t i c  systenis did not appear to matter. .is late 
as 1947. disagrwmenrs among Danish. Swedish. German. Sorwegian. 
French, and English s)stems r a n d  from 9.5 meters to 250 meters, \r.hile in 
[he absence of adequate suxeys. erron b<.tween the \;trious corrtinents anti 



m a n  islands muld be 2 kilometer or more." For demands in the mid-20th 
century. the most obvious k i n g  those d air and marine navigation and 
missilery. such errors could at times appear enormous, and there was a 
growing agitation among pxks is t s  to generate a world geodetic system 
that would use a common reference frame and tie all nets around t h  world 
into a single system. At this point the artificial satellite a p p m d  on the 
scene and was able to provide some help. To understanJ how the satellite 
could contribute. ;* ' w basic conceyrs are needrd. 

The science a4 geodesy beg-  when the Creek Eratostherre (c. 276-c. 
192 B.C.). believing the earth to be spherical. combined astronomical 
observation with land measurement to estimate the size of the globe 
(fig. M)." He had learned (actually incorrmtly) that at noon in mid- 
sunlrner the sun shown vertically down into a well in Syene (now Aswan). 
O k i n g  that at the wme time tbe sun as seen fro111 .\lesandria was 7.20 
south of the zenith. he c-oncluded that the arc along the earth corrrrcvtitrg 
Sycne and Alesnndria had to subtend an angle of 7.20 at the earth's crnter. 
The arc acwrdingly had to be 7.2 .S60 or 1 ;.W of a total meridian circle. He 
was told t b t  a camel caravan took 50 days to travel from Alexandria to 
Syene. I'sing a reasonable camel sped he deduced , leng*h for the arc. 
which multiplied by 30 @ve him a rough estimate (16% too large1 of thr 
length of a who!e nieridian circle. Such estimates of thy earth's dinwtrsiotrs 
improved over the centuries as different persons ustd better mt.;lsurt3ments. 
and e\nrtually better techniques. 

Cnr?c-crning twit rriques. thr next major step in gv)d t%y  ci1111e \\-lre~\ 
T y h o  Brahe cnnceived of the method of triangulation. which wits devcl- 
opd into ;a sclencu bl \Villc.brord Strell. In this ttuhni;luc. ifig. 37) the 
points ,+ and P. between which the distance is to be deternrind, are con- 
nected by a series of interlinking triangles. 'Ihe !ength of one sicit- of olrc [d 
the triangles that is convenient to nieasttrc --wy the side . A 0  oi tht- first 
triangle-ia then rneasilred to a high degree of ac-curat-!. One. tiwn meit- 
surm the angles of the first triangle. which can be done with lrrtu-ision 
much more easily than measuring length. ('sing the law of siws. the 
initial side o f  the next triiangle down the chair1 (-311 then bt- ~;tIc.~~lattui. 'I'ht- 
p r a m  can be r e ~ ~ t d  to gvt the length o f  the inilia1 side of thr third 
triitnglc of the chain. Moving step by step from t~iatrglc to tr~.tt~kle. o11r 
finally gets to the la31 triangle. of which P is a v&tt,s. \\ '~th the* le~lgtl~s of 
all the sides o f  the triangles kno\\.r?, it is tht-n pc)ssiblc to c -c~ r t~ ! t i t t c .  tht* 
dis[ance between .\ and P along the terrestr i;tl sphcrc. Pot g~t,.tt d~st.tnc.cs 
one must. of cr,ursc.. intrcwlum apprapnde corrcu.tions to t;ikr into . ic . i .o\ i~~t  
th;lt the sum of the angles of 3 triangle on a s~hrr-c  is grcBate1 t11;rrt 180'. 
With cxre a high degree of accuracy can be actrit-vtrt. H! itstng I I C I ~  ot 
triangltr otw c-;111 prtw-t~ut out\vard ; ~ l o n ~  onr c hi~in to 111~. st,ltr ttd ~ n ~ i ~ t t  P. 
and h c k  along a ciifft.~ent (.hain to c-iilci~l:ite ~ht .  ~i~eits~rrtui txtwli~:c. .\I%, It 
tht- c.alct11attxi vitltte o f  A0 13 st~fficie~rtly (.low to t l ~ r  origit~,tIl~ I I IC , I~ \ I I  txi 



Figure 16. Eratosthrties' method 
for mrsrruring the crrcumfnmc-e 
of the mrth. 

Frgutr '7 .  Trrangrtlatrow. Thrs trc h~arqnr prm.mded a strp-hv-step method of ac cu- 
ratrk drtrr~rrrrng the drctancr brtu.rert uvdrlv wparcltrd pornts on thr earth's 
surfor c. 

value. the confidence in the c-alculated value of AP can b high. Jean 
Picard (Iti2%-1ti$2) etnployed this technique in obtaining the value of the 
earth's radius that Isaac Sewton used in deriving tiis law of .gravitation. 

The  pcricxi from ):riatosthencs to Picard has k n  referred to as the 
sphcrrc-a1 cra of geodesy. During that time it was assumed that the earth 
was a sphere. This made the geodetic problem quite simple, for one had 
only to determine the radius of the terrestrial sphere, and the rest came out 
of simple gwrnetn  (spherical trigonometry). But in the 17th cvntury it 
k a m e  clear that the earth was not spherical. From this period on the 
earth was visualized as essentially an  ellipsoid of revolution, with its 
major axis in the tyu;ttorial plane arid minor axis ;rlong the earth's axis of 
rotation. 'i'hc bulge in the equatorial plane could be explained as due to 
centrifugal forces from the earth's rotation. -1hus. the 18th and 19th centu- 
ries could br thought o f  as the cll~psordcrl pcrrod o f  p d m y .  arid a prime 
task was to find the cllipwid of proper sizc and flattening to k t  represent 
the earth. By the mid-20th cmtitry the q i~a to r ia l  radius of the reference 
ellipsoid haci bt.t.11 determined as 6378588 meters. while thc flattening- 
that is. the ratio of ~hc.  ctifft.renre between thc tquatorial and polar radii to 



the equatorial radius-was put as 1.1297.U The tasks of modern geodesy 
grew nut of this historical background. 

Those seeking a single geodetic net for the world had to agree on a 
suitable reference frame. It is natural to take this as a rectangular coordi- 
nate system with origin at the earth's center and thrcv mutually perpcndic- 
ular axes, one along the earth's rotational axis and the other two in the 
equacorizl plane. .i2lternativelg m e  could use sphericdl polar coordinates 
locating a point by its distance from the origin of coordinates. and its 
latitude and longitude. In principle all measurements and calculations 
could be made in terms of these coordinates without any intermediate ref- 
erence. To visualize the geonwtry. however, a refefpnce surface approximat- 
ing the actual surfam ol the earth is helpful. The most useful d e m  
surface should satisfy two important criteria. First. it should be of such a 
size and shape that all locations on the earth are close to the reference. 
Secondly. the surface should be o m  on which calculations of positions. 
angles. and distanms are mathematically simple. A s p k  would satisfy 
the second criterion vev nicely. since one could use the ordinary spherical 
trigonometry of air and marine navigation. But for any chosen sphere. 
many lorations on earth would be unacceptably far from the reference. By 
flattening the sphere at the poles, howrvcr. to produce an oblate ellipsoid 
of revolution. both criteria can be met. For calculations the methods d 
analytic geometv can be used. and an ellipsoid of the equatorial radius 
and flattening given in the p d i n g  pansgraph-6378388 meten and 
1 297 respect ivels-provides a good first order approximation to the actual 
size and s h a p  of the earth. This ellipsoid of revolution. with center at the 
origin of coordinates. was often used as reference ellipsoid before the 
advent of satellites. As will be seen later. satellite geodesy provided an 
improved estimate of the sire and flattening d this reference ellipsoid. 

By furnishing the means of accurately positioning different sites and 
features on the earth. geometrical _+esy provides essential data for map 
makers. the fixing of political boundaries. civil engineering. and militav 
targeritlg. But, the data also ririse ntirneruia scientific questions. such as 
why vrarious fentures are wherr they ;ire and what forc-a c-;auw observed 
irregula~ities in the shape of the ~31th .  Dynamical geodes?- addwsses itself 
to such questions. 

.Antong the factors afftxring the sh;clw of the e;arth art. the distribution 
of matter in the crust and mantlr. centrifugal forces due to the earth's 
rotarion. and .qqravi[\. The donlinant f;tctor is gravity, and an investigation 
of the earth's jpvitational field lies at the heart of dynamical geodesy. 'To 
understand why. the concepts of .cyoid and spltcric-nl harmotticlt will be 
helpft~l. 

First the geoid. To start. consider a sin~plifird c ; ~ .  Suppose the earth 
to bc ixrfertly homogencr>us, plastic-. and nonrotating. Then the earth 
would assume the sh;ape o f  a ~x-rf<.c-t sphere (fig. 38). More significantly. 
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level surfzces around the earth would also be perfect spheres. By bvl sur- 
face is meant a surface to which the fo~ce of gravity is perpendicular every- 
where. At any point on the surface the bubble of a spirit level held tangent 
to the surlace would be centered. A pool of water on a level surface would 
experience no sidewise, or "downhill," gravity forces urging the water to 
flo\v (and were it not for internal pressures in the water and adhesion to 
the n~aterial of the surface. the pool would stay where it was). 

The level surface that coincides with the actual surface of the earth is 
c-all4 the geoid. In the ideal~zed case treated here, the geoid is a perfect 
sphere. 

SOW suppose a homogeneous. plastic earth rotates around a fixed axis. 
In this case the centrifugal fo rm of the rotation combine with gravity 
lessening the gravity and causing a bulge at the equator and producing a 
flattening at the poles (fig. 39). The earth's figure becomes that of an oblate 
ellipsoid of revuluiion. the surface of which is lcvel. If the surface were not 
level. sidewa\s forces on the plastic material would keep the material flow- 
ing until those fort-ts \\.ere reduced to zero. Thus, for this case, the w i d  is 
the ellipsoid of revolution comprising the earth's surface. 

Nest. return to the nonrotating earth, but this time suppose that near 
the su~facr is a large Inass of material much denser than the rest of the 
earth (fig. 10). In this case, near the dense mass thn level surfaces are no 
longer spht.rical. For. if one imagines holding a spirit level near the in- 
truding mass. its estri  gravitational pull draws the fluid of the level 
toward tilt. rnass thus forcing the bubble away. To counter this effect the 
end of the level nearer the mass must be tipped up to recenter the bubble. 
In other words. the Icvel surface tips upward as one approaches the mass, 
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Frgurr 33. Thr groad iri thc cnsr of a 
homogrncorcs. p las~ ic ,  nonrotntrng 
forth. For thr idralrxd case drplctrd 
hrrr. rhr grord I S  a p r f r r t  sphrrr. 



Axis 
of Rotation 

Figrcrr 39. Thr groid in thr case 
of a homogrnrous. piastir. ro- 
tating earth. In this casr. also an 
idralixd nr. tht groid i s  a prr- 
frct oblate rilipsotci of mwiuticn. 

Polar Flattening 

\ 

/' (exaggerated) 

thus forming a 0ul.ge. 111 a bimilar vein, near a m;ass deficiency. the lt%\c4 
surface would show a depression. 

For a rotating. nonhomogt~nmus earth, the sanle reauoning applic\. 
Mass concentrations in the crust produce bulges in the gmid whilt. illass 
deficiencies create depressions (fig. 41). Thus, the actual m i d ,  which for 
the real earth is &lined as the level surface that over the weans coinridt.s 
with mean sea level, himishes a good means of visiiali?ing tariations in 
the \~ructiire of the earth. Sinw mass and gravir\ go together. t11t.w strur- 

Frg!crr 40. Thr ~rord iri  thr c.a.\r of a riorthontogrrirotc.\. ,iorrrotntrrrg fnrtir. I'arrrr- 
trorir rri  thr rnrrhL tfrnrrty grnrmtr brrlgrs ntrd dc.prc.*.srorr.c c t r  the Krr)tcf. 

k c 1  surface riscs 
hiust tip this end over the mass. 

up to rcccntcr bubble. -- -. 
\ -. 



Broken linr is gcoid with 

!&>lid linr is  

Frgtrr 41. Tht al.tual groid. T k  
rral rarth'.~ nwid has ntcntrrous 
bulges and dcprrsstotu. rrz ucrltng 
61 thrrr rxtstrttir npprccrcrblr 
zurrutrotas rn thr t~mtrrtcl of the 
pla~rrf. 

+ Indicates mass cxccu 
.- Indicates mass dcficicncy 

rural featitrm are revealed in their ir~flucnc~ on the earth's gravitational 
field. intcnstfying the field near mass e s c t w  and weakening it ncar tilass 
deficiencies. T h w  prtirrb,a,trio~is in the earth's field prcwiilc~ compnd ia ig  
iwrturbiations in the orbits of wtellites which rrvolve under the influence of 
gravity. .4 pnu-ist. ;~nai?.sis of t h w  orbitral ~rturb,atic~~is cia11 yield the fea- 
lures of the field. From the.st- ant, finally grts back to the w i d  and the 
carth's stnlc-cure. 

hlatht~~iiatic-;tll? the earth's gritvitatio~~itl field can be derived by c lcu-  
lus fronl \vh;tt is calltvt the gtvp)tenti;~l hlnction 4'. Physicirlly the surbcvs 
over which O is cnnstant an. the Iewl surktc~s diw-us4 earlier in defining 
the w i d .  -1htis the rtrakrup of the gmid and that of the earth's surfac-e 
gmqx>tt*ntial are identic-al. 

-1'he gt~~lx,tenti;~l hl~wtion cxrl h a  esprt.ssrul its the sil~ii of 311 i~lfinite 
nilmbr of terms (in gtstlerial). Bcu-;rtrscb tht-tb ternis c;ln bv t.sprt*sstui in sitirs 
and c.c>sinrs of I;~titucte ;md longit~dt-. thev art. rr.fc*rrtui t o  ;is sphcricxl har- 
monic-~. by a n a l o ~ -  tcith the ti;ar~iionit .ttl;tlysis of a vibrati~rg string where 
sitirs i~ttil c-ositit.s of rlic v;rric>~rs tn1rltip1t.s of the futlri;ttilent;rl frtq~ietlcy of 
thr slririg ;#re irsticd.* I'lir ;~~tioirnt of ;I s~xyitic h,rrntot~ic. in the esp~nsion 
of the gtwpotc.liti;tl is givean b! a cxwffic-irnt J,,,,. I'hr most grntbr;rl h;irtrton- 
11-s I-orresp>iid to distortions of thr gtu~id in tn~rh latitudr ;and longitiuit-. 
Son~c. c-alltri src,tor~nl harmot~~c.s. reve;rl major ctistortions in longitide- 
for t>s;an~ple. ;tn elliptic.ity in tht. c.;trth's tqirator. O f  sptu.i;tl inlportanc-t. arc. 
thc ron:tl harnionics, \chic-h corrcsp)nJ to ccwffic-ients J,,,,,, foi- \s.ttich m = O 
,111ci \vhich (it,pc~iti o~ilv oii l;atitucit~. Thv stx~otici ie31i;tl Ii;triitonic ~WI-C*S- 

)n>nds to the earth's cquatoriiil bulgtb caustwi by thc e;irth's rot;ttion. -1'he 
third rotl;tl h;rrmoliic.. if present in the esptnsion of tlie g~~porent ial ,  

.Mew atmipkrc I\, l ~ h r  t h r  511m . I I ~  CXMII)CI. lhr  b s ~ e  I I I I U I U ~ ~  cntt td ~ h r  h s i h t t n l  h . a r ~ t h ~ t u ~  
rrr e t w -  mtnl  bun^ rtut .t~~~hrr~uiata~ts trll rrr ttrrh~~corral \rt 



would add a pear -shad  component to the earth's figure. elevating the 
w i d  at one pole and depressing it at the ocher. 

It was in regard to the reference ellipsoid and the coefficients in the 
spherical harmonic expansion of the earth's potential that satellite mea- 
Picmnents colt Id aid the geodesist. The most straightforward contributim 
was to yrovidc a sighring point in the sky that could be used to make direct 
mn~ections between remotely separated points of the m h ,  supplementing 
the method of triangulation along the ezinh's surf-ace. For this purpose 
simuitaneous sightings of a satellite from two widely separated points were 
most useful. But once the orbit of a satellite had been accurately deter- 
mined, si~nultaneous sightings were n a  required. One could relate sepa- 
rate sightings by computing the time and distance along the orbit from 
one sighting to the other, and again proceed to compute the distance 
between the two observing stations on the earth. By this latter method con- 
tinental and transoceanic distances could be spanned, ciearly a powerful 
aid in tying together different Qrodetic nets of the world. 

The second major co~ltribution that satellites o u l d  make was to help 
determine the different harmonic components of the earth's gravitational 
field. or alternately of the earth's gravitational potential. The orbit of a 
satellite is determined completely by its initial position and velocity and 
the forces operating on it. These forces include the gravitational influences 
of the earth. sun. and mooil: atmospheric drag: solar radiation pressures: 
and self-generated distnrhnces such as those caused by gases escaping 
from the interior of the satellite. For a satellite near the earth yet well out 
of the appreciable atmosphere. the earth's gravity controls the orbit, the 
other effects amounting to corrections that have to be taken into account. 
As for the earth's field. Sewton's inverse squartB law term constrains the 
satellite to an essentially ellipticril orbit. But higher order terms also have 
their effects. The second order zonal harmonic or equatorial biiige causes 
the plane of the satellite's orbit and the line joining apogm and perigee to 
rotate in space. Still higher harmonics produce slight undulations in the 
satellite's orbit, tr.hich can be measured and analyzed to determine which 
harmonics. and how much of each, are prodticing the obsend effects. 

The application was simple in principle. but mathematically very 
complicated. Satellite orbits and their perturkations w e r ~  directly related to 
the owid. while the positions of the tracking stations and geodetic nets 
were tied to the reference ellipsoid. and a major objective was to improve 
the quantitative definitions of both geoid and ellipsoid. Because of the 
complexities, the rndcln computer was required to take advantage of the 
satellite opportunities. Rut with the c-omputer the complexities and impor- 
tant resiilts were quickly sorted out. 

Some of the earliest came from the first Sputnik and Vanguard satel- 
lites. I'sing S p t i t t t t k  2. E. Buchar of Czechoslovakia was able to make an 
estimate of the earth's flattening. Fmm 111c ~neastirrd rate of precession of 



the satellite's orbit, which a ~ u l d  be related mathematically to the flat:en- 
ing. Buchar obtained the value 

f = I l(297.90 f 0.18) (12) 
which is to be compareJ to the previously accepted value of 1 i297. From a 
more extensive analysis of the Vanguard I satellite, workers at the Ir.S. 
Army Map *nice obtained 

f = 1/(238.38f 0.07) (13) 
while a IT.S. Naval Research Laboratory group got virtually the same 
answer. 

While the measured flattening of the earth was smaller than that 
which had been in use, it was significantly greater than that which would 
exist in a plastic earth rotating at the present angular velocity of the earth, 
namely I - 500.'5 The implication was that the earth's mantle was not per- 
fectly plastic. For a perfectly plastic earth, the flattening indicated by the 
satellite measurements would correspond to an earlier, faster angular veloc- 
ity of earth. Instead, changes in the earth's equatorial bulge lag by a sub- 
stantial period-tens of millions of years-behind the changes in the cen- 
trifugal forces producing the bulge.% 

1 'anguard I data also showed that tbe eccentricity of the satellite's orbit 
varied by 0.00042 f 0.00003 with a p r i ed  of 80 days. John O'lieefe and his 
colleagues concluded that this variation had to be caused mostly by the 
third harnlonic in the earth's gravitational field. The distortion corres- 
ponding to this harmonic was very slight, amounting to only about 20 
meters elevation of the geoid at the north pole and an equivalent depres- 
sion at :he south pole-widely described in the newspapers as the earth's 
"pear-shapd" mmponent-but w3s significant in that it might imply a 
c-on siderable strength in the earth's interior. O ' k f e  and his colleagues 
estimated that a crustal load of 2 X lo7 dvnes.'cm2 (2 X 105 nim2) was 
implied by their findings, producing stresses which they said "must be 
supported by a mechanical strength larger than that usually assumed for 
the interior of the earth or by large-scale convection currents in the 
mrintle. 

It was ~x)ssible b \  a detailed analysis of the orbital perturbations to 
derivt. a chart of tht- departures of the geoid above and below the reference 
ellipsoid. a chart which could suggest a great deal ahout the distribution of 
m;iss within tht. earth's C-rust. I'sing observations from five different satel- 
lites. \\'iiliarn liai~la of Goddard Space Flight Center produced the chart 
shor\.n in figure .12.3a The positive numbers give elevatioi~s of the geoid in 
mettSrs atwlve the reference ellipsoid. which was taken to have the flattening 
of 1 298.24 indicated b\  satellite measurements. The negative numbers give 
dcprc.ssiot~s of rht. geed below the mference e!lipsoid. As an example of 
whirl ont. can read f~.om such a chart, the elevations and depressions of the 
geoici sho\vt~ in tht. rcjuittorial lxlt stronglv suggest that the earth's tqltator 
is not a c.irc.le, but ;in ellipse. This is consistent with an analysis by 



F~gurr 49. Thr grord as rngmled by safrllttr mrastcrrtrtrn(s. Grord hrtghls I T I  

tttrtrrh rrjnrrti to an rlllp.\o~d offlattrr~~ng 1 2QX.24. drtrrrntnrd from ob~enurt~o~ls 
o f  satrlltt~s 195Pal. lQSijq, 1960~2. 1%181. and lQ6laS1. It'. :\I. Eatrla rn Satelliie 
<~ecdr\ \ ,  1958- 196.1. S.4S.f \'!'-Qf(Iv66 1, p. 3 3. 



BEYOND THE ATMOSPHERE 

C. A. Wagner of data from the communications satellite Syncom 2 in syn- 
chronous orbit over the earth's equator.sg Wagner found a difference of 
130 f 4 meters between the major and minor equatorial diameters, with 
one end of the major diameter at 19O f 6' west of Greenwich. 

While many workers were concerning themselves with physical, 3r 
dynamical, geodesy, others were working on the problems of mensuration 
and mapping. Using the large Echo I satellite. French geodesists under- 
took to check the tie between the French geodetic net and that of North 
hfrica.'O With radio tracking techniques. the Applied Physics Laboratory of 
the Johns Hopkins University determined distances between stations at var- 
io 1s points from the east coas: to the west coast of the United States. From 
comparison of distances measured by ground surveys and those determined 
by satellite techniques, the APL workers concluded that, with 3 modest 
number ot satellite passes and four or more observing stations, relative 
positions of ground stations separated by continental distances could be 
obtained with a confidence level of about 10 meters.'l Using simultaneous 
photographic observations of the Anna 1B geodetic satellite taken from 
different stations, Air Force workers measured distances between stations 
separated by about 1000 km with good accuracy-better than 10 m. They 
concluded that their geodetic stellar camera system was "operationally 
capable of extending geodetic control to proportional accuracy of better 
than 1/100000 when cariteras in a network simultaneously observe a liash- 
ing satellite beacon."'2 

The p w e r  of satellite geodesy was quickly evident, and significant 
results were forthcoming almost as soon as the satellites were available. 
Nevertheless, the first half-dozen years after Sputnik must be regarded more 
as a preparation period rather than as a full flowering of the new tech- 
niaue. One nhtained a better estimate of the size and shape of the reference 
?!lipsoid ;a use for a world geodetic system. and a good start on tying a 
number of existing networks together by u ~ i n g  satellite triangulation. But 
most of the work of establishing a worldwide system had yet to be done. 

Accuracies measured in meters were achieved in the early work, but 
these were far from the precision for which one could foresee a need and of 
which the satellite approach ought to be capable eventually. For some 
applications to oceanography, such as the determination of circulations 
and their causes, measurement of heights of the sea surface (which is not 
always at mean sea level) would be requited to within centimeters, and 
correspondingly the altitudes of orbiting satellites to a comparable preci- 
sion. To  follow the motions of tectonic plates making up t!w earth's crust, 
and the drifting of continents-a few to perhaps 10 rrrliinirters a year- 
comparable accuracy would be needed. The rnilita;. u~~vices also had 



requirements for greater accuracy in geodetic measurements, not so much 
in the positioning r: strategic locations around the world relative to each 
other as in the determination of higher order harmonics of the earth's grav- 
itatiJnal field, wnich would affect the orbits of navigation and photo- 
graphic satellites and tbr accuracy of long-range missiles. And the precise 
determination of thc earth's fleld was of major scientif~c interest, being 
directly related to the structure znd processes within the ear~h's crust and 
mantle. which in turn were prohulv connected with the causes of tectonic 
plate zntior.s acd continental drift. To obtair the great precision needed 
for such applications, many years of theoretical work and practical e x p  
rience with the new geodetic techniques still lay ahead. 

The  power of satellite geodesy for gravitationai field studies lay in the 
different avenue of approach it afforded from that of ground-based geo- 
desy. For exampie, to locate the geoid from surface observations one might 
start with measurements of the deflection of the vertical from the normal to 
the reference ellipsoid. But the normal to the geoid surface (fig. 45). which 
is the direction of gravity at the point in question, usually differs from the 
direction of the perpendicular to the surface of the reference ellipsoid. The 
deviation 1s determined by astronomical measurements, using the stars as a 
fixed reference system in space. Frorn the angle between the normals to the 
geoid and the reference ellips3id at a chosen point, one can deduce for any 
direction along the ellipsoid's surface the slope of the geoid relative to the 
ellipsoid. By integrating this slope along various arcs the departure of the 
geoid above and below the ellipsoid of reference can be obtained. Tre- 
nlendous quantities of data are necded to construt t a chart of the geoid for 
the whole earth, or even ior large regions. Furthermore, the technique 
cannot be applied over the oceans. 

In the satellite orbit, nature has already done the integrating that the 
ground-based geode~ist must do in depicting the geoid. For the motion of 
the satellite in its path is the result of the collection of forces operating on 
the spacecraft, the dominating one tieing that of the earth's gravity. Thus, 
the satellite geodesist has in the orbital data a worldwide picture of the 
geoid, his task being to sift out the different harmonics as an aid to visual- 
izing the structure of the gravity field. The two approaches are in a sense 
from opposite directior, The ground-based geodesist starts froin bi.: .t d 
pieces of the total picture and tries to reconstruct tbe total from t: * < 
pieces. In contrast the satellite geodesist starts with an ir~tegrated effect and 
tries to discern from the total what the key building blocks are. 

I t  had been extremely diffitult to determine the higher harmonics in 
the earth's field from ground observations. Rut in a few vears artificial 
satellites produccd a respectable number of the mole ;):*portant harmonics. 
By the n1i.d-1960s reasonably consistent values of the zonal harmonics 
J ,  ( =  1, ,) through Ii (=I, ,) had been obtained by several different percons. 



of Ccoid Rektirc 

-- 
1 

+ 

1. Taat=Slopcof 
g a d  ~ L t k  to 
egipooi. \ 

Refcmm 
2. Slape gircsntc 

at whicb g c d  
Etiiproia 

h w i n g  from 
r t f m c c  ellipsoid 

3. Zntqpating this n t c  along arcs 
gives actual dcpmure i 
of geoid from ellipsoid 

Frgure 43. Lktmnrnrng the geord from ground-based measure- 
rnmts. { 1 / Tan f rs t k  slope of the pard refatnu to the rcftrmce 
~Nrpso~d.  f,3/ The slope grzrs the rate at u.hlch the geard d c ~ r b  
from thc rllrpsold as a unctroc o/ dcstanrr along thr rllrpsord. ( 3)  
Intrgratrng thrs rair aio~tg arc r griv\ the actual de.parturr h of thr 
grotd from the rllrpsord. 

and a number d the more general <-ocfficients-for example. Ja. J,,. Jn. In. 
I , , .  J, , .  ],,-had been c~mputed .~f  In view of such successes it is natural to 
ask ~f satellite geodesy was destined to suppla~t  ground-bawd geodesy. The 
answer to this question must k no. Just as sunding  rockets continued :o 
be essential for upper atmospheric research even after the satellite was 
available. so ground techniques, the power of which was greatly strmg- 
thened by the development of long-baseline interferometr)- using fixed 
sources in the sky like pulsars. r e m a i d  essential to geodesy. In fact, over 
the years ahead ~gedesists would be discussing the necessity of combining 
grocnd-based and satellite methods to achieve required accuracies. 

Sewrtheless, satellite .geodesy injected a remarkable stimulus into the 
field. By 1% the worlc , astronomers were s~riously considering incorpo- 



rating rhc ntw mils from sucllitc gmdmy into the i n u n u t i o d  system 
d ; u u o n o m i c a l ~ ~ ~ A s w i t h t h t ~ ~ , o n c i s I c d ~ , ; l s l t i f  
such actions. along with the impmsiw m u l u  flowing from grodttic 
nscarch with sailtdlius did not indicate a rdcntific Rvdution in t& fi t ld 
Satellite geodesists could indctd think and speak d their work as "rrvdu- 
tionary." 

As John O ' M e  obscnrs. the satellite tauits had f d  the &an- 
donmmt d what had p i o u s l y  been rceptcd as the basic hjpolhcsis d 
g m d e y .  In hicf. thc hypothesis hdd that there arc no extensive arms om 
earth in which the diffamm k w . t c n  thc earth's gravity and thc gxavita- 
tional field to be ex-4 from a uniform d l i p i d  is of a sin& al- 
sign. The basic hypothesis stemmed from the conccp of iwrstrsy, in which 
the canh was supposcd to luve an csuntially plastic mantk in which sucs 
differences would promptly be rc lkrd .  But satellite measuremema re- 
t~akd that them are substantial low-arder harmonics in the carMs lieu 
casting serious doubt on the idea d a pbstic mantk. and imposing serious 
limit5 on the idea d isostasy. In O'lide's own words: 

'nK V a n p a d  muln  SMPP( this w h d t  philosophy- into limbo. Sucsr 
d i f f m z s  ckarly e x i d  in rhc mantk. Isosus~ w a s  not uu on a 
scak. at It;w not to the c-xtcnt drmandtd by the Bask Hqmthcsis d G m t b y .  

The mtaning o! this mdution in m y  is not ?rt ckar in tcnns d 
g m p l ~ ~ s i c x  We kor- hat the h~-drowatic assumpion (isostasy) is not as 
gwd as MY thought; but what take its pbm? H~droslatic ~puilibrium mqns 
that the canh behaves like a liquid at rest: that is mu g o d  m g h ;  but is it 
bust tbi canh is a liquid in motion (i.e., cnn\ming) o- is it bccaurc the 
earth can k t h g h t  of as a solid (i-e.. having a non-rrm ultimate m g t h P  
. . . The ambiguity here has t d  to &saxre the significam d the malu- 
tion In W y .  . . . Thr QPodcrit- signifkaxlc~ of the satellite r o ' d u t h  is 
rfear: thcrt. arc substantial km- harmonicr. and is-< has t q  srrious lim- 
its as a mode d kaibinp: the b ~ s c a l e  bchv#w d the eanh. The Basic 
Hyndu=sis is f a l ~ . ~ '  

Finally it must be wed that the expanded perqpmive afforded by 
wtellite g e a k s y  applied not only to the earth. The techniques that were 
proving so u d u l  in the study of the eanh would obviously be effective in 
invfs t i~~t ing  the mcmn and plaiwts. Indeed. it was clear that a very long 
time would elapse before extensive .ground-based g m d a y  m l d  be prac- 
t i d  on another plane. For the foreseeable futtmw satellites would have to 
k the principal 1001 of lunar and planet~ry &!. Forrunately circum- 
stances had provicied 3 considerable opportunity to practic~ with this new 
tool before lunar and planetary orbittrs would be in operation. But there 
was little time to spare. By the end of IW the Lunar Orbiter was getting 
ready to go. 

By the middle of the 1960s the sounding rocket and instr~~tncnted 
sparrcraft had proved themselves to be molutiot~ary new twls for scien- 



tific rrxarch in the sense d u t  they had madt possibk intrstigations and 
d i m w i t s  not possible at the gnwrnd. They had allowed men to loolr back 
on thc planet from a ntw vantage point in space. enhancing the pcryrtc- 
tiw in which o m  could view the tanh. This pcrrpcctive would mntinue to 
dccpm as spacecraft and men reached other p:;lncrr making it F - ~ i b l c  to 
uudy rhe eanh nor as the only arrcssible planet but as one d man;. like 
*s. Broadly. thee investigations might be wgarded as ncrmal xirnte. 
But many scientists considered the impact of space w i m  on both magnc 
tos$wric physics and geodesy as revolutionar).. espcially in the hame- 
work d the individual diwiplinc. In any m t ,  the degree to which space 
studies enric!xd those sciences was inspiration to the  scientists and a satis- 
fying mum on the  inwamenrs of the rounuies that wpponed the work. 



Part IV 

Love-Hate Relationships 

Scc possum tccum zlnme, ncc sine tc. 

Martaal 



Who Decides? 

Cungress put the national space program in the hands d the civilian 
National Aeronautics and Space .Administration without prescribing ex- 
actly \\-hiat the prcwam shoultf be. Olhrc-tivrs of the spcv  p o g ~ d n ~  as artic- 
uht td in the S.4Si .4ct cd I9.M left a trtrl~endo~rs Itv\\.av-in CXI. a consid- 
er;iblc rt.spmsibiIit\-19 S.4S;\ and the mi1ita~- to decide \sh;~t should be 
&>11c..' Sot thict S:\S.\ cr>trlcl t i t~ide ~ c h  qut-stiotls ~:nilater;cIly. &or 3s with 
all strc.11 c.a~nplrs prcqr,rms thtrt~ \\.err man?- 1 t ~ t . l ~  of dmision. fr0.n within 
the irgenc-y to thr Rtrrt~;rrr o f  tht. Btrciget .tnd the prfiidcrit. to the C ~ n ~ g e s s .  
and hick t o  the presicient. Hut asstrming a rt~iru~nable amount of \.;isdom 
iind a~trac-ti\enr%s to \\-hat S.4S.4 prop~srd.  the age-rtc-y cu>uld cspect 
;lpprov;cI of 11luc.t; of whirt it asktd Lor. t-s~xxtu-i;~ll\ ill the c-lialatc cd c-olnpeti- 
I ion \\,itii t h ~  irt t ' ~~ io r l  th.tt c.Il.cr;rc trrirtxl t hr \-c:irs imn\cdiately ;tftw 
1;ctrrtc-ll of thc first Spurnil;. 

\Vhile ultimate iirrthority in suc-h rlwtters rests with CQII.- and the 
president. the initial sta.frs in which a salable proposal is being developed 
ma\ be all-imprunt.  .The scientific communit)- wanted to participate in 
the initial sr;cgt%-not only in the condtwt cd experiments. Indeed. t h e  finn 
determination to do so was a major force in the relations between NASA 
irntl rir-irrltisrs. \Vhile this dt3irc madt* i t  c;rs\ to twing first-ratc ~ietlt ists 
into the planning of tht- prognnl. it also ,genelatd tension when N.L!,A 
trndcrtook to make the decisions as to what to propose to the administra- 
tion and (i~lgrt%s. 

hl;cny felt that the National .Academy of Sciencm as representative d 
thr nittic>n's xie~ltists shculd c;i11 the shots in the national spc-e science 
progr.rm. Immtdiatel?- upon its creation in mid- 1958. the Space Science 
Bcurci sr>licited prc>yosals and sugpt ions from the natioiral x-ientific com- 
munity for sptix- science projects th;ct should follo\t- the accomplishmeni 
of the Intt-rnational Ckophysic;ll Year s;ctellite program.? .After assrssing 
; ih~ut  L ?  such pro[x~wls. the btxtrtt writ rt.c-ornmcncbrit,ns to SAS.4 shortly 
before S.AS.4 opmtd3 S.4S.A managers \\-ere pleased to have these recom- 
n~enckttic>ns and incorptwiitcxi then1 into prt%r;tm planning. But S.AS.4 
wits not rs.iliin~ to accept any implication th;it spice science proposals 



should normally come to N.UA through the .k&my of Scicncff. or that 
the Spce Scim-c B o a d  should decide what experiments to condm in the 
NASA program. 

NASA's p i t i o n  u-as that operational mpmsibilitics placed by law 
u p  the agency twuld not be turned over to some other agency. Moreo~w. 
decisions c'oncerning the space science pugram could not tx msdc on 
purely scientific .grounds. There were a h e r  factors to consider. such as 
funding, t iunpwer. facilities, spmmaft, launch whicles. and mvn the 
salability d projects in the existing climate at the White Hoilse and on 
Capitol Hill-factors that only N.4S.4 cwuld propcrly a s x i .  

So there fcdlo\ved a brief skirmish betwen the .+c;\derny anZ NASA as 
SASA insisted on tie-iding what swcv sc. ie~~v it would include in its pro- 

to the adrninistmriol~ and C'.*n,pt~s.~ Hugh Odishaw. execihtiw 
dimtor of the S p t v  Science Board. pesscd em further, urging that NASA 
wly rntiwly on the outside scientific c ~ ~ n n ~ u n i t y  for its science pagram. 
and not create any S;\S;\ s l ~ c e  sciencr g o t c p .  ?he author-heading 
S.ASA's space s-iencv pmgcani-mist4 and w2s supported by Silmstein 
and Dryden on the ,grc>untis that. aside from ts-;~nting to be involved in the 
scie~rtific work. the agency had to have ;r scientific rx~niptencu to work 
properly with thc ,,utside scientific c r ~ m n ~ u n i t ~ .  \\'ere NASA to limit it.wlf 
only to engincuring and tcr-huical staffs. dry-to-th! dwisiotis in the p p r -  
atton of s;ttellltes ;and S ~ C Y  probe wolrld haw to be ~nade without the 
insights into basic. anci x~iomrtiales sirbtlr scit*tltific nmds t b t  only working 
wimt ists c-ould prc>vidc. 

S.4S-A cwattxi S ~ I C P  s - i e ~ w  groups in a nilniber of the centers. espe- 
cially in the <idd;tnl S p i v  Flight <knter and the Jet Pmpulsion bbora- 
tory. .-\ few ~KII-S later John Simp6oii. physicist at the I*ni\~rsity of Chicigo. 
confided to the author that he had k n  one of those who had oppscd  the 
id, of S.SS.-\'s n.aving in-house s p c r  sc-ie11c.e .groups. He had. however. 
complcrrly rhca~rgcd his mind after stuing how vi~l~wblt~ it was for thc out- 
side scientists to have, as it were. full-titile wymentatiol~ at the cunters, and 
to have an ~cndcrstanding eirr to tun] to when problems arose. S i m p m  
syecifirally cittd the Interplatwtar) 3lonitoring Platfor~m-an Explorer- 
class wtallit~ <-c)ncrivtd by C;cddirci Slwir Flight Cxntt-r scientists for in- 
vt.sti,pting cislunar :pe-as  rstrcnwly valtmble for s p c e  sic-iencr. partic- 
ularly for his o w t ~  scientific intemts. Yet he and his colleagues in the 
universities. wr.c>rki~~s onlv part time on syrrcr nw.trc-h and \vithout rstcn- 
hivt. ct~gint.t.ring stlpprt. u.tare 11111ilicl\ to ha\r c-rc;~tt.ti i t ~ i v  s11c11 vehicles. 

'I'hr first skirrnish \s.iih the .4c.ademy and the outsicit* wit-ntists \*-;as not 
long livid. s~is! S.AS.4 eniergtxi fiimly in c-ontrol of spcv scienct. as well as 
in othcr ;tr;yc.ts %rf the sptir  prc%mnl. Scverthrless. NhS.4 nlanaffprs in- 
tended that tiie spi-t. wietic~ program be what the scientific community 
felt it st:ttt~Ici br.. I t  \%as the fir111 con\-ictior~ of SAS.4 sc-it-ntists that ;I high- 
cju;~litv scirticr prtqr;tnr ,-oilld he attaintxi only by sup)r,rting rhc mbarch 



of top-notch scientists. The agency proceeded, thedore, to seek and to 
heed the best scientific advice it could get. In ~ r i o u s  ways NASA sought to 
bring scientists intimately into the planning as well as the conduct d the 
program. With NASA in the driver's seat. but the scientific community 
serving as navigator, so to speak, a tugging and hauling developed, with a 
mixture of tension and c o o p t i o n  that is best described as a low-hate 
relationship. 

Cartainly "love-hate" apt1 y describes rslations between NASA and the 
Academy of Sciences. Given its role in bringing a space program into 
being. the Academy could claim the rights, if not d a full parent, at least 
of a godparent. After failing in its bid to prescribe the spate science pro- 
gram. the -4cademy. through its Space .Science Board, advised and s e d  as 
watchdog for the xientific community. 

On its part NASA strove to assimilate into its program the recommen- 
dations of the Space .%-ience Board. That N.4S.4 and the hcdemy were 
setting the same course is plain from a cotnparison of the makeup of the 
space scienm prognni set forth in S.4SA's work papers of February 1959 
and the book Scietlcr in Space. which the board syonsored and which xt 
forth the areas of space fesearch that board tnetnbers considered promising.' 
But the scie~ltists were impatient and more inclined to complain about 
deficiencies than to acknowledge what was acceptable in h'hS.4'~ efforts. 
.After the first year Berktier. as chairnut1 of the Space Science Board. felt it 
:iecr.ssary to dirru-t his criticism to George Kistiakowsky. the president's 
science advi.wr (set8 pp. 12-1. 212). That criticism rangt~i over \-irtually all 
aspwts of tht. SP;ICP scienc~ p r~gra rn .~  S.4S.A propic felt that Berliner had 
probably k t 1  moved by Hugh Oriisha\\.. executive dirtytor of SSB. to com- 
plain to the president's science adviser instcad of dirtx-tly to the space 
agency. (Mishasv had developed over the years a distnat oC government 
;and felt i t  inctrrnbent tipon hiniself to ensure that thc Space Science Board 
properls dischar-ged its \r.atchdog function. 

Berkner's missive elicited a response tmm Glennan. which the N.4S.4 
administc~tor addmsd  t o  liisti;tkowskv. a p i n g  in gvneral with Berkner's 
objectives but taking exreption to some of the a l l ~ a t i o n s . ~  Sri.ertheless. 
space science nianagcrs wert- goaded into re~ie\~ed efforts to shape the pro- 
gram to the satisfaction of the scit~ntific community. The going was diffi- 
ctrlt. and c.riticism continutxi until in Junr 1960 the anther felt impelltd to 
put out a \vorkpper on the subject.@ Specific criticis111 of NAS.4 included 
officials' not visiting outsicie institutions enot~gh. fcar that the in-house 
publication policy of N.AC.4 woi~ld be followed rather than open publica- 
tion in the scientific journals, inadequate involvement of the scientific 
communit~. I(K) tnt~ch t*~~\j)ll;tsis 011 pri3jt~ts ;tnd not rnollgh suppjrt to 



long-range university research. fear that NASA would relmse basic fesearch 
data prematurely, desire that NASA provide engineering support to univer- 
sity scientists, a charge that NASA gave too much emphasis to whicles 
(which in the jargon of the d a y  included both launchers and specraf t )  
and not enough to the experirnents, concern that N.UA scientists. much 
younger than their professiona! colleagues in the universities. were not 
sufficiently seeking and heeding the advice of the university scientists. 

The author's paper outlined N.4SA.s mode of working with the scien- 
tific community, a mode designed to foster broad participation by the sci- 
entific community. The intent was to work w..'l the Space Science Panel 
of the President's Science Advisory Committee. then chaired by E. M. Pur- 
cell, and with the Space Science Board under Berkner. By this time the 
space scientists in NMA had become ?ware of the extensive use NAG4 had 
made of advisory committees, and by way of reassurance to outside scien- 
tists reference was made to this past practicz. The paper referred to the 
creation of the Space Fiences Steering Committee in the Office of S p a  
Flight Programs. with seven si~bcommittm containing outside consultants. 
It specifically referred to the list of suggested experiments sent to N.ASA by 
the Space Science Board in its first days: most of those proposals had been 
included in the space sciencv program in one form or another. As to breadth 
of contact with the scientific communits, through various channels-PSAC. 
the Spar Science Board, and NASA's own committees-the agency had 
contact with about 200 scientists in a wide range of disciplines. Moreover. 
the author's paper stattd it was X.AS.4 policy that no more than about 20% 
of the experiments in spaceflight missions be provided by NASA scientists, 
the remaining 80% to be provided by outside experimenters. It was felt that 
the recurring complaint that outside scientists did not know what NASA 
was planning stemmed less from an aclrlal lack of communication than 
irom disagreenlerits over salile of SASA's decisions. 

If i t  did nothing else. the paper showed that ShSA's space science 
nlalragers wen, aware of the c-riticisms and were working to overcome them. 
In retrcaprct it  c-;ttl be xcn that S.iS.4's people did move st~xiily in the 
direction of making the space science program a creature of the scientific 
community. But it was a rocky road to travel and for a long time criticism 
outweighed approbation. Then suc<.ess brought its own problems. .As the 
program began to produce exciting scientific- results, interest in the pro- 
gram grew, generating a new difficulty-the problem of the "ins" versus 
the "oi~ts." 

In the fall of 1961 when the Office of Space Sciences was formed at 
N.SS.4 Headquarters, the chairman of PSr\C;'s Space Science Panel. Donald 
F. Hornig. wrote to Hugh Dfiden expressing pleasi~rr at the new organiza- 
tion. but at the sanie time referring r o  a "crisis of confidence h twee~i  S h S h  
and members of the scientific coinmunity who participate 111 the SASA 
pr~gram."~  'The author resp,nded to Hornig's criticism pointing out that 



growing interest in the space science program had outrun NASA's ability 
to accommodate within the budget and the flight program all the good ex- 
periments that were being proposed and expressing the hope that the prob 
lem of l imit4 flight space would soon be relieved with the appearance of 
observatory-class satellites.10 

This difficulty was exacerbated by the fact that an experimenter in the 
NASA program usually had in mind an investigation, not just a single 
experiment. No sooner were the returns from one experiment in, than the 
experimenter was back with a follow-up proposal that was necessary to 
make the most of the experiment he had just completed. It made good 
scientific sense for the scientists on the advisory subcommittees to support 
such requests. In addition. there was a natural tendency for NASA to reap 
point to these subcommi t tees those who had worked hard and had acquired 
a ready familiarity with the problems of planning and funding space xi- 
ence experiments. Thus, to those not yet in the program, the setup looked 
-, .n much like a closed corporation. 

I: was in this climate that NASA asked the Space Science Board to 
cn:~drlct the first of what became a continuing series of summer studies of 
the NASA space program (app. C). The first study, at the State University 
of Iowa 17 June to 31 July 1962. essaved a comprehensive review of the 
eritire S.4S.A space scienm procam. including some side glances at what 
the kpartment of Defense was doing or might do in space science.I1 The 
opportunity for the scientists to la\ their \arious concerns not only before 
XASA officials but also before their scientific peers served to clear the air. 
When the smoke of battle settled, it appeared that the scientists approved of 
much of what NASA had been doing. but urged more attention to prob- 
lems of a kind that continued to be a worry throughout the years. A few 
examples will illustrate. 

NASA leadership. A b  Silverstein especially, had favored the develop- 
ment of large. observatory-class spacecraft. 'As Silverstein pointed out, the 
lar<ge-capacity spacecraft would permit a comparative study of many differ- 
ent quant~ties by measuring them simultaneously to seck relationships 
among [Item. .Also. Si!verstein thought that the larger spacecmft would 
probabl) give more science per dollar than the smaller ones (years later he 
expressed some doubt about this latter point).I2 But the scientists preferred 
small spacecraft (p. 149). Early in the summer study Herbert Friedman of 
the Saval Research Laboratory b~ought up this issue. stating that NASA's 
Orbiting Solar Observatory was more complicated than necessary for a 
rlllrllber ol scientific n t~ds .  st&< h as the continuous n~ort~toring of the sun. 
Also, more effort should go into providing cheaper, capable sounding 
rcxkets. which would be of great use in uni\rrsit) research. Subsequently 
the Saval Rewarch Laborator) developed and used to good advantage the 
Sollad, a smaller. simpler satellite than the Orb~ting Solar Observatory. 
Also, with NASA support \'an Allen's group at the State University of 



Iowa built and used a small Explorer-class satellite, a:~ich they called 
Injun, for studies of the radiation belt and the 2 urora. 

The astronomers supported Friedman in *he bir! for small satellites. 
But they also urged use of Orbiting Solar Observavdries for many years to 
come and, looking beyond OSO. pointed to tlv future need for a more 
advanced observatory capable of obtaining resolutions of one arc second. 
The astronomers provided an interesting insight into the complex psy- 
chology that entered into relations between NASA and the scientists. While 
endorsing NASA's astronomy program, they ne\~rth..eless we* uneasy about 
their own roles in the program. As Martin Schw.tnxhild, professor of as- 
tronomy at Princeton. confided to the author and some of Iris colleagues, 
the astronomers found it distasteful that NASA, not they, should be mak- 
ing the decisions. He added that the astronomers found it doubly infuriat- 
ing-ad infuriating was the word he used-that NASA managers a p  
peared to be making the right decisions. 

In his instructions to the summer study working group. Berkner told 
the participats to concentrate on maximizing the science in the space pro- 
gram. He painted out that the question of whether there should be a space 
program. or a space science program, was not an issue for them to debate- 
those questions had already been decided by the country. Yet the partici- 
pants found it impassible to stay away from such matters, particularly 
when it came to manned spaceflight. Many expressed disapproval of the 
manned program. along with the wish that the monies going to Apollo 
tilight be diverted to space sclenc-e. S o t ~ ~ e  expressed concern that not only 
was Apollo going to proceed but that NASA would even seek to justify the 
program on the basis of science, and this the scientists strongly objected to. 

In a lengthy and lively exchange, the author and his colleagues sought 
to direct the discussion into the channels indicated by Berkner. Stttdy mem- 
bers were urged to recognize that the Apollo procgr-iim would be carried out, 
that it concerned important national objectives other than science. a major 
one of which wiis the de\elopment of a strong national capability to oper- 
ate with men in spae.  Since Apollo was going to be done, it behooved the 
scientists to take advantage ol the opportunit~ before them and to help 
ensure that the science done in Apollo was the best possible. 'The Space 
Srience Board had. after a lengthy discussion at its 10-1 1 February 1961 
n;eetiiig, adopted a fortnal psition supporting man in spice, which posi- 
tion was coqmunirated to the government on 31 March. Following Presi- 
dent lienrtedy's announcement of the A p l l o  program. the National Aca- 
demy of Sciences had issued a release for 7 August 1961 in which it was 
stated that the S p c e  Srienc-e Board had "rtuommended that scientific ex- 
ploration of the hfoo11 and planets should be clearly stated as the ultimate 
objective of the I'.S. space progriim for the foreseable future. . . . From a 
scientific standpoint there seerrls little rcwxn for dissent that man's partici- 
pation in the exploration of the Moon anti planets will be essential. . . ." 



In keeping with this position, at the closing plenary session of the summer 
study. 31 July 1962, Berkner stated that man in space was a good thing and 
that exploration was science." 

But the debate went on many years thereafter. furnishing one of many 
examples that the scientific community is not of one mind, and that the 
Space Science Board did not necessarily speak for the community in some 
of its recammendations. Among others, Philip Abelson, distinguished 
chemist who during World War I1 had devised one of the methods for 
separating uranium isotopes. continued the battle against the Apollo pro- 
gram. Abelson u r p d  that nruch more of value could be achieved by devot- 
ing to unmanned space sciciefitx only a small fraction of the monies going 
into Apollo. As former editor of the Journal of Ccophysical Rescarch and 
editor of Scicnct, Abelson had a ready outlet for his ~iews. At one point he 
polled some 200 scientists, asserting that the results gave overwhelming 
support for his position.l4 The Chrtstian Scccncc Monitor in April 1965 
devoted a page to the space program, in which Abelson attacked the manned 
program as not worth the cost and effo~t, while the author argued f ~ r  a 
balanced program of both unmanl~rd and manned missions.15 The issue 
was, of course, not settled by argument. but by the final succl.ssful accom- 
plishment of the Apollo missions. 

Although the debate over Apollo was not ended at the summer study, 
some recommendations were made. Perhaps the most significant was that 
scientist-astronauts should be included in the program. The group alc,r 
recommended that a scientist-astro~aut be inclilded on the first landing 
mission to the moon and that XASA create an institute for the training oi 
scientist-astronauts to be administered by a university, or if not by a uni- 
versity by that part of NASA responsible for the space science program. 
The latter recommendations did not have the slightest chance of being 
accepted by NASA, but in time the a-gency did select scientist-astronauts. 

In October 1964 a NASA press release announced the recruitment of 
scientist-astronauts for fi~ture manned flights. The Inore than 1000 applica- 
tions received by N.4SA settled emphatically the question of whether any 
scientists were seriotisly interested in the manned spaceflight program. A 
prelirninarv screening reduced these to about 400 applications, which 
NASA then x n t  to the National Academy of Sc~ences. From these a special 
Academy committee chose, on the basis of scientific potential, 16 nominees 
to recommend to NASA. Of these, NASA selected 6. In the fall of 1966. 
NAS.4 and the ,-Ic,~clt.my of Sciencer announcd that m o r ~  xientist-astro- 
nauts ~vould be cht,3en. Following ii process similar to that of the first 
selection, NASA chow I I scient ist-ast~oniiut candidates from allnost 1000 
applicants.l6 

The new astronaut trainees started out with great optimism and hopes 
for the future of manned science in space. But they soon ran into difficul- 
ties that put another strain on NASA's ties to the scientific community: the 



Johnson Space Center was not particularly enthusiastic about having 
scientist-astronauts in the program. The center mrtaitlly hid not wanted 
the second batch. which overstaffed the renter in scientist-astronauts, con- 
sidering the probable number of manned spacc science missions. As the 
Apollo lunar landings approached and as plans were being developed for 
the Skylab space station missions. scientists increased their pressure on 
NASA to include scientist-astronauts on the missions. The Johnson Center 
resiyted. C;onsidering the newness and danger of the misstons the center, 
out of a conviction that only astronauts with extensive test pilot training 
and experience could safely fly the spacecraft. was unwilling to consider 
the scientist-astronauts tor any of the early missions. Even after the first 
successful landings on the moon, the scientists continued to have difficulty 
securing berths on flights. Discouraged and in protest. some resigned from 
the program. In a series of frank discussions with the author, these men 
described their frustrations, expressing the hope that something could be 
done to improve their lot in the program." With continuing pressure from 
the Academy and with strong support from Deputy Administrdtor George 
Low, a few xientist-astronauts at long last did fly. geologist Harrison 
Schmitt on Apoilo 17 and one scientist-astronaut on each of the manned 
Skylab flights. Their expe-iience irr the Apollo and Skylab programs, how- 
ever, etnphasized the need for NASA managers to give careful thought to 
how manned space science wou!d be  accomplish^ in the 1980s with the 
S p c e  Shuttle.I8 

The 1962 summer study surfaced a number of problems that recurred 
in one form or another over the years. One of these concerned space biology 
and medicine. Althoush there were recotnn~endatio~~s f o ~  a life scieacrs 
program, interest was spotty, with considerable disbelief that much of real 
value for biology could be expected. Nevertheless, sotnewhat inconsistently, 
the life scientists made two recommendations that they continued to press 
for the next decade. One was that life sciences bt. elevated to a high level in 
the NASA organization. Scientists suggested that NAS.4 might invite a 
respected person from the life sciences community to spend a quarter c'r a 
half year reviewing the setup within NASA and make recommendations. 
The hope was that this rnight lead to NASA's creating a life sciences direc- 
torship reporting to the administrator. 

The second recornrnendation had to do with the selection of research 
for N..\SA to support. .SccustomPd to [he pew review panels of the study 
sections of the National Institutes of Health, the life scientists recommended 
that NASA adopt such a procedure. The issue of how to work with the life 
sciences community and where to lorate the program within the NASA 
or8,rniration burned for )ears. These topics are pursutut in ch'tpter 16. 

Of prime concern to nlany of the summer study participants was 
NASA's relationship to the universities. James \'an Allen, chairnlan of the 
su t~~mer  stud), had aswn~bled an Ad Hoc Catnmittee on NAStI-l't~iter$it? 



Relationships, a draft report of which was presented during the 1ov.a City 
studv.19 "The Committee was unanimous in its frr:a-able general impres- 
sion of the NASA program. . . . It was . . . impressed by NASA's intention 
to perform its mission in such a manner as to strengthen existing uni- 
versities. . . ." At the summer study the discussion ranged widely without 
always yielding specific answers to problems. NASA's Space Sciences Steer- 
ing Committee and its subcommittees came in for a great deal of comment. 
Van Allen felt that the process of reviewing experiment proposals in the 
su'xommittees, which requir,d the experimenter to be more specific well 
in advance of performing his experiment than perhaps he could be, tended 
to erode the independent way in which the scientist worked. Others felt 
that the system had developed a group of ins and outs, although Van Allen 
didn't think so. In this connection the question arose again as to whether 
NASA centers should be pa;.ticipants in the actual science or only be service 
centers to the rest of the scientific community. In-house versus outside re- 
view and evaluation of proposals kept coming up, with the life scientists 
pushitlg for outside peer review groups. There resulted a rather confllsed 
recommendation to NASA to consider modifying its method of proposal 
review and experimcnt selection. Marly people did not favor NASA post- 
doctoral fellowships, but both Fred Seitz, president of the Academy, and 
Berkner strongly supported them. Industry wanted more support for its 
space scientists, but the university scientists thought that this was a bad 
idea, since the higher industry 5-!vies would draw researchers away from 
teaching posts. 

All in all. 2:; ihr university question (-. ...- n is considered further in 
tht next chapter) NASA came out in the best possible position. With a 
general agreement as to the soundnt:::, of NAS.Q's approach and a diversity 
of 7it.w~ on many of the specifics. NASA could find ample support tor a 
variety of courses the agency might wish to follow. 

Once initiated to the ways of summer st-adies, NASA space science 
managers found them a useful device for examining many kinds of prob- 
lems. Through the years NASA sponsored a considerabie number of srudies. 
some of them narrowly directed, others of broad scope. Fo. marry years the 
studies were concerned primarily with the content of the NASA program- 
what fields to support, which problems to attack, and sometimes which 
experimenters to support. The recommendations to NASA amounted to a 
list of g d  things to do, but when not all of them could be funded it was 
NASA's task to make the choices-as NASA had insisted i i ~  the liryt place. 

Bu! NASA people began to feel that it would be helpful if scientists 
would furn~sh additional advicp as to priorities to observe in choosing 
among different researches when all were intrinsically des?rable. In the 
summer study conducted !q iile Space Science Board at Woocis Hole, Mas- 
sachusetts, during July 1965, NASA spokesr en urged the participants to 
face up to tile question of priorities. with little real success.20 While sci- 



entists w m e  willing to establish xm: d prrference within a singk 
discipline. they shied away from doing anything d the ron for a miwtm 
d disciplines. 

Not until the summer study d 1970. alu, at \+'ood's Hole. which was 
d t \ d  +cifr<ally to the qucsrion d priorities did a genuine effort emerge 
on the part of the scien;ists to face up  to the frustrations of making almost 
impossible &kfl lhe study p p  did an etrcelknt job. but not with- 
our genclating serious wains within the communi:y. By choosing to ease 
off on magnetospheric and fields and panicles research in h\-or d plan- 
ctaw research. it alienated the affections d the fields and pankles b-dm 
By emphasizing high- astronomy in prrference to classical optical 
acuonomy acld solar physics, it created mort dissidents. in the planetary 
fieM itself. which the grnup strongly supported. participants came c k  to 
r e m i n g  the d earlier years gitm to the Viking propct. bec-aust 
its costs were proving to be much greater than expected and rrme threat- 
ening c w k  pn,pcrS considered more desirable. S.U-4 pnicipants m r  
mightily during these discussions tc bring home the disastrous conse- 
quences of withdrawing an endorsement of a project ahead? well undtr 
na?-largels &use d their e d i m  endorsem+nt-and on which a great 
deal of money had alread!- been spent. S.U.A's c m n  was heightened by 
the fact that Congressman Iiarth himself was questioning Viking and 
showing signs of being willing to recommend canceling ir In the end the 
study participants agreed with S.S.4 m a n a p  on this issue, but there can 
be little doubt that free d such concerns thq- \=-ould have scrapped Viking 
in fat-or d smaller missions such as Pioneers to Yenus. 

The associivion k\=-een S-AS.\ and the Space Scienm Board endured. 
1-et at times relations were pmarious. The complactnt assumption of the 
superiority of academic science. the presumption d a natural right to ti 
s u p p t d  in their researches. the instant readiness to criticize. and the 
disdain which man?- if not most of the ximtis:s arrorded the k*J\-rmment 
manager, particularly the scientist marra.ger. \\-ere hard to stomach at times. 
\\'hen Llo: 1 Eerkner undertook in person co lay before S.Vj.Ys first ad- 
ministrator some of tt-- cri:icismc 31Ki demands of the Space .Science Board. 
Clrn~lan could not r~rlr- ;n  an outburst of indignation at the anogant pre- 
sumptuouiness of the ,entists. His vexation \\-as shared by Silverstein. 
who from time to time caulioned S.AS.A's space scientists r c ~  guard a.gainst 
losing control of thrir destiny. a danger that Sil\.astein kit %a< h-icg fos- 
teicd by drawinq outside scientists r o o  intimatel? into the plal~ning process. 

Especially irustrating was the apparent unwillingn,w. or pe-haps 
inability. rd  outside xientists to appreciate the problems with which SAS.1 
scientists had 40 \:-restle. The complex array of emotions was best illustrated 
in Harold I'rey. Sc?bel Laureate, enthusiastic supporter of the space pro- 
gram and severe critic of S.AS.4. Periodicail?- i ' rq -  would burst forth-in 
the Spwe Scienc? Board. on the scientific platform. and in the press-with 



a sweeping pokmic e n s t  the agency's handling d sp;rr scicnx. Umy's 
modt persistent complaint concancd NASA Ftaffinp. In May 1m be w m e  
to the author to discuss Rmjrlrs he M been making in tht press about 
irrmmpmwe of NASA st;rfiirtg in srimm, in paninrLr lunar and plvwFuy 
sckmrP C ' r q  urged the a u t k  to driw out the s d - r a t e r s  from N.454 
and pkc them with dda, morr cxprimrrd men who could give popa 
advice. Hc stated that he had talked a b w t  this matter with pmpk from 
\t'ashington, Pituburgh, Chicago. Pasadena, and Los .4n~rles and regu- 
hrly got the vim that NASA peopk arc sccondnv by and large. Two 
years later. after taking violent trreption to a p a p  presented at a space 
science symposium held by the Committee on Space Research at Mar dcl 
Plata. . W t i n a .  Vrq- pfovstcd to the National S c b m  Foundation and 
N.4S.4. Sinct the objc&mabk paper had bctn giwn by a uniurrsity sci- 
rntist whose rrsearctKs UTW q p x d  by N.S.4, Crq ~~ that "a scriour 
considerah d penonnel con& with the entire NASA program is in 
older:= 

With regard to the thctside scienrists. whose mearch proposals had bitn 
m-itu*ed and endorsed to S . U A  by expens in the field, Crey did not always 
seem ailling to let the scientific process weed out thov who w& on the 
wrong track. .b to S.a.4 staffing. S.4S.A peopk saw in the complaints d 
C'rry and others a lack of understanding d what was ir.vol\Pd in managing 
the space xicnrr program. I-ndeniabl?- most of the managers m NhSA 
Headquarters were not the top-notch scientists whom the altics said they 
would like to see there. But repeated effons throughout the years to lure 
working scientists into S.SA management only occasionally bore fruit. In 
spite d the enticement of top positions in the program, none of the senior 
"estaMishmcnt" came. 77re adminisuatiw burden at headquarters was fear- 
ful. and the climate such as to &-our whatma scientific and research com- 
petence an e x p t  might bring with him, affording little 0pportunit)- for 
replenishment. Those experts most needed to help direct the evolving space 
science w m  w m  reluctant. especially in an era when university salaries 
were rapidly catching up  with those of indust? and government. to ex- 
change the advantages d academia-their students and the independence 
to follow- personal research interests-for a nmw-ending round of head- 
aches plus an ambience that wzs bound in time to d e s u o ~  the vet)- compe- 
tence for which they w m  s.~ught out in the first place. To continue a 
xierltiiic career in S.AS.4 had :o work in the centers. 

Those scientists who did come io headquarters became resigned to a 
vicarious enjoyment d the research achievc~rnents of the program. Their 
personal satisfaction came from having contributed in an absolutely essen- 
tial way to the program. and thus to the a d \ x n m n t  d science. That. and 
the excitement of being at thz center ol action in one of the gratest of 
human dramas, was their reward. 

The incessant criticism and insatiable appetites of the scientists put a 



strain on the tic hwccn  NASA and the S p m  Sdcna Bmrd. At 
timcs during the first ycan it snared to thc author as though. at the top 
management h l s .  only Hugh Drydm. hmdd Fmtkin (head d the Inter- 
natiorul Prognms Office), and thc author f a d  keeping thr association. 
rt# rrst d NASA s& willing to cut the Science Board MLift, 
and to d y  on NASA-sponsored commirtm fa outjidt adr-kc. 

But the tic became stronger as time went by, particularly the 
rcrond chairman ot thc S p r x  S ~ ~ B C C  Board. Hur). Hcss. took over from 
Bcrfncr. Hcss. professor d gcologv at Princeton and hgirutrrr  d the 
m o l u t i o m q  new amccpt of xa-floor spmading, brought with him from 
years in thc Navy and working with the gowmmrnt a h t c ~  apprrciiltion 
d what agencies like NASA nccdcd in thc way d suppm from ia d- 
\.isms Hcss f o d  a pdiq d not just tossing l& of ~commmdaliorrJ at 
NASA and thcn Bearing the agency to its own kim. but tatha d assiuing 
to realize thc dcsired objmtit-cs. Whcn Hcss tmk over. thc Eucutirv Com- 
mittee of SSB bqpn to meet monthly with NASA rrprrscntatiws to pro\.idc 
mow continuing assiualwx to tht space scitncr p'gnm. W h  Hcss died 
in I=. his sucmxn, Kobrl Laureate Charles Towncs. continued the 
p l i q  of working penonall?- with N.G.4 to accomplish SSB recommenda- 
tions. 

But in the early 1970s the -4caderny of S c i m  began to show g m t  
concern o\rr qmt ions  d conflict d intcrtsr and port-ntial c h a m  d being 
captive to those it advised. Thus. when a new chairman was nctded for the 
Space Science Board. instead d consulting with N . S A  on possibk cho& 
as had b m  the custom. the .Acadcmv unilaterally-as it had ermy right to 
do-selected a c-andidate. Jariws Fieccher. the fourth S.%'.-\ administrator. 
had h b c s  about the choicc--doubts that were sham! the author-since 
the p r o p o d  chairman had previously shown little evidence of qiving 
thought to the negatit-e effect that his outspdicn criticism d r-arious spacc 
science projects could have on S.AS.A's efforts to Mend i r ~  budget on the 
Hill. S.AS.9 objected to the choice; the .Academy stood firm; and Fletcher 
.gave srrious thought to withdrawing S.4SA's financial support from thc 
board a d  relying on S..\SA's own committees for advice. In the end KASA 
fortur~tely did noc sever the relationship with the board. and the new 
chairman did an excrtllent job. Perhaps SAS.4's expressed cancerns stimu- 
Iated the to special efforts to prove that N.\SA was w-rong. 

Sewt to being prsonallv involved in spce research. the k t  way of 
limping close to thc SF xi- program was to  en^ cm one d the SAS.4 
advisory committees. In fact. a prime motivation in the m t i o n  of in-house 
advisor) groups, in addition to securing the advice of knowledgeable xi- 



entists. was to cement relations with thc wtsidt scientific community. .After 
muddling along for  a year with the several working groups establishtd in 
early 1959, NASA put togcther thc more systematid Space Sciences Steer- 
ing Committee and suhcornmites.~ 

In doing this the intention was not to undercut the role d the Space 
Science Board, but SASA managers felt the nccC for mow frequent and 
intimate advice than could be expected from the hoard. Momwer. sane 
o p c r a t i o ~ l  tasks. such as assisring in thc selection d expcrimcnts and cx- 
perimcnters. w w e  not appropriare for a non-NASA group. Still. b o d  
members felt at first that N.aA was weakening thc ties to the Space Sciencr 
Board and for a while questioned the ntcd for the N M A  subcommitucs. 
To counter the disquiet. N,S.\ management invited the h i d  to name 
liaison representatives to attend and participate in the discussions d the 
sukomn~itttus. Similarly by- invitation fnwn t h e  Academy. S.+S;\ obsenrrs 
atterrrled nlcprings of the board's committees. while Hugh Dryden and the 
.~urhw had a aandinp: invitation to be with the board at its sessions. 

Once under way the subcom~ittees began to develop a systematic 
approach to advising S - U A  on its planning. and particularly on thc chok 
of experinwnts and esperimenters for flight missions. For the flights. for- 
mal criteria were esmblished and over the nest few years refined from 
experientr." 51'hrou~h appropriate a n r i ~ ~ ~ n c - e r n ~ t ~ s .  which later in t h e  
decade k a m e  quite formalized. S.G.4 infonned the scientific community 
of the existence of flight projects for which experiments were nceded.'5 
BVhm proposals for experiments to go on these flights came in, they were 
reviewed by the appropriate si~bcommittees. 

The S.4S.A sub-ommit tees sorted the proposals into four different 
categories. .At the top went the proposals d outstanding merit. well con- 
ceived. addmzing a critical problem d space scierlce. and likely to yield 
si-gnificant new i n f m t i o n .  Proposals which were .good. but noc outstand- 
ing, w r r  assi.qn4 to catrgor). 2. Categor). 4 exprriments were those that 
the group advised S-AS.\ to reject as either unsuitable for"ipacef1ight or 
incompetent. The third c a t q o v  was special. reserved for proposals that 
the subcommittees ji~d,qed to be pentially id c-ategor?. 1 quality. but which 
needed a great deal d work before the experiments could be assigned space 
on a flight. 

In rating the proposals the subcommittees were asked to consider a 
numbcr of points: 

l'he originality and \alidity of the experiment: 

'I'he imp,rt;lncr d the problem addressed b! tlw espriiment: 

'rhr suitability of the cxprriment for a slmc-e mission. with an eye to 
eliminating experiments th;~t c-oi~ld k t t t - r  be done h! cnhcr means; 



Btt-0x0 nit A n u m t ~ ~ k .  

*'k competence d the experimenter and his gnwp; 

The ability and willingness d the proposer's own organization-uni- 
vcrsiry. research institute, gotpmment laboratory. or indusuial cob- 
lishment-to prmide the experimentrr with the support he & 
abow what wouM be furnished by NASA. 

Once the subcammittm had con~pkeci their ratings. the prnposals 
were funher r e v i e d  by the NASA divisions and center project people to 
consider whether the sprlccrraft to be 4 could house the expcfimenrs 
and  pro^^ the necessary power. telemetering. orientation. or other special 
requirements. The ability of an experiment tc  fit into the spacecraft along 
with other experiments without undue interfenma= had to be determined. 
..Uter this en-@neering review. the division responsible sent its remmtlren- 
dations to the Space Sciencps Steering Cimmittee-later the S p e  Scienc2 
and .+pplications Steering C~mmittee-where the r~rommendations from 
the subcommittees and those of the division were compared. Then the 
sterring c-c~rn111ittt.r. w1t its rrrr>n~n~mdaticw1s to tht- .Asx)c+ate .\dministcitor 
for Space Science and .applications for final rtppnnal. 

S.4S.A custor~rarily flew only cat- 1 experiments. a poliq intended 
to maintain high qualit! in the sprtce scimz program. Moreover. flsing 
only espt.riments that rt-sp~ted members of the science community had 
jrId,gd to be otitstanding blunted possible criticism. With an q-e to the 
furure. S.1S.A c>Iten ftt~irlcd the rw.irc-h and de\.elupment nt '~dtd r o  raise a 
catqpnr? 3 experiment to c;ttrgon. 1. 

S.AS.4 m i v e d  a great deal of help from the discipline subcommittees. 
and the outside scientists seemed to appreciate the inlponance of what t h q  
\vex doing for space science. But. since much of the time of the meetings 
was taken up in evaluating proposals. there was a lot of drtd.gery. and 
little time was 141 for stepping back and viewing the whole profiram in 
perspecti\-r. 1'ncit-r the routine the c-o~lsultants k a m e  restive arln qws-  
tit~ned how much they were influencing the overall planning of the space 
sc iem pog~i111. 111 c-ontrast. many not on the subcc>mmittees felt that these 
.groups were having too much influence. S i n c ~  most sirbcotnrnittee mem- 
bers were also participants in some of the projects on which the subcom- 
mitt- 11de rmm~nendations. it \\-as Ieit that t h m  was too much masion 
for conflict of interest. S..\SA p r o d u r n  for guarding a.gainst such con- 
flicts of intert?it, such as askirq a c-onsultant to Ictve it meeting at which 
his proposals or those of a coileagw were discussed. did not put the con- 
cerns to rrst. 

The growing dissatisfaction of S.AS.A'r ad\-iwrs with thcir role. con- 
tinuing c.onctbrn over c-onflicts of interest. the increasing pace and scope of 
the s p c r  science program under Webb's administcttion. and the e s p n d -  
ing involveme~~t of thc universities with S.AS.A, led to the conviction that 
wme change: were in c,rtfer. 011c-e m;ne it appeared wise to securr oiitside 



advice, and in early Jan- 196fi Administrator Webb t*me to Norrrun 
Ramsq, prdesos d physia at H a d  Univmity, asking if ht would 
chair an ad hoc advisor). committee for NASA." Among the questions on 
which h;.&SA would appnciace having advkt. Webb listed: how to organire 
major p p c t s  so that scientists and engincm could participate effectively: 
how to make it possible for academics to take part without dame to their 
academic c a m  (e-g.. how an academic scientist could &caw six to eight 
)-cars helping to create an  at&anced biololpcal Laboratory or a large astro- 
nomical facility in spctc~ and still continue his academic career); what 
mechanisms to uw for picking scientific investigations for the space science 
program; whether the orientation d some NASA crnters should k changed; 
and how to imp rut^ the srientific uafiing d the program. 

Ram-xy accepted. and the cornmittep was formally established in Feb- 
r:nr).. Its task was different from that d former advisoru .groups. which 
hid dealt primarily. though not entirely. with the onten t  of the X.kSA 
program. This new committee was asked to advise nor on what science to 
do, but on how to conduct the program. After numerous sessions both in 
Washington and e1sew.k. in which rhe authtx and some d his colkagues 
had the knefit of hearing thorough Gixussions d Webb's questions and 
more. the conimitux submitted mommendations conreming advisory com- 
mittees. SAS.4-spnsond research instituter. and relations with the unis-er- 
sities and the rientilic cornmunit!-.= Some d the rrcommendations S G A  
acmped, some not. Severtheless. the a.qenq felt that the value derived tmd 
bwn such that the committee, even thoush initially ad hoc, should be 
continued. Roger Hens .  chancellor of the I'niversity of California at 
Berkelp. s u c - d e d  Ramsey as chairman. 

The most far-reaching of the recommendations that SM.4 did not 
accept was the creation of a general advisory committee-not purely scien- 
tific-for the administrator. Years before. the first administrator. T. Keith 
Glennan. had "stron~ly des td  a broadly b a d  General ..\dvisoc Commit- 
tee-a consultative goup awlogous to a corporate Board of Directors in 
place of the Space Gunci l  chaired in those days by Pmident Eisenhower. 
\vho d ~ d  riot u-;lnt the Space <i~uncil  to be a c t i ~ e . " ~  -1 he ad hoc c-ommittt~ 
was c o n v i n d  that S.4S.A should have a general advison. comniittet. and 
that such a committt~ \\-\.auld go a long \\.a! to\\.;rrd c~tiienting relations 
hetwrrn S.4S.A and [he outside c-on~munity. But \\'ebb was mi more con- 
\ i ncd  that S.AS;\ should not st>t up n gcrieral ad\-ison cnmmittct.. which 
he averrtd would c~otiipromiw the administrator's frtrdoni of ;I<-tion. Such 
compromise c-czuld oiil\ ht. detrimental to the management of a hard- 
hining, fast-;xtced ;,rc~ratn like S.U.4.s. On the nthcr hanci. the mntinua- 
tion of the Ramse? c o m m i t ~ t ~  under Heyis \\-;IS a ~x~rti;tl at-c-omnitxiation 
to the committee's views. 

Among the recommendations that SASh did accept were two of con- 
siderable importance: modification of the agenq's advisop strrlcture and 



creation d a lunar science institute in Houston, adjacent to the Johnson 
Space Center. It is the former that is of concern here. 

Even as the Ramsey committee deliberations were in progress. NASA 
was taking steps to create two broadly interdisciplinary advisor). groups: 
the Lunar and Planemy Missions Board and the .&stronorny Missions 
B0ard.W The strongest motivation in setting u p  the boards was to provide 
consultants with a forum in which they could view the NASA program in 
the perspective t h e  had missed in the discipline subcommittees. Advice 
from such interdisciplinary boards wa* expected to help produce a more 
coherent. better integmted space science program. Because of the scope of 
each board's purview. panels or committees of specialists were expected to 
be set up under the boards. The Astronomy Missions Board, for example. 
would bp. considering a program including solar physics, optical astron- 
omy. radio astronomy. x-ray astronomy, gamma-ray astronomy. and cos- 
mologv, for each d which a specialist group might be rwded. Disciplina~ 
.groups would continue to review and mommend on specific esperiment 
proposals. but by arranging suitable averlapping memberships with the 
boards and their committees. discipline comnlictee members would be 
;affordtxf it11 opportunity to taLt- part in the broader prngnmmatic discus- 
siorls. 

Characteristically. advisory .groups want to report to the highest possi- 
ble levels. in X.AS.4 preferably to the ;idministrator himself. But the ad- 
ministrator was not in a position to assimilate all the recommendations 
chat might be given to hirn by the highly techn~c~l  ,groups or to appreciate 
the significance for the space srienm program af che more specialized rec- 
omn~endations. In contrast, the program offices. where the progranls \%-ere 
formulated in the first place, could be espected to understand the nuances 
as well as the major thrusts of board recommendations. T o  make the boards 
as effective as possible, S.AS.4 managers conct~ived a double-pronged con- 
nection to the agency's management. The boards reported formally to the 
associate administrator, but worked with the spicy science program office. 
which also furnished the administrative and secretarial support for them. 
\\'hen desirtd. the boards could be heard at the administrator's level. But 
\corking with ;he p r w a m  p p l e  they werr. continually feeding their idras 
and rrrommt.n.iations into the agency at the working level. \\.here those 
ideas could have ,greatest impart. Board dixussions w.ere l ivcl y. iilteresting. 
and producti*-e, and for several years their reports fed into the S.ASA plan- 
riing prcu-c~~ it grtw dc;tl of \alu;~hlt. advic-e. whit-11 for t he 111ost Ixtrt \\.as 
assinri1;~tcri ~ n t o  ongoing jjrogram pl;~ns.~' 

To\var,l the end of the IWk. however. thc cycle of discontent repeated. 
The irnmediatc. tause \\as a mistake by the author and somi, of his col- 
leagues in tnateri;tl for a report to President Sison recommending direc- 
tions for the future of the sp;tc-e proP;ratn. After t;tking office, Nixon had 
est.tblished in Februarl l%9 a Space Task Group. consisting of the vice 



president as chairman, the secretary of defense, the acting administrator of 
NASA, and the science adviser to the president. to provide him with a 
"definitive recommendation on the direction which the U.S. space program 
should take in the post-Apollo period."" The Department of Defense and 
XASA provided extensive material to go into the report. which came out in 
September." As the deadline approached for the c~mpletion of the report, 
often only hours were available for making hasty revisions q u e s t &  by the 
report staff. In the course of one of these quick changes, part of the plane- 
tary program wva$ modified. SAS.4 people supposed t h t  the change was 
in keeping with the desires of the Lunar and Planetar, Missions Board- 
but it wasn't. 

The board reacted strongly. and for a while there v:as talk of the rnem- 
krs '  resigning en masse. Actuall~ the S.4SA erroi was not in itself enough 
cause for such a strong reaction on the part of the advisers. The problem 
had been rowing  for some time. In a period wkcn the entire NASA pro- 
gram was under scrutiny. the board no longer ftlt chat it had the necessar). 
perspective to make proper recommendation<. In fact, the chairman. John 
Findlay. confided to the author that if the Lunar and Planetary Missions 
Board had known of all the program possibilities that were being con- 
sidered in the Space Task Group pianning-in other areas as well as for 
the moon and pianets-some of the board's recommendations would have 
k n  q u i ~ e  different. 

.is a first order of business, the Lunar and Planetary Missions Board 
was pursuaded not to resign, and S.4S.4 managers committed themselves 
to working out some better arrangements for the advisory structure. After 
much discussion within the agency and with consultants. SASA decided to 
create a Space Program Advisory C~uncil . '~ The council was asked to advise 
on the entire space program-science. technolm . and engineering. manned 
and unmanned. I'nder the council were four interdisciplinary committees: 
physical scicnc-cs. life sciences. applications, and s p c e  systems. The chair- 
men of thew interdisciplinary committees made .up about half the mem- 
bership of the council. the rest consisting of the council chairman and 
members at large. It was the author's intention that the committees w ~ u l d  
thernxlves have specialist panels working with and reporting to them, so 
that the committees and their panels would be analogous to the previous 
missions boards and their committees. The new element was the council, 
which was supposed ; o pro\-ide the across-the-board perspective that the 
missions boards had lacked. Once more. to make the advisory structure as 
effective as possible. a two-pronged connection with the agency was es- 
tablished. I h e  council reported to the deputs administrator of NASA, but 
was cxpected to work with the program offices, the Office of Space Science , 
and .4pplications providing aclrninistrative and secretarial support. The 
committees reported to the associate administrator and were expected to 
work directly with the appropriate offices-the Physical Sciences Commit- 



tee with space science divisions. the Applications C~mmittee with the a p  
plications groups, Life Sciences with space biology and space medicine 
people. and the Space Systems Committee largely with the Offim of Manned 
Space Flight. 

Although the council had grown out of discontent with the previous 
advisory structure, and although it had been designed especially to provide 
consultants with a deeper insight into NASA programs and planning. it 
was not as effective as the missions boards had been. The arrangement was 
unwieldly and required a tremendous amount of attention from NASA 
personnel just to provide the n e a s u y  secretarial and administrative sen- 
ices. But most important. the council and its committees lost touch for a 
while with the divisions in the prognm offices. Program managers and 
program scientists did not understand the arrangement. Sitting at the top 
of an imposing hierarchy. the council appeared too much as an arni of the 
 administrator*^ Office. remote and not easily accessible to program plan- 
ners. The same was true of the interdisciplinap c-ommittees. though to a 
smaller d-gree. .As a consequence.. when program divisions nceded special- 
ized advice. they created their own working .groups-like the highly suc- 
cessful Planetary Sciences Ptan~litlg Cammitree set up by the lunar and 
planetary people in the Officv of Space Science and ..\pplications. The 
existence of these proprietary working groups further separated the t o p  
level advisory poups  from thc lower ones. Thus. while the council might 
have a .grand perspective. i t  was it1 dan.ger of losing touch with the realities 
of detailed program planning. .A great deal of management time was re- 
quired to keep thew cerltrifugal forte?; tinder control. 

The effectiveness of the Space Program .Advisory Cauncil and its com- 
mitt- \\-as improved with the passage of time. But the unwieldiness was 
intrinsic arid constantly irnited reconsideration of the advisor?. structure. 

After the first few years in which the Space Science Panel of the Presi- 
dent's Science .-Idvisor\ Ck nrnittm saw NAS.4 get under way. advised on 
s~rch matters as orbiting ;rstronomic~;il observatorits. st,undiug rockets. arid 
iiniversities, and supported XAS:\ in the battle over c-lassificition of gee- 
detic s3!ellite d;~;$. intcrc'~t 'inlong pm: I memkrs appeared to wane. For 
soair years attention to \\.hat S.AS;\ WAS doirlg w a ~  s o n l t ' ~ a t  desultor). In 
the latter half of the 1960s. ho\\.t*ver, when S.-\S:Ins humbling over what to 
do in post-.-\jwjllo !tsars helped to prtsc-ipitatt. :I crisis of cunfidence over the 
agency's planning. in rerest reawakend. 

.After studying the n1attt.r ol rnan11t-d space stations at some length. the 
panel issued a repjrt endorsing the .-\pollo \\.orkshop, or Skylab. prograni 
as a one-time-onl!- experiment in deterniinir~g t\.hiir man could do in a 
space station, but withholtiing supp,rt frorn any coi~tinuitig s jmc~ station 



work until Skylab results were available and more mature consideration 
could be given to the matter. When the author testified on the Hill shortly 
after the report came out, he found that Congressman Karth had been giv- 
ing a great deal of attention to what the panel had to say; and his copy of 
the report, amply marked up  either by the staff or Karth himself. was a 
source for a great many questions on the space science program.J5 

The panel's negatiw attitude toward permanent space stations persisted 
throughout the work of preparing a draft report for the Space Task Group. 
In this the panel was opposed to Administrator Paine, who wanted to 
proceed at once with a permanent space station, as the next natural step in 
the space program. It was the panel's kiew that before proceeding with a 
space station. a more economical and versatile means of transportation to 
and from the station should be developed. In this respect-although with 
some ambivalence and quite tentatively-it supported a Space Shuttle 
project as the next major manned spaceflight effort for the nation. How 
much influence the panel had in securing ultimate support for the Shuttle 
program is moot. But at any rate in this last great issue to come before the 
panel before its demise in Januan- 1973 at the hands of President Nixon. 
the members were pointing in the direction NASA came to regard as the 
r i ~ h t  one for the country. 

B! virtu9 of science's being very much what scientists do. the space 
science prugi-am. if it was to be a good one, had to be what space scientists 
made of it. Recognizing this. NASA built its space science program on 
advice from the k t  scie*\tific minds it i-ould get to think about the pro- 
gram. Over the years June Merker. assistant to the author. kept a running 
record of recornmendatiorls made to NASA bp the many advisory bodies 
with \\.hich the space science office had to drill. For each recommendation 
she put down what S,4S..\'s response had ken .  A simple perusal is enough 
to convince one that SASA did pay careful attention to what the scientists 
were telling the agency.* 

This accommodation to the st ientifir community did not come about 
without much stress and strain. Scientists are a contentious lot, habituated 
to open debate and free expression of views, and the tremendous oppor- 
tunities of the space program inspired them to more intense dispute than 
usual. One reviewer of this tnanusctipt raised the question of why so much 
attention should be paid to the quarrelsomeness of the space scientists.'' 
Others expressed the view that even more attention should be given the 
subject. In view of their special role and position in thc program, a certain 
noblesse oblise fell on the space srientists.'Wevertheless. much of the ten- 
sion in the program stemmed from the scientists' presutnption of special 
privilege, which at times Cangress found irritating. Many scientists how- 



ever-like Hany Hess, Charles 'Townes, John Simpson, Eugene Parker, 
Fred Seiu. John Findlay, and Gerard Kuiper-were invariably courteous 
and helpful. 

But it should not be supposed that all the stresses and strains were 
between NASA and those outside. There were ylents of internal problems. 
and the space science program had its share, some of which are disct~ssed 
in chapters 14- 16. 



The Universities: Allies and Rivals to NASA 

For several reasons the universities were important to NASA, particu- 
larly to the space science pro,gram. First, much of the research embraced by 
space science-such as ,rstronomy, relativity atid co-mology, atrr~ospheric 
studies, and lunar and planetary sc-ience-was done in or in conjunction 
with uni\.ersities. .AS a conseqctenre the best informed and most competent 
researchers important to space science were to be found on campus. While 
many of the investigators tvould have to spend long hard hours learning to 
use the new rocket and spacecraft tcw,ls. their years of working with the 
problems to be x>!ved would give then1 h substantial head start. 

Second, the university \\.as the only institution devoted extensively to 
the training of new talent. As the space program \+.as getting under way. 
va: ious ,groups outside of NASA expressed concern that the new endeavor 
tvould lure scientific and technical expertise away from other areas of more 
immediate national concern. NASA managers argued that many re- 
seirrchers entering the spritr prograti? ~vould continue their ongoing re- 
sc;rrch, except that now they could applsi psverful space techniques to 
their irlvestigations. In s p w  science the argurnent was easy to make. Astro- 
nomers would continut* to do astronomy, and solar physicists would con- 
tinue to study the sun, but with the inestimable advantage of having their 
instr~rments above the atmosphere. \\*hich hitherto had hidden most of the 
wavelength spectrum from the observer on the ,ground. Atmospheric and 
ionc>q>heric researchr,rs woulrl c,ontinrte their investigations, but havirrg 
their instrun1ents in the very regions of study would ~hor ten considercably 
the long chains of reasoning previously n d e d  to go from ground-bad  
observations to conclusions. And sending instruments to the moon and 
pliinets \\,auld furnish new (latit, the lack of whic!~ had for decades stymied 
efforts t o  undersrand these bodies. 

Rut in applications rind technology. the argument was not i i s  persua- 
sive. \\'hilt one might grant that satellites should contribute to the o k r v a -  
tion itnd forecasting of weather ; I I I ~  t o  the iinprovement of long-distance 
c.omm1111ic-iitio11~. still ttrere was the usual fwling that conventional ap- 
proaches nredtd the more inln~trliatr attention. As t o  the usefulrtess of 



space technology. the contrection was even less direct and the value of 
c!iverting manpower to space technology research more dc ubtful. 

A significant effect of the Soviet I?nion's precedence in space was to set 
aside such argumerlts for a number of years. But those arguments were 
bound to recur unless steps were taken to counter any imbalances the space 
program might generate through the absorption of highly trained man- 
power from other activities. As a remedy, NASA undertook to support the 
utliversitizs in training substantial numbers of graduates in science and 
engineering, and even in aspects of law and economics related to space. 

In providing support to the universities for research and the training 
of grxduate students. NASA created a staunch ally. For space science espe- 
cially, as the agency sought to bring university experts into pli.rning the 
program as well as into the research, relations became quite intimate. But 
by simultaneously establishing space science groups of its own at NASA 
centers, NASA generated a substantial strain on the growing tie with the 
universities. For it was inevitable that the NASA space science groups 
would appear to have the inside track to funding and space or1 NASA's 
rockets and spacecraft. 

Although in timt NASA space science ,groups came to be seen by out- 
side scientists as important p i n t s  of contact. university researchers con- 
tinued to worry that, in the face of budget cuts, the continuity of NASA 
space science teams would be ensured while university groups would be in 
jeop:lrdy, and that university projects would be more likely to suffer from 
whinrs of NASA administrators than would tlrose in the centers. Thus, 
while the alliance between NAS.4 and the universities strengthened as the 
program unfolded, the ele~nerlt of rivalry was also there, a rivalry that at 
tir~les dis~laycd hues of outright antagonism when hard decisions had io 
be made-iike the cancellation of the Advanced Orbiting Solar Observa- 
tory, which terminattul important university research projects. It was a 
classic example of a love-hate relationship in which mut-~al interests and 
respect conflicted with a natural competition for support a ~ l d  position. For 
space science, at least, this elenlent of ally and rival lwust be kept in mind 
as an important feature of the NASA university prc;,pam. 

The program itself got off to a slow start. NASA inherited little in the 
way of a university program from the National Advisory Cammittee for 
Aeronautics. Oriented primarily toward ill-house research, NASA's prede- 
cessor supported only a limited amount of university research.' At first 
NASA's relations with the university cotnmuqity assumed an adnlinistra- 
tivc conlplesion and during C;lennan's years the group ~es~xonsihie for 
handling university matters remained on the administrative side of the 
house. IVhen I'.dministrator James E. Webb took over, the Office of Grants 
and Rese;. c 11 pontracts. whidl had prime rt~spotisibility for NASA's utii- 
versity afr. . r k  - as still under Albert Siepert, NASA's director of adminis- 
tration.2 



Only gradually did the idea of a university program as & emerge. 
From the provisions of Public Law 85-934, which went into effect in the 
fall d 1958. NASA acquired the authority to make grants in support d 
research peninent to the N U A  mission.' b t  for a time NASA did not 
have the authority to provide for building research facilities on campuses. 
In May 1959, when Glenn Sea'xxg. Edward Teilrrr, and some d their coi- 
leagues from the Vnivmity of Ca'ifomia at Berkeley met with Hugh 
Dryden and the author seeking funds to construct a building to house a 
s p a r  institute. Dryden had to tell them that N.U.4 iacked authority to 
provide such supr st. agency was. however, seeking to remedy this 
situation in the authorization request then More the Congre~s.~ But, not 
until the summer of 1961 did the agency gain the legal basis for making 
facilities grants to universities.5 In spite of its slow~ness. N.k!A in its first 
two yean laid the basis for what might be called a conventional program 
to support space research on university dmpuses. Webb, the second ad- 
ministrator of SASA, added some decidedly unconventional elements to 
the program. 

To meet ';..\S;\'s own needs. and under prodding from Lloyd Berkner 
and the Space Science Board. S A S A  space science managers during 1959 
and 1360 gradually evol\-ed a program f-w support of space science i e  the 
unitersities. By the fall of 19ti0. a policy for the program had taken shape. 
In Sovember 1960 the author set Ix th  some elements of policy to be fol- 
low& with universities and nonprofit organizations. NASA would support 
basic rvwnrch in these i~istittrtiotis for the purpose of developing space 
science, but could not support science in general. SASA would use 
multiyear funding and would seek to provide continuity of support to aca- 
demic research g r o u p 6  With these [noughts the shape of the conventional 
part of the university program was begincing to emerge. It remained to 
match the size of the p r w a m  to the need. 

During the spring of 1961 the determination grew to strengthen 
S.lSX's zssociation with the universities. Meeting with his staff on 22 June 
1961, \\'ebb decided that SXS.4 must encourage university participation in 
the space progam and, moreover, must share in the necessary funding to 
make it possiblt- for universities to take part. \\'ebb assigned the author the 
task of organizing an intra-S.4SA study of how io proceed and to assemble 
an outside group of consultants. The very next day the author and his 
associates began to develop a list of topics to take up in the proposed 
studies. s~ i ch  as support of research. the differing requirements of labora- 
tory rewarch versus spaceflight research. the development of graduate edu- 
cation, the development of xhools. the use of grants as opposed to con- 
tract\. fellowships. and the construction ot facilities on campuses.' Simul- 



taneuusly a pand d unibrrsity pmidmts. deans. and department htads 
(app. H) w.ss lined u p  to mcct an 14 .4ugtm 1961 on the q m i c w r s  NASA 

a d  other q m i o n s  that tlwy themdbrs might bring foch'iltd. 
Olr 30 June the author c h a i d  a meeting of repwsmtatiws from inter- 

ested offices in the a w q  to review plans for the A numbrr d 
thc uniwrsity consultants came to NASA Headquarters in m l y  July for a 
pwliminaxy look at the questions to be uken u p  in the August session. 
Thus. by the time of the meeting, considerable thought had already been 
devoted to the probtems d conm-11. 

At the August mecling. to set the u a g ~  for the discusion. Rdmd Bolt 
d the National Scicncr Foundation pre~nted some statistics on hasic re- 
search in uni\mities. Total basic research in the LTnited States, he said. 
amoutated to $1.8 billion annually. d which half w-as spent in univmitics 
The gcn-cmment provided two-thirds d the university share-$600 mil- 
l ~ m .  Amording to Bolt. universities direly needed money to build new 
facilities. with an immediate q u i m t  d fjOO million atid a total <nvr 
the next 10 years of $2.8 billion.' It was certainly nor S.UA's responsibil- 
ity to provide these huge wms. hut any funding would help to w1im.e the 
tom1 problem. 

Predictably the advisory committee rermnmendd that S.G.4 enham 
its university pmgriitn. providing monq for research. graduate training. 
and construct ion of new laboratories. With the committee's welcome 
e n m i t .  N.4S.4 stepped up the pace of its program. Much of the 
research supported in universities was funded by the various program of- 
fices. -4lthnugh in the long run such funding provd to be more stable 
than that from the universit~ off ie  itself. university officials saw serious 
shortcoming in this procedure. S.lS;\ propam managem naturall? tied 
their dollar support to specific projm-ts with prtxribed objectives, and 
with firm deadlines for flight experiments. For researchers en,qa.qPd in such 
pro j t~~q.  the funding was csseritial a d  the imposed requirements unesmy 
tionable. But the question m a i n e d  of how ; t d v a d  work. the esplcm- 
ton research that \\.as nwded before an investiwtc>r coulii propose a flight 
experiment. would be supported. 

Out of the n c d  to do advance work e;rc.w the amc-ept of the srr~taining 
unsursity prugiutn. l'his terminoiw was never rnuch l i k d  either in 
N.4S.4 or on the Hill. since it seemed to denote a prcwam to stistain the 
universities. which was not S.lS.4.s legitimate business. ~ u t  no better Ian:- 
guage was devised to describe that part of the universitv prograni that was 
designed to makc possible universit\ partlcipiuion in spaceflight research. 
For example. the sustainins university program would provide long-term 
funding of a rathrr b r d  nature that woi~ld permit the university to build 
up  and maintain a continuing research group and to pursue the ground- 
based research prerequisite to spceflight investig~thns. The broad-based 
support was achieved by Curding rest~rch in very .general areas pertinent to 





N U A  had exceeded its authority in entering upon any such training pro- 
gram. By leaving the adm~nisuation d the mining program, including 
the selection d trainees and rheir research projects, to the universities- 
NASA's prime requirement was that the research br clearly related to 
space--the agency also earned the appreciation d the universities. 

A most imponant aspect d the sustaining unikprsity program was 
building laboratories for uniwrsities interested in the space prosram. The 
magnitude of the national need for new uniwmsity construction had been 
indicated in Bolt's brief r & u d  for NMA's ad hor advisor).. committee. 
From all over the country university administrators came to sep NASA dfi-  
cials about the possibility of obtaining funds to construct new buildings. 
.As indic-attd earlier the pilgrimages had begun mm before N.AS.4 had 
the necessary authority to help. Always the story was the same. University 
interest in doing s p ; # ~  research was running high, but facilities were al- 
ready overloaded by other research and by teaching requirements. To takt 
advanta,ge of the opportunities pt~sented by the space program and to help 
N.G.4 c0duc.t the r i m  and other space programs. the  university 
required additional facilities and equipment. Out of this need grew the 
facilities ponion of S.4S.A.s sustaining university program. 

By the end of \\'ebb's fint year and a half in office, N.-\S.Q's unitorsity 
progrrrm haci fnxun to ti~ke the shape ir \could dispbl- throughout the 
19ti05: a component supported by the technical program dfices and the 
sustaining university program supported by the Office of Grants and 
Research Cantracts. Tlw fonner supported mearch closely connected with 
specific programs and prc>jjrcts of the agenq, while the sustaining program 
provided funding for grt i ia te  training. the construction of facilities. and 
continuing rrsearch in nther broad areas. .As the program was expanded. 
the underlyitlg polit? was also finned up. -To the points listed in the 
author's memorandum of Sovemkr 1960. \\*ebb added an important 
guideline: X.-\S:\ wits t o  work with irli\-ersities in such a way as to streng- 
then them while at the same tinw getting NASA's job h e .  This particu- 
lar polic). of \\'ebb's. often repeared in conversaiion and writing. evoked 
approbation from the Space .%iencu Bmrd's .Ad I ioc Committee on NAS.4- 
I'niversity Relationships in the spring and surnnler of 1962. 

O n c ~  launched on ;I lwrh of renewed growth. the university program 
increased steadily to more than $100 million a ?-ear (fig. 45). The sustain- 
ing university prograrrl flourished for a number of !-ears before running 
into peculiar problems that markedly altered its character and greatly re- 
duml  its sire. -To run the program Thomas K. L. Smull had taken over 
from Lloyd \\'ood, its initial mentor. Smull. formerly of the SAC;;\. had a 
broad acquaintance with university administrators and a keen sense not 
only of the capabilities of universities but also of their n&. He was not 
an easy conversationalist, and his writing tended to be labred. but these 
shortc-om in^ \were overc-ome by his imaginativeness and the soundness of 





his thinking. Because of his obvious interest in the weliare of the uni tmi-  
ties with which he dealt. a welfare which he put on a par with that of the 
National Aeronautics and Space Administration which he rqwesetrtd, 
Smull gained a solid acqxam in the tmiversitv community. 

To assist in the mrnagemnt of the program Snrull brought in a 
number d key persons. John 1'. Holkway. a physicist d notabls sharp 
intellect and equally o~ t t i ng  ton.-. brought years of experience with uni- 
versities from the Office of Naval Researc h and the Office d Mense 
Research and Engineering. Holloway effecti\c* irr promoting all p r t s  
d the sustaining unitmity p n p a m .  and in time k a m e  deputy to Smull. 
Frank Hansing from A~ricultuw. Donald Holmes from Defense. and John 
Craig from the Cuntral Intelligence hgetwy were other new recruits to the 
office. Altnost single-lrandedly Hansing managed the tnining grants pro- 
.gram, earning the .great respect cd kwh c o l l ~ ~ ~  and outsiders. Holtnes 
wrestled in respectable fashion with tht* more tricky facilities grants, whew 
he encountered a nurnbtr of vesaticms IMP expetienced in r w k  p n s  of the 
program. f h i g  took rusprsibility for the research grants. 

Having lar~ncheri t h e  S.4S.A university program on a career of expan- 
sion. Webb ront inu~d to give it his personal attention. As part of the rtwr- 
ganir;rtion of S.AS.4 in the fall of 1Stii. \\'ebb moved the Office of Gratlts 
;and Research <hntriac-ts from its obwurt* Icn-at ion in the Office af .4dtninis- 
t r~t ion to the new 0ffic-t. of Spac-e Scienm. where an intimate asstxiat ion 
with the universities wac 311 i:nl>ortant fr;atun~ of the operating prwarn.13 
Following the ad hoc advisor?. meeting of August 1%l. the administrator 
engaged John C. Honey of the c ~ r ~ ~ e g i c  <i~rpor;~tion of New York to c.c>tl- 
tinue to review and advise on the ;agrnc).'s progriarn with the universitit.s. 
\Vniie Honey added little to thr substantive rmon~rn~.ndations of the ;ad 
hrx group. he tcuk p i n s  to etiiphas~ze that if ?i:\S.A was serious ;abl)ut 
t.levating the university program. aclquate stitffing had t o  be providtd. 
tlont-s's judgment was th;at at the start of IW2 S.-\Sh \\.;is grossly undct- 
staffed fcw its projected plar~s in the university area. ;and in particitlar to 
match the performance o l  thc Offict. of Snval Rt.warc.h. the National 
Scienc~ FcVoundarion. iand the Sational 1nstitutt.s o f  Health in wr~orliing with 
universities. For p m p r  dfwtivenrss. 1 l o n t ~  advistd otle nl;tnia,ger for rac-h 
$4 million of prqgran~.'~ By tloney's sta~rd;~rtis. S.-\li;\'s univer :iy pro- 
.gram was pt.nnanently u~idt~rstiafftri. 

As the prt>griiln unfoldtd X:\S:\ miidtl ;I pr;ic.tic.e o f  wki11g outside 
t~aluations. It was diifick~lt to assess ar;d assimi1;rte such evaluations. fcu 
thcy tend4 to tn. highly flavortul by the personal vit*\vs and k n t s  ;,of t11e 
evaluators. In June 1961. Sidney C;. Roth ol Srw I'orli I'nivcrsity tttrntd 
out ia rtBlw)rt on S:\S;\-univc-rsit rc.l;ations \vhich swmd t o  show grc-;ater 
conr-ern 'ahout how t o  t.ntiatwr the henelits of S;\S;\'s pro)gr;am to the uni- 
versities than iahoi~t ho\v S.AS.4 might set \\.hat i t  rrcuulcd from the pro- 



gram. It gave much attention to the mechanicr of operating the university 
program. Roth recmmendeci that NASA establish discipline divisions-a 
biology division. a physics division. ere.-for dealing with universities and 
make use of corresponding evaluation panels in deciding on grant 
awards." NMA could not use such a recommendation, which failed to 
take into account the agency's need to organize along project lines. There 
just wasn't a definite sum set aside to go into university research in biol- 
ogy. and another sum for university physics. and so on. Rather, NASA's 
monies were earmarked for projects in lunar expioration, satellite astron- 
omy. space communi~tions. and the like. hione). was directed into the 
academic disciplina as they appeared directly or indirectly to support the 
agency's assigned projects. 

A year later. in a similar study for NASA. D. J. Montgomer). of Michi- 
-n State ITniversity foulxi almost no desire in his widespread discussions 
to have NASA change irs methods of evaluating rcwarch A key 
pl-chiem cited by Xlonrgc~mer). %-as that of communicating adequately to 
the university community SAS.4's intentic~ns and the opportunities NASA 
could offer for university rese-arch. 

In 1965 the SASA universit)- progrirm was in full swing.17 The Office 
of Space Science and .+pplications was det.c#ting about $30 million a yrar 
to the support of university rw i rch  related to the space science iind appli- 
~ u i o n s  programs, and other progr.tlar offices were also pouring sizable 
sums into the universities. In the sustaining university program. the train- 
ing grants, which now n>nsumed ;~lw)ut 625 million a year. had attracted 
high-caliber students who appeared to be doing good research on impor- 
tant space problems. 7ricenty-scven research facilities grants had k e n  
itwardtd. and thew with the broad research .qants were enabling many of 
the major universities-the 3lassachusetts Institute of Technolqqy. 
Prinwton. ttie ITnivc.rsity of \Viscotisin. and various campuses of the I'lli- 
versity of Cktlifornia, for example-to establish interdisciplinary space 
~.c.s<.arch it<-tivities. .l'he sweep of the program atid the ividespread uniwr- 
sits interest was brought out in a XASA-university conference held in 
Kansas City 1-3 March 19(ij.'P The confermce was held lo inform the uni- 
versitiir of NAS.4's plans anci to hear university rcprts  of progress in their 
projects. Those attending c o n ~ p r i d  a veritable ISho's \Vho of the univer- 
sity commr1nity.1~ The nltrting evoked tmh praise and criticism of NASA's 
program. illustratiirg the praise was a letter from Professor Martin Sum- 
inerfield of Princeton I ' n i ~ c r s i t ? . ~ ~  Summerfield wrotc to compliment 
SASA both on   he conference and on the substance of the NASA university 
Ixognm. He said that hc foiind the same t.nthusiasnl in his ~ d k s  with 
colleagues at his university. Xlost itpprmiatd was NASA's policy of sup- 
porting a uni %ty in tvhi~t the i~lstittitio~l fo~jnd to ln. in its own self- 
interest. 



But the glow of success blinded one to some serious defects. In the 
sustaining university program were problems that wmtM som destroy the 
pro jpm as originally conceived, replacing it with one of quite different 
thrust. 

EXPERIMSIEST~~L PR(X;RAY: 
F.\cY LJ nES G ~ . r s r s  .as0 34 EMOS O F  I'SDERSI'.~NDING 

\Vhen James E. \\'ebb began in the spring of 1961 to encourage NASA 
managers to expand and deepen the agency's association with the nation's 
universities, they naturally thought in terms d progriams like those of the 
Office of Saval Research or the Satiotlal Science Foundation, programs 
which have been characterized here as conventional. But \Vcb%. out of an 
interest born of his long espriencv in government as director of the 
budget and as under secretar). of state and many yean of association with 
the Frontiers of Science Foundation in Oklahoma and Educational Sen- 
ices. Irrc.. in .\Iassachusetts. had Itlore in mind. He wanted to experiment, 
to create a closer. stlore fnritf\rl gover~lment-uniwrsity relationship than 
had esistd l~fortb. 

So scmnzr had the word gale  out that S.Vi.4 now possessed the 
iiuthority 10 support the construc~ion of irniversity I.rcilities and would be 
receptive to proposals suitably related to thc spac-r effort than the agency 
was &lugtxi \vitll reclirtsts for s11pp)rt of labor.ttories and institutes. l 'he 
111o11th of Oc[obt.r 1961 illustrates the kind of inrerest that had been stirred 
up. I-loyd &rkner o f  the Sr~l~th\vt.st Research Institute in Dallas obtained 
from S.\S.-\ a commitment to support the lnstitirte at the rate of $500 
thoirst~~d a yirr on ;r step-funded basis.?' On 20 October 1961 Nobel I au -  
rtb;ttr \\'illarii I.ibby. rt-presenting the l'niversity of <hlifornia at Los 
.41lp;t>les. disc-usstxi with \\'ebb and the author the possibility of .getting 
11tont.y from S;\S:\ to tsrtu-t a birilding t o  bC devottd to wse;rrt-h in the 
t'itrth u-it-nces. .As ;r site for the building. the university was interested in 
ac.cli~iring titlt. t o  somt. neightx>ring land twlonging to the \'eterans 
.4ctministr;1t. I'ht. land \r.;ts understcxd to be surplus to current gov- 
ernnlrnt t l tds.  ;tnd I.il,b~ \\.ondertui if S;\b.\ might ;rssist in obtaining the 
real est;tttl for the university." 

I'wo ii;~\s 1;ltc.r. (;o\t-r~ior );t.rric.r- of Illiilois \\.;~s in \\'chb's office to 
vspltwt- Illinois'+ intc.~c.\! irt the S.-\S;\ IIII~\-t.rsity progralii. Imtntuliatel~ 
011 tht* htvls o f  thr d i ~  i,isions \\.itti (;r)\.t't.~lot. lit~r~ier, J;t~iit?r S. hI;t(.Do~l- 
1 ~ 1 1 .  prt\iiit*nt o f  ~ l . t ~ - l ~ o ~ ~ t ~ t ~ l l  :\it< r;tIt (;o~~ip;tri\ ir~iti :I trt1stt-t- of \\';~shi~ig- 
ton l'ni\t.r\it\ ;it S;rint 1.ouia. \\..IS iticlt~iring ;ts t o  lie\\. \\ 'a~lii~igto~i I'ni- 
vcrsity 111ight be relatvd to the sp;tcc* pro.qitrn.?Wn 26 October 1961 
Professor <;ortion M;rcI)~~nald of l <:L.A followtul 111) Libby's eirrlier visit 
seeking .tn r;rrth-scit3nc.es 1;rhoraton f o r  tht. u~iivcrsit\.?~ In thew esplora- 



tory discussions. Webb's questioning began to reveal the germ of a new 
idea, that of getting universities to develop stronger university-community 
relations. 

By 30 October. when Professor Samuel Silver of the Cyniversity of Cali- 
fornia visited NASA Headquarters to solicit support for a space science 
en te r  at Berkeley. Webb's idea had begun to take shape. Silver needed not 
only money for space research. but also funds to erect a laboratory to house 
the space-xience center. \+'ebb asked if the proposed center might take on 
two economists who. working closely with the physicists and engineers, 
wouid study the values of science and technology. their feedback into the 
economy, and how a university can help to solve local problems.25 T o  
Webb the fact that a laborator). provided by NASA would be devoted to 
space research. while an essent ial requirement. would not be adequate jus- 
tification. There had to be more, and during the first half of 1W2 the 
desired quid pro quo was worked out. Following the administrator's lead. 
on 3 July I%? Donald Holmes set down a few notes on the policy that 
would be followed by NASA in making construction grants to universities. 
Holtnes noted that in accordance with Public b w  87-98, and when the 
university had met criteria established bs N.\Sd4. it would be NASA's in- 
tention -o vest title in the grantee to the facilities a[-quired under the facili- 
ties grant prqpam.?<r\mong the criteria would be Webb's special require- 
ment, of which. in connection with a p r o p o d  facility .grant to the Z'ni- 
versity of California at Bcrkeley. \\'ebb wrote on 25 July 19til': "One of the 
conditions of the facility want will be to require that each university de- 
vote appropriate effort toward finding ways and means to assist its service 
area or region in utilizing for its own progress the knowledge, processes. or 
specific applicatio~~s i ~ r i s i n ~  fronl tilt. splc-tb progclm." He ftlrther stattd 
that a memorandum of understanding signed by serlior officials of the uni- 
versity and S.\SA woilld be used to establish the conditions of the facility 
grant.?: 

These additional conditions for obtaining a facility grant from NASA 
may or nlay not have k n  necessar? to : -lstify the .grants t o  Congress. but 
for \\'ebb they were entirely in character. He repeated) said that he liked 
to accomplish several things at ontth with any action he tcx~k. He saw in 
the universities not only a source of support for the scientific and technical 
research of N.-\S.r\. but a l ~ o  the p,ssibility of meeting a much broader need 
of the administration. In the last half of the 20th cetlt!~ry. political, eco- 
nomic. and social problems had become so complex as to place them 
beyond the comprehrnsion of any singlt~ individual or group. ;is never 
befort. in tht* history of man, statrsnlen netsdtd advice arlri counst4 based 
on the expertise. t*xprience. and insight of m;tny diverse talents. \\'here 
better to look for this than on the ur?iversity campus wher.. all kinds of 
talents and interests rsist togethrr. eng;aged in study and thought at the 



very froririer of knowledge and understanding? -The task was to bring all 
this talent together in such a way as to derive from it practical and timely 
advice to administrators and lawmakers. 

So, as NASA people sought specific help from the universities in their 
individual projects and programs. Webb sought to give this developing 
university program a broader and deeper character. He would support the 
training of large numbers of gradaate students and the construction of 
limited numbers of buildings for space science and engineering and the 
aeronautical sciences if university administrations in return would commit 
themselves to developing new and better ways of working with locz! or-- 
ernments and industry to solve common problems and advance the general 
we!fare. Webb was especially interested in seeing what could be done to 
develop readily tappable centers of advice for local. state, and national 
government. 

The universities were quite ready to sign agreements along the lines 
that Webb desired, but actually showed little understanding of what Webb 
was talking about. Xiost university administrators seemed to feel that the 
agreements were purely cosmetic-showpieces that could be used in Con- 
s e s s  to justify the constrttction grants and other subventions to the univer- 
sities. A few produced some results, but nothing approaching what Webb 
had hoped for. 

Webb's dream was a desirable objective. but may have been impossible 
of achievement in the university enviro;lment. The independence of the 
individual researcher. which academic tradition guarantees. fosters the ex- 
pertise and spt'ciali7crt knotvltxtge that \\'ebb lvishtd to tap.To place such 
expertise and knot~ledge on ready call to be applied on command to prob- 
lems of someone else's choosing-that is, on demand from the government 
seeking advice. or the university administration seeking to serve the gov- 
ernment-would destroy the very independence that generated the unique 
expertise in the first place. This meant that one would have to rely on 
voluntary contribi~tions to the activity by individual professors, which left 
the university adrliinistrators in a position of attempting to persuade their 
professors to join an undertaking the administrators themselves did not 
titiderstand well enough to describe in very persuasive terms. 

To add to the dilemma. ~lniversity researchers often feel that their best 
personal contributions to scx-iety are to be made through their personal 
research. which is the thing that they do best. ~l'hus. when \%'ebb asked 
individual department members if they didn't feel an obligation ro their 
university administration to help c-arry out a nieniorandum of agreement 
like those with S.4S.4. the answer was no. Such an answei, \%,as 
regarded as natural and proper by the university rwarrher. seem& out- 
rageouslg callous and irresponsibie to \\'ebb. 

That NASA could apply only a few tens of millions of dollars in the 
univt~rsit!. ;tre;i affordtut \\'el)b 1t.r). little levct-age. :\s Richard Bolt of the 



Science Foundation had pointed out, university needs nationwide for 
buildings, equipment, and other capital investments were variously esti- 
mated in the vicinity of several billions of dolla. i, against which NASA's 
few millions made little showing. 

The fortunes of the sustaining university program rode the wave of 
Webb's interest in drawing the universities into ihe broader role in politi- 
cal, economic. and social matters to which he felt they could contribute so 
much. One may argue over whether Webb's objectives were achievable at 
all; but they could hardly have been realized in the few years that he 
allowed for their accomplishment. In 1965, when the university program 
appeared to be riding high, Webb, instead of taking satisfaction in its 
accomplishments, began to show disappointment in its shortcomings. On 
19 February 1965 he wrote to the author that "no university, even under 
the impetus of the facilities .grant accompanied by a Memorandum of 
I?nderstanding, had found a way to do research or experiment with how 
the total resources of the university could be applied to specific research 
projects insofar as thev are applicable."2@ 

\\'ebb met frequently with university heads to press them for reports of 
progress. He asked for independent reviews of the program. One of these, 
conducted by Chancellor Hermann Wells of the C!niversity of Indiana, 
included an extensive tour of tht- universities owning buildings paid for by 
N.AS.4. The report did not give Webb the encouragement he sought. When 
the president of one of the universities Web' felt most likely to produce 
good results stattd that niost of the iiniversities believed Webb had intro- 
duced the memo of understanding purely to satisfy Congress and that he 
really \c;icn't serious about rruluiring performance under the agreement. 
the administrator's disenchantment was complete. hs  1966 rolled around it 
becamt. clear to his ;tsswiates that .Administrator N'ebb was planning to 
wind down the sustaining university progam. 

In an effort to forestall any such curtailment. the author wrote a 13- 
page mernorandum to the administrator pointing out the importance of 
the universities, the substantial accomplishments already achieved in the 
N.AS.4 university pro,gram, the highly successful training-grant p roqa~n  
which was already bringing many cotliptent young recruits into the space 
1,rogr;tni. ;lnd the incre:~sing flow. [of results from the research gtants.Z9 The 
author argued for a stron.7. continuing progam, eriiphasizing that current 
accomplishments were the results of steps taken many years before and that 
a si~ccessful program of the kitid S.AS:\ now had was the best possible basis 
from which to try to achieve the special objectives IVebb had in mind. It 
was tcx) late: events had overtaken the prograrn. .Added to \4'ebb's disap- 
p~intment with lack of perfortnatice on the memoranda of understanding 
was an emergent suspic.ion that the C;illiland Coriirnittee report might 
have grossly overestimated the need for new technical people in the 
nation's work force. Physicists arid ctigineers, especially in the aerospace 



field: were beginning to have difficulty in landing jobs, and it was just 
possible that NASA's sizable graduate-training program might be exacer- 
bating a serious national problem. Simultaneously President Johnson, uis- 
turbed by unrest and violence on the campus and smatting from what he 
regarded as gross ingratitude for ail that his administration had done to 
help students pursue their education, was disinclined to provide any 
further assistance. (That the dissidents were associattd with departments 
other than the ~cientific and technical ones with which NASA was con- 
cerned was obscured by the emotions of the period.) As Webb later told the 
author. he had been instructed by the president-in a memorable 
meeting-to wind down the training program. In the existing climate. 
Webb proi-eed~d to phase out the facilities grant program also. This 
dropped the zustaining university program to about one-quarter its pre- 
vious level by Fk' 1968, for the time being consisting principally of the 
broad arm-research grants. Numerous congessmen, like Joseph Karth of 
Minntwta, ~ \ , h o  had found the s~~sta ining university program to their lik- 
ing, expres~ed disapproval when the new budget requests showed how 
much it was being curtailed. Nevertheless, the cuts stood. 

illtini;ctrly S~iitrll and t lo1loway ix~arnt. c.asu:tltit?i o f  B't*bb's disillu- 
sionment over the. NiISA ~tniversity J>rOgl.itlll. '1'0 S~nul l  anti tlollowicy- 
;tntl t o  the autllor ;tlsc)--the Ix~sic. university progritln \\.as aniply justifitul by 
thtb irn~n,rtit~it, often cssentiitl. c-ontributions ~naclr t o  the prinrc NASA ob- 
jectives i l l  s1xtc.c sc.ience ;inti ttu.h~ic)log\. \\'el)l)'s tlrsire for i~ I)roadcr gcw- 
ernment-university relationship. while uriderstandabie and laudable, 
seemed best reg;erded as it hope for an additional benefit that rllight or 
might not be attained. 

But \$'ebb didn't see it that way. 'To hini the broader objectives were 
the nlost signifitant contribution that tht- university pro,q;rm. or at any 
rate the sustaining iuliversity program. could make. Without that contri- 
belt ion the p o g r i ~ n  lorfeittui his endorsement. 1 ie ciiIIlr to ftull that S~nul l  
and Hollo\vay frcvored the cortventioti;ti program tcx, much and did not 
put t*nougli effort into achievit~g the newer relationships he sought. From 
accompanyitlg Smull on numerous visits to universities and hearing hiin 
urgr on 1tnivc.1 s i ty  ~ x ~ ) p l t .  \\'t.l)l)'h clrsire for ~x.rfor~n;~nc.e utlc1t.r the mrmos 
o f  iu i t lc~rs tandi~~,  t11r authol litlows th;tt tilt. ;~ln\i~~istr ; t tor \r.;ts wrong in 
this csti~ii;tte. Rut tht* 1:tc-li o f  m i ~ t u ; ~ I  ~t~iclcrstitnding grtsw, rsac.crbitttu1 by 
Holloway's sharp tongue ;end Smull's f;rilure to displii~ to the universities 
tlie image of NASA that \Vebb desired. Finally Hollorvay left to take a 
positiotl in another ;tgenq. Srnull movcul to another office in NASA. 

Francis Smith, an electronics engintvr from the 1-angley Research Cen- 
ter \2+ho had itc-hievtul considrrablc sucwss in c.onducting various inves~iga- 
tions and planning activities for NASA, was put in charge. Ph(wnixlike, 
out o f  the ashes the Office o f  Grants anti Rvwarch Chntracts rose again in 
form of an Officxx of ['niversity :\ffirirs, for a short while reporting dircr~tly 



to the administrator and then for a number of years to the associate admin- 
istrator. Honest, witty, and bedeviled by Webb's assignments to duties he 
really didn't care for, Smith nevertheless displayed a willingness :o exper- 
iment that put him in @rat favor with the administrator. But Smith did 
not long stay it t  the post. leaving NASA to go to the llniversity of Hous- 
ton. 'Thereafter Frank Hansitig took over and proceeded to mold the uni- 
versity prowam to the needs of NASA as perceived by top management. 

NASA's evident willingness to experiment with new relationships and 
management devices antedated Webb's administration. In this a prime 
mover with regard to academic ties was Robert Jastrow, a physicist who 
had come to NASA froni the Naval Research Laboratory in November 
1958. An imaginative thtwrist, Jastrow over his years with NASA interested 
himself in at~iiospheric and ~nagnetospheric physics, meteorology and 
atmospheric prtulictability, the origin of the moon arid planets. and astro- 
physics and cosmology. He wits a superb spxaker, able to hold both lay 
;rudiences and professional c-olleagues slxllboutid with his descriptions of 
spact. science topics. an ability that served NASA well when Jastrow 
appeared before c-ongrrrsional comniitttm in defense of the agency's spact 
sc.ier~c.e 1)utlgr.t rtujtcest. Ile prcduce<i nu~nerous tx~)ks  irnd articles of h t l .  
tec.hltic;il irnti ~x)l)i~litr level." On tt.It*\.ision he was ;I frculuent exlu)nent of 
thc matiy tw~iefits ~n;inkind tvas rtu-eivitlg fro111 tlle sp1c.e prograln. 

1ninituli;rtcly u~x)n  joining N:\S;\ Jastrow 1)ltsitut hinist4f with pronlot- 
itlg s~);ic.e w-ierice. I it. joined forces ~ . i t h  I t;rrolci I'rey t o  ;rgit;lte for ;ill tlarly 
start of ;I lunar proglirnl. But Jastrotv was also c.onvinc.rul ttiat the Iwst ~ninds 
c.otrld IK attrirc-tt-d illto tI~e space ~)rograni only it' 1 1 1 ~  iige~l(.y (.0111ti t~st;~t~Iisli 
the right ;rtnlosphrre in dealing witti 11niversit\ rt.sc.arc.licrs. 11c set atx~ut 
trying to c.st;rt)lish slic.h an ;~t~lv~sl)hcre. 

In Decenitwr 1958 Jastrow suggesttd to Administrator Glennan the 
establishment o f  ;I NASA fellowships program to be administered by the 
National Research <:ouncil of the Academy of Sciences.J' Jastraw urged 
th;rt the fellowship provide a large enough stipend that a post-doctoral 
rtasearcher could afford to take advantage of it. .]'he fellow would come to 
NASA to work on a problern of his own choosing, NASA's only require- 
merit bei~lg thi~t the problem tx. lxrtinent to space. Having the program 
operated by the National Rcsearch Council might free it ,  in the minds of 
pros~n~ctive fcllo\r.s, irom the taint of bureaucratic- bias arid parochialism. 
.l'hr suggestion \\.;is approved, and a fortnal announcement of the program 
apprirrcul the followi~ig %f:1rch.~2 

I'he progriltil attracted national and international interest and brought 
many first-rate researchers to NASA. From the Goddard Space Flight Ckn- 
ter, wtierc it  started. the fellowship program spread to other NASA centers 



including the Jet Propulsion Laboratory.'"~~ this wiiy NASA developed 
;rn iusc~iation with httndrtvls of co~i ipe l~n t  sc.ient ists rhrcjughout the 
lrliited States and the rest of the world, :tncl thtw st.ic*ntists h ~ i r m e  prson- 
ally interestid in space research. 

Jirstrow soon citlnr to feel that cnn*inu\>us a t t t ~ ~ t t i o ~ ~  to the thtnrciical 
tersis for spitw invt'~tigi~tions W;IS t'~wnti;rI to I wttnrf irtid ~~rcxlirct i~e pro- 
gratn. He therefore joint4 the ncwly fortntd Gcxldarci Spaw Flight <'n.t~ter. 
where he took on  the task of aswrnbli~~g wl~itt et.t~t~tuitlly twu.an:e the ' Ihm-  
retical Division of the center. Still not satisfied with this scstup, kc.;ruse it 
lacked the tlrawing Ir)wc.r t o  ;Ittract thc twst minds, Jastrow then p r o p 4  
that a small sttrdy proup tx itt a icwation uIortw casily ~icct-ssible to visiting 
scientists. t-fe chose ii set of offices in the Mazc;r Rrlilding it1 Silvtar Spring, 
Maryland, which wits t ~ o t  too difficrllt t o  g r t  io from downtown Washing- 
ton or the Nirtional '4irport. Here, supporttd H rth c:)~~trircted computing 
c,apirbilities, he '~~itiaitul what wits to hu-ome one of the most irrteresting 
c.xpt.rimcnts ill govc.rtr~nc~~~t relations with rnta st~ientific ( . I  . , I , .  ' * y  ;rncl 
academia. Visiting rese:~rchers were wclcclmtd t o  work on , . . 'IICP 

problems, irnd such luminaries 3s <;ordo11 Mat-Donitld, il ' ( l l r ~ ~  ,.. Ays- 
icist. and tlarold I'rey, lunar ; ~ n d  p!auetary t-xlwrt, c ,tr 5 .  onald 
rt.m;rind for tnorc. than a year. L-esding c.slwrts from ;trc,,. (he wor:d 
\verth invited to frtuluenr work srssions o t ~  im~~,rr;rnt sp;lc.t3 sc-ic.nc.tb topics. 
likc* particles anti fields in spa:e. thc. scilar sysletn, iutd <.os:nology. P r m n -  
tations treated the most at1vancc.d aspects of thtlir fielcls and were thor- 
oughly disc-t;ss(-cl I)? the ;tttetitlt.es. .l'hcse sessions anti the ongt~ing work of 
J;tstrow's group wcrc the soltrc.tb of numerous ideas for space science 
experiments. 

An inqxort;tnt rlc.nie~~t of Jastrow's conc.t.pt was clost~ working re- 
1;rtions with Icx.;tl univvrsitit.s, for te;u.hing and ~vorking with d(n.tor3I s t ~ ~ -  
tit.r~ts w:!s cr~nsidt*rrtl onc. o f  the h.st ttrirys to kcrp a rc.sc;trc.hrr on his tws 
; I I I ~  \\.as onc. o[ tllr Iwst stinluli i~n;rgitlablt* for qc.nt~rating rc.searc.h itleas. 
Iu this rtasptx.r J;rstrow fotrt~d tile \\';r*;hing:orl ;rrc.;~ tic.fic.itx~it. ;Ilthoirgh 
gtnd relations were c.stablishtuf with the l?r~ivt*rsit\ of M;tryllrt~tl, <:;ttholic 
~ '~~ i i~(*r - s i ty .  ; I I I ~  ott~t-1.5, still tlw q~ti~li ty o f  ttirir (o t~ t~ i t )~r t io~rs  ~v:r\  11ot 111) t o  
\\.hat Jastrow soug!;t. In 0c.toln.r 19ti0 Jastrc~w wrote t o  AIK Silverstein- 
11e;ld a f  the Off' :e oC Sp;tc.r Flight Prc* r;rrns. wtiic.11 houscti tile s1)ac.c. 
scirnce office-prop)si~~g that S:lS;\ crc.;ite it c-rntcr for thc.ort.tic.al re- 
:c.al.c.h. By 13 Drct~n~lwr I he pro1w)sal had c~volvcti i l l t o  onc to establish ;III 

I~lstitute for Sp;tc c Stiiclies in Xcw \'ark <:it).. wht1r.e c,lose rrlatiotis could 
in. dc.velolxd with Ic.;lclitig tinivt.rsitic.s like Ci)I~r~nl)ia. Nrw York ITniver- 
sit).. and Pri~~ceton.  \$'it11 sulqxort froin both Silvt.rstc.it~ ;~nd  the author. 
( ; l t .~lnit~~ quick1 y ;tpprovt~i t ht. l)rop)s;~l,'" 

\I7hc.tht~r ttlc. 111stitir1c. s i io~~l( l  I M * C ~ I I I ~ ~  a11 i ~ ~ ~ l t . ~ w t ~ ~ l ~ ~ ~ t  (.tb~~tvr 01. r c . r i ~ ; ~ i ~ ~  
prrt o f  the Gotic;vrti Sp;~ct. Eligl~t (;rnter tv;~s wrio~rsly disc.ussc.d. 111 t t ~ c  
vntl, the trc.mentioi~s obstac~lcs that svoi~ld stitlld in tht. \\.;I\ of c.rt~;ttit~g 



another new NASA center, and the unmiainty that in the f a t e  d politit-al 
jorkeyinp: NASA cmrld sustain the choice of New Ymk City for its I-- 
t im.  led to rrhcr~rrloning the ncwion d a s t p r a t e  center. The Institute for 
S j w e  Studies w;a scr u p  in New York. in r e n t 4  quaners, as an arm d the 
<kwkl;ll.rl Spxu  Flight (kite. but with t x m ~ i ~ ~ h l t -  atrtmomy over the 
choice of its m a r c h  ; n ~ i v i t i t ~ . J ~  

T h e  ptbrrmrnent staff w;a intentionally small. a half-dozen key re- 
searchers plus wx-reurial a d  rrdministrative help. Mou d the rnearchers 
cn1 site were to k visitirtg cxptrts who wcwld slmtd from a few weeks to as 
muc-h it.. a ?car at a time at t h e  institute working m space sriemr problems 
;I& joining in tht* diu-ussions d t k frequent wcwk -ions. A large com- 
puter was renttrt with prcqp-.amming sraff, and later purchased. As time 
went on th r  c-omputinp: capability was enlarged and improved. giving the 
institute one of its 11-t ac t r~t iu . .  features. 

i\mtmg t k  who came to the institute f o r  extended stays were the 
ubiquitous Il;~rold I'rey. who seemed to turn u p  w h t m e r  exciting space 
t q ~ i c r  wtre k i n g  1xrwud: I f .  C. ran de Hulst, astronomer, solar physicist, 
and first ~~rt.sicIt*nt of thc inter:*ationai C~mmit tee  on  S p x e  R e a r c h ;  and 
\\'. Prit.scer. pic~n<tl. worker in high atmospheric strt~crure, who did much 
to ck~erminc S(;ISOI~;I~ and other variations in upper air densities. 

In SCW Yabrk it \<-as ps.iiblr to arrange the kinds d university faculty 
ap;~~intments  11eecierl to give the institute the desired acadenlic ties. Visit- 
ing professors I<%-turd at the instit~zte. Institute members taught at 
CfiIti 7hia and other univt.rsitits and became faculty advisers to doctoral 
cancI~\l;~rts working on  space science topin. M'ith contracts the institute 
gave several hundred thousand dollars worth of funding support annually 
to uni\-t*rsit! rewarch of mutual intercst. -1'hrouqh these associations the 
institirte tm-i~me a unique experiment in govtr~iment-uni\~ersity relation- 
ship .  

.inlong the t.;~rly areas of interest at the <hddard institute for Spat-e 
Stirdim were llrrlar and planetary rest-xch. the trrigin of the solar sFstem. 
and a3trol)llysic> and c-c~mology. Stlrdit-s of e n e r g  balance in the earth's 
atmosphere clcrupird a .great deal of attention, a;jd later considerable work 
was done on prrdic-tability in the earth's atmosphere. a topic central to 
m;~king long-term for-masts o f  weather and climate. \\'hen the exciting 
p s s i  hilit ies of infr;lrrd astronomy became apparent, the insti'ute. al- 
thoush prtdominantly devoted to theoretical rtx:~rc-h. set u p  a small ex- 
perirnent;~l ;activity alongside the thmret~c-al work.% 

Palwrs flo\\.tuI into the jamrnals. Many of the work stssions gave rise to 
h , k s  on frontier topics. like Jastrow's Origin of thc Solar System." A. \V. 
<I~meron j,uhlis!~trl prdigiot~sly 011 thm~~retical investigiations into the 
origins of thc. soi;tr s)-stttn. . trs, and other celestial objects. 

T h r  Gcddard 1nsti:;rtr ?..\e SASA a firm c-onnlrtion with a number 
of ita~mrtant universities ;tnd with a broad sixvtrum ol working scientists: 



but key m e m b  d what m e  d ten  relwrcd to as the scientific establish- 
ment remain4 almf, appa~ently t a t  hostile so much as indi(fctcnt. So 
Jastrow proposed still another experiment, a meeting of t o p  NASA people 
with foremost l c h  of the scientific community. On 20-2 1 June 1963, at 
Airlie House Iwar \Sarrenton. Virginia. j a t m  Webb 1 tugh Dtyden. Hafl). 
C m t .  and the author !istend as Jastrow. C k d m  MacDonald. and ahen 
preser.ttd t o  the elite crf physics in the I'nittd States (app. 1) an exciting 
review of thc k i d s  d problems that muld now be attacked with rockets 
and spaaxraft. .-n intefzst was aroused, and the group a g r d  to meet 
periodically to keep in touch with the space prwam.  Formally designated 
.I< ttw Physics Cammitree. the .group openrd  more as a colloquitim than 
as the usual advisor?. committee. Robert Dkke of Prit#ccon, expert on rela- 
tivity and cosmology. becanle its first chairman."' Some of the n w t  excit- 
ing experitnmts for the SAS.4 .pax science program-in such ;upas as 
x-ray astronomy, wlativity. and r-osmok+g -wwe on the bill of fare. As 
time \s-mt on ideas from the many disc-ussioris fo~rtrd their way into the 
flight program of the a.qnq. One may cite as examples Bruno Rossi's 
work on high-etwre- astronomy. the tbcwt of Stanford I'nivmity on the 
rrlativistic prm-ssior~ of ac-t-uri~te . q -~~mj ( r ,p  in orbit. and the cornn rcaec- 
tors implanrd om rhe nuwn by the .\p,lIo ;rstrvnauts to suppwt precise 
.geodetic e~t~~surca~crlts.  

\\'ith thc S.4S.A felli>wsh~p p rwam.  the establishnlcnt of rhr Goddard 
Institute lor Spatr Studies. and the fcora~atiun of tht. S.lS.4 Physirs CAD~I- 
mittee. Jastrox hati c-c>ntributcrl imtrrt.asurably to pioviciing S.4S.l with a 
\vc*ll rounder1 tie to* the university c.t)mmunity. pnic.ularly in physics and 
t-csmulogy. Man?; came to hope that the <~cwi&rd Institute rr,illd wr-vc as a 
pattern for c~her  spttr  institutes-for example. in lurrar rwarrh. planctap 
stutlin. and astronomy, as thr R;t~nsey Curnmittcv srumd to favor (p. 217i. 
But in the late 1960s c-onditions \wrt- diffc.rznt iron1 those prc*v;;iling when 
tlrc <;cddard Institute had k n  tstablishrd. .Setting asitlr- the qutrtion of 
how n ~ r ~ c h  the institute's success c)wcd to Jastro\v's leadership. s lx~ia l  dif- 
ficultit.?i were enc.otlntcrrxi. Birdgrts wrrt- rising in the ctrl! I Wk. falling 
in tlic 1.1tit~1 h;11f. 1.11~- tx~ttt-111 of .IWN i.11ion5 \\.it 11 111c nt*\%.l\ fort;~xI XAS:\ 
>till h;al to In. ~lc.\c.l~qn.cl in thc*t-;lrl\ \t*.lr> c * f  tht- .19*11c!. \\.hilt- in tlw 1;ttc 
1 A i s  \vorl;ing IJirrtcrn* ant1 vt-ttrl intrr:x?ir~ h;id .~lrt-;lti? 1 x ~ n  t~t;~bli\htrl 
\*.liic-h ours~dr st-ic*n~~sts would Ix. louth lo disturb. Se\crtheless. tollo\cin~ 
the report of the R ; t m ~  <i,~nmittt.r.. \Vebb wishtd to expcrimerii once 
more. this tinle intrcdiu ing a ne\v t.lmnent. t h ; ~ ~  of the university (-011- 

scwtii~m. 
Rcrc>sgitin~ that thtbrt* would Iw. a \-as[ store of li111;lr san\ples and 

( ~ t l * ~  I U I ~ ~ C  d.tt;t ho~iwxi ;at 1 1 1 ~  J c ~ l l ~ ~ ' i o ~ l  S~SICP (i'nter ; I I ~  that ~ I I C  t.tnltt~r 
\rtxild h;~\c. 1.1, ilitics and tu~uipriicnt ntwitd to analytr ;tnd study these 
data. .\dn~inistr.rtor \\'ebb tit-sircd to t=\ol\t. uo111t- ~ntu-h;lnisni for f.it-ilit;tt- 
ins thc irse of thow rcsourc-cs by ~riit>itlr u I V ~ I I ~ S I S .  pirtiti~larly 1111ive1liity 



researchers. l b e  success of the Coddard Institute for Space Studies sug- 
gested that a lunar institute might be se~ up as an  arnr of the Johnson 
spa-e Cwnter. But the image that the center had acquired d not under- 
standing the tieeds of rimice or being particularly interested in science 
nude silch an a r r a n - m n c  u~wttractive to many outside scientists-and 
also to the Office of Space Science and Applications in XASA 
Hcadyuartrn. 

Instead of an institute managed bv the center. Webb turned to the pos- 
sibility that an institute might be n1ana.4 b-. a university or a .group d 
universities. Fred Seitz. presidetit of the Sational Academy of Sciences. 
showed an interest. .\n txisting consortium. l'niversity Rwarch .+so- 
ciates. consickred setting up and managing an institute for X U A .  The 
possibility that Rice Institute nright either b?. itself or as one of a number 
of rrniversitiru prca-ide the dc-sird link betwren a-ddemia and the resources 
of the Johnson Space Ck-fittr was 31~0 weighed. In the end a group of 
universities on 12 >far<-h 1969 formed a new mnsortium called the I'nivm- 
sir! Spacc Rc-search .-\sswiation and took over management of the Lunar 
Science Institute. which in its impi~it-nce S.4S.l had already sec up with 
the aid of the .-\ta&nry o f  .%ienc*.-s.'* The new institute was housed in a 
~naasion .tdj;rc.ent to 111r Jol~nwor~ Spict. Ckc'l~tt-r. providtd by Ria- 11istit11te 
;tnd I-r.lrtrt,i\htd I)! rht. gc~\-tSrnriit~nt. .-\I cbnc-t. tlre I .IIII;II- %-it-ntr. Institutt~ 
t r t~ ; t t l  t o  hcbld s<.it-tititic ~ncr'ti~igb. ins ire \ isiton to taw its file-ilititx. ;tnd 
fmrtr lunar ~-w.lrc-h. 

The pattern of actil-itit-s ;it the I-unar k-itnc-e Institute was. at least on 
the frtce of things. sislil;tr to thitt that had proved so sut-ct5slul with the 
Gcdriard Institute for Sprer St\trtics. Birr the 1-51 at the end of the 
f a d  a nun~lwr of \-ic-issitudt5 111:tt thc Gwidard lnstitrttr had ncH enc-oun- 
tert-d. For tLaample. .her 10 vtSirr?i of -.\.orlrit\g with S.4S.A. wmre academic 
sc-ienti5ts had ;tin.ady m a n a ~ i  t o  cr\ercotnc the pre\-ior~sl\- mentiatmi dif- 
fit ulties ti)  fit;ahlish lwrwi~al tits ;v~th the Jr~lurson Space <'xnter and did 
nc.1 wish to setB ;i n t ~  org;t~iiwt ion intt.rposc<l. In contrast forcip;n siientists 
\vho did tior have s~tcti clow awr-i;tric*~is \s.itli the s~wtc-e rantcr foi~nd thc 
151 a hwn. 

On its p;trt. the Johnon S~XICP CBntt-r \\.;IS amhi\-itlcnt ;ttxorrt ISI. Sw-h 
rtn i~tsiittltt. c-oulcl hc t1wf111 in iwrliing with tht* xientific coni~r,unity. 
ser\-ing ;is a br~ffcr \r-hcn diffic.lilt issut3 h;td t o  he \vrfitleti \r-ith. Rut \%-hen 
tiir irtstitutt-'s managt-rs prt-sstxi for ;tn indtywnctent rw.trc h progr.tni plus 
r;+ther f r t ~  aarct.ss to strr.11 reuourt-es as .-\1x)llo lun;rr stniplt~s and \arious 
lunar d;lt;t. tht-rc. \\.as tti~trhlt.. which oc-c-asiot;;tl ptrson;tIity I-1ashc.s 
en h.aic-txi. 

klo\t fund.rr~ir.ri~.tl. Iicnvc.\t*l . \v;t\ t IIC t1c.c lirir. of S .\S.\'s l)ucixt.~r in tilt. 
I.ttc. I!kAs ;tnd t.;trly 19 70s. and ;I actm tw r o f  titiits S :\S.-\'s sp;tc-c ~ - i t . t~c r  
man;tgers c onsiriert-d \\.it hcirn\vi~lg firtanc i;tl sirpjwbrt honr thr I-unar 
.k.icnct. I~istiiutc. I'hr (;cdti;trci lr~stititte for Spiic-r Studirs \\,a\ ;rlw Ix?i(,i In 



similar finam-ial pressures. but its established pnition in the S.IS.4 famil) 
made it easier to weather thew stornls than it was for the Lunar .Science 
Institute. which still had ncw had mough time to prove itself. 

Thus, while the Lunar .Scienc~ Institute muld rwc be called a lailure. 
its success in the severe climate in which it was laitrrched. was an uneasy 
one. There could br little questic>n that when tinw i-anr- to consider estab- 
lishing an astrcmorn). institute in support of an crbiting a s t f ~ ~ ) m i r x l  
fa-ilit). or a plalear?. institute in suplslwt of ~ilcre intc~isiw cwplm~tioll d 
the solar system. such pops i t ions  wcmld receive lcnlg and searching scru- 
tin? M o r e  k i n g  intplmwted. 

Following the c l ~ ~ i t t  of the facility wants p r ~ m  and the phasing 
dcmn d the training .grants. the susrnining university program k a m e  a 
low-kq opmatian. It was used to stimulate ad\-ancud rest-arc-h in arcas 
important to space applii,aticns and to proticie weti .grants to a large 
ntrtnber of minority institutions. .l-here was some experimenting-for 
rsnmple. with the de\.elr>ptnent d new enginwring cirrricula in the uni- 
\t*t-siries to meet mcdtrn ntm!s-but the earlier flair \\-as .gents. .\lw-ays the 
largest dollar compaenr of thtb iinivtrsiry yrcpatn. the project .grants d 
thc' ttt-hnical prcwitm oflrct3 txt-;*me the m;titi thrust of S.4S.4.s univesity 
prcvani. But tht* c-utbic ti 011 the sust.tining univt-rsit!- program had its 
i~n}~ te  t e111 the* prt~jre.~ gr.tn13. 111 q h ~ c i -  w.it-t~ct*. for c*\.~~tq)It-. In*Brts ~ i l t ~ n t ~  
tt1.111 lw[c>rc h . ~ i  t e ~  tw c i t ~ t ~ t x !  to s t t p p t ~ ~ ~  01 tilt* nlt.rc .~i!v:t~tctxi rt-sc-;trch t o  
lay the grc~~rnuw~~rk for yxtc~t-flight cspt-rintent?;. 11luc.h of \\-hich had come 
c ~ i r t  of the graciuate rcst.i~c-tl prc3jt3.c-IS oI S.AS;\ SIX~CP ?r(.i~lic'e trainees. I'he 
tbflect was not east to meitsurc. but thert* were tilngible si,gns. Program 
1n.itlagers founci it nrr>rrr eiifficttlt to prc~.ic!e stc.1, fttnclin~ than More. and 
c.;ttlier step tiinding was often ;tllowa! to lapst* to wit1 ;I yeitr's flrnding at:d 
tht-tt-b!- c:lw tht. c-ttrrt-111 W ~ ~ I C Y L C  011 I ~ I C  b~icigvt. 1'1111s. although the tcnal 
uni\t*rsity progrr;am rt*~~~;iina! in the \-ic init\- of $101)  nill lion per ytmrrr. rhr 
tnort- librral flavor th;it hvci c.nsurtd .( corrsidc.r;chlc* continitiry of support 
.#lid b.~d affc~rdtxi the- unis t-rsit i t3 the .ability t o  pl;~ti fur~trt~ st.tffing and 
rtwitrc h prc~jtx-ts in .I r.ttionnl mannt-r. \\.,is gcrnc'. 



Programs, Projects, and Headaches 

As with its predecessor. the National -4dvisop- Committee for Aem- 
nautics. NASA's principal trchni~-l strength lay in the fidd centers. At the 
time of the metamorphosis into an aeronautics and space agency, NAC-4 
had three principal centers: the Langley Aeronautical Laboratory near 
Hampton. Virginia: the Ames .4eronauticdl Laboratory at Moffett Field. 
California; and the -is Flight Propulsion Laboratory in Cleveland. In 
addition there was a High Speed Flight Station at Edwards Air Force Base 
in Cslifonria and a small rocket test facilits on the Virginia coast at Wal- 
lops Island.' The first four of these became under SASA the Langlev, 
Ames. Lewis, and Flight Research Centers. the research orientation of 
which Deputy Administrator Hugh Dnden was so desirous of protecting. 
\\*allops Station was ass~qned primarily to the space science program. 

T o  the former NAL4 installations. S.ASA added six more: the Goddard 
Syace Flight Canter in Grtvnklt, Slaryland; the Jet Propulsion Laborator)- 
in Pasadena: the John F. Kennedy Space Center at Merritt Island. Florida; 
the Cmrge C. Xlarshall S p ~ i e  Flight Canter in Huntsville. Alabama; the 
L)ndon B. Johnson Spa= Center (which for many years was known as the 
Manned Spacecraft Center) in Houston: and. briefl?. an Electronics Re- 
warch Cxnter in Cambridge. Massachusetts. which was transferred to the 
Department of -Transportation." X sizable facility for testing lar-ge roiket 
engine$ wds established in Siissi$sippi not far from Sew Orleans and 
placed administrativel) under bfa~rhall, which had prime responsibility 
for the Saturn launch xehicles used in the .Apollo and Sk?lab pro,grams.' 
I'he Jet Propulsio~l Iaboratoq and Xlarshall were transferred to S . U A  
from the .\rm?; the others were created b) S.4SA. .As its original name 
suggrsrs. Johnson was in charge of the Mercun. Gemini. and r\pollo 
spacecraft and most of the research and development was related to those 
prcqams.' iienned!. originally the launch Operations Direcorate of Mar- 
shall. proxided lattnch support senices for both manned and unmanned 
prcsrams. but the former rqilirrd bv far the ,greater capital investnrent and 
manpwer.5 Both Cdda rd  and the Jet Propulsion Laboratov were prin- 



c i p l  centers for the space science proe;rara, the former for scientific sate& 
lit-. the latter for planetac probes. 

hIallagement at headquarters guided the space pugram. directed the 
overall planning. h e l o p t d  and cidenbi the bud-get for the a.gemT. and 
fostered the kinds of esterr\al relations and general support that the spact- 
program needed. In a very real sense headquarters people labored at the 
center of actic)n where the political decisions were made that permitted the 
space program to p r d .  Yet the s t m  of headquarters activity is mostly 
one of context. of background-ewntial. indispensable, but background 
nevertheless-against which the actual space program was conducted. Re- 
search. the essence of the space science program. was done by scientists at 
S.IS.4 centers. in universities, and at private a t d  industrial labm atories. 

It follows that the mainstream of space science must be traced through 
the activ1tic.s of these institu!ions. The important role of the universities 
was the subject of the preceding chapter. \rich occasional exmptions. like 
the upper atmospheric research of the Ckoph~siciiI Resrawh Corporation 
of -4mericd and the pioneering wwk of .American Sciawe and Engineering 
in a-ray astrono~ny.~ the mxitribution of industr). was more to the &el- 
opment and flight of space hardware than to c-onducting scientific rtsearrh. 
It remains. then, to take a look at the part played by the S.kS.4 cmters. 

The principal space sciencu centers were the Cdda rd  S p w  Flight 
Center and the Jet Propulsion Laboratory (JPL being o p t e d  by Califor- 
nia Institute of ~Ttu-hnologv under c-ontract to S:lS.I). \\'allops Island. 
which fui a time was placed administratively under Goddard. provided 
essential support to the sounding rocket and Sc011t launch vehicle pro- 
.qr;lms.; But not all S.4S.4 s p c r  xiencT was dotie at t h e  cxnters. 
.-\me Research Cknter rna~u.ged the Pioneer interplanetav p r o k  arid tmk 
the lead in s p c ~  biolog and exobiology-a term c-oined to denote the 
search for and investigation of estraterrtstrii~l life or life-related processes. 
L;mgle?- had rt.sponsibilit! for the Lunar Orbiter anci later the Viking Xlan 
probe. XIost notable \\.as the lunar resrarch fostertd by Johnson in the 
earl! 1970s with the s;amplt-s c.f the rnoorl and other .-\pollo lunar data. 
which for a time nlade Iiouston ;I veritable Xlecca for lunar scientisu.8 
But .-\pollo lunitr science \\-as ;an exception gt3ner;tted by the s p ~ i ; l l  nature 
of t11c mianntui lunitr csploration progr:ani; and. genc.c~lly, Dryden's p i icy  
stcxxi in the \\.a! of nrora than a limited participation of the rmearch <-en- 
ters in spact. projtx-ts. 

Over the years the S.4SA centers built up an enviable reputation of 
succ-ess 011 ;dl fronts. in n~anned s~xtccflight. s p c ~  ;appliriations. and space 
science. In the last mentioned. by I970 Ccddard had flo\\ 11 morc tliari 1000 
sounding rockets. more than 10 Explorer s~tellirt.s, ti xcoi.ar observatories. 6 
gn>ph?-siral observatories, and Y astronomic;~l ~bser\-.ttoricr. tnost of them 
successfully. In applications Gcxidard enjo~cu! comprallle better SLICWSS 

rates svith ~en thc r  ;~nd c-orntnut\ic-ations s;r;t-llitt,s. I'hc t-spt*rirnt of the 



Jet Propulsion Laboratory was similar. By the end of the 1960s JPL had 
sent 3 Rang~rs and 5 S u ~ e y o r s  on successful missions to the moon and 
dispatched 5 Mariners to Man and Venus.9 These achievements are bound 
to be recounted repeated13 and will rightfully be judged as success stories. 
Sucress. however. was not bought without a price of some mistakes, t m -  
p o w  failures. and (~'iasionally severe personal conflict, which form an 
instructive part of the total history. In reviewing the stru.ggles and prob- 
lems that &ed the achievements. a proper sense of perspective is im- 
portant. for troubles often tend to magnify themselves in the eye of the 
beholder. The difficulties were, after all. overcome in the ultimate scrresses 
that were achieved. Still, as part of the total story. perhaps as illusrating 
the natura: and usual murse of human undertakin.gs, those difficulties are 
important to the historian. They should also be instructive to later rnan- 
agers. Thus, withcut at all deprecating their splendid achievements, it is 
appropriate to delve briefl>- in this and the next chapter into some of the 
trials d u r r d  by the Goddad S p a c ~  Flight Center and the jet Propulsion 
Lt bora top. 

.. . 
Ilk. <:~I.\R.\c:I.ER Of I-tlf Fltl D (3 X I'FRS 

'The different centers in S.4S.4 had distinctive personalities that one 
c-cjuld sense in dealing tvith them. .Is niight be expected the former S.AC.4 
laboratories kept as S.4S.A centers many of :he characteristics they had 
acquired in their previous incarnation. One trait was the fierce organita- 
tiorial lovalty that had been display4 as part of S.4C.4. Thus, rvhile offi- 
cials at t h m  c-enters were cwlvinctl that the real power of the a,gency lay 
in the cmttSrs rand felt ver?- strongly that they should have some voice in 
formirlating orders. and alu, that once given an assi,gnment thq- should be 
left alone to carry it out. they also rcx-ognizrd that the ultimate authority 
lay in headquarters. Given marching orders they \voi~ld march much as 
orcicrtd. 

The nts\v centers in S.4S.A had their ciifficirlties in this regard, to vary- 
ins degrws. The .\tarshall center refltu-tcx' the btc.kground and personalit?- 
o f  its leader. \\'crnher von Braun. and his ttW;~m :>f (;erm;tn rcxket experts. 
h i d .  t8.i th a bulldog <leter~nin;tt ion. undatrnttul by I he s h t ~ r  magnit irde of 
a projtu-t like Saturn. they could hardl? be deterred by r tquet  or by c-om- 
m;~nd from their plot t td  course. The effort to su[wrim[mw the Juno spacc 
wie11c.c. launchitigs and the Ckntalir latrnrh vehicle development on the 
llarshall team. when Saturn rrpr,resenred its rtql aspiration, simply did riot 
\vork out. 'I'he Juno lat~nc-hings had t o  be c;tnc.cltd after a string of dismal 
failures. which space sc-iencc man;tgers at headquitrters ft4t were caused by 
I;irk of s\~fficient attention on the part o f  tht- Cwntaur, in the nlidst 
of c-ongressional investigation into Ixxjr progress, was reassigned to the 
L.ewis Researc-h <i.nter." 'I'hr hliannc-d Spacec-rirft Center cicvelo~nul an 



arrogance born of unbounded self-confidenc- and possession of a leading 
role in the nation's number-one spxp project. Apllo. .A combination of 
self-assurance, the need to be meticulously careful in the development and 
operation of hardware for manned spacellight. plus a general disinterest in 
the objectives of spare science as the srientists saw them. led to extreme 
difficulties in working with the scientific mmrnunity. But the art of bring 
difficult was not confined to the manned spaceflight centers. In this both 
the Ccddard S p a  Flight Cmter and the Jet Propulsion Laboratory were 
worthy competitors. So, too. was headquarters, for that matter. 

The Coddard Space Flight Canter's collective personality stemmed 
from irs space science origins. .k the first new laboratory to be esr3Mished 
by NAS.4. Goddard inherited most of the programs and activities of the 
International Ckophgsical Year, like the Vanguard satellite program and 
the Minitrack tracking and telemetering network. Also. many of the sci- 
entists and engineers of the Rocket and Satellite Research Panel and the 
ICY sounding rocket and scientific satellite programs joined Chddard to 
make up. along with the \'anguard team. the nucleus out of u the 
cuntcr deve1oik.d. Thew origins indelibly stamped Cddard as a swv sci- 
ence center. even though science accounted for only about one-third of the 
laboratory's work (and by the nature of thing, most of that effort wmt 
into the development, testing. and omation of sounding rackets, space- 
crak. and space launch vehickx required for the xicntifir research). In 
actualit! only a small fraction of the Goddard Space Flight Canter's per- 
sonnel was enga .4  in space science research. Severtheless. the presence d 
those persons in key positions. which they came to fill as charter members 
of the laboratory, imparted to the cynler a character that acrounted simul- 
tattrously for its success in S ~ L P  science and for many of the difficulties 
experienctd with upper levels of mana.gement. 

.As professional scientists. these persons w m  by training and experience 
acctrstomed to litriding for themse1vt.s what olrghr to be done in their re- 
se:irc.hcs. \Shile subjtutitts thca1se1vt.s to ;I rigorous sclfdisciplinc required 
to accomplish their investi.gations. the). nevertheless approached their work 
in ;I highly individualistic Ittanner. ' l 'he  qut r t i r~nd  w e ~ t h i n g .  including 
orders from above. tt'hile they could and did work effectively as groups, 
their <.ocq.wration inrluJt4 a great d c ~ l  of drbtte and f r w - ~ h e ~ l i n g  es- 
change yeon what \\..as brst to do at each stagr. .J'o trained engineers in 
SAS.4-for whom ;I smtmthl~ functioning tram. ac-cepting orders from the 
teati] lt.;tdrr as a matter of coursts. was the professional way of going a b u t  
things-the m m r n g 1 ~  caslial irpprcwch of the (icddard xientists Icmked 
tcx ,  undiscip1i1~c.d to work. 

'The (~oddard sr-ientisrs had illso been accrrstomd to determining their 
own objec-tivtr and piicing thtarnwlves ;IS cl~e? rhoitght Ixst. The ac-rotn- 
plishntent of an csprimcnt that productxi signifirint new information 



was what counted: costs and schedules were secondary. That a project took 
longer to any out than had originally been estimated was of little conse- 
quence so long as the project s u m  ded, particularly if the additional time 
was put to good use improving an experiment and ensuring success. -This 
peculiarly science-related sociology of the space scientists at Goddard rein- 
forced the tensions that naturall) come into pla! between a headquarters 
and the field in large organizatio.1~. and led to a major mnfrontation in 
the mid-1W.  

Headquarters and field in ans effective and productive organization 
support each other. working as a team in the pursuit of common goals- 
those of the organization. Yet many aspects in even the most normal of 
headquarters-field relationships serve to pit one a-gainst the other at times. 
When circumstances marerhate those rlornlal centrifugal tendencies. serious 
trouble can arise. T o  understand thr nature of the problem, a few words 
about the difference in headquarters and center jobs in a technical organi- 
zation like S.4S.4 are in order. 

.At the heart of the difference is the matter of programs and projects. 
The raisoil d'Are of an agent? is reflected in its various programs, where 
the term progrnrn is used to n~ean a long-term. cotltinui~lg endeavor to 
achieve an accepted set of goals and objectives. N.\S,J.'s overall program in 
space included the exploration of the moon and the planets. scientific in- 
vestigations by means of rockets and spacecraft. and the development ot 
\t.ays of applying space methods to the solution of important practical 
problems. E;cc.h of tht-st. programs ci>uld he. and \\.ht.n conwlient was. 
thought of as a complex of subprograms. such as a program to develop 
and piit into use satellite metrwrologv, a program to improve c-tmmunira- 
tions by meatls of artificial s~tellites. or a proqam to investigate thc nature 
of !he cosm~s. Barring an arbitrap- decision to call a halt. one could foresee 
no rrasrm why these programs, irlctiding the subprc~ams.  should not con- 
tinue indefinitely. Certainly. if pist t.spt-rience is a good indicator. the effort 
to tinderstand the universe tnust continue to turn up new fundamental 
qllrstions ;IS fitst ;IS old ones are ans\verd. As for exploration, the vastness 
of spact., even of that rela*;~t'l)- tiny portion of the universe cwcttpitd by the 
solar s)-stem. is so .grrat that generations could visit planets and satellites 
;~nd  still leave most of the job undone. .And it \\.otrld be a long while before 
diminishing returns would call for an end to applic-ations pro.qrams. 

I 'nlike a progritm, a pro~rc t   IS thought of as of limittd driration i t ~ d  
scope. ;IS. for example. the Explorer I 1  pr~j tvt  to tl~ei~sure gamma rays fro111 
the galas! iind intergali~ctir space. .\ program \\.as cart-id out h\ ;a contin- 
uing series of projects, ;~ncl ;it ilny givt>n titile the agcnc-y t\.oultl be ct~nduct- 



ing a collection of projects designed to move the agency a number of steps 
toward the agency's progran~~natic goals and objectives. The Explorer 11 
protect contributed to the programmatcc objective of understanding the 
universe by determining an upper limit to the rate of production of gamma 
rays in intergalactic space, which eliminated one candidate version of the 
cant iniious creation theory of the universe. 

A project like a sounding rocket experiment might be aimed at only a 
single specific objective, last only a few months or a year, and cost but a 
few tens of thousands of dollars. Or a project could require a series of space 
launchings, many tens or even hundreds of millions of dollars, and take 
years to accomplish. The Lunar Orbiter. with five separate launching5 to 
the moon, and the Mariner-hlars project that sent two spacecraft to Mars in 
1971 were examples. Some projects were huge in every aspect, as was 
Apollo In fact. because of its size and scope, Apollo was more often than 
not referred to as a program. although more properly Apollo should be 
thought of as a mammoth project which served several programs, among 
then) the continuing development of a national manned spaceflight capa- 
bility. the exploration of space, and the scientific investi,gation of the moon. 

\Vith these definitions of program and project in mind, one can de- 
scribe rather simpls the difference ktween headquarters and center jobs. 
Headquarters was concerned p:irn~ril) with the programmatic aspects of 
what XASA \%.as up to. whereas the task of the centers was mainly to carry 
out the many projects that furthered the agency's programs. The distinction 
is a valid but not a rigid one. Occasionally headquarters people partici- 
pated in project wmk. but this was an exception to the general rule. The 
most notable exception was Apollo, the size and scope of which were such 
as to make the administrator feel that the uppermost leiels of management 
for the project should be kept in 1Vashington. Nevertheless, the prime task 
of headquarters, \vorliing with the centers and numerous outside advisers, 
wits to put togcther the NrtS.4 program, to decide on the projects best 
designed at the moment to carry out the program and assign them to the 
appropriate centers for execution. and to foster the external relationships 
that would generate the necessar). support for the programs and projects. 
As an eswntial concomttatlt to programming, much time was occupied in 
preparing budgets, selling them to the administration, and defending them 
before C~ngress. 

Also. each center. while project-oriented, had its center programs 
toward which the centel directed its o\\.il short- and long-range pl.\nning. 
-1'hus. the rese'lrch centers conducted programs of ad\ant ing aeronautical 
and spare technology. In addition to a program of space science, the Cod- 
dard Spirt t* Flight Cknte~ pursued extensive progFams oi space applic,rtions 
and space tracking and data a<-quisition, with trackirtg and acquisition 



occupying almost 40 percent of the center's manpower. Unmanned investi- 
gation of the solar system was the Jet Propulsion Laboratory's principal 
program. 

Although the qualifications should be kept in mind to have the correct 
picture. nevertheless the main distinction between the responsibilities of 
headquarters and those of the centers is clear. Center personnel members 
were primarily occupied with projec! work, while headquarters people 
spent--or should have spent-their time on program matters. That is where 
difficulties arose, for numerous pressures drove headquarters managers to 
get involved in project or project-related work. Such actions could only be 
regarded by a center as undue interfewnm from above. 

Naturallg, NASA space science mauagers were vitally interested in 
what was happening in the various space science projects. 'They were re- 
sponsible for proper oversight. But there was more to it than that; project 
work was where the action was. That was where interesting problems were 
being attacked and where exciting results were being obtained. Alongside 
project work. pr0,grammatic planning often seemed like onerous drudgery. 
As a consequence oversight tended to degenerate into meddling, to the dis- 
tress of project managers and center directors. Even when headquarters 
managers took pains to couch their thoughts in the form of mere s u g p  
tions. their positions in headquarters made suggestions look more like 
orders. That program chiefs in headquarters occupied staff, not line, posi- 
tions often was lost sight of in the shuffle, and some headquarters manag- 
ers became adept at wielding what amounted in practjm to line authority. 

To this nainral tendency to get into the act were added the pressures of 
the job. As the N.4S.A program ,grew in size, scope. and expense, upper 
levels of management demanded more and more detail on schedules, costs. 
and technical problems. Nor was the demand for ir~tortnation confined to 
NASA rnana,gement. Becoming increasingly farr~iliar with the programs 
and their projects. the legislators also demandeci what seemcd an impossible 
amount of detail. eirher to provide while sill1 getting the job done or for 
the congressmen to assimilate. On the science side, members of the author- 
iring subconlmittee in the House. undcr Chairman Joseph Karth of Minne- 
sota. frequently concerned themselves with the details of engineering design 
decisions and were not loath to second-guess space project engineers on 
matters that seemed to NAS.4 people to lie beyond the competence of the 
legislators to judge. At, ?sample of this searching interest was iurnished by 
the investig;ition o f  tht. <:cntaur liquid-osygrn and liquid-hydmgen fueled 
rcx-kt.[ stiige i\.l~ich Karth's sutxommitter. undcrtcxok in I!)Ci'L. NAS.4 and 
cotltrac! engineers found it difficult to defend the projxllanr feed system 
which the?- h;ld chosc.11 ;II *! whit-h could sho1+.11 to tx. most rflicient for 
;I rcxkrt the sir<. of (:entaw,    gain st a tiiffere~lt system for which the con- 



g~ essmen expressed a preference and which admittedly wotrld likely have 
more growth potential.lz 

Because of this increasing demand for information of various kinds, 
headquarters in turn demanded of the centers the detailed reporting that 
centtrs felt was appropriate for project managers but went far beyond what 
headquarters really needed. While program managers were willing to con- 
cede that the information they were calling for was more than they ought 
to netxl, yet they were caught it1 the middle: to do their jobs as circum- 
stances were shaping them, they did need the data. Thev were forced, there- 
fore, to insist, and the extensive reporting required, with its implied in- 
volvement of headquarters with what were strictly center responsibilities. 
remained as a continuing source of irritation. 

The  irritation transferred to headquarters when centers were late or 
deficient in their reporting, especially when a center simply refused, some- 
times through f o o t  dragging, sometimes in open defiance, to supply the 
inforn~atio~t requested. X center might be reluctant to respond when it felt 
that the request was premature, that the data were not yet properly devel- 
oped, and that the centel might later be called to task if the information 
supplied prematurely tunled out to he incorrect. 

A related source of irritation arose in connection with the center's man- 
agement process. At almost any time throughout the year a program man- 
ager might be called upon to furnish information about projects in his 
program. It was essential, therefore, for him to be continuously aware of 
the status of projects on which he might have to report. For this it was not 
enough to rely on written reports which came only so often. In addition, 
space science program managers kept in close touch with the project man- 
agers and attended many of the meetings held by the project managers 
with their staffs and with contractors' representatives. 'This practice came 
to be a partitularl) sore point with the management of Goddard Space 
Flight Cxtlter. 

'The Cicxidard Space Flight Cxnter and NASA Headquarters, only half 
an hour's drive apart, were connected by close ties. Between the two staffs. 
many personal a ~ s c ~ i a t i o n s  dated from the days of the Rocket and Satellite 
Research Panel anti the sounding rocket and satellite programs of the 
International Geophysical Year. An easy relationship existed from the very 
start of the center. John Townsend-who served its acting director of the 
center until the \,ermanent director. Iiarry Gtxtt, formerly of h.'.CA's 
Ames ;\eronautical Laboratory, took over-had been associated with John 
Clark and the author at the Saval Research Laboratory. For many years 
Townsend had been the author's deputy in the NRL's Rocket Sonde Re- 



search Branch. Harry Goett and Eugene \'iasielewski, . n Gwtt brought 
into Goddard as associate director. had long been acqua~nted with Abe Sil- 
verstein from !he days of the National Advisory Cammittee for Aeronautics. 
These friends hi!,^ serscd to mitigate the divisive lorces between head- 
quarters and ficld, but were not enough to avert an ultimate break. 

Harry C;wtt assumed the directorship of Goddard in September 1959. 
As 15.a~ his nature he qulckly entered personally into every aspect of the 
center's work. From his first day until he left, he kept in close touch with 
every project. .As an untiring battler for the center and his people, Goctt 
endeared himself to his coworkers. He was ;t wartn, emotional person who 
sho\cwi it deep interest in the men and women working for hiin, and on 
both sldes a deep affec-tion developed. 

In the first \c.eeks and months of NASA's planning for its program, 
many center p.oplt. had been drawri into hradquarters working groups to 
help get things under way. But as center project work .grew, these assign- 
ments, which tewied to persist, began to interftare with center duties. Find- 
ing Ciocidard people still working on hadquarters t a s ~ s  a year aPer NA'3A's 
start, fiarry Goett began to protest that his persort .I should be relieved as 
fast as possible cf these additin :la1 duties. On the 'ler hand, center peo- 
ple's taking part in  headqu-.ters planning tvras advantageous to the center. 
Both organirations tried ro kcel, center participation within reasonable 
bounds. 

As Ciwtt. -I'o\\.nsetld, and their p'eplr built up C;oddisrd and launched 
their initial projects. program nlanagers were developing their own methtds 
of ktrping thc.msc!ves ;illd their superiors in lor~i~td .  S imul taneo~~ly  the 
<;ongress was increasing its dema~ld for detailed inform.ttiun, which it was 
i~lcualtxnr on heacfquarters t o  supply. As the require~~irnts for reporting 
increastd, project managers ro~npiained that they were spending toc much 
time with program managers arid in preparing reports. time that would be 
txtter spent in getting on with the projects. In 1110. ; -ing c.rescendo Coett 
c-omplained t o  the author and his deputy in the kea 'quarters space sciencp 
office. Edgar 11. <;ortright. [hilt hc.;rdquarters tiian;rgers were getting in the 
\\.a\ of center managcmcnt. Caxtt urged !hat lwadquarte~s ~ x o p l e  keep their 
ha~tds off projec-t nianag~rnrnt. 

\\ 't~ilr ;tgrt.eirlg ill princ-iplr ~t'ith the Gtddartl tiirec-tor, Cortright and 
~ h c  allthor btio\-r to get him t o  s t y  that in the cssi:,ting 11itn;ate of c.otitir~u- 
irlg c.ongressio~tal sc.1-1rtirly. ktbt~ping i~lfor~lled was an imp)rtant part of 
ht.;~dclu;artrr.. work. I ' t~at .  slxtct. sc.irnct. ~n;~n;rgt.~ilt.nt insisttbd, was an ab- 
solutely CSSPIII~;II  p;trt of tlie progra~it man;rger's job, but not to usurp the 
project nianager's duties or to interfere with his work. Cmrtright and the 
author urged upon thcir prople ,great rare in working with the project 
managers to avoid any kinds of action that would undercut, or appear to 
untit~rcict, the project manager's r~sponsibilities and authority. It was no 



advant~ge to the program for any projec: manager to feel that his responsi- 
bilities had been in ans way lifted from his shoukiers. 

Headquarters was far from Simon pure in these matters, unbortunatdy, 
and there was considerable justice in Ckmt's complaints. Tk natural urge 
to meddle plus the incessant pressure to keep infonned led many program 
managem to get into the project business. Sometimes this led to strong 
dvzrsar)- relations between program and project managers; at other times 
to close "buddy-buddy" relations. Both situations caused problems for cen- 
ter n i a n a m t  and called for c-ontinuiilg attention. 

By the fall of 1962. Coect found tlie situation so disturbing that he felt 
impelled to complain openly at a S.G.4 management meeting held at the 
Langle Research Gmter tirat headquarters got too much into projects and 
should stick to program managenlent. His barbs were aimed not only at 
space scimt? managers, but 2 h o  at those responsible for appli.ations pto- 
grams and for uacking and data acquisition. He felt that there was not 
enough contact between the center director and the associate adrninisua- 
tor." Coett also felt he did not have enough cunlact with the author- Tk 
last romplaifit atemmed from the mode of management the nuthor had 
adopted. sbr-1 which a few \\.ords are in order. 

Being a riczrist. the author felt it wise to name as dqHlty an engineer 
whose training and experience would co~npiement his own. Edgar M. 
Cartright. an atronautical engineer with considerable research experience 
in the Sational Advisory CLmmittee for .\eronautics. filled the bill v q  
nicely .An implicrltion -,f this phil~sophy of or.ganization was that the 
deputy should he more than an undrrstud~. more than just someone to sit 
in when tile principal :<as away. Rather. the deputy shorlld take responsi- 
bility for important aspects of the top nlatlagement job that came within 
his sphere ot expertise. -1'his \\-.is the arranganeirr agreed on between Cort- 
rikht and the author. Ckrtright \c.o~ild handle errgineering matters. which 
meant oversight rrf ntuch of the projec~ w r k ,  dealing with amtractors. and 
a .great deal of the r--1ations with the space science renters. The author 
\could \s.ork on program planning. advisor! cnmmittees, and most of !he 
space science progrrlm's external relations includine those with the =\cad- 
emy of S<-ienc: >. the scientific communit?-. and the rmiversitit-s. Such an 
arrangement had is-orked \cell at the Saval Research Laboratory. hhere 
John To\\-nwnd's engirimring atid esperimer.tal bent had complemented 
[he author's theoretical back,qound. hiormvei. in addition to proxiding 
the top level of management in the office wi.,: talmts and experience can-  
plemcr~ting thc;se of the director. i r  was an effective \\-a\ of providing a 
deput? 18 ith substantive work and to continue his prcftssiona: .growth. A 
deputy with noihit~g morc- ro do than to wait ..rt~und for the principal to 
!F atcay must find life deadly dull. unrctvarding. and stultifying. 



t'nckr this ;rrr;tngerrrnlt. problans of the kind Ckmt wac isreitling with 
\s.ould normally have k n  taken up  by <i>rtright. But Cmtt was not will- 
ing to dcal with a dt*puty. .As director Uf tht* Chddard <;enter-t-ven thw~gh 
t he author was met iculousl y careful to suppan agreements Conright 
worked ~ u t - ~ r w t t  felt that he sholild deal dirwl? with the principal in 
the d i c e  fur which the center was working. t'nder the cirarmstances the 
~ u t h o r  rtmk s.): ci.*I p i n s  to rrlake ir cltw that he was available to G m t  at 
any time. yet .-a- ressed the hope that C;ot.tt would work with C~xuight  in 
the ~ ~ n r l a l  c-twase of day-today ~ r u t t a s .  

I'hr strain caused b- the project-marta~gen~tv~t vmus program-manage- 
111ent o>nflict took iirimsing amolints of tinw and a tention. -4 great deal 
of the tirne spent with C 'mt  H-as devottd to this pro)blcm. John Townsend, 
C m t ' s  Inan for sl)ace science matters. pointed out that  if a prognm man- 
;t,ger had only one project urwkr way in his prognm. thm it k a m e  ve? 
difficult to drat\- a line hweeir program and project. and the presut-e on 
the prtwam miwager to pc'l ivto pr,Jm-t r r ~ a n a ~ x m t  was overwhelming. 
Townsrtd recx,mn~endd that p r w a m s  be put togt~her in such a way that 
a p r q a m  mannscr wtwld have se\.erril projtx-ts to deal with. I'nder such 
an an-angtnwlt a progratn manager cr~uld no Ir)~~.r;"r give the singleminded 
attention rt..qiiirtxi by ;I projet-I. ;lnd slro!tld find it ntuch casier to confine 
himself to prcwam matters. (iwtright ;111d the author agtvxi and tried to 
avoid single-project prcwarns. 

<;iw.tt ~w~int td out that it \\.IS not just tht. c;1st.5 in which prc-*am and 
projtu-t manr1gcrs werta at cdds that gave trouble. \Vhrn the two g a  along 
\\-ell tcwthtr. oftrrr thty 1%-ould rtB;im u p  t o  prolntxe their project o v a  other 
projcws w-hich the tvnter nlanagc~nerrt-t;~ki~~g into ;tc-cmunt existing con- 
straints on dollars. manpc>\\-t=r. anci f;~cilirin-might judge to be more a y  
~~rcq~riatt,. -1'hus. prcwianl anci project m:tn:~.qtrs \t-orking hard in glove for 
thrir o \ \ ~  prc~jtr 1%-pcrilaps t o  tbnl;irgc thc.nl o r  t o  t'st~rld the111 txb?-or~ci 
csisting c-o~iialit~rlt~nts-~\~ere IMM 31\\-;1\-s \r.c~rking for !hr k t  inttwsu of 
t ht* c-cbnt:~r. 

(icwtt \%.is 111e~\t d i s i ~ ~ r h i  to ~ ; I V C  progianl managers. i ~ r  the name 
kt~pitlg it! tt)uc.h, attt-nd nlrutings ?it-ith outsicie conirac-tors. E\en if the 
11t~;tdqtiartrrs ptvplc* c;t111a \\.it h thr' detel ntinat ion to ktvp their mo~iths 
shut. c-e~ntr.a-tors' re1 -c.sl.nt;,.i\-is haci ;I \mlc.h;*nt for tossing qtlmtions to 
thc ht.;tti<luartt+s rc.prrsc.ritati\tr. \ t . i t t ~  rhr in~plic-;~tion that that was where 
the final \\-ord \r.ottloi lit*. .\ntl \vhc.tr t~c;~dcltrnrt~~rs ~nwple did \-olc .ttw 
co~nn~ants. their c-o~n~ncnts tendc-11 to t,~C;t> on tnorc weight than the xord 
o f  111th protjcr~ 1ll;inapt'r. 1-lltw cliffit-ult~rs b t ~ ; ~ ~ n c  t8\-tnn \\..orst. when  he 
Ilt*itcicltlartt.rs rilarr \\-;a ttr-hnic-;~ll!- rnort- c-ornprtenr thrtn the project tlran- 
.agar-whit h <;cw.tt didn't f t ~ 1  t-otlld h;~pi.en vt? often. In that c a x  the 
yrojtu-t m:in;tger tetldexi t o  cirfcr !o the ht*;~dyuarters Wrwn for decisions 



and m ~ m e n d a t i o n s  that the pro+ manager should make himself. and 
the cmtf;\ctm were easily confused as to who was calling *he shots. 

Gmt 's  solution to these problems would have been to keep program 
n\ana.gers away from projm management nmings,  and especially away 
from meeting with rontrat-tors. Csnsidering the program manager's basic 
responsibility to see to the health of his program and the corresponding 
need to keep informed-a need that tias enhanrmi by the gmwing amount 
of attention given congwsionai committees to N.6A.s programs and 
projects-c'hett's sulut ion was not acceptable. Conright and the author 
spent a great &dl of time tning to .get G w r  to appreciate headquarters' 
needs and to agtee to some middle-of-the-rd way out of the dilemma. A 
written descfiptiotr w a  prepared of the distincrion between p r w m  man- 
agement and project management. and the author committed hintself to 
ensuring that his program w l e  itnderstcd the b u n d s  of their artthori- 
ties and responsibilities. But the author also insisted that the way be keyt 
open for teadqu:*ners pmple to keep adequately informed. C m t  was nor 
satisfied. I11 a letter to =\smiate ..\dministratc)r Robert <:. Seanmns 3 Jttly 
1963. he or~tliiKC ronw of the problems as he satv thern.14 Shortly thereafter. 
on 26 July IW, the Officy of Space S - i enc~  and .\ppliatio~rs proposed a 
revision of S.4S.4 XIana.qement Instnlc-tion 37-1-1 . I5  111 .Appendix -4 were 
specific definitiutls of gro_yram ;and project. Thc. instruction made the p i n t  
that the hcdquarters job concumed itxlf with p r q a m  nratters primarily. 
while projm-t rnanitgers nor~iralt~- were at field c~nters. On .i Sovember 
1963 the author \\.rote Ham <;iWtt on the ~~rt)jtr.i of he;~dcltt;lrir:-s-ctsatrr 
relations. lcrhe letter out lined agreements that it \*-its hoped had been 
reached to ktvp headquarters people i,roprrly informed. withoitt \mdercut- 
tins the center's p i t  ion \*-ith t-mrtractors. But matters ~.ontin\ted to deteri- 
orate. 

Complaints \<ere not confined to the center side. In a talk given to a 
nu~nbcr of rnanagers of sjxace u ie~u-e a~rd  rapplicatio~is projects. ;at .Airlie 
House near IYarrenton. Virginia. the author sp,ktl on relirtions bet\*-een 
prrwam man;tgers in htbadcluartc.rs and project tnanagers it\ the centers.17 
By giving \%-hat was view-td by ht.i~ciquarrers fpople as too much tmphasis 
to the rights and prerogatives of prc~jcct rt~ana.gtm. the author drew forth 
some hort.1~ fmm the k ) r ~ n t ~ .  Otr YO k c ' n r k r  1963 the st::ff of the Office 
o f  Spi~ct- S-irnt-t. ;~rici :lp)~:icatic~nr tiler ti) discuss ~c*l;~rictns with thc. (;cxld;trd 
Spac-e Flight C ~ n t e r . ~ ~  P r c ~ ; t ~ n  implc~  cw~ipl;tind ti:;tt <~cddard secmied 
ro be wa~inpr a war to liwp headquarters at arm's It-trgth. It was ciifficult to 
fitid otat about <-(.)rrtrac-tcu m w t i n ~  in time to attc.ncl. Alttnwgh Cwtt had 
stated that headquarters should keep itself iniormcd bl. mctns of the reports 
it rweivrd. still Gtddarci h;lhitu;tiiv did not turn in reports on time. Thc 
enter  w;1\ k i n g  t t n  itidcpcnctent in fortn111;tting its plans for supporting 



rwarch-i-e.. the gmeral background research d the kind all centers 
undenook in support d their project work. Program chiefs felt a need to 
specify reporting requirements for this supporting research, since most of 
the mane?. for such research came from portions of the budget for which 
the program chiefs haci respmsibilit y. Another complaint concerned Re- 
quests for Proposals, dolunlents which renters sent to potential corruacton 
asking for bids on work that the center tiantmi done. Program -1e w e n  
r e q u i d  to folloti the progress of such RFPs through the h-uarters 
paper mill and to assist in expediting their progress. It was important. 
t herdore. for them to k q  in close touch with t h e  formulation of the work 
stateriients that would .go into the Rrquests for Proposals. Yet the center 
appeared to k niaking it diff~cult for the progranr m a n a m  to keep in 
timch. The Interplanclap Xforiitoring 1" 'fonn project was considered an 
illustration of the center's intentions i r ~  ,his rqard. Since a decision that 
program people \~..ould attend "working group" nwptings d projects. Paul 
Butler. maria-ger of the IMP project. had wdsed to hold working .group 
mrrrin.gs. Instead he held what he cilltd "coofdinatiini meetings" with his 
staff. which headquaners people \\.ere aplicitly told t b  were expcctd 
IlOt ti> attenci. 

\\'bile the managers in the Officy of Spax Scietict. and .lpplicatiorrs 
werc riiost intimately in\ olvtxi iil the ckiy -tn-day relat iwis with the center. 
the probltr~ls also had the continuing atte~xtior~ of \\'ebb, Dryden, and 
Sramans. Cancwned a b u t  overnira and st-htdule slips it1 S.IS.4 projects. 
the .\dminlstrator's Office notcd that many of the bad esariiples were 
C;odd;ird's.l?;\s .general mana.qer of the agcnc?. .\ssixiate .\dministntor 
S~.IIII.III~ r~~.~i~i t ; r i~~txi  prcssu~-c on tht. Offitu of S l ~ t  t, Sc ir11c.t. a ~ d  Applic-a- 
tiom to c-rxrmt the dcficimicies. .Although Seamans had known and worked 
\virh tl;trr\ Gcwtt sittee 1418 and admired him vcn mlrc-11. kamans could 
not ;at-c-ept (;cwtt's insistenet- that headquarters leave Gcnidard to its own 
dc\ iir?i. .is Searnans \\+rote )-em litter: 

. . . it was esstlttial if S.4S.4 \\.a$ re? t n t ~ t i ~ l t r r  ro rt~.ruivr <bngrcssional s u p  
Ix'rr. that we rightel\ titc managtliwnr o f  cmr projects ill ex& to keep costs 
and s k i u l t ~  c l c m  to plan. \Vt- c-uuld rww. in rhc public interm. rak it on 
f.tith thit t h r n  C;cr?r was do in^ all that cr)uld be done to manage t k  

projt~ts prop-rl~. It \\..I> ~lrrrssan. fcx SAS.4 Iic~iqt~arters to have direct 
.tee t.%% t o  .I 1-11 IIV\ t ~ f  I:I.II~.I~~.IIII-III (~:II.I .IS 1\..1s I tir I .nuk \<it11 o ~ h t ?  X:iS:l 
c.tn~t.rs. I k t ~ ~  Ih. Dr\ cltn .~nd Mr. \\'ebb full\ i~~fc~rmtd of t hc 1 it*xiquarttrs 
(~crkl\rd rt-latiortships .a td  d im~nrtanr iss~ies.m 

Hul thc prohienis tfid I I O ~  r11(;. I l i ~  tissions with t;cdJard n~anag~rnenr. 
\tu.r~itd t o  elic i t  tot) IIILIC 11 esplan;~~io~i of \r.h!- i! \v;is in the nature of t h i n e  
IOI H 11t-1111t3 10 ,lip . I I ~  I i o t  tnoi~gti dt-ire to i h.tngt' r~l;t~tt~rs. I'he Gcdktrd 



~rientists esprcially could not see \\.hy therc should be any urgenc-y about 
adhering to a ~ ~ h t d r t l r  if additional work would produce a better clipxi- 
ment. -4s for the exprlments. tau;all\ there \\-as no reason why the). should 
he done now rather than later. unless. of c - o u ~ .  they had to be timed to 
coincide with some natirral event. But SAS.4.s record of doing what it said 
it woirld do on  rime ;and within c-ost \\-as iniportant to those who had to 
fight for the a.qenc)-'s apprc>priations. Schedules and msts were most visible 
to ;I c-arefull\- \\.ittctiful Cix~.gcss. arid b r  years SAS.4 runtinurci to feel that 
it had to x l l  itself. Besides, it was just plain guud management to mimate  
costs and u-titrtulrs c-orrectly and thai  limp to those trrimates. 

\\'hi~tr-er opi*.ic.n the -4dmitiistrator's Office might have had as to who 
\\-:as the mori- to blame for rhc- strains c;ttrscd by projects vmtis programs. 
;ht. apparent unrt.lsponsive1i~7rs o f  thtb cunter on tightening u p  project man- 
agement overshado\\-td the other conc-crtis. Both ;\sociare .Administrator 
Rohr r  !w;im;tns ;rnd his &put?. Earl Hilbi~rn. prtvsd continually for k t -  
ter performr~nce. Bur \\.hen. in ;I stressh~l meeting with Seamans. Goett 
rcmk sirch ;I rigid ~nwition th;tr tv. left no m;trreu\-ering rtwm for head- 
quarters, t h e  asscriate :teiministrattw cfwidcri that Gcxtt had to go. \Vith the 
c-one-urrenc-tb of t x ~  11 \Vct,b ;tricl D n  den. on ?2 J trl? lW3 Sz;~m;~ns remot-d 

fro111 the dircx-totship and repiactxi him \\.it11 Dr. John F. Clark. who 
h;~d bwn t-hief w-irntist in the Office o f  S p t t r  k i e n c ~  and ;\ppli~;itions.?~ 

Ir \S;IS II tr~utii.tric cspcrie~lc-t. f*>r Harm (;cn.tt ;tnd tor others. I'he 
author found it ;I tnosi ~ri~plt~;~.i;tnt cIt11\. t o  go 0111 t o  tht- <;odd;trd S p a c ~  
Flight <i.ntc.r- tc> 1rit'cbt \sitit kt*\ rnan;tgtSr\ .inti irlforril thc.111 th.tt their dirtvtor 
\\.as being rt-p1act.d. <;cw.rt \\.;as k l o v d  trff his people: he ha.1 btun a con- 
u.it.ntious. haref-\\-t)rki~~g. ini.tgiri;~ri\-c. tlirtutor. undt-r \\.how rt,gime the 
c-cntrr had at-hie\tui rnosi of tht* i [ ~ i c - t '  ;icc-o~riplishuic.~~~s o f  S.\S:\'s first fe.\\- 
\-tsars. <;tnxtt hinlwlf hitd plavtui it kt,? role in r*sr;tblisliing ;I prtduc-tive 
i-el:~tionihip \\.itti the. ;I(-;tclerilic c-ommunit!-. .;'how .~c;o~ii ;~iist i~~ier~ts wthre. 
o f  toirrw. rhe rc.;ll \tor\ of tilt. <;cwiti.trd Slstct* Flight <intc.r. nor the striq- 
glt?i (>\tar lio\r- r o  tii.u~.-gt- I t  \\..I> t ~ ; t ~ i t  rh.tr <;tw~t'r ol>rct'\iio~l c1vc.r one 
concept (t headciu;~r!er\-fitsI(i r c ~ l ; r t i o t ~ s l i i ~ > ~ - I ~ > r 1 1  p r h a p s  of his past rs- 
;writx~ie-e in ti~tl Si\(:;Y-tii;tt!c- liini ir~i;tt)lc. t o  ;tpprct-i;tte [lie ntb\v t 1i1n;ite in 
which S.-\S:! had to olnBr;ttt'. 11 \\.;IS unfortttn,lte th.it the ittrthor \\..ts trnable 
to lvorl; O I I ~  souir ; t ~ ~ t ~ r ~ l r r ~ ~ ~ i ; t t i o t i  th.1; *\.oitld h;t\.e kt'pr <;o('ti .I[ the (;mi- 
d.trci helm. I#arr\ <;cwtt'. dq).trtitrc \\..IS .I tli\ritict Ioss t o  S;\S.-\. 

Sot h.tving <;cntt's flair f o ~  thc' corltro\crsi;al. John <:lark projtu-ttd a 
tnorc. pt.ctc.\t~i;t~t irn.tgt. f o r  flit. ctbrirt.r. 1't.t i111dcr hi\ .~ci~iliriisrr;trioil. < h i -  
ti.trct c on1 intreci its rc.1 o r  ti o f  \uc t vwtttl \~:IC.C s( ienc e .tnd .tpplicati,>tis 
flights. I'!lr prol)lt.rn\ rc.ni.tinc.d. ;tnci Iw,rll t enttbr atid hc';~dcluartt.rs haei lo 

work continltoi~sl\ t o  ktt'i, iiletli i~~lcit*r (.o~itrc)l. Hlrt h t t i  sicics ;~ppro;tc-i~mi 
rhr prohlt.ttis \\.ith ;I ht.ttt.~ t~tidc~\tanding o f  c..tc h other'\ nt.tuis. In short 
ordcr <:l.trk \\..I\ tc.lli~lg hc..cdclit.trrc.rs *., ht-rc. to 1ic;ld in. .tnd he;tdclt~;wters 



was prt?ising him to get on \vith the job ot better resource and w-t~t*iuk 
managenlent . 

The diffic-ulties eesperiencd b\ ttle of fie-t. of Slxlcu Science and .4ppli- 
cations with the Gcddard Spm Fligb Ckntrr CK-curred in varioi~s forn~s 
and \-aninp: degrtatr \\.it11 ;1t1 the c~he r  cutltrrs. I'he t;rsk of filldin!: \\.ays lor 
htdqi~arters and fieid to work togethi-r il;~rmotliousl! and effectively is 
tlever ending. Sor is it to be espec-td rhrat tension bt-t \ \- tv~~ headquarters 
and field will c\-t.r ciicrppeir. Should this happen. one or tt-r other will 
prohrthlv not tw doing its best job. 



Jet Propulsion Laborafory: Outsider or Insider? 

In the sumnter of 19.38. before S.iS.4 had begun to operate, t1.e author 
flew to California to tisit the Jet Propulsion Laboratory in Pasadkna. 'The 
purpose of the visit was ti) talk with the director. \\'illiam Pickering. and 
his ke! staff memtxrs ;lbc,~it rhe possibility that ;I group front the Rcu-ket 
Sonde Research Branch of tile Saval Research Labora to~  in \Vashingon 
might transfer 1.3 J P i .  Discussions \\-ithin the Depar:mettt of Defense that 
had accompanied the t-o~tgessional &bate on the nation's space program 
during the first half of 1938 had made clear that the Navy, in spite of its 
piont~ring c.otirribiitions ill  thr. t-c~lit-t rsplor;~tio~t o f  the upper atmos- 
phew iinci in dt-vcloping the ;\c.rok. \'iking. ;itld \';inguiird rc~kers, is-ould 
problbly nor h;ivc. ;I kc? ~-oit. in qxlcc. I-c.w';~rc.h and tlevelopn~etit. Some 
memkrs o f  the Savy's high-itltirudc. rcx.lit.t rt.sc.arc.h group \\.ere.. thrrefore. 
c-asting ; ih )~ i t  f o r -  a nlol-c p ro~ l~ i s i r l~  sicitation for pcirst!i~~g trhrir ~-tw:irc.tl in 
the )-cars t o  corltcl. 

There was good reason for the S R L  researchers to consider the Jet Pro- 
pulsion Laboratory as a possibilit!. Since the 1930s it had k e n  at the fore- 
front o f  rocket research and development in the I-nited States. During the 
pioneering years of the 1910s and 1950s. the laboratory had furnished 
strong leadersh~p to the countn in rocket propuision, making fiumerous 
contributions to the cievelopnient of solid propellants and of rockets like 
the Army's Cnrporal and \S;lC-Cbrpral. Aforeover, JPL had furnished 
I hc. Esp1ctrc.r sit txl l i tc .  rtl;it rtnlt. t ht- .\1-111)- Hiilli~tic 11 issilc. ;\gt-ilc 's Ji11,itc.r <: 
rocket in the countr) '~ first successful rt5jmnse to the Svutrtili chit;lenge.] 
It seemtxi logical that the Jet Propui.ion 1.aborator)- woulcl be deeply irt- 
volved in rockets and spact. research as i t  Itad k e n  in the past. 

The lahoratc-ry staff expected to play a role, but Pickering and his 
associates \\.ere riot sure just n.har role. l'he summer of 19.58 tsils primaril! 
a tirne to \vaic and set=, and ;tnyonc :r.ho joined the labrator). would I;a\c 
to rt*cognize the irnctrtaititics and take his c-h3nct.s ;tlong with the rest of 
JPL. 



Ektck in \\'ashington the aicthor rep)rttxl t o  his NRL c-ollt=;~gues that 
JPL would probably have much to do with the space program, including 
space science, but that there was no assurance that the space science at JPL 
would be the atmospheric and solar rese-irch that the Naval Research 
Laborator?. investigators had worked on for the past decade. Moreover, the 
real center of action on space would doubtless lie with the new National 
Aeronautics and Space Administration itself. As a consequence the thought 
of joining JPL was shelved, and the author and his colleagues pursued the 
idea of going to NASA. where over the next half year many of them found 
positions either in headquarters or in the newly formed C d a r d  Space 
Flight Cfi~ter. 

The Jet Propulsion Laborator). also joined the N.4SA family, trans- 
ferred by presidential order on 3 k m b e r  1958.' Once fully under way. 
having cleared the initial hurdles of switching from lar,gely gound-based 
rcsearch to primarily sp~~efl ight  projects. the laboratory proceeded during 
the 1960s and early 1970s to add luster to its alrc-ddy enviable reputation. 
.Although thtw were mist;~kt> :inti v;trious kitid., of problems to overc-ome, 
in time these minuses were greatly overshadowed by the pluses of spectacu- 
lar achievements with Rangers and Surveyors to the moon; hlariners to 
hlars. Yenus. and hlerciiry: :tiid anlaring feats in sp3c.e r~ommuni~ations 
using the JPL  deep-space tracking netxork. 'The network included 
g o u n d - h t . 4  radar sounding of the planets. Most of what JPL. did during 
S.AS.A's first decade and a half c-onc~rned space science-the scientific in- 
vest igatioti of the mcnm i111d plaritrs \\+itti trnaiantieti spacn-nft-a natural 
esteiision of the lahorntory's 1s-ork in the I9.50~. \\.ht>n its director \\.as a 
~nt.nlbr.r of tht- Roc-ket and Satellite Res~trc-11 P;tnt.l.' 

.A detail& review of thew activities is beyond the planned scope of this 
iww~k. Here only one issue  ill lx trrattd. that of clmeloping :an effective 
\vorking relationship lxt\vtun S.4S.A and the Jet Propillsion Lalmraton. 
The c-omplex and frequently emotional matter ct>nsumed a .great deal of 
time on the part of S.AS.4 space science managers on the one side and 
people of JPL and the California Institute of Technolog? 011 the other. 
'The subject is imprtant in illi~strating horv nontechnical issues can often 
niake the accomplishment of ttuhnic-al objcc-tivt5 far from straightfonvard. 

Singling out cne topic fro111 it rich and varicul stor). like that of the Jet 
Propulsi .n 1-ahrator). c.ould distort the overall pictutc. by ir~ldue emphasis 
o r l  the one asprct. 'The wadcr should reniemlxr in \vh;lt follo.~~s that c>ven as 
the p:trtic.ipants \\.restlt=ci \vitll knotty issirc- in hum;tn rt4ations. the Jet 
Propulsion I.aborator).'s rngincers and sc-ientiqts \\.ere laying the .ground- 
ivork for the !~Iic~lc,nlenal sue., ,list.s thar \\.err l;tter ac-hievt-d in i~lvestigat- 
: g the m(n>n ;tnd platiets. \\'h~le the wry human strife ktwec. \;AS;\ 
H~tdclt~arters ;inel the i.tbor::tor?- in the first half of th. 1960s loonied large 



at the time in the minds and emotions of those involved, it was a passing 
phenomenon. T h e  real and permanent image of the laboratory was to be 
seen in the utter dedication and superlative competence of its people and 
in their achievements. 

Part of the problem was rooted in the unique status of the Jet Propul- 
sion L-aboratory in the NASA family. it'hile the laboratory grounds, build- 
ings, and equipment belonged to the government, the laboratory itself as 
an organization, a ivorking team, was a crrature of the California Institute 
of Technology. it'ithin NASA a frequent question \\.a= whether the labora- 
tory should be regarded as another center in the NASA complex-that is. 
as an insider-or be treated purely as ri contractor-that is. as an outsider. 
For its part. J P L  took q r a t  pride in its connection with Cal Tech, tenuous 
and neglected as this conr~ection \\.as. 'The association gave J P L  a special 
access to the acade~nic world. .Also. in ti-[re academic fashion. Cal Tech 
accorded the laboratory a great deal of independence to plan and carry out 
its own research pro.gams. althoagh. as J P L  Director Pickering later com- 
plained, Cal 'I'ech's desire. to have space x-ience done on campus rather 
than at J P L  someti~nes stood in the way of JPL's developing the kind of 
program that S:\S:\ iv;~nted.~ It \\.as an  independence that the r\rnly Il.ad 
accommodated and to which the JPI, staff had become thoroughly 
at-custorntd. 

In taking p,ssession from t t ~ t .  . l r~ny,  SrISA kept the arrangement 
under which C:al .I'ech would contin~le to exercise administr;itive oversight 
o\er the l;iln~rator!--ft,r ;I \t~bhtn~!tii~i f t ~ ,  "1r.hic.11 in the KII  1) ye;irs of rile 
association [\\Ah S.-\S;\] Cal -1-ech did vel-y little to earn." as the first 
adnlinistrator. C;lennan. put it . ;  But the sp;~ct. program \\.oi~ld have ;an 
entirely different dir~~erisiori froin that o f  the projects previously engaging 
the attention of JPI,, ;and S;\S:\ \vol~ltl requrst rnirny things th;it the 
laboratory haci previously shunned. .I'he ql~estion quickly arose as to 
tvhether the Jet Propulsion IAaborator?- \vould aci-rpt program clirection 
from S.4S.4 Headquartt.rs or woulti negotiate ;a mut uall y ,trct~ptable pro- 
gram with S.-\SA. Spac-e ;igt.nc.\- rn,in;agers like .-\& Silvr.rstein ahsumed 
without question that it st.ould be tht- Sc)r ii1r.r. while thr 1;tboratory's man- 
agenlent \\.as determined that i t  ix. the latter. In f;~c.t .  JPI. people thought 
thr~c. hhot~ltl IW 110 c l~~r i t ion ; I IMNII  i t .  sin(-c 1 1 1 ~  ( o ~ ~ t r ; ~ c t  ju-it rignttl \\.it11 
S;\S.4 ac.tunlly did co11,ain a mutuality of intc.rest (.lause that called for 
S.-\SA i ~ r l i l  JPI. h t i l  t o  agree on j x o g r ; a ~ n s ~ ~ c i  projects assigned to the 
I;ahciiat~ry.~ 

For years, until i t  \\.as finallv eli~ninated. this mutuality c-:;~ust. in the 
SAS.4-(:a1 -13et-h contr;rc.t \\.;is ;L source of disagrtvnler~t. Froni the very first, 
SAS.4 .-!dministrarc,r (;iennan, Deputy .4dministrator 1)rytirn. and :\sso- 



ciate Administrator Richard Horner wele laced with a showing of inde- 
pendence and what headquarters viewed as a lack of responsiveness by 
JPL. These administrators had to spend what they regarded as an  inordi- 
nate amount of time on  questions of prerogative, time that would have 
been better spent on getti~ig ;rhr;tci with the spire program. As Clennan 
would write years later: 

I think that JPL was the beneficiary of tolerance by N . 6 A  peers. was not 
rrally thought of as a responsibility by Ca1 Tech. I suppose that the payoff of 
success is the final answer-but did it  need to cost so much in dollars, in 
toleranc-e and acm~nmcxlation by Ne\vell and others?' 

As will be seen. the problenl was not quickly resolved and if anything was 
even illore intense rvhtbt~ the second administrator. James E. Webb, took 
over in January 1%1. Hugh Dryden and Robert Seamans, who had suc- 
ceeded Richard I-Iorner as associate administrator, continued to strive for a 
resolution of the problem. 

But to the Jet Propulsion L-aboratory. the mutuality clause was essen- 
tial to preserve a cherished way of life that the laboratory viewed as a right, 
not only inherited from the past but also earned by competence and 
ac.hievelnent. hformover, JPI, ~wrsonnel could hardly be chided if from time 
to tirne they told themselves that i t  was c-ircumstance rather than any pre- 
vious histor)- of Ieitdrrship in rockrtry that had put sc) many employees of 
the Sational :\dvisory Cornmitte for :\eronautirs in the driver's seat in the 
space Ioro,grarn. -1-0 X:\S:\ managers, however. being in charge imposed 
responsibilities upon the agency. \\'ere the Jet Propulsion Laboratory a 
Civil Service center. there would be no question about the authority of 
S.4S.4 Iieadqual-ter-s to dccide on project assigriri~er~ts to the center. As a 
contractor the laborator?. should be no l ~ s s  responsive to NASA direction. 

Thus. while S.\SX ;and the Jet Propulsion L-ahoratory began their 
association with enthusiasni and great expectations. they also started with 
;tn arrangement that was interesting, to say the least. Add to this the prin- 
c-ipitl players in t 11c ctr.;rm;t th;~t  \\.as ; ~ i ) c ? t ~ t  to i~nfol(l. ;tnd conflict Ixcame a 
virtual certainty. hbe Silverstein. self-asstirtd and customarily certain about 
\r.h;tt \va% the right t o  go, \vould run ;I taut ship. He would welcome 
idras and suggestions, but. once the decision was made-by NASA-he 
~vould espect his team to fall in lint>. 

\\'iIliam Pickering was as stubborn as Silverstein was domineering. He 
had rvorkfil in cosmic ray physics at the California Institute of Technol- 
ogy. had brcn i1 charter rnernkr of the Rocket and Satellite Research 
Panel, and had s h a r d  in the pioneering of rocket ins t rumentat i~n.~ In 
1954 tic became tlircctor of the Jet Propulsion Laboratory. Xlore than 
almost anyone clse it1 SASA, esccpt perhaps \\'ernher von Braun, he had a 
keen scnsr ol  his rolc ;as c-h;trnpion of his team. and he was not about to 



relinquish any of the laboratory's traditional independence without a 
fight. 

When James E. Webb k a m e  administrator of NASA, the potential 
for conflict between NASA and the California Iristitute of Technology was 
substantially increased. Webb saw in the unique setup with JPL an  oppor- 
tunity to pursue within the NASA sphere itself the kinds of objectives he 
sought with individual universities in the rnemorrrnda of understanding he 
later itttachd t o  NASA's facilitv gritnts (pp. 232-35). \Vebb exlnu-ted ( i t 1  

Tech, with the jet Propulsion Laboratory as a powerful drawing card, to 
foster and facilitate in the university community-prticular1.i in C ~ l i -  
fornia-interest and prrrticiption in space research. In this Webb would be 
pressing his hopes upon I.ee DuBridge, president of the Ckililornia Insti- 
tute of Technology. 

DuBridge, with an illirstrious career in physics to point to and the 
successful management of the Radiation 1,aboratory at thp Massachusetts 
Institute of Technology drtring World \V:w I1 on his record, had no doubts 
about his itbility ;lricI [hat of <:a1 .I'ecli to run )he Iet Propulsion L.abora- 
tory properly. An extreriiely sensitive prsc*n, Dui3,idg- found an)- es- 
pressed or implied criticisni o f  hCs institi~te or its laboratory distressing. 
aud not always undrrstandabl-. H;.t r:e also foirrtd i t  difficult to sittisfy 
\\'ebb. or e\.t,n to 1111drrst;l-ld \r.h;it the ;!ci~ninistrator wanted. 

So the stage w;ts stat, and thc stc~1-y btsgan to unfolti in the fall of 1950. 

Fro111 the i)utW mcis: i~ssit~nrti t!la~ ,he Jet Propulsion Latx)ratory 
would conc.entratc on tht. in\c.~lig;~ti.)n of 11-t, ,,~litr systt.ni. 'l'his \\.as much 
to the I;~boratory's iiking, l)ut the real intert>si \\.as in the planets. not in thc 
I ~ O O I I .  111  his, JPI.  i ~ n ~ ~ ~ t x i i ; ~ t t ~ I y  (.iin1t1 into (.o~~flict \vitli ~ \ c ~ ~ i i i ~ ~ i s t ~ - ; ~ t o r  
(;lenn;tn's tie:iire t o  tirckle the m(;(;n first. Just its the earth scic'nces had 
come twforc the. mcmn ,rnd l>lant~ts in pht. ordt.t-ly and ~ncnferateiy pared 
devc~opmcnt of space scirncc. so iu <;lcnnitn's view the rncn,n should tome 
M o r e  thta pl;rr~t.ts. 1'1,(. JYI. rnan;rgt.~s \s.tnrt.. tlo\\.evv~. c-orlvi~lctui tti;tt  the 
Soviet I 'nio~l.  \vith the grt=at It~atl i t  had ;tlrr.;idy 9:- .1t4 in sp;rcr csploits. 
\vould quickly nlove ahtbatl in the irlvestigaticln of the m w n  ialso. Ameri- 
(,a's onl) chance of rtcaptilring tile Ic;td, they felt. \vould lw to prtx.ed at 
once* t o  the planets. 

'I'his anci other difft.renc-rs o f  vie\\. canle out in ;I series o f  nleetings of 
X k  Silverstt~in. the airthor. and other S:\SA rrl~resrntatives w i ~ h  \\'illiit:n 
Pickr~ing rtnd his ;rsscx.i;ctcs. .I-he ~ n t r t i i l ~ s  at JPI .  in mid-Jitiiuitry I959 
\\*ere devoted to a disc r~shic~rl o f  pi;rrts anti ln)lic-ic1s.Y lhr' 11o;x. twing to 
founci it (-lost. \vo~liing i,artnrrship tx*tt\+t~n NXSA anct tht> lah,ratory. 

Pit kc1 111g r ~ ~ . c ( I t -  i t  (Ie;cr III;I[ , l i1 l ,  \ v o i ~ l ( l  Iihc t o  (10 not11111g 111 tI1;tt 

ctid not c-ontribiitc to dccp s1,ac.c. proiws. 111 p;rrtlct~!ar he urgccf thr. dcvel- 



opniau of a spacecraft fully stabilited in three axes, which would be a 
tiiost effective vehicle for itivestigating deep space and the planets. The 
laboratory would do the engineering itself, using outside firms as subcon- 
tractors. T h e  laborarory's past experience lay on the experimental side, ;and 
JPL wisher! to continue k i n g  the doer, keeping the supervision of ~ t h e r  
NASA programs to a minimurn. 

In turn. Silverstein emphasized the rtlgged job that lay at~ead of NASA 
in monitoring the national space program and the hope that J P L  would 
c-onsi:ier itself a part of NAS:!. not ;in outsider. AS ;I niet~ltxt. of the NASA 
f;rniily the laboratoty \*.auld have to bear its share o l  monitoring outside 
cotitrdcts. Pickeri~ig responded that the laboratory would be glad to parti- 
cipate in headquarters committees. irnalyses, planning, and the like, but 
would refuse to undertake the detailed technical supen~ision of contracts. 
In that reply can he s t ~ n  the underlying insistence on negotiating mutu- 
;111y arceqtable work assignments that would be a central issue for the next 
several years. 

In spite of the differences. the latwratory ~rioved out on its assigned 
work anti during the next t . ~ * o  years tvell into the dt.\elopment of the 
Ranger lunar spacecraft aud the planetary k1;iriner. largely in-house with 
assistance from outside subcontractors. For its part. NASA supplied the 
resources for expanding the laboratory's facilities and eqttipment and for 
increasing the staffing. N.4S.A also undertook to reestablish the military 
channels previously open to JPI. when i t  had worked for the Army-for 
example, t o  the Army Eiallistic XIissile Agency i.. Huntsville and to Cape 
Canaveral. In addition S.ZS.4 corrtin~red to press JPI. to expand its ?ro- 
dtrrtivity through outside contracting. When work was begun on a Sur- 
veyor s~,acecraft to be soft-landed on the moon. a contract was given to 
Hughes .4irc.r;rft to do the job under the supervisior? of the Jet Propulsion 
I.aboratory.10 

\\'ith JPI.. ;13 \v i t t i  t11c rest ol S,\S:\, tht. first ycrr prtwltrc-vd 1~1th prog- 
rvss and tvastcd 111otio11. I t  w.rs ;I pt~i(n1 o f  lt~;rr~ii,rig. At the rrq~test of the 
JPL. Iertdcrs, the \'ega upper stage interldcri for deep-space missions was 
assigned to the lah)ratory in the first nionths. only to bt. canceled within 
the year in favor of the C;entatrr stage." 

By the end of 1959, NASA management found i t  necessary to restrain 
its rcriters Irorn diversifying their activilic*~ tcx) broadly. Centers nattrrally 
tendcd toward scblf-si~fficienc-y. .In interesting line of research was often 
ft)llo~ved twyond (lie initial goal. even when this led a center into an area 
in which some other c-enter \\-.as already competent. NASA management 
decided. therefole, tttat centers should k rquired to specialize more than 
tiit.!. ai>ptrtrcd to tx doing and to avoid gross duplications. 'I'o this end 
:lssac.iate Administrrltor Richard IIorner sent out letters assigning roles 
and n~issions to rach center The  letter that went to \t'ill;*tm Pickering on 
I t i  Deremkr 1959 c.onfirmetf that the Jet Propulsion 1.aboratory would 



have responsibility for lunar and planetary missions. On  21 December Ate  
Silverstein wrote Pickering, giving g~~Idance  on lunar and planetary mis- 
sions for the immediate future. A week later the author with several of .)is 
colleagues from headquarters visited JPL to discus the guidelines.12 

Pickeritlg quickly pointed out that the Jet Propulsion Laboratoly had 
recommended emphasizing planetary investigations, whereas Silverstein's 
quidance seemed to start witti a ,great ctc11 of lunar work. Much to the 
displmsure of t l ~ e  J P L  people. the NASA representatives tirade clear that 
the agency indeed was stresing the lunar work initially. 111 a lengthy dis- 
cussion of policy for the space science program, it ;\-as agreed that NASA 
Headquarters would make tentative wlections of r.speri~nmts arid experi- 
menters for J P L  rnissio~rs. with the c.o!lalmrittiou of the laboratory. I'he 
scientists would then develop prototype rrlodels or  experinlent designs arid 
deliver them to the laboratory for evaluatir)n. Final selection tvould be ~iiade 
on the basis of the J P L  evaluation. h l t h o ~ ~ g h  this proccriure was f o l l o \ \ ~ ~ I  
for awhile, a(-tually it assigntd to the laboratory more authority in alloc-at- 
ing space on S.AS.4 prr\loads than \<as e\~t~ntually permitted in NASA 
policy. 

In this discussiotl the ever recurring issue of how to work with univer- 
sity and other outside scientists came up. Here the problem \\.as how to 
meet both the rlecds of the project engineers \\,ho \canted to l ~ i : ~  specifics- 
tiotls down and fix schedi~les as early as possible anti those of the scientists 
who \vished to polish tneir esperirnents until the very last ~ilinute. NAS.4 
people sensed an inflesibility in this matter on the part of J P L  engineers 
that boded trouble for the future. 

Another topic that would recur many tiines over the years was how to 
attract the scientific community into the program. For the lunar and 
planetary areas JPL. propowd to set up  a committee along lines Pickering 
had suggested in an earlier letter to Silverstei~r.'~ but the XASh representa- 
tives indicated that headquarters ~vould do this. hftt'r some debate it finallv 
cmerged that the laboratory was afraid that K:\SA \\.auld use the comniir- 
tee already established under Robert Jastroa. for this ;>iIrpose. The Jet 
Propitlsion L,;tlwratory woulti find i t  anomalous arid disturbing to '1- .e  a 
man from anothcxr center-the (;odd-rd Space Flight Center-cb . 

rg a 
co~nmittee in a field tttat had t ~ e n  aszigncd t o  JPI.. 01ic.t. they ~ l p p ~ ~ i ~ a t r d  
what \%..as disturbing the JPI.  members, the S:\S:\ people agrctul to find a 
headquarters person t o  <hail- the com;riittee. 

That. however. was not the end of the matter. On 22 Xiarch 1960 Pick- 
ering returneci t o  the silt>ject ~ I I  ;% letter opposing the idea of scientific- tiis- 
cipline sukotnniittt~t*s to t he Space Science Steering Committee in head- 
q t ~ a ~ t e r s . ~ ~  Pickering reconi~ne~ldcd that S.\S:\ get its advice on experi- 
ment proposals directly fro111 the c.enters. JPL f I t  that the (.enters ccbuld, 
through their contacts with the scientific cornmunity, adequately represent 



the interests of that c-ommunity. Picliering's popma1 Gtiled to remgnize 
that S.4S.4 centers would also be competitors with outside scientim in 
d i n g  space an S-LS-4 s p a m d t .  and that there --as a need to shield the 
centers from charges d conflict d interest-or am theft d idcaz as 
a l k g d  on a few- acasions-b? having headquarters groups ultimately 
responsible for the selection of experiments and experimenters 

.-\s work progressed. uouble continwd to brew. S.U.4 m a n a p  came 
to feel that the Jet Ropulsim Laboratq's traditional matrix organ& 
tion. which might have been fine for general research and smaller prom 
was totall?- inadequate for large-scale projects with pressing dtadlincs. 
S.4S.4 also found the laboratory's rrcord keeping. muact adminismation 
and supervision. and rcponing inadequate. .-\s a mul t  ?r'.U-4 brgan a 
campaign to ,qer Pi.kering to tighten up  the organization and to impo\'c 
the administrative s i d e  of the house. Since Picliering spcnt a great deal d 
time on outside matters-for example. with the .\nmican Institute 04 
.\eronautics and ..\suonautics. in \ \ . h t ~  estabiish~nent he had played a 
leading role. and with the International .htmnautical F h t i o n  and the 
International .\cadtrm!- d .Uronautia-headquancfs at first urged and 
later demandd that Pidering appoint a dqmt? to give cmtinuous atten- 
tion to the internal running of the laborat-. Th is  last suggestion was 
especially disturbing to Pickering. who. despite .\;.\S.l management's 
ciouhs about the qualit? t i  his Ieader~hip.'~ felt keenly his role as defender 
of his people. The question of a d e p u t ~  for the laha tory  r e m a i d  a bone 
d contention for a long time. and men m hen one was appointed S.U.5 
felt that Pickering did n a  make proper use of the position. 

The laboratory had its own complaints. .At the S.U.4 management 
rtteeting at the Langla. Research Canter in October 1962. at which H q  
C m t  had lashed out at headquarters for meddling too much in center 
affairs. Brian Sparks of JPL ran rhrough an alniost identical list of 
cclarge, showing that headquarters looked pmt!- much the same to the 
different centers. Sparks said that the laboraton- felt headquarters took on 
too much projm as opposed to program responsibilit8-. For example: JPL 
did not have any real say on the matter of launch vehicles to be used; 
headquarters program chiefs dealt prrsonall~ with individual project per- 
sonnel instead of going through the project manager: the program office 
inwrted itself into contracting matten and even asked contractors to quote 
prices fur additional units on contracts mana .4  by JPL: and headquarters 
insisted on appro\-ing the use of assigned construction funds. Additional 
c~~mpI.~irits were that the Office of Space Scienres insisted on passing on 
the acceptability of even- project the laborator?. undertook. including study 
cotlrrac 13. \\.hilt. thc. Office o f  :\ci\-anrcd Rwi~rch  arid 'Tcrhnology sim- 
ilarly insisted on approving all advanced r search before any funds could 
be relrclsed. JPI. found it particularly irritating that other enters had been 



ctrcwur;lgud to compete with JPL few platmar). pmjtccr .aqxa-iallp when 
the planetary area M long sincr been assi,pned to the l a h a t o r y .  \$'ern& 
vrm Braun e h w d  S p l i s  OII behaif d the Mrrshall Sp#p Flight Center.'c 

In thrp debate that ensued hcadqunm pmpk undenodr to rationalize 
their a c r h s .  but Lhe impomant p i n t  had been 4 that h e a d q ~ ~  had 
to WI i ~ s  awn house irr onkr wen :IS it pwwd the* Jec Rqwlsion L a b -  
I r q  r c ~  nulie itl~prt~\-mwnts. F k h  sidc wtwIICd had. rrrd with sitwwit?. cm 
thvr prthknrs. But rcotiann&tticw~ was ciiffictnlt s i ~ w  t w o  differetrt phil- 
c~q .h ic . s  H-m in\-t~l\-cd. I'he lat*watc~- crwltitruerl t o  insiq 6x1 its iiwlc 
ckyxi~kinx~ aid irll b;wk cnr ihr. mutii;rlit~ clause in ;!w c u n t r a c ~  with 
S.\S;\ tc3  sustain it- p%iticna. X;\S.\ insiumt that JPI. a m n k  of the 
S.lS.-\ ream with thr u n w  rtspnbibilitics to h u a l q ~ u n t m  that other S.kS.4 
trrlttl3 h.Ki- 

As inw p a d .  technicxi ynhla~rs-rkw unefpx~dl?--anrsr in JPL- 
projt-1s. piling .nk i i tkn~~l  stress tna t h a t  t:~u?i(d the phikxaphiral diffcr- 
t-1rt.t-5. ~ l h r  s ~ ~ r r s s h r l  flight cH' Zfnrr~~t-r -7 to Vtirus in l W  was rtwcnrmg- 
ing. but tht- nmtrwitsr\ clatknr \\-as muttd bt a mi- ad failurn in the 
Rangrt prtjtxi.1: JPI- naigtrt rake stnnt- cc-on~~iatnn~ in that  it \%.as rhe 
laiutt-h vehicle-. IHM the- ]PI. sjxnxxx~ft. rt,.rt was the ex11pi1 in thc firsi 
s t l c x ~ l  K.IIIS~ f.tilott~. 1x11 cirttkl hardl\ t-\.~h. c~\ t r .~l l  nspwrsibilit~ fcu 
r k  missicurs. &uh 1.1nat-h \chic~lc ;r~nt a~wc t x r ~ f t  h i  ttt wtwk tto .wtric-e- r 
5tn t r d 1 1 1  ~ ~ i i ~ \ i t n a -  .t~nt ~1111il t1xi1 ~ L I ~ ~ Y M X !  lxnh the k ~ h x i i t t ~ -  ;~imi S.4S.t 
\\tw cur ItK's/)rn. 

1;) .nkf to the diffic ul~it? JPI. \\..I\ ; t lu~ **tin!: ;I rep~r.~ti(xr ; I I IMHI~ 

w-itvtti-ts td bt-in!: inrolt-rahl\ tiiffit 111t 14) \\.twL \\.ith. A sitlwtc ~ s h i c '  \\-as tire 
ccn~atriicticm t l  flight cr~i~i~~racvt t  to g e ~  t ~ :  JPI, spi~rxralt.  JPI. ustr;~ll\ 
iasiwd tnr r.~Iii~r!: $utnc~\)r. imrr~trrnt~t\ tk-\t.kylcrl b\ tlw u ielrlida 31ni h ~ \ -  
in!: thc f l i ~ h t  h;~rd\--are nxldt- ir.ic.1l.i" l h c  logic of this jmxxrlure* w;~- 
tdt\ ittit,. h r t  tlrr ~ ~ ~ t w t i . i l  inlptt I (HI 11tt- w i t ~ ~ t i f k  e-qlcri~~nvr~s W;IS uritw~s. 
.t~nl cqxi~nacia t t~\  ~IXILIII \  ~1h1c-t texi. >I.II~\ td ttac i~~strt~nrtiats \\.e*tc IUT\-. 

ck~rloptt t  \yx.c itic.1118 fan t h ~  e q m  I I I I C I I ~ ~  t o  1w ~ ~ r f ~ u 1 1 1 ~ ~ 1 .  <)111~ tlw ~ ' ~ 1 x 7 -  
irne~atc.r .rnd crigin.al clt3igiac.1 of tht- in\t~ii~ntmt. I\-hc~ t h w t ~ l ~ h I \  umkr- 
-tci tr t  ~Irc ~ n i n t  iplc- .~ncl ilt-1.1il3 e4 the r\;$wriarcvats to lw pmfontirxl. could 
\t~ffit it-rttl\ . I ~ ~ I C X  i.~tt* tilt- ~tii<w.\~rt 1~15it- q ~ i  tlw t x l t ~ i ~ ~ ~ ~ ~ c v i t  t o  ci19i1rc airit- 
.thIcb t . t i i I~r.~ti t~~~. It \\..I> c-w=ttti.~l. tttt=tc-ftwe. t11.11 t -xix-r i~~ae~~~tm pi~r~ic iptc-  
in the i ~ r c p . w . ~ t U ~ ~ ~  I I ~ M  c~ni\ oL ~ ) ~ c ~ ; c ) t \ j k >  0 i1 t  of fligttt twtci\%-;~n. ;IS \\-ell. 
11atIt~xt. in rcx t ~ ~ t i t i c ~ i a  'I( 111tv p ~ i t t t -  X.\S:\ i~lli4> I\-.I, t1a.11 c ~ p t - 1  i~r~t-tttt-n 
ix. Iiclti rc.syn~n-it~lc for tlat. I)ttriwr fi111t tiotaing o f  the11 ~ Y ~ ~ I ~ ~ I I W - ~ I I .  I'ltt- 
JPI. .tpprtx~t 11 he$" the. c~~x~r ia#-~a tc r \  .I{ .rr III'\ I:ngth .tnci tcr~tittl t o  11 u\- 
ti.itc ttwii . I I I ~ = I I ~ ~ I X  14) ttix 1r.irgt- ~hc i r  r ~ ~ ~ n ~ ~ r ~ i ~ ~ i l i t i t ~ .  

lllt~\tri~tiity thc tiiffit l i l t \  411 \ V ~ I I L . I I I ~  \,-it11 11'1, .n tile u i t - i r t i , ;~  k u v  if 
\\.cSrc t ozrtpi.~int\ t11.1t 1 It-FIB Rr id~c  e ~ f  the- >I.I-\I~ IIIIW!~\ l~~ \ t i :x~ t t~  1-tx h- 
n c ~ I t ~ \  ,111it Jilltrr S I I I I ~ W ~ I I  111t- 1 . i t i \ t - r  \ i t \  :hit . I ~ I  .111tt1 111 tht* t.111 



Jcr P I I ~ ' L W N  LM~K~TQIIY 

19tij.1' kwh sc-leurtists had sitniiar srcuics of cstremc. difficulties in t ~ i n g  to 
work with JPS,: no f tml  p i n t  for w t i n g  t i d y  &isms: 1-3 many per* 

p k  in the Imp: delays at JPL in trmiing ~pcluirmmrts of the yjentrsts 
nuking the hboratcu)- ftu all p t k a l  puqmes thc xk-toc d experiments 
re, go mr a pyleud. rather th;tn the S p u  Sc-io.lrz Stt.urt11g Cmmittcc in 
S.4S.4 Hcakpaners; intolerable delays in w r i n g  crxltracxs cwrt and mmnq 
&>wing to the exprr inmtm u, that t h q  crrtld fl h i r  work donc olr 
tinw: c x m t ~ x ~  immnswd.  a aristitrp d amwiance ;md tigidit~. as. 
fw c.s;trn;jk-. when JPL, crnrsi&td its-If \i~ffiriently c m ~ ~ a ~ ~ ( e n t  to IF IW 

instnnr~trts and tcrhniqurr Inat wtxrld IM allt~w thr m p t x i m ~ t e r s  to do 
so. Van .-\lkn d thr State I'tri\mity d kma  t e a  d the frusrration d 
ha\-ins k~w;1-tnrilt tyuipnzrrt pas all t h r  1-s that had ken yresr~ibrd bv 
t h e  Jet Proprlsicnr I a b n - a t ~  twrl? to h a b y  JJYI- pmple o p ~ n  up the 
tquipnt-nt 2nd t&r wjnr it bKaitw the e rnrs t ru t i~~r  trchniqim usmi 
werr noc them empk*-d b~ JPI-. If t h e  tmts pr rs~ibnf  b\ the labrwatur) 
wtw \.tihi. tho71 tx~trip~nt-nt t1r.tt p ~ s s n i  the tests. Van .-\Iim insisrd. 
~ h t ~ t l t i  br r - c i p t t d  ftw flight. 

JPI. tiiffit-ulties \smith ~ht -  t~nivt i i t \  ex~r rn~ t~n i~y  wtm S~XTWI mnctm 
to ;\dni:ni~tr.~tor \\.t.M. .Is p)inttd ~ R I I  c-1rlit-r. ht' c'~px1c.d the ~~II I ICX-IK~I  
with the <Ltliftmli;t Instititt~ orl It% h~nblcw t-whk thc laboratory to do  
a supmicar jth in ck-alivrg \\--irh 11w ttai\-t-nit\ u-it-ntisrr armi thus in ~rmking 
thc oqqxn~i~~ri~ie-s to) c b  s p u r  li( itmt- IINH~* re..nlil\ .~\ailablc to x&nic- 
insriruritnrs than  night pt-rh;~p bt- inhsible in the g ~ \ t ~ - ~ r ~ n t v r t  c.ntas. In 
1s t .  thc .d~nin:~trartr r r ~ n k  t n i ~ h  14 this t -px  W I I ~ M I  in ji~stif?.ing to 
<inr~m\s S:\S.-\'s ~ x ~ y i ~ r g  (111 Itx h anwc th.rn $2 rlrillitnr a ye31 tlo nw~w.qr 
thc JPI- cc~ntr~c-I. \Vt-bb spent a grt-at &-dl crl tirrlc- with <hl  Tech Brt-sident 
Lr*. DtrBrid.gr ttning rca PI him to apprtx-iatc- the irrl ir~~anev of pcdiu-ing 
nlorr (or the .~rntwl 1i.r than tlrr tncn rotrti~w administratitn cA a COIIIKW~. 

\\.hit-h S.4S.l i cwtld h-nc d t r ~  ftw itwlf man. c-hmplv. 
-4s 193 citc\r. to .& elow. SAS.4 sttyyxxl t ~ p  its tmfforts to .WI thc 11x111- 

.tgt-~rnrt of ttn~ Jtr Pto-p~lsitnl I,tLm~r.~tom t o  impnnc i m f o m n a ~ ~  and to 
\rrc.~rgtlrc~~t I ht. org.~nir.~tit~n for ~:l.ln.tging big projtx-13. Earl Hilhrrrr. 
I I  I s i t  \ c i ~ i ~ r i s t ~ . t ~ a ~  Rolrrt Sr.tnla~rs. was assignmi the task 
o f  working \v~th <',tl Ihh to rtccbl\ts wvrle of thc ftt1~1;rtntir1a1 difftrmw. 
I l il btrrnl. .I tcx hnic al alan hilnwl f anti .I h.~rcl-nomi htsincs~man lo b w ~ .  
itl\is~td. w:th tht- \\.t-ight eA tht* ~\t!nlinistr.tt~w'~ Offier. that the I . t h ~ ~ ~ t m  
fitul .I s.tit.ahlc p ~ r t ~ : t l  III.III.IW-~, 011 24 l h ~ t ~ ~ ~ ~ l ~ r  IW3. Pic-ke~ing infwtntd 
the ;t~ttlnw I)\ phone 1h.11 he \ v ; I ~  in the prcn?is of strtirrg up  .I new pai- 
tican c b f  .tssisl.~nl I.tIrbr.~tt~n din\ tcn f c ~  tcx ltni. . ~ l  tli\ is~cnrr. Bri'tn Sturlcs 
\\.t)ultl tx t1w ntV\v .tssist.ttl~ dim'c.tcu. >' 

Ikis \v.r\ prcwc-cs. Intt in S.\S:\'s \It.\\. fell f.11 short ol \\.l\;tt \\-.as 
~icx~k~!. .Ill .t\sist.tnt ctirtx tcj1 \\.ottld INN tr rhc crlui~.~lcnt td .I tkput\ d i re -  
ttbr r ty~nt~ibic-  feu the inrcrn;tl n~.trr .~~~nctrt  of ~ h c  I. th~r.tro~ ;tnd c .~nl~~w-  



emi ti, tixahe &.cisicnis Irittdinp: cwi tlw dim-icw. Birr ftu the itmawit this 
rtppeami to be a h a t  as far as Pidicring wcnrld bnigr. It ten& thc drarnatic 
b i lurr  t4 Nm#gn o to k a k  the k*am. 

\\'ht*a Hangt-r n s t -p~ t ; r t n i  f n ~ l i  its htatch vzhic-Its cwt .W J.cttll;try :!W 
ittlri slid I H ~ I O  ;I pt-rfctt t r ; ~ j n - i e ~  ttw;trri its i~itt-ttrkri 1argt-t CHI the tiwmn. 
spirits r;rn high. .is the telrriic-tn. rtx-rxd c-t~ttitt~tcd tc* show titat the S F W T -  

craft W.IS olurati~tg prtqx11\. sucrtss at l c ~ l g  last ;tpp-nxi to ht. at hami. 
I'ltrrt. dins later l x o j t ~ t  p,plt.. S:\S.i ;arm! JPI. nia1t3.g~~~. t-imirxttus. 
t - s ~ m i ~ ~ u t i t c n .  cxuig~rss~ntqi, ;a~rci n u ~ ~ w s t x ~ s  \~isircws fdk~wxxl t h e  ~~ nl 
Hanger ct .IS it :rly~rr~#-htxj tiw nHru1: ancl \vhugt i ~ i  tht. last stx-wu;s td t k  
flight rlw signal \v.na wilt t o  tu r t~  tm thc tt-lt~isicwi r ;tnwras. all \*err. yre- 
~ x r m i  to ht..~\t= .I s i ~ l r  td 1rlit4. Rut IIH-11 t k  ~~~ttwlic-s;~blt- ~ ~ ~ Y R ' I ) c I ~ .  '1'h 
~;IIIICI.I% rfidtt'~ \\.cu L!:' 

I'hc tk-jtx ti011 01 J P  I. .itrri S IS;\ pt-ru~l~~tt- l  \\..12 tc>nrplt-t.tc. . \ l t h ~ i a ~ h  
<Lnigrt~sm.o~ hli1lt-1. c t~aitmian (4 S.\S;\'s authtsi t i t~g ttr~~~antittw ia the 
Ifen~w cd Kt~ur..ct~~t.~ti\tx. c \ l ~ r x u d  t-cn~fithi~rc in thc t talrgt~ ; ~ ~ ~ . t n i  a t d  
t o ~ ~ i p , ~ . ~ t t ~ l ; ~ r t d  S.\S.\ ;~nri JPI. o ~ i  hitti~tg rhc t . t t~ t - t  ;tinnd .I[. tht~c- \\..IS no 
.t\c*idittg .I ~ ~ I ~ B I < B I I ~ I I  1r.t ic.\v 01 rht. projtrt h\ thc <inigrt\\. I'hc authcw. ar 
S.-\S.\ ltt-.~ckl~~.~rtt-ts. tt~r\r..t~tkxf (i~ngrc.*~m.tn hlillt-1's It-t t tr  lo Yii-kt-ring 
\r,ich .I ~ l t ~ t -  .~\steitlg (PI. tll;lt S;\S.-\ \\*ottltl \vcwL \ igt:orc~~lsl\ ;ilonpicit. thr 
I.tlnw.~rc~r\ . I I I ~  c.\l~~r>sillg ttw~ficleaar tlt;~t K.~ngt*~ \\.ot~lct s ~ t t r ~ . r x f . ~  1.t~ 
t ier tv~~t i~i t~  \\ 11.11 11.111 ge~rtv \ c t t~~ tg  . I I I ~ ~  \\.h.tt \\..~s tttxxitxl t c ~  fix t h t  s~x~x~r . t f t .  
S. lS.\  u.1 111) .I te\it-\v I M ~ I I C ~  tt~lcit-I thr* t ~ ~ . I I ~ I I I . I I I ~ I ~ ~ I  < ~ i  F.;brl I l i l b t ~ r ~ i . ~ '  
O r 1  tiat- tiill. Jc~wph li.trtIr. th.rir~ir;~rl ol the S t ~ l ~ t ~ n m i t t e ~  t b r ~  S~xwt. 
h I ~ I I ~ I *  .tt~ti . \ I B ~ I I ~  . ~ t i o t ~ \  it1 tht. ~ I ~ B I I U - .  got the- jt~il o f  prc4~itlg 11it- R . ~ I I ~ ~ T  
1.11lttrr. k - t o t t ~  27 .\1~1ii t a b  -i M.I\ 19;-I  ~ h t -  .~ t t t f t<v t  . I I I ~  111s < I B I I C . ~ ~ I I ~ S  111 

X.\S:\. Jet ? ' I ~ B ~ B ~ I ~ \ I ~ B I I  1 -~l~w.trt*t \ ~tt.~tl.tge?s. .11lt1 J 1'1. c ~ P ~ ~ I I . M - I < B I ~ - ~ X I I  III - 
tt1.11 I\ rhc. K.~tii~t < i t ~ p ~ ~ t . ~ t i t v t ~  $ti .\tt~t-ria .a. tvlttt 11 11.1tl IXT-II tt-1~b11sil1lr. il)t 
the- tt.1:- :\1tn1 r .c l r t~ l~rnc. t~t - \ \ - r r t -  tilt* c . I I ~ M I . ~ ~  

.\ltht~ttgh r l r t -  t t ~ t ~ g r r ~ ~ t ~ ~ t ~ ~ ~  \vr.ttb ticx-l~l\ intc.~t.\ttxi ill the- tcx hr1ic.11 \ick- 
o f  thc. s t t n  .tnd ctt.l\r.:l cltv*l~lt i ~ t t c *  1vit.11 h.td ga~r~r' \\.~ottg. rhc\ g.~\t. ~ h e i ~  
1110st u.r i t~t~\  . I I ~ ~ . I I I I ~ B I ~  t o  I I ~ . I I ~ . I ~ ~ = I ~ ~ C I I ~  111.a1tt.ts. ti.t~tlt. \vc*li .I\\..II~. o f   he- 
t t ~ t t ~ t t . ~ l i t \  < I.NIW 111 tht- x:\%.\ t ~ ~ ; t t t . ~ t t  \\ 1111 11le I . I~MN.I I~BI \ .  .tpix-.~r*d t o  
(wl t11;1t I..t~~t.ttor\ tlr1rrs{xBt1si\.ettt*s\ t t ~  X.4S.4 tiircx-t~tbt~ t n i ~ h t  lw the. 
tincicr lvt:~g c.tusc of tilt t~t~trhlt.. ; \ lo~tx~ve-~,  he \vc-rttfr.~t.rl \vh.lt. i l  .~tar.tltir~~. 
thc. gc*\c-tr~nlt.t~t \\-.a\ grltirlg i r i  rt.run1 1 1 ~  the' 1 .1rg I I I . I I ~ . I ~ ~ . I ~ I ~ . I I I  l t t  lr~ici to 
tile ~~liilc*l~1l.l lllslillll~~ ' B t  1-c=t 11tltvI~tg\. . \ I t  ll**llgl1 !In-u* \\t.tta thr \ e - I \  tltlt-\- 
I i c k t l \  ti1.11 S.\S.\ I ~ P I I I I I ~ I \ . I I I \  de-l~~texf \r.t~il < -11 I'cx 11 .t~ld JPI .. ~ I I I I  in!: 1 1 1 ~  

t t ~ ~ ~ ~ t t ~ \ t ~ t r ~ . t l  irtcl1111r S.\>.\ . ~ ~ t d  1 1 1 ~  I , I ~ W B I . I ~ I U \  t lctuxl I . ~ ; I L ~  in I I ~ I I I I I . ~ ~  

tit-tc-~tse-. 1>11ri11g 111r II~..II 111~s  the* .~: t t l ic~r  t t i t x l  t o  11t.1Lr the. ~ ~ I I I I  1tt.11 .at :hc 
tle'.ll eB1 lht' WP-t . l ~ l t ~ ~  lll1lt\}MBtlsl\ t't1t\s t)l l h ~  let ~ ' 1 t t ~ ~ t l f ~ l e B l l  1 . . l ~ ~ * l . l ~ t ~ l  \ 



lay the s o n  of individir.11 comyertnw and self-reliance tha t  N.4SA was 
seeking to use in the space progmtn. Testimony also pointed out that the 
kinds of problems that NASA was having with JPL at the mornent 
sternmed from the v e p  difficult ur#lertakings being attempted, and in the 
nature of things the ;rgcnc?. had the same kinds of difficulties with its Civil 
!+n-icr centers. \\'hen the chairnran o k e d  that ii rrlations with X.4S.4.s 
wtrters \rere as bad as with JPL-. then p h a p  the invmti.gation ought to 
be hrtdtmi to incli~ck t k  tlwna.pemer\t of all S.iS.4 m ~ t e r s .  the author 
r t p l i d  that tk* proper p i n t  of vie\< \\.as that matla.genm\t relations with 
JPI. were btsically as g<Wwt as with the other miters. B I I ~  i~ had become 
clear that that line of cklense H-2.s cmtk 10 atu~lCko~a as quickly AS possible. 

.is :I reul t  of the invt-s#i~ation. the c-otlgmsnlcn mi& clear to N.4S.I 
thiat the\ \r-t-re unh:tppy with the n~anagemcnt rrrrangernents between 
S;\S.i and the Jet Pn~pulsion laborator?.. '~hm espmted S.4S.I to tishteti 
I I ~  the go\.er~~nlcnt'.i trot?nol and to get rid of the mutuality c-l;tiiw in the 
c-ontm-t \\-ith (kl  -1'tt.h and JPI.. \lol-rovn. the\- \%ere not at all c-convind 
t hat t he govc-rnmrnt \\.;is gbt~ing its monq's \\-o~-t h b r  the $2 million 
annuul fw to the < i l i f o n ~ i a  Institute of 'I'whnolog. <i>nsi&rable pres- 
sure was put on S.iS;\ to eliminate tliat fu. cme way of doing which 
\\-oillei lw to c.on\ert the I;~bor:ttor\ 10 <:it il Scrvicr. 

'I'hc prt-wlre t o  rt-nwBve the ftr. \\.;IS esc-ruc.iating to I .w DuRrid-ge, ior 
c- .t-r tht. \t.;ar> <LII -I-t=ch tl;td bllilr tht- f e r  into its ft~neiing structt~rt. u, that 
no\\- it l~uintri ' a h ~ t ~ t  !O IwrcYtit of tht- ~tnivt*rsi~?'s hasic support. Sucidcn 
\r-ithdra\v;~l of t1l;lr MIIII \\.olrlci c~ iuw coiisicit-n~ble difficult\. .l'his possibil- 
ity. ;lnd rhc public-it ?- gc-nt.r;ltt.ti hy the Rringt-r in\rstigation. finally drc*\\- 
the- .~ttt-ntioa cd the (::li 1't.c ti kwrci of 'I'rt~stt't'?i. \t-ho plcrigd thcm~~lvc-s t o  
81t.lp tirati ;I u~lution t o  the. proldc~n.~' 

F1~rtt11i;1rt4\- for <:ti .isc. 11. \\+ebb \\.:IS ntjt in f;~vor o f  }ouIling out. -is 
~i~entiont.ti t..lr lit-r. the S.IS.4 .~ciniini\tr;ltor %I\\. in tht* <';ti -1't.c.h-JP1. 
;Irr.~n.q-n~ent grtb.tt ~x~ssihi l i t ic~ for the Lincl o f  uni\t*rsit\ -go\-ern~i~ent rc.l.1- 
t~r~!lstlips hc. \r.;~s tit~;)i~ig t o  cit*\elop in the twcx~der .asjx.c-ts of the ;~gcnc-y's 
trni\c.~rit\ I1rc~gr;lni. \\'t-Iol). tlie.rcforc, stcwni iiriri ;tgainst the outside prtXs- 
wrc  10 e lii~~~st* tilt, 11i~111.1gt-1nt~nt ;~tr:li~gcriics~it ; I I I ~ ~  rt>nt'\\.txi 111s c-fforts to 
\%I ta\t from I)t~Uricigc .tiici (111 I'tu-11 tile Iwnc.fits I l t ~  ~ ~ ~ g h t .  :IS Io11g ;ah 

1)trRridgc \\.;IS at the hc.1111 ;I[ <';ti 1'r.c ti. \\'chb strovr. in \;liri. for if ever t\vo 
~ x ~ > l ) l t *  sp~ke. the slmc 1;11igu;1gt. with cliflt*rt~nt tnt~;rni~ig. ~IMBM* t\\.o \\.ere 
\\'el)b .~ilcl 1)11Uridgt-. In \\.li;iic\c*r hc wici. \\'ebb h;icl in rnind the hrcclci. 
\ i \ . r v ~ ~ i t ~ ~  t ~ ~ n t ~ i b u t i o n  rh;~t Ilc thcotlght .I tlnivcr.iit\ \ I~o t~ ld  Iw .1111e to m;rkt. 
t o  g ( ~ \ t - ~ n ~ i i e i i ~  111 cxix-~-tist* .~nci \viw (-0~1nw1. \\-hilt- l>t~Bridgc nt-vt>r rt>li:l- 
clt~ishc.tI his citdic.~tioil t o  tht' tr.lditioil;~l indclwncit'nc-e o f  :tc.;l~k'nlic inrtiit~- 
~ I O I : ~  .IIIC! o f  tht- indi\ itl11;11\ \virlli~i r110w- iiwitt~rions. 

In his holn- \Yc.bh \\.;I> rt.pr;tttrll\ c1isa~~~u~intt.d. (111 I'cu h \hcj\\-ect lit- 
tle intcrt*it in h t c c ~ d c ~ ~ i ~ t g  tt i t '  I I \ ~  ctf  tht- JP1, c-ap;thilit\ b\ ortit-t ~ltiivcrsi- 
tit-. I V ~ I I (  tl \\.etol) vcr\ ~titic.i~ ticqwtt to 1)ritig .~tx)t~t  111 t t ~ e  ~ii!tion;~l intert-st. 



'Ib t~lakr tnattcrs worst.. JPI. p o v e d  ro be pretty goad at antagotibing 
outside rsyeri~nenters rrssig~ttd by XAS.4 to JPL. spam-riaft. by keeping 
them at artn's length snd i m p i r r g  utirrasonable schedules and what 
r i ( 4  to the rxpimzlrters tr, be arbitrat). and t l t r n m s s a n  c.(wrsIr~~t~lic~n 
and test requirt-nrmrts Glr thcir instritnwirts. 

Having pn tlrrot~gh the r~ t i , y r t s s i c~~I  ~ I H ~ u ~ T ? . .  the R:inger alnn;~.prs 
bore &wri again on preprations for yn~uhtr  flight. Oran Nicks. h t d  cd 
the Lr~nar and Plalwtan Program Offitu \\.ithi11 S.4S.A Ht*dqil;lners. a~Hi 
his py lc-who through all thcrt had h a ~ r n w d  kad rt?ruinc*i t s r h k r -  
able in their faith in a i d  tsttmr for the laboraton.-rmbubled their cffons 
to assist JPL in wtutmer ways t h e  a-cwld. \Salter Jak&nd.i. Ranger 
prismm n\;t;ragrr. dici \chat he ctnrld to Ewilitiite the w d .  Bmjamitl 
Xlilwitsk\-. ixapam n1;ln;l.p;r.r feu Sutxtyor. \r'hic.h \\.as 1uvi11g pl~tity 
trtwblts of its own. \r-cuLt*i assiciutntsl! to k t ~ p  Suntycx frcxrr wpc'i~ti~ag 
tht. Knngcr b fi ;~~-o. Bt~t it \v;rs the* JPL. t-ttgintrm ard  tlwir ct>ntr,rtrcm wlr, 
pulled it off. -ihq It41 tw pfisibility for trouble t ~ ~ t p o b d .  IN) tx'olir~xutcnt. 
no  st~bsysttmr t1trchtvLt11, 110 tt'?it t~ticiotit-. to t-11sirre that iht* tWxt flight 
st~t-cpc*. 

The going w;rs t~ot tb;ts\. I'lotrblt% cl,rltit~tml to ttrnl 111) it1 .qqrot111ci- 
bstd tests. MI th.lt i t i  1 1 1 i ~ a .  I9ti-i the Officv c d  S ~ x ~ t -  kiet~c-c ;and Applic-it- 
tions set iup its ot\.n re\-ietv hcxlrci wprr;rtt3 Iron1 tli;~r c-h;tirtrt by Iiilhtrrr. its 
pirrpow to It.;~\t* nil stone trntt~r~icd in the c-ffr~rt to 111;lLc R;III.~~Y sttt.c~'tli." 

Siinultanecntsl! prt.ssuw continirtd for JP1. to tightc.11 trp its I ~ I ; I I ~ ; I ~ ~ -  

Intbnt ;md to bt. rnort. r trp~nsive to S AS;\ cIirt7-t icui. .-\ftt-r :rll t hat hrd 
hilplwnetl fe>llo\vitig the Nn~tgm h I.ril~lre. ;rftt*r ,111 th.11 ha1 b t ~ n  said ; r h ~ ~ t  
the n t ~ d  to tightrri 111, tri~~~;~gt-t~rt*tit ;rtitI improve rt?iir)nsivcntss. onc 
\\-ould hiit t thought tli.~t J PI. 11;1J thr' 111t?i?i;rgr.. -1'hr. ituthor ;lnd hi3 
ctc-ptity. Ecjs~r (i,rtrigltt. \vet t- shtr-kcd. t ht.rcfare. te> It-;~rtt i t \  ;I cu>t~vetwtion 
\\-it11 Pic-Labring in carly Jttl\ of I!)ril tl1;rt JI'L. ronsicIc~t.c! Surt-9-or ;I lo\v- 
kt? projt.r.1 \\.hicti c.o~rld IK titpt or1 tht* 1rtc.k bt~rnt-r, \\.it11 tire cotltctc-tor 
left prett? 11111t.11 to his o\\.ri <It,\ ices. <:oriright ;rnd tht. :ltrrhor d iscgr t~~l  
tht* s lw~.  and on 1.3 Jt11\ a 1cttt.r wt.rlt 0111 to Pic.kt-ting trndcrlining rhi~t 
Strr\.eyor \\-.IS t.cwisicit~rtri olw of the hight.st priorit! projtrts in t l~e  slxu-t> 
~.ienc-e progrirm anti t l~ ;~ t  the. !)I-ojtr t 1r;ld t o  h ~ ~ r  prolx-r iri;111i1gt*nic1it 
;~ttt~ntiun. I'he Ic*tter .~skcrt that Pic-kerit~g lx. c-t.lt.iili "thitt JP1. is proln-rly 
stafftri ant! org;~trirt.cI. tht* i !ugtit\ c.itntr;tc-I is ;dculti.rtt4\ ntotritortd. ;tnrf 
SASA lIc.;tdcl~~i~rtt.rs .ippropri.iit.l! infornitxi of S~rr\cyor nrtris. to ir~strrc. 
the r..irlic?it ;old ftrllt?it p>\siblz stlc.r.ess of the S~rr\t*yor l)rcq;tm.""; 

1 . h ~  foIlcn\-it~g a h \  .I u ~ ~ ~ r r c i  lt*tter to Pic keri11g citt;~lt \\.it11 ~r~itn;tget~ra-~~t 
1)10!)1t~tiis. I t  rtx~~tt-s~txi 1lt.11 JI'I. dt*\clol~ :I tnort> l(tr~ri;~litaxt c t i ~ ~ i p l i t ~ t ~  it1 

Ix~tli hi~sitit-.is .111d projt-a I ~~~. i t i ;~gt*~i~t*~l t .  111 ~xtrtit-trI;~r S;\S.\ ra~lt~t-stt~l thirt 
 he r;rther Icntw t:t;rtr.is c>rg:tnir;~tion t ti;lt JYI. t1.1d f;~vorcrl In- tigtitentd 
into ;I nrort- elirtu~t projtr I o r  g;~nit;~t ion. I'llt. Ic*ttcr c~a~~r.es.\trl c.orlct*rri t 1i;tt 
sp;rcr. ~.ic.ricr tr.rct ;I ftrrr\ .u>rt of pl;~c-c iri thc I;rlk)r;~tor-? slril(.ttrre ;ttid .~ska'd 



that it be givtri s firmer. m.we independent status. NASA a s k d  that JPL 
work on impmving ~e.l;ttions with expi~nenters .  The following *em- 
htu the author repeatd thee  q u e s t s  to Lee Di~Bridge. president of CAI 

and xcnrdingly Pickering's boss.= 
.lhC caitinuing I x k  of wspt lw to N.4S.i's qicests  led N.ASh man- 

agement to give serious considetation to insistirig that Gal Ttvh reno\-e 
Pickering as dim-cor d the Jet Propulsion I rrbordtory. But Pickeriring had 
t o o  tnuch to offer to m k e  this a platable move. -41mher option seriously 
e m s i d e d  was that of cwvming the labcw-tory to Civil . h i m  as some 
c-on.gressrneti had fa\,ord. But ;rpqztin the ;dministratcw m~sidertd this too 
drrrstic. Setting aside the question of whether the riecpssa~ personnel 
authtwuittic~is cxx~ld 'be chained frcwn it11 dministrition that was trying to 
rduce the total tiunibrr o f  government cmploym-and ignoring the dis- 
Icwaticms that would tx .genm~ttd in adj~rsting to Civil *ice salaries. 
rt-t irement plans. altcl fri11.t. htriefits-there \\-as still the quest ion of how 
many of the employees \\.cwld sta?-. The fierce pride that JPL people took 
in their heritage as part of the CAI Tech f;rmily Icft gxa\-e doubts as to 
\s.hether the labor;aton ca~lci  he cc,nvtl-ted \\ 'itbut seriously disruyring the 
r ~ i g ~ i ~ r g  pr<w.am. 

.At ;tny crte. none cd thtw unsavop options was &pd. 1mte.d the 
c-ontricct \smith the Cilliforni;~ lrlstiti~te of T m h n o l w  was rz\arnpcd.m The 
~;lntualir?- clause \\.as reniovtd. and JPL- \\-as required to he responsive to 
S.AS.4 dimticxi. Spx-ific organiratio~irrl a d  rnana.ganmit arrangenienn 
\\.ere rtquirtri. including the strengtlwning o f  c-o11tr;trt adniinistrat ion and 
provision for adequate ace-ounting, record kreping. and reporting. On 
\\'e*bb's insistent-e the ate\\- c-ontract c.;~lled for S:lS.A ~iianagers to t~a lua t e  
x~~niannually the performaticr* of C-1 -1'ech and JPL.. \vith the total fee to 
CirI I-tr.h depending on the rating rcx-eivd in the e\-aluation. Of all the 
pro\.ision: in the ~iesv c-ontract. the oneb rtquiring tilt* institute and the 
I;~tmra~on to ~~ndergo  ~wricdic t-\-aluation-an indignity that DuBrid,qe 
pointett out \\-:IS 1101 inllxhcxf on other S.4S.4 caiters-rankltd the most. 
Swwtening the pill. hot\-cter, S.\S;l ;~.qctd to provide a sniall fund (a few 
htrndrcu! thoils;~nd dollrtrs annu;~ll\) for thc dirtr-tcir o f  the labomtor)- to 
use at his o\vli discretion to support research he dwmed especially 
im~x~t;rnt.  

The net\. cu)ntr;~rt provided no in;~gic- solt~tion. Much still had to be 
do~lc to settle thc dust of IXI~IIC- ;~nd  t o  t%ta:,;ish a smooth \\-orking pattern. 
1'h;tt cxc-upid an apprtx-iabic amount of rn;tnagenicnt time during the 
nest sc-vcr'ai \ears. But thc. rcwd had bcc.11 c-lrartd arid it \\-as a matter of 
bt-nciing lo the t;lsL. hloreover. with tht* Ranger hurdlts khind. wccesses 
txu-;tmr the rule. f:tilttres the esc-c~ptiotis. on JPL missions. 111 the light of 
111t.st~ st~cc-c?ist?c t tic c.;trlier troul)lt?i fadtxl larthcr ;tnd farther into the hck -  
ground. On 28 J111\ 1'96-1 Kntlger 7 tcndi off from (h;rpc. lientidy for the 
I I N X ) ~ .  11t;ttching Knngrr 6 in the fl;~\\.lcssncss of its flight. But this time the 



television \corked perfcu-tly. The c3meras returtleti superb pictures of a 
lunar mare-later desi.gnated Xlare Cbgnitum, or "Known Sa." by the 
Intertlat ional .-\stronomical I'nion. Those picturis taken j irst before the 
spacecraft hit the moon \\-ere a thousandfold Inore detailed than any that 
could be obtained through g o u n d - b a d  telescopes. On 31 jiily. three days 
after the lai~~lchirrg and immediately following the con~pletiun of the mis- 
sion. Dr. Pickeri~ig atid a beiuning JPL reit111 held a happy press confer- 
n~c-e in \\*liich sotile of the Ran-ger pictures \\-ere sho\\,tl itud their scientific 
v;tlue discussed. Then Pickring and the author fie\\* to \Vastlington to 
brief President Johnson. who espressed his great pleasure in the achieve- 
ment. 011 11 ;\itgust Chngressman b r t h .  who half a year earlier had dug 
x) grimly into the Ranger troubles. inserted .dillto tile rtx-ord of the Houx of 
Representatives a pitper by t!le I'.S. Irlforrnatiorl .-\gen<-y dtscribing the 
\\.orld\cicic. rtdmirat ion t hat Ranger T h;td evoked.50 

Ranger R (20 Fcxbruav 1965) and Y (2-1 Xfarc-h IM) m-ert- t.qnall! suc- 
c-t-ssful itnci Inore \-isible. sinc-t, the) \\.ere covert4 on live trle\-ision. -1'hen. 
itfter t.scruc-iaritlgl! trc~ubld \ears o f  developrllc.~lt and testing. the very 
first Sur-ve)or 1;tnded ge~itly on rhr mtx)n's sitrf;t<~ on !? June 1% and 
txgi111 to w~id  pict~trt '~ it11d other lunar d;tta txtck to t-;trtl~.~' Sot ;i vestige of 
doubt rem;~intd thitt tht. Jet Prc~pulsion I,ttw~rato~ c-otrld m,4tc-h technical 
pt-rfor~n;tnce \\-lth tht* k t  111;tt the. c.orrnti~ hire! lo offer. 

Sot thtt the iah>r;ttor\ itself or those in S;\S.\'s lunar and planetan 
office h;td tb\-rr cloirbttui that the! c-ould do it. Oran Sicks .inel his 1xu)ple 
\\-oul:f frtulitc~nt 1) s t )  that the) itrBrt, workitlg \vitfl tile most c-omlwtt*nt 
tram in the space sr-icnce progr;tm. In the rnct. resi~lts \\..ere eminently satis- 
fying. 

:\I the cii\.ision Ie\.cl much effort had tx.c-11 itit-t?ittd III trying to u~ltfer- 
stand each othrr's nt~uls anct ;tzpirations. S;\S;\ reprewntativts hat1 spc~lt a 
grctt (teal o f  timt. ;it JPI. kt-eping in tottrh with \\-hat \\..as going on. In 
rrtt1rn JYI.  rne~nlwrs h;tcl 1xu.n irlvittd t o  s1wbnd 1ourri o f  dut) ;it SAS.4 
Z4r;tdclu;u.tc.rs t o  l)t'c.o~ile f;tnlili;tr with the probletns on the \\'ashiilgto~l 
rrlcl. \\'ithottt doitbt this \\.;IS helpful. 0 1 1  i-ctur~li~ig to JPI,. Grcgg 
; \ l a ~ ~ ~ i l i t i t t i ; ~ ~ ~  \\-I-ore rtlr ;liithor- in J1.i)- I!ki(i rsprrs.sing r:tpptcu-iatio~~ for the 
c>plx)rti~t~it)- to \\-ork ;tt S;\S:\ tlc;td~~u;trtt~rs for a \\-hilt-. IIe csprt.swl his 
"~xtinfitl rralilatio~l and ;l\\.arrnrss th;tt ctrc-isions ill reg;trcls t o  1)rojc.c.t~ or 
~ilissions ;II 11e;tdc~tr;trrers ;irt. ilot ;trbiti-al-il)- or \\.hi~nsic-ally ;ti-rivtd at (;is is 
tile . . . const.tlsits ;it the crntrrs and trnivrrsitit?i) INII  \vith . . . regard . . . to 
thr ot)jtu.tivcs o f  the ~ic-irnrifit c-onlnlitnit) ;tt Iirrge ,tncl of thc nation."" 

'.\'cid>'s 11r\\- co~~tr;t( t ~ t ~ i t t i r r ~ ~ i ~ * ~ ~ t  for ;I peri(xlic rv:tIit:ttic)~i of tilr 
1;l;x)rator; \v;ts itltt*ticlrd to gt'nt.~-atr at thta uplxr m;tnagelilrtlr levc.1~ the 
kind of familiarit)- \\-irh tS;tc h othrr's \ii-\\.s thitt thow ;it the \vorking Irvel 
h.ttl :tlrr;td\ ;I<-hit.\td lo sotllr c,str~it. 111 this thy dc.vi(.r \\-its s i t~<~rss f~I .  :I 
p;tttrrll devrlop:d in \\-hich. twfo1-r the* i~c~tual rvaluation. S:\S:\ ;uld the 
I:ttx>rator)- ; tgrt~d on the itc.nls to tw r;ttcxi, o n  I w ) t t l  t11r trc.htlica1 and 



aciministrative sides. Then a !,reliminary written evaluation was dra\\.n up  
lron1 sugqestions from the various NASA rrtanagttrs. Ca1 Tech and JPL 
were gi\.en an opportutlity to revie\,. the preliminary evaluation and pre- 
p,tre for a face-to-face meeting with NhS.4. where JPL and C;tl Tech could 
trtke t.sception to ratin,gs they deemed unfair. Follo\ving the meeting the 
Ofiicc of Space Science and ;\pplications r e v i d  ratings as appropriate and 
st:btnicttd the resulting evaluation to the administrator for approval. 

Yortunately, by the time of the first evaluation in June 1965 the Jet 
Propulsion I ~ b r a t o r y  had a number of items on which it could be given 
a rating of otrtstanding, incluriing rtx-ent Rangi*r But it was 
quite it while before many outstanding rating could be handed out for the 
:tdnlinistr;itive sitte. Severtheless, its time \\.ent on the ratitlg improved.s4 
The process forced a cont inuing atterlt ion to the many administrative 
ptoblems that had dissatisfied uiS;\S in the past. and the r:tting provided 
JYL and G I  Tech I\-ith a measure of ho\r- \cell they were meeting the 
S;\SA rtquirements. Thus. as the lYtiOs drew to a close and JPL \\.as pre- 
pi~ring for the s ~ x ~ t a c u l a r l ~  si~c-cessful flights of AIarinel- to Xlars in 1969. 
acfministl-at ive relations bt.t\\.t.t.n the center and heaiiqt~arters were 01.1 an 
even keel. Sot that it11 problems \\.ere sol\-d. but the tnost signific;~~lnt mat- 
ters \rere no\c tht. ttu-hnicitl oars, as one t\-.ould \v;lnt. 

In retrospect. g i t - ~ I I  the Jet Propulsion bbra tory ' ;  former style of 
in-tlousc. enginwring and distaste for tnr~ch that was rtquired in contract- 
ing with inctiistr). for projirts, given also the 1abor:rto~'s priol-ity over the 
Satiort;ll ;\d\.iwry C:ornmitttr. for ;\eronit~ltics in roc-ket rt%t>arch. and can- 
sidering the strong 1x1-sonalities invol\~d. an intense struggle kt\\.wn JPL 
anti its ne\r bosses M,as prtxiictablc. S o  doubt, in time some sort of accom- 
mcxi;~tion \\..auld hinr lxvn \vorkeii out by degri~s. But the Rnrtger 6 fail- 
trrc did rtot pcrrnit the gr;rclual c-olrrw. -1'0 pr.tbser\-e the i~rrangc~ilent that 
.Administr;ttor \\'ebb \\-islleti to esploit in the university conl~nunity, SASA 
hitci to tigtltcn ~ l l ; t~a~e~nc .n t  ancl i~lsist on a visible i~ill>rovemrnt in 
IWI-fornla~lc-c. ;I rc\~anl~.wtl contract provicted the Imsis for wor~itlg out a 
so111t;oll. Suong elfor-ts I.I\ 1nt3n o f  g(xxl ~ r . i l l  911 both sides made t work. 



Life Sciences: No Place in the Sun 

Throughout the 1960s the life scienccs were s.mething of an  enigma to 
the highest levels of NASA management. Partially this \\.as because no  
individual near the top of the hierarchy had training in any of the life 
science disciplines. But there was more to it than that. One could sense an 
ambivalence in the life science comn~rrnity concerning the space program. 
a faxination with its novelty and cha1ien.q mixed with skepticisnl on  the 
part of most that space had much to offer for their disciplines. 

Not that NAS.4 wasn't concerned with life sciences in a variety of 
ways. The  list of NASA interests \\.as a long one: medical support to 
manned spaceflight, environmental control and life-support systems for 
manned spacecraft. spacauits and other protective systems, nutrition. avia- 
tion medicine, man-machine relationships, space bio1o.q (the study of ter- 
restrial life forms exposed to conditions in space). exobiolo,gy (the search 
for and study of extraterrestrial life and life processes), plus occupational 
medicine and employee health programs. But much of this interest was 
incidental to other, primary objectives of the agency. Aviation medicine 
and man-machine relationships supported the development of aeronauti- 
cal instrrtmentation and techniques. Xlthoilgh an extensive amount of 
work was required, nevertheless spaceflight medicine, environmental con- 
trol, life support systems, spacesuits, etc., were narrowly constraitled to the 
minimum needed to ensure the attainment of thc Gemini, Apollo. and 
other manned spaceflight objectives. Only space biology and exobiology 
could be regarded as pure science, and these fell into the space science 
program. 

NASA's philosophy concerning the lift: sc-iences \\.as simple: where 
science was the objective, make the most of space techniques to advance the 
disciplines; in other areas do only what was c ,.ie~iti;~l to meet the need. A 
natural outcome of this philosophy was to dispc~sr the diflerent life science 
activities throughout the agency. placing each in tht* 01-ganirational entity 
i t  served. 'l'hus. escept for the brief peritd from M;lrch 1960 to Novernkr 
1061 ~\.twn the agent.\ hild an Office o f  Life Sc-irnces Progritrns in he;tci- 



quarters,' s p c e  biology and exobiology were placed with the other space 
science groups; aviation medicine and related activities were in the Office 
of Adv:rnceci Research and Technology. which had responsibility for 
NASA's aeronautic~l program: and space ~iiedicine was placed under the 
di~ectio~i of thc Offic-ta of Manntui Slx~w Flight. The single life sciencq, 
office had not worked. doirbtless for a variety of reasons; but one reaso;c 
that suggesttd itself was the seprrfation of the life x-ie1ict.s activities from 
the other activities with which they were most naturally associated in the 
NASA program. The Office of Space Sciences. for example, ;ilrvady had a 
,group producing and lau~iching soirnding rockets arid unmanned spa"- 
craft for space research. Rather th;tn duplicate such a ,group in another 
office it xetiied to rnake sense to place space bio1o.q and exobiology close 
to their tools in tlre Officv of Space Sciences. 

IVhile the dispersion of the life sciences throughout the organimtion 
made sense to NASA managers. and the arrangement appeared to function 
more effectively than had the temporarily integrated one, the wtup was not 
to the liking of the outside life scinices community. Dissatisfaction with 
the wity N.4SA bandled its life sciences pro.griam eridurtvf throughout the 
19ti0s. Since it w ~ s  principally the researchers who were most vcx-dl in ex- 
pt>ssing their displeasure. NASA space science managers came in for a 
great dral of the flak directed at the a-gency. 

Although space medicine, which in the NASA setup formed a part of 
the manned sp;tcefligtit orgitnization. achieved extensive results. space 
biology and exobiolo,gy prociuced only modest returns during the 19t i0s .2  
Even though some intercsttul experinirnters liad ~rscrl solctiding rockets in 
the pre-NASA pe r id  to expose smis, mice, and other biological specimens 
to the rigors of rocket flight anci high-altitude radiations.s nevertheless 
when NASA came on the scene the life scientists were not ready to keep 
pace with the astronomers arid ph\sicists in the space sciencc program. 
\Vhereas the latter c.ould bring spacc instrumentation directly to bear ujmn 
fundamental problems already encaging their atrrntion-earth and plane- 
!;try ;rt~~~ospht~res, sol;rr activity arid sun-eirrth relationships. stellar spwtra. 
cos~iiic rays, arid cosmology, to mention some-the sanle was not true for 
the lift. scientists. During the 1950s arid 1960s a revolution was in progress 
in the life sc.iencx=s for which the wnter of action \\.as the ground-bastd 
laboratory. There rt-warches in ;treiis like molecular biolo.gy. the genetic 
c.rxie. i~nmutiology. ;tnd itiformirtiotl storage i~nd trirnsft>r in biological sys- 
tems held the attention of the h.jt investigators. I t  was not clear in what 
way spil<-e research coi~id 1n;rke more funditmentrrl col~tributions than 
thest. .ground-basrut studies. 

A ~l~rmber of experimenters howcvt.t., ~vi~tittul t o  try their hand iit space 
researc.11. Cirtering to this ititercst, a snii~ll but cieter~nined group within 
NASA tvorktd hard to prornottl the fit~ld of slxtce life scienc~es. 



T h e  first biologists in NASA Headquarters included Richard S. 
Young, who in 1958 and 1959 had flo~on sea-urchin eggs in recoverable 
Jupiter nose cones lai~nched by the Army Ballistic Missile Agency. In Feb- 
ruary 1960 Yoi~ng went to the Ames Research Center to start NASA's first 
life sciences laboratory. 

In the space science group, which initially was alrllost entirelx: preoc- 
cupied \vith the physical sciences, the author i>ersuatled Freeman Quimby. 
a biologist from the Office of Naval Research in San Francisco, to come 
east and work with NASA to make a place in the space science program for 
space biology and exobiology. Later, at the time john Holloway and 
D o ~ ~ a l d  Holmes joincac3 the NASA university program staff, their boss-Orr 
Reynolds, head ci research in the Office of Defense Research and 
Engineering-illso c-ame to N.4S.4 to take charge of the biology division in 
the ne\sq Office of Spac-e Sciences. h physiologist, Reynolds \\,\.as skilled in 
the ways of government pro,q;~ms and how to make them work. Appreciat- 
ing the opportunities for hiologic.al research afforded b\  rcxkets and space- 
craft, yet at the silnie time recognizing the factors that would militate 
against i l l iy ~\.iclcsprc~d interest, he set a1x)ut trying to acquaint his c-ol- 
leagues with \\.hat might be done in spiice. He was remarkably zttccessful, 
and under his guidance interest in space biolon grew. 

In fact, Illan)- i~npnt-rant questions could Ix exami;ied with space 
experiments. \\'hat effects. for example, might prolonged \veightlessness 
have up>n  living organis~~ls? \\'hat wot~lci happen to pl:trtts growl in the 
absence of gravity? How would frog's eggs and sea-urchin eggs fertilized iq 
space develop in a \vcightlrss en\.irortrnent? \\'hat light a)uld space rsjxr-  
inlents ciist 11lm1i the role and irnport:lnce of gra\fity in the development of 
such eggs on the grourld' Hotr \voulci a frog's otiliths-the tiny stones in 
the ear that sense the di~-cc.tion of gril\~ity-funciio~~ in the iibsenct* of grav- 
ity? \\'hat might exposure t o  r:iiliations in space ,lo to I)iologicaI speci- 
mells, ~trtictrlarly in the prcxi:lctiorl of mi~ti~tions? hlthot~gli the physicists 
insistecl that order of magnitude considerations sho\ved that there could tx 
110 significant cffect, still some biologists tvo~lderetl if t.slx,surc to r;tdiit- 
tions under ~\~rightlc~ssness might prcxiuce different rffrc-ts from those ob- 
sere -xi at one g 011 tht. ground. Then a \viiolt~ class of i~ltr igt~ing qt~rstions 
concerneri the rhythms that orgatlis:ns eshil)it in the t*nvironment txisting 
at tile cartti's st1rfi1c.e. >Ian\ of ttirsr rhyth~tls are lirllied in sornc w.;iy to 
external periodicities such as the day-to-night vari;~tiott in sitrtlight or the 
lunar month. In orbit a nrw set cf ;xriotlic.ities tvoitld exist, I hose asso- 
ciated wit11 the s~x~cecri~lt's periotf of ret.o!rrtion in its orbit. How would 
thrse i~lflucnce the circadian-it., ~icarly daily-;t~ltf other rhythms of 
pliults and iinitn;rls in orhit? t l o ~ r  \v:,ltltl thcsc. r h y ~ h ~ n s  rc*spond to flight 
on an escape trajectory from the earth on tvhich theic \vould  no orhital 
~x~-i(xlici t its! 



T o  enable experimenters to u& some d these queakm. SAS.4 fkrv 
a number d sounding rockets and m m l  mrliirabk sadlitcs xmed Bk-  
satellite.. Of the three Biasatellires placPd in orbit. m-r, 1.- r e a n d  for 
tunher studies of the sperimenz after flight.' 

Ntkxmgh the exprimenters themsei\ps wcre enthusiavk about the 
opporcunit)- to aperin.ent in space. 1.a)- sc~entists c x m 5 : M  SU.4 pee 
mature in the Bicaa!eill,e projeC1. -Ttm WR two different p h i h o p h i s  
-Ihe satellite aperimenters were willing to condm exploratory intatiga- 
[inns. to iearn what t h q  cmM from their initial experiments. but-more 
important-to use the early march  for obtaining an insight into just 
horn- rockets and spaaxraft could conuihrte i a  fu t~ue  esperimenu. To 
0 t h  5uch ui-ggvstive exper ime~~s  were not enou&. Xiore in ti- 
uith life science tradition. they would hoM df f m r  eJipenmting in 
qxwe u n t ~ i  laborat- research had made it virtually cenain that dcfinitiw 
expzrinlents t-w!ci be performed. To t k  pffsons t k  results from the first 
sucms.sful Bitxateilite (Biosatcllitc 2. 7-i Spaember 1967. in w-hich plants. 
flies. and orher living r~.ganisms were flo\m to detennine the effect d 
space conditions on living a.ganisms) were perimps interrsti~rg but not 
panicularl?- signif ic~nt .  \\-hen irr Biosutrllitr 3 (29 June-7 July 1%9) jxo- 
~ongtd r\.c.ightless~ms apptZdred to .germate critical !hid imbalances in an 
in s tn rml td  monk?. who ac-tially died flom the stresses produced. that 

considered si-gnifiwrt: but not definitiw. s i m  the experiment was 
marred by incomplete  top rescarch and inadequate .ground and 
0th controls. 

In the light of thew thoughts. the Spac~  Science bard. X.a.4 advim 
co~nmittees. and variilus members of the life sciences uxnmunity continu- 
ally A v i d  S.\SX 10 support a . a t  deal of a d ~ - a n d  i-ch on the 
.grei~nd to establish an dequ;s:e basis for espmimenting in sparr. SS.4 
did support such re%~rch. but the p q d m  was considemi inadequate. 
 in^. man!- t~fe sc-iaitists \ \ -a~id haw p r d d  to see all the money that 
\\-er.: i!lto s~tellitc dt~-oted to labraton- research until ;l better basis 
could be laid for going into spate. 

In this respect t t - . , x  interest& in rsohio!og \wn= ir. ktter shape. For 
one thing. hiardlv anyone \\-ou~ld disrqee that the discover)- of life on some 
other pln!?t-! .: .is; fd br ; ~ n  exciting event with trenwndous philosophical 
and 1: r:r*r. .  Iri;j~litations. Ihe srudy d swh life in crnnparison with . . 
r-:rr!: :*t: n-:w11i1 Iw of f~rn&mental importance. Even if no such estrpter- 
**.. . .-.. -. :,i! t i i t .  were to tx found in the solar system, the opportunity to inves- 
ii<.rit- other planets in pristine condition ard to study the  prebiological 



chemistry d thc+c ba!k would 'be a valid l int  of inmigat ion for tht l i k  
*. In the Irniml Ftatcs s n u m b  d a m p t e n t  inwdgauls-Nobd 
LA-EC Jashrn kkrkg .  Wolf Vishniac and Norman Harowiu among 
then-were a d  t k  inaiguing possibilick5 H'otMukk ititerrst in 
thc subjcct stimulated m w h  diwmssion in t!w Committee on Sp#c 
&scar& and 0 t h  ricntifk c.-irckr and kd to i n t e m s d  agmnunts 
on pianrtar)- quarlnrint (pp. SfB-05). Sincr at S.VS.Vs i-*ion it mwld 
411 be many !-cars Mm an aut-tk l aha to ry  might bt l a d  on 
h h  ( the prim d the lTnitcd Statcs) or on Venus {whew the 
Russians made their first srmrssful landings). time m a s  ample for the son 
d prepatator?. work that SASA's a d v k  u+ M m  than a &ca& of 
uwtl ad\-and rrscurh prrrrdcd the bunching d Viking in Im. whkh 
w a  inununcnted to probe t k  Martian sudam for c v k h m  d microbial 
iift.6 

In the in tmming years. scientists did their besr with photographs and 
~ ~ m s  d thc plamts to _&an any hints on the possibility of am- 
terr~slrial life. '-- ~ ( a r h r d  for signs d watm oc a h  rnOleclaks that 
might be associated with life. I'hc pictures d Mars obtained from a 
Mariner spacecraft in 1964. which slrowd a moon-like surface tha t  
appeared to bt perfectly m). heM out littk e r . l c w r ~ . w n t  f a  cxobklo- 
gists. But when .%lerinm 6 : nd 7 in 191iE) and .tlarinrr 9 in 1971 obtained 
closwp piaures of the planet repaling features that looked like ancient 
water chanmls and alluvial f a ~ s .  and a considerable amount d water icc 
in the p!ar caps. hopes ran high once mow and experiments h t  more 
vigorously to the task d preparing for the Yiking ladm flights to comecome.' 

Snmhekss. in the 1960s criticism of N.W-s lift s- program 
nmained hi.@. During the decade a l m  e \ ~  advisor? committee mm- 
ing on the subjm depkwed lome aspect of the program. -I?te critics r r m  
impartial in bestowing their <~ticisrn. \\'hilt t h e  span? vkma p r q d m  
was called to task for not supporting enough prrparator?; research and not 
including adequate controls in the space experimenting that did take 
place. manned sppfl ight  was berated for not doing enough hrcground 
lpse-rch to ensure the safet~ of the astronauts. This latter c~iticism in- 
creased following the monkq's demise in BIosarrllir~ 3. Even though the 
exmimerit was thou,ght ro have been carried mrt ptmly. the results were 
alarming to many who klt  that similar disasters tnight Mal l  astronauts 
unless proper steps werr taken to f m t a l l  the difficulties. To do this wcw~ld 
require underuand~ng thorrlughly what was pqoing cnl. and research was 
needed to .grt that uh-s tan j ing .  

As the ximtists mitic.ii4 the substance of S.\S.\'s prcwarn during the 
I=. the-  also had much to say about its organization. 'The dispersal of 
l ik  sciences ac~ivitia throoghoitt the agt-qt.nc? \\-as the main tar-qrt of their 
displeasure; indeed. this criticism dten mnwtl mcwe intense thtn their dis- 



satisfaction with th t  program. In Drr. tht  two rri~iciylts vrw dated. The 
\ arious discidincs in the life induding th t  d re- 
sear+ ~ s u l l s  to medicine rrwr i n t endad .  the critics pointed out. and an 
dtcctual tola1 program could be achk-cd onls if d l  pans rtrrr propcrt). 
inaegrdted into ttw tcyal. Th is  could lx brw only scmuonc m i n d  and 
competcn: in the life sci- who had the authority to pull it all togalam. 
Such a pcrun, would haw to lw in top manapnml so that he could bring 
sdrgua~e n+ght to bra on planning. bdgeing. anrf h e  ux d funds 

Such n'ftte the t ~ t s  d the biologists d medical rcsr;lrcims at the 
sparr st-&P summer st* in h a  City in 1962. w h e n  the)- u@ K.UA 
to re\me its mpnt atiun in dispersing the difkrent life scimcr activities 
thra@mut the iagaq.' Much m a s  d d the fact that all of rht !cctmi- 
ix! ;xmpk in S.\-S;Ys IS* rauru-gatmrt  rrwr t~airmi in the phpical sci- 
cncrs tu mgiwminq. .\Ions with this r~rammendatiOn upnt a rrbted one, 
that S . U A  tw t h e - p w  review. systmn d b?- the National Institutes d 
tit-aith to decide which  search pt-oprrsals to suurpport. 

.\ltktwrgh -4suwiate .\dminiumtor Rohw !kdm;tns did cngds a phy- 
s iuheu.  \'rib Pam cA the t'ni\&ty d C3iifcmi;r at W+-. to ~rvkw 
and raamnwxi a r  S.-\S.-\'s life st itrwrc organization. still when the time 
canw to ~iwLe a dtx-isnwl Seanuns \\.as IMU prepred to xcept the summer 
study's rercminlcrd;rtitm. f i w  c m r  tiring. SI\S.-\'s life uienoes effort w-as 
relatively s o  srnrtll that a wpr;itc dficv fax it woukl be inrongmous along- 
side the @her much tar-grr program offices. Mort important. ex- for 
s p u r  biolog and esabiology. S.AS.4 \\.as IM m d w x i n g  life x--icnces 
rwdrch tor its own -kc. . i s  p~in ted  cwt belore. most d S.4s.4'~ wwk was 
d i m d  toward c ~ h e r  mi s .  Finall?;. with regard to using a p e ~ r  q u t m  fo i  
r t l  uwing nwarc-h proposals. S.4S.4 did IMM h;c\-e large sums d I I#H~?.  ?it.1 

aside spx-ifirall? few univtmity mst-arch. r\; with the physic21 s i s c i e r w p s  and 
other areas. t h e  ~-~(wi*~ii officrs distributtd their ~nonies where t h q  m11d 
brst support the flight objmtivt's of the a . m .  

I'he life a-itntists. hot\-met. tvt're serious a d  t-c~istanr in their reccnn- 
rrrendaticxrs. In spitc of their yrlrdosital .yetrwal disinttwst in spam life 
ccitncrs. the cxnntnunit\- cr)ntinud throughout the I % &  t o  send t k  same 
rtx~~~nnicndrrtiwlsnis to thz agene). .And I c r  the rctwns that .Seamans hiid 
citeti originall?. the ageqnlcx contini~c~i to hoki back until in 1W and 1970 
two differait er~niniitrt~li on(-. ; ~ g ; ~ i ~ i  i~rgtxi on S.4S.A the importance of 
stral.ghtniiig its setup itr the like> r i t ~ ~ x x .  

In So~ tmber  l W  t hc Prtliieten~'~ Sc.it*~lcv . 4 d v i p  ~i,nimit tce relrased 
.I hiomdical repcur fnmi \\-hat \%as called tht. S r t d  Cunlmittcu d PS.4C's 
Spatx- Srirncv ;tnd ' k - t i n o l c ~  Pa1ic.1.~ The t~~ri ini i t~cr  noted that rnanned 
sprc-efl isht ;tffortitd ;r xwi oplw)rtt~niiy for bioaicdital rtwarch and u r . 4  
tliat the ncu-r?istr? grotrnd-bitscut rt?ie;~rch tw. ciotre to cic~elev the cadre of 
lwople rimttxi t o  t;tkc 1x31 xi\ ;tnl;tgr c$ lhis clppc)rti~nity. 'I'he rtr-c~mmt=ii&t- 



tion derikwt from the long-standing mmpiaint that NASA tailored its 
biomedical pmgmm too dodY to 1he opmdtiondl needs d manned s p c e  
fli-ght end t h a ~  henre a deal d poteruially \-.aluabk mearch was 
being Mt u n h w .  

Hal; a sear later the Academy of Sciences d m e d  a spcv xience 
sumnm study at the l 'nitmity d Catifornia at Santa Guz. under the 
chairmanship d Kcnncrh Thimann. The subject was space biolog)-. The 
ad! pre -ueci its report to the Space Science Baard on I3 January 1970.:" 
The npon was critical d S.UA's space bitdog, iwognm. strongly rec- 
o m d i n g  that nwwt p q a r a t q  m k  be done on the ground. N.a.4 
mle who had audited the w m r m  study discussions #-ere alread~ aware 
d what was -conling. In fm- . \\'elf Vishniac-rese-erch biologist frorn the 
I'niversity of Rix-hester. esperinmrer in the SASA program. and a 
member of t!w S ~ P  S i m  Baard--cwnp'ained to the author and Jdrn  
Xaugle, t h a t  head of spiw scietrcc.s. that the board was ri.ggiug the study 
d space biolog? i11 such a way as to kill tiw program. by chiming parti-i- 
p n t s  who CMIM be exprcrrd to return a twgative w p i ~ . ~ '  

Ber:true d the continuing displeasure. bring esyressrrl. which had 
setnled to increase in intensity in the last year or so. the author \<rate 
Philip Handler. president of the .Academy. asking that the .\thy mn- 
duct still armhei study (XI life sciences in N.4S.l.12 The letter \\.as discirsxd 
at the saianre Spa-e 5-imuu h a r d  nr t~t ing at \s-kich the Thirnann ('mtmit- 
tee report was reviewed. l%crt= was wnw rrlucta~lce to make another stid?. 
in the ~ a k e  of w, many luevious ones. It was pointed out that S.4SA al- 
rcdy kne\\- the u-ientific tummunity's views on ttnh subjar and cnuld, if 
the ;~.gency a \<ishect, tbvt71 no\%- take the adviw it had been receiving for a 
dm;atie. But man! of the more recent stuciim 11.:<1 sfwcialirt-d in cmIy cmc 
;apecI d the lift- u-icnws. sue-h as spam nrtdicirw or space> biology. \\.hercis 
S.AS.4 \s.antml .tn upto-<latc Icn>k ;)I the t~ntirr prrymni. including qum- 
tions of rxgitttiwticw~ rind mancagcbtntant. The .4~identy a v e d  to do it. 

It \\-as an illi~striotrs gotap that Inat ;I( IVc~ds t101e in the summer of 
1970 under the chairmianship of reno\\.nt.rt biologist &IN I- <;l;tss to 9, 
over the S.4S.4 lifv wicnm program once more. .4ftcr \vt.eks o f  thorough 
revie\\- and dix-tnsion. the <-on~rnittce preptrtrl its report. -4s preciit.td. the 
rrc-o~nmr-rld~iions trlxiatrxt thtw that S.4S.l had k r r  reriving for the ptst 
10 years: strengthen thc grountl-bawl resc.;llch prcsratn: use \.arious de- 
v i m  to i~rtrac-t wrrer rrw*:tr<-ht-rs into the ptc%ram. sirch as S;\S;\ life 
xienws ft.1 lo\s.,hips much rtlong !he 1 ines of I ha resident mearch asstriate- 
ships that Robert Jastrow had instituted 11 years earlier; plrll all life xi- 
ellces in S.4S:\ tc~rther  into a s i ~ ~ g l c  officrs of t.tl~riv;tle~lt status to the other 
program offices: ;tnd provide a tnore eiftu-rive ;rrr;tn,ge~i~e~~t for getting 
advim frorn !hr lift* w-itmccs cc-omrni~trity." 

'I'tlis rime. at 111e itut11o1-'s urging. S;\S:\ cftrided lo ;*.cept the main 
t hrlrst of the str~nri~t-r st utfy 's rcc-on~mt-r:d;~t ions.'' ;\I rhr rimc. ~ l e - c ~ l i ~ ~ i ~ ~ g  



budges and the polirical climate made it unwise to  create a whole new. 
&ice ol iife sciences. Ne\mheless. the agency decided to do the following. 

Piace responsibility for all NASA life science activities in the hands of 
3 single dimor. 

Put much of the life sciences staffing under the new director: howme. 
to maintain m a i n  na~ural working relations-for example, hetrveen 
thclse working on man-machine intmctions a1.d the aeronautical 
rtwarch groups-a few life science elements \could still be placed 
elsewhere in the S.4SA organization. 

Require the new direaor to review and approve ail life scienr~ bud- 
qets. so t h a ~  a properly integrated total lire science p r w a m  could be 
ber.elcywd. 

,\Lire the associate administrator the pint of contact, within the 
Office of the ;\dministrator. for the life sciences director. 

-4rranpfe for frequent meetin-gs of the administrator and deputy admin- 
istrator with the director of life sciences to discuss pro.e;rfss and 
problems. 

Crt-te a Cumniitttv on Life Scienr-ts under S;\S..\'s Space Program 
.Advisory Cuuncil. 

-4lso. the agency \\.nuld support a number of life xiences fello\s-ships along 
the lines ret-ommended by the sumnler study. Since most of the life sciences 
budget went into thr hiorritdital prosgram associated with znanntd space- 
flight. the new office \\.as placed administratively under the associate 
;~d~ninistr;rtor for m;anned spat-(-flight. In mid-Sovember the r~uthor called 
Be~.tle\ Class, chairrilan of the stlnlliler study. io inform him of S..\S=\'s 
plank reltrti\-P to his conlriii~tee's rm.omme11datio11s.I~ Although S.45A's 
plans did not go as far as the tonirnittee haci itsked. Cilass was pleased with 
the a~ency's psirive response. S:\S;\'s failurc ti: put the program office for 
life scient-t3 at the s;ame le\.el as thc other program olfic-cs \\.as a c i i~p~min t -  
ment, but in the c-ircumsta~ices understandable. Pl;?c-in% all life xtences 
trntler ;I single director \\.as the. improvcriient most sought by the x-icntists. 

-1'he ..\cadem\ of S<-iences made a long list of pc>tenti;tl candidates for 
the new job ;tv;~ilable to S.AS:\, ;lnd se\-vral S~M(P Sc ience Board memkrs 
otfrred their assistance in tcing to get one of these to take the job. But here 
again, as ;\dmiriistr;ttor i\-ehh hid found \ears txfore in se;irching for a 
chief scientist for S.\S.-\. it \\.as not possible to lure first-rate researchers 
a\r.;iF- from tht-ir ac-adcmic. ~msts to take or1 the b~~rt*aucratic h ~ ~ d a c h e s  o f  
ad~nitiistering a progrilni that h;lci yt.1 to sell itself. So, after considerable 
search for sonleone from outside, Dale hlpers. head of the manned space- 
flight office. appointed a StiS.4 man, Dr. Charles A. Berry. a clinical X1.D. 



tkvoso nt t  Arwchntkrt 

who had xhiwed phcl-l su(1-e~~ in dealing with the needs d the 
mediixl pragxam for Cmit r i  and Apolb. Nr\SA's ; d v i m  w m  worried 
atxrut two asp~ ' ( s  of this appint~mrrt :  first. Bere was IMA a research man; 
~~('ond. hc canw front the Joh~r rm S ~ P  ('firter. which had consistmtly 
frttstrated cflorts of the cc>~rr~nun;ty t o  get S.iS.4 to e s p a ~ d  the research 
cxrnrprnerrt of the bioltdical p r t ~ a n r .  But having fai l4  ru cmtiw through 
with anyone frcr~n t>e oirtside m a r c h  cx~~i~muiry to take the job. the 
sc-icrrt isu \t-m in :I r.u tw wt=:~k p s i t  icnr to tamplain. 

1'1rdc-r Befry the new arrangenlefit nritde sluggish progws toward the 
otjtxtivc of a p r o p l y  unifitxi life witurc't'?i pmgmllr. \\'htrr Bern- left in 
1974 to ;lssumtl the prrsidclri~ of the I'nivmity of l'esas tlt-alth kier~tus 
C'kr t t r  at Hcntsron. Dr. h \ - i d  i\'intt-r Iroln the ;\mt-s Rmarch ('pmrr was 
nrrtltt.d t o  rephcr. hint. \\'inter. a research mait. w;a closer to the urrt of 
~wrs01r the life winrtr-s c-c~nttnunity hati Ircyxii to ;IS cfirtx-tcx erf X.4SA.s 
lift. u- i rntr~ prcxcrm. In So\-nntur 1955. ;tfter the c-ltrw cd the Skyl;~b yroj- 
t ~ t .  the life u-icrrcc-s offirt. was trattsfrrtrd fnmr nr;~tt~hd sp.~trflight-no\\. 
rc*namtxi rhr Officu of Sprtu Flight-to the Oftit-t* of Sptct- Sientvs. ..\I- 
though this still left life ?ic-ieiwn lo\vt,t ticl\t.t~ irr the err~aniratiotr tlri~n ~ h t ~  
rr.ict~tists \t.oiilti 1iI.t.. tttk\t.rtht.lt~s the. ntw leu-irtion ;tffordtxi the rcw;rt.t-h 
;~rnuwpttt*rc tht*\ drsirtd. 

Thus, in the 197% S.-\SA \\..IS in .I lx ' t t t~ ~n,\ition t11;11t hefort* tcr \wrk 
c.1osc.l~ with ttwtl~bt-r?i o f  tht life st.icntr.s er)t~rt~ttttrit\ in ~rlltti~tg spc.e 
ttx-h~riqlrt?i to uscb for tnt'dio;ll ;and biolc~it.al rt.sr;trch. 1n;tsnruc-h .as thts 
197A \Kcre to I*' .I pcrie~i cd tr;t~~siticr~r fro111 the IIW e>I c s p ~ ~ ~ d ; ~ b l t *  r c~ le t s  
to tht  ttsc crf the Spitc't* Shutt le-whic.11 ap~w.trt.ci to hcrlti pitrtit ltlar 
prontiw for life M ic~tc-r t.crc..rrc.h in slxrtc-ir \V;IS tliaibl! sttisf\ir~g rh;~t 
S.-\S.-\ ktd foitnti .I \v.I! of .rc-c~ot~ttt~rni;tti~rg irwll I I ~ O I ~  clcrwl\ to ; I I ~  itltpor- 
t.1111 grott~r o f  its t lic~rts. 



Leadership and Changing Times 

Of all the responsibilities ptaced on the newly created National Aero- 
11autic-s and S p i ~  Ad~ninistri~tion. perhaps the most obvious yet the most 
difficult to def ine \\.as that of leadership. Glennan's leadership, embracing 
an enthusiasm for space r-~rch and explordtion tempered by a willing- 
tit.ss to build slowly and solidly. was ideal for .getting the nation's space 
program u11cier \'a?. S p c r  science mlna,gers \\.ere able to put together a 
I* ide-ranging program of earth and planetary sciences. solar physics and 
astronomy, 2nd some s p c e  life xiencps. Of tqual importance. they were 
able to t%tablish with the x-ientific. ci)ti~n~ut~ity the kind of relationship that 
would draw rwdrche~s d high quality into the program. 

Like Glrnnan before him. the xc-ond administntor. James E. Webb, 
strongly supported a bi~lancd program of sr-ience. ttu-hnology, application, 
itnd esploration. Iiis policies assurd each of the areas a place in the over- 
all progratn. 0 1 1  the space sc.ience side re1;ttions with the scientific com- 
munity continue<i to follo\s. the Imttertis established during Clennan's 
tenure. 'I'he pririci 1x11 changt~  \\.ere those hrought it h i t  t by the expansion 
ol thc program that tc~>li plat-e ~rnder \\'t.bb. it1 &hich C;emini and Ayollo 
were undertaken. the 111iiversit)- program tvas inc.re,istuf. and the pace of the 
space science ~>rogram was step1x.d up. 

:\I1 in all. the course of leactcrship during C;lennan's time and in the 
first years of \\'c4h's tenure was relatively smooth. Reasonably well- 
tholight-out projects \\.ercS relativel\ easy to sell. With rapidly increasing 
budgets it was not tcm diffic.uit to n~aintain ;I respectable balance among 
the various areas. even though differrttt interests might cluarrel with the 
rc1;ttive emphases NASA gave to the different parts of the program. 

'I'he problem\ facing the agency \\.ere thost. having to do with getting 
oti with the program.' hlanntd spac.eflighi ptmple had to decide on the 
miss~on nicde for ;\lw>llo: whether ;o use direct ascent, which Abe Silver- 
stein ktvored; or to g o  first illto ;I near-earth parking orbit and then on to 



the moon. \r-hich the President's Science Advisory C'utnmitttx- strongly 
urgeti: or 10 g o  illto a lunar parking orbit from which to latid on the 
moon. \etiich the agenc? fitirtll!- chose. ,Applit-atiuns rniinagers had to work 
oiit relatiotls I\-ith industrial users of spar? technology and wtth other gov- 
ertltlient ;tgt-ti~ies like the I'.S. \V\'erttt?er Bureau arid the Depil.ttnent of 
Defense. Decisions were to be tnade on the kinds ot \verrihw and cntiimuni- 
cations slltellitt.?i to develop atrd \\-ilo woriltl opectte them. 011 the swcu 
scie~lce side, it \\-as awesstry to determitie what bl;aice to maintiriti be- 
t\veen obwr-\.aton.-class spceccift. \*-hich ;\be Silverstein bvored. arid the 
smaller, c-heapt*r ones thrtt ihe sc-ietltitic cotnelunity preferrid. Esprrimmlts 
and experime~ltt*rs had to bc xlrc-ted for the ~tiissions to be flowti. How 
much ground-brstul \cork should k fut ldd as prt>ptration tor latrr flight 
esperiments had to tx decided. Xfuch management ti~ile was devoted to 
resolving c-onflirts lwtween *he mantied flight rr~id sp,ice science pro- 
gr;tms- for \\-hich p u r p w  <;mr.ge XIuthllrr, asun-late administratcbr for 
tnantieri sp;u-cflight. and the author. asscw-iate administrator for slxtce 
+.cienc-t* atid ;rpplic-;itioas. fiir.tlly iigreed on ttw (.reation o f  a special 
m;ttlatul space sc-irnc-t. ctivision. It teas heirdtul by \Villis Fostrr. one of the 
sc-icntists who haci c-oaw t o  S:\S;\ froin the 0ffic.r o f  Dt.ft.tlw Rwilrc-h and 
t.:ngintvritlg i t i  the Pentagon. <i,ntrary to one of the c-ardinrrl princip!es of 
orgittli~;rtiotl ;tt~d m;rtt;tgt.~nent. Foster wits t o  have tteo lx,sses-%lucller 
and the ;titthc>r-;tt~ ;Irr;ingcIntnt th;tt \\..as ititended to give his ciivision 
trlii;tl ;tcc-t*ss t o  tn,ch the Offic-t* of XI;~nncd Slxtce Flight itnd the Offic-c of 
Sptc-e Sc.ic.nc-e ii~td ;\pl)lic.;iti~~l~.-' Foster's \\.as ;in ~ ' x t r c ~ ~ i e l ~  diffic-tilt role to 
pl;ty. for tile nra~intut s~~~tc~t.fligirt offic-t. trncitut t o  vim. scientu ;is wmt-thirrg 
tI1rtt tilight siipplrt the ; tc . t l i t .v t~~~irr l t  ol tilt- ;\pollo ti~issiotls. \\.tlere;ts the 
sp;tc-e u.icnc-t. man;~get-s wanttd the agency t o  vie\\- manntul sprlcxtlight as a 
ttx hniqttc th;rt c-oirld serveb piit-c sc.ience niicl other pritnitry ol)jtu.tives of the 
rigcncy . 

Yet, ctiffirtilt tlio~rgli the\ teere. rtit..ie problenis, iilclutling thosc- o f  Fos- 
ter's division. \vet-e rc1;ttiveIy straightfortvirrd. 111 ;I c-lia~are of ~x,siti\.c. s t ~ y  

port t o  111c s1):rc.e p1c~gr;tni. tllty \\-ere p;irt of tht. price t o  p;iy for :tcc-oni- 
plisliing cst:tl)lislic.tl go;rls. Biit ill 111~. iilte I!Hi(h. clt~t~~attds on icrr<lt~rsl~i~~ 
c.h;ingtd severely in c.h;rriicter. I'ncter the tnst o f  circ-rtmsr;incus the .\pollo 
20.4 fire oti 27 J;rtiii;r~-\ I!)tji \\.ouIci Ititvc I K P ~  dilfictrlt t o  1is.c. tto\\.n.' Ht t t  
cotiii~ig at a tiiiic \vht~i  the c.ountry \r.;~s ht.c.on*ing more c.onc.ertlcu1 ;itx)ttc a 
v;triety o f  ~)roblrnls ott1c.r cli;itt svhetlier the ['nitcut Stiitt*s \v;rs or was not 
aht.:tct of the Soviets it] sp:tc.t>, the imprtct o f  the ac-c-ident ulx)n the agency 
\\.;is i~t~~tic';tsrir.;it)I~ itl(.rc;ist~i. ;I grt.;tt dtb;tl o f  :\dniinistrator \Vt.t)b's timtb was 
taken tip in rt~-oilping for S;\S;\ the rcspcc-t i t  h id  I X T I ~  1)iiilditlg 111' in ttie 
hlt*rc.ttry. C;crnir~i. ;tnd other progr;ims, ;and it, rt>gaitling the c.onfide~lc.t. of 
the < :ot~grc.ss. I'llat it1 : \ p ) I l o  thr I '11itc.ct St;ttt.s \\.;is 011 tri;tl. ;IS i t  were. 
ln.k>re chc ~cholc r\.ori<i hiid ~nitc-h t o  d o  \\.itti tlit. progriim's r-ontinuin!: to 
rt.(.v; : s i i p p ) ~  Rut it1 the ;~ftcrm;rrti o f  the c.ongrcssiotl;il hc;rritlgs and 



interttal NASA revit.u.s. \\'ebb bepn to sense a slackening of support for 
the s p c u  progmrn. 

After peaking it1 1966. NASA's annnal expenditures to decline 
shsrply as spctidirig on the building of the A p l l o  h:jrdwarc passed its 
p~,rk. Noimally one might haw expected at this stz.ge to hegin a small 
amount of rtdvancd work on sortie new project to replace ;\pollo after it 
had bee11 completed. Arid aftcr thc considerab!e effort put i~r to selling 
Apollo as a project t o  develop a ~iatiotial capebility to explore arid investi- 
gate space. it \\.as rtatur~l for XASA mafiagem to ttlink o f  putting the 
.4pjtlq and Snturti equiprricnt to use SAS.4 pla~lnrrs beg;:n to talk of an 
A p l h  Extension System.' But whet1 the idea of extending the ;\pollo proj- 
ect ctici not go over too well. 3 new (~)ticept \\.as i ~ l t r d i ~ c d :  the .4p~llo 
.4pplications Prog~1rn.5 The ttarlie was nleant to etrlpllasize "itpplying" the 
Srturn anci .4p)llo c-;~lwbility to other resc.;trc.h. tlicrthlv c-;rpitrrlizing on the 
very Irirgt- iiivt?itiiien!s the country tiat1 rnade to bring that r;:ptbility into 
Iwing. 

During the ~nuddy pcricd of pla~ir~itig for ;a11 .4p0110 .4pplic;rtions 
Prcwam that tvas not going to sell. \\'ebb often stated to his collragut% in 
NAS.4 that he did not sense on the Hill or in the ;rdministration the sup- 
port that \\.ouid he nmitd to undertake anc>ther 1;trge space project. Whm 
S.-\S:\ ~ilan.tgers \\.;antt.ci to cotnc to grips \vith the probleal, to decide on 
sotile desirable project like a s p c r  station or a ~~~arincui base on the rnoon 
and then work to sell the ide;~. \\'ebb prrfcrrcrt to hold back and listnl to 
\\-hat tht country might wan! to tell the agency. It \\.;IS his \vish to .get ;I 

tlatiorial debate st;rrttui on \\-hat the filture of the SC);I<P progrmi ought to 
hc. with the hope ttiat out of such ;I deb;~tr. SAS;\ r~iigllt tierive a new 
~iiandate for its furtire kyond ;\pollo. But no such debate ensued. In a 
c-otrtitry prtvw-cupitxi \\.ith \'ietliam and other issrrc.s. the slwtm pro>gr:tni no 
longer comm;~ndtul milch :rt ten t ion. If ,iny Ieirdershi p \\-as to 1w provided. 
S.4S.4 \\.auld have to do it. since th;rr virgtic "tliey" out there wcre not 
going to. 

In this cli~nitte the administrator became in,-rc;rsingly c-(,tic-enled atmtit 
the tiniirig of the cttuisio~t to wtici irstrl)ni:iits off oti ttic'it first flight 14, the 
moon. :\dcitul to the Ayollo fire. ;i disaster out in sp;ar. in which astronattts 
\\.ere killtri in fi:ll vir\\. (of thr tvorld tilight \\.ell dt?itr.o\ not only the Xp~ l lo  
project. hut N;\SX itself. In thc stimmrr o f  1968. as [tie XI;tnntu1 Sp;tcrc.r;ift 
<knter ~xu)l-le \\.ere tr,ming d o \ \ ~  the final strtwh in tticir preprir;~tictns for 
;I c.irc.uti~ltni;ir flight, \\'ebb was in l'icnnn attending the ir~tcrnatiorial 
s~mlmsiitm on sp;tce ;~pplic;ttions slx>nscncxi bv tht* I'nitcrl Nations (21111- 
~nit tw on the Ptxac-elul I'ses of Otitrr Sp;tw (1). 300). 'rhomits 0. Pitine, 
\\.ho hiid lx-cn ;11o1n)inttxi dcpuiy ;idtiiinis~rittor \\.he11 Rolwrt S~;~III;IIIS de- 
cided t o  Icavt* the ngc~ricy.%v;ts ;tt hornt, in \)'astiington rl~iridilig the shop. 
arid it fc.11 to hinl to suidt the ;igcnc.y to\varcf tlir first rniinricd Itrttitr flight. 
\\'hen \\'t.bh rtssigncd in 0~ to In . r .~  tht- filial go-ahcitd c.iinic fro111 Pitine as 



acting administrator. \Vhile mindfill of the harards. still it was t-Ifiir to 
Paine that the flight h;d to be attempttd gsti~e tinw, and if the Apollo 
teanr was ready it should be now. When Apollo 8 c-ar~le through with fly- 
ing colors. the decisioti was fully justified and N.\SA r~:rpturcul for the 
time being the adnliritrg attention of the world.# 

tVebb's resiLgnation had atlticipi~ttd the chan.ge in ariministrations that 
would bring a searching reappraisal of the space program. ,4lthough pre- 
pared to wap political hanest frc>m each A p l l o  sttccess. itrcx>ming Presi- 
dent Richard Nison was c.onrmitted to an all-out attack on i~~flatioti that 
would call for some painful kit tightening. T o  chow who chose to rt-,rd 
the signals, it was clear that the Republican administcttion was not irbout 
to let the space budget climb again to its mid-1960 levels. 'I'hc big question 
in the minds of space planners was how low Nixo~l ~vould 1t.t the budget 
drop. 

As an early step it1 assessing the space program. on 3 k e n l k r  1968 
President-elect Xixon asked for recommendations from a group of o\rtzick 
cotrsirltants under the chairmanship of Nobel I~turt.nte (:harli% . s I b ~ ~ ~ ~ c ? s .  
who was chairnlan of both the Space Science Brrcrcl and NASA's Sprce 
Technology Advisor?. C~>tnrnittee. Nison r ~ ~ i v c d  the report of the task 
force on 8 January 1!369. but did riot ;rl the tir~ie chcx>sc to relcase the 
document.9 The report rtuommended c-ont inuation of ;a $6-billion-per-yeitr 
space effort. with one-third of the fundiug for thc I)tBix~rtment of I)efensc. 
and two-thirds for N.AS.4. '!'he task force disr~ppro\.trl of any c.omai~tmnit 
to a large, orbititrg. manittd sptce station, b ~ ~ t  supportrul the ctc.vclopment 
of a space shuttle. 'I'he sc-~vntists urgtui a strong pro,griun of unmanntd 
planeta? probes. Of major in~p>rtai#r. \\.o~rld be ;t rtwric.ntirtio~i of the 
NASA org;~niratiotl ;t\\.;ty from the n1;tnncul-k111ii1a1it~t~i tiichotomy that had 
existed througliout the 1960s. 'l'hc report *;rongIy rcr-onlrnetldt~i that, in 
any mission. X:\Sh pI;ln to 1 1 s  \\.h;rtt*vc~ ~ncxie-uian~icrf c?r turnra~i~icui- 
\voald be most eflt~tive ill ;u.hieving the ol)jtu-tives sought. '1.0 tl. end 
N A S A  shoirld stop flying 1iv.11 ju3t t o  f I \  t1lc.111 ;tiid slloitlcl fcw-us oil a 
ware-h for the niost appropri.lte role for 1iuni;t11 kings ill the s\sttarn. 

With the reco~nme~idat iotis of tile outside ~.icrit  ists it1 h;~tid, thc presi- 
dent then calltxl lor a goscrnmc.~ital sti~dv o f  fi~turr possi1)ilitic.s for tllr 
space prt>gr;rm. On I S Febt-I  try S ison sc.111 ;I ~lote* to I lie vice t>rt?iidc.nt. tlie 
scu-retar? of  deft.^^. thr. ac-ting :ttlniinistr;~tor of S ;IS:\ ;111ci tlit. prtsidctlt 's 
science adviser, ;isking them to i11cu.t as ;I titsk gtx,iil) ;111(l to i,rovicle "in tile 
t l c m  future dt~fitiit ivc rtu-o~iln~e~ld;itio~~ on t hr. ciircu.t i o ~ i  ~vllic I1 I he. I '.S. 
spatr program sl~ould titktl in tllc pwt-;Itx)llt, IX-riaxi."'" 'l'he ~srt*sicIent 
said that lie woilld like to rr.ccivc ;I 1-cw)rcti~raltd ~,rtyn,s.tl I)? I Scptcrnlwr 
196'3. 

:It the prrsitient's request. \'ic.t. I'rclsidc.~it Spire) :\g11c.\\. ai.ttul ;is c.ll;tir- 
man. 'I'he st.crcbtary of clc~ft~tisc~ ;tlyn)ir~ltrl Ko1x't.t (:. .%';IIII;IIIS. sc(.rvt;lry 01 
the Air Force ;rile1 fornlcrly drput! ;~dnlinistr;~to~. of S;\S:\. to rc.l)rcscnt thc 



Dr.prttncnt of Ikft-nse on the Spcv '1';rsk C;roup. Invited observe~s were 
II. Alt.xis Joht~son, trnder scrrekrry of state for p ~ l i r k a l  affairs; Glenn 'r. 
Seaborg, chairnlan of the Atomic Ent*r.gy C~mmissic~n;  and Robert P. 
Mayo. director of the Bureau of the Budget. ?'he group immdiatelv ar- 
~angcd  for !heir respective stitff~ tc m)tlduct the tlcxwsarv brtck,qround stu- 
dicu. ' l'hr science adviser. Lev DuBridgr, \%.it h ~xrsonnel from the Offire of 
.%irtlct* and *l'echnoIogy. xnred as ctn>rdinator of the strrff studies. 

&,tb Paine. \vhon~ the president itlyw,intcui in March to the post of 
NASA irdministrator. and the vicu pr,rmicitgnt favored 311 eslxanded space 
progrian. hgnrw s p a k i a g  out a n:rmlxr of time?; for sr*nding rncn to the 
planets. Pititle ft-11 the c-oustry tr,uld well afford I I I ; I I ~ ~  tiniis what it was 
srxtnditlg on space atrd pressed for a progr;rm that \vo~rld include 1ar.q 
ti~itnnfii sprtce stittioits, lunar bast%, and the development and use of a reus- 
able sp1c.e tr;+nsp)rration system t o  rep1;tc.e the older, expndable boosters 
u s d  during tnc 1960s. in rhcw views Pitint* came into conflict with those 
o f  tht. 'lb\vtics tr)n~rnitttu., thr Prt.sident's .kinlc-ta iId\.i~,n Carnmittee, and 
.Str.rtbtary .%=;tm;tns. In spite of his formrr XAS:\ cot~nc~t ion,  ,jetmans was 
strt,ngIy opposc.d to it t i  expttisiot~ o f  the syxrrr program itr timt-s that called 
lor liscirl c.onservatism. I ie wo~~lci  t ~ o t  sttp1x)rt a l;trge syxtw station, and 
thr shuttle c.ould t~itve his rndorst~mt~nt o t ~ l \  i f  i t  c.ot~ld be sho~vn that it 
\vould indtu-d gtXner;tte the cat-onon~it?i c.laimt.ti for it.)) 'I'he Prt.sident's 
.Scirttc.c> Arivisor~ <i)mmirtcx* calltri for a progrirnl ol  lower <-osts that would 
f(x.t~s o t i  I I S ~ I I ~  sp;tcC ~t}~;tbiIitics for 1~1it~fititig thr nittion i111d the world. 
.i'ht* c.ommittcu. plactxl grcB;tt emphitsis on espittrding the use o f  unmanned. 
its oppc~cul to mailutd, tc~htiiques in sptccl rcseitrctl and itppli~rtion. It 
i t l so  recc~tnmr~idtd sri~dyitlg. "\cittl ;I view to citt.l\ clevc~lopment, a relrstble 
s!>ac.e tr;rnsp>rt;ttiot~ systcbm with an r;triy goitl o f  replat-ing all existing 
launc-h vehicles larger thitn Scmt with ;I systeni ~ w r ~ i i i t t i ~ ~ g  srtellite recov- 
cry itr~d orbital ;tssenlbly a t~t i  trltimi~~rly radical rtduction in unit cost of 
spwe translw,rtation."" 

During this pttritwl '1'honl;a Painr \\*\.orlitxi contint~ously t o  rcvive na- 
tiotral inttxrt.st in it bold and irni~giti;ttive ai>ittu program. l i e  dc'sc~ibcd the 
large s1)ac.c stittiou i:i near-cirrth orbit as "tht- nest logi~iil step" in the 
cievrlopmc~nt o f  sptce. A lunar hisc \%-ould conti~rue nian's exploration of 
his corner of the ~tnivrrst.. ~)rovide the mt.;tns lor doing mu<-h valuable 
scienc-r*, i t ~ ~ d  c.apitali/e on tllc cstensivr investnrertts ;~lre;tdy n~acie in Apollo. 
h rt~usiblc. space trnns~>ort;ttion sytcm, consist ins  of ;I shtrttli. a11d vitriotrs 
; t i~s i l i ; t r?  st;tgt>s for orbital and clt.c.p-spitc,e o~wrstion\. \vould tie all the 
rnde;r\,ors roget11c.r ;mi  m;tke spa(-t. stittions. Itl~iar txtws. ittlci other ad- 
v;r~lc.t.tl s),ac.r ~nissio~is cr-onomic.ally ;~t!r;tc.t ivr. S r ~ k i n g  ;tddit ior~al sttpport, 
P;tit~c tt;tvc,lcrl t o  E.:ur.oln. prcssi~ig for inrcrn;rtioual c-cn)pc.r;ttion in the 
cievrlo~)~nc~nt ittiti urt1 o f  a sjxtce stlutt It, sy\rcrn. 

As c-ontribltrions t o  th(- stitif stlldics for thc Spi~c-c .I';tsk C;roul,. the 
Prt*sidtat~t's Scienc.e Advisor? ( i , m ~ n i t t r ~ ,  thr I)tnl~;trtrnc.nt o f  Ikltmw, and 



NAS.4 prepred reprts  of their o t ~ n . 1 ~  Within NASA the study staff drew 
on planning nlaterial from ihe agency's Planning Steerir~g Group (p. 378). 
When the output from that activity, reflecting a judgrrlent by the planners 
that only a modest prcyFranl had any chancr of selling. proved to k coo 
co~rservative for Paint%, the adnlitlistrrttor asked the author to incli~de 
arnong the NASA options a ptogxam that would rise to $8 billion a year by 
the mid-1970~.~5 \Vhile this option was convryed to the president in the 
Space .I-ask Group's rejmrt, it reirir.td no serious consideratioti from the 
.rdmitlistratk)n. I~ldtuui. NASA's lotvest option, which ~ ~ o i a l d  rise to above 
95 billion ;I year by 1976. tvas 111ot.c than the \Shite House planners were 
rertdy t o  I~rrgain for.l"ll in all the Space Task Group's report did not 
shots. the cc.otiservatism the \\'tlite House desireti riild was rlot adopted as 
the president's blueprint for the future it1 space. 

NASA itcc~rtiit-tgl\ cnrttinutu! to s c ~ k  somtS sort of guidelinrs from the 
president undcr which to plan for the future. After il prrirxi o f  negoti;ttion 
the sought-i1ftt.r guidelines ;tppe:lrtul in the form of it staletllellt from Presi- 
dent Nixon on 7 hi;trch 1!)70 (;typ. J ) . l i  Yoi~lting to the Inany c.ritica1 prob- 
Ie~ns o11 our orvn platlt~t th;tt nt~tltul attenrion and resources, he neverthe- 
less stattul that tht. spar-<. progrit111 sho\tld not be al1o1vt.d to st;ign;ite. The 
n;~tion's appronch t o  s1xlc.c shoi~ld tnntinue to be tx>ld, but balanced. and 
the tr>~tntry should [lot 11.)' to do rverythitlg at o n e .  'I'hc generitl I)urps<?i 
of the s$wc-e program shotrld i~ cxploration, the acqtrisition of scientific 
kno\vlt~lgc. ;uld prsctic.al ;~l,plications to bt-t~efit life on earth. In support 
of these gcnerirl pur1x)ses he set forth six qwcific objtu-tivt%s: lunar explora- 
ticwi, i)la~tetar) cxploration incl~ttling t.vc.t~tu;rlly srtlding nien to Illars, re- 
duction in the r.ost of sp;rc.t, ol~'r;~tions. C S I C I I S ~ ~ I I  o f  1rla11's cap;tbility ro 
live and \cork in spac-r. c~sp;insion o f  practical applications of s p c r  tech- 
 lol lo^^, 'rttci C I ~ ~ O I ~ I - : I ~ ~ I I ~ ~ I I I  of grearcr i~~ter~~;ttion:rl t ~ ~ ~ ) ~ ~ r i t t l 0 1 1  it) spitre. 

By no\\+ t i~c  adnlitiistratio~l's c.onst~rv;iristn as far ;IS space was r-onc~rntd 
tvas patent. It \v;ts to 1w sty.11 in t l l ~  r~u;tlifyi~>g I:~ngttitgc o f  the p.t.sident's 
spirtb mt.ssagr. Yet ;Idrni~listrntor Pai~le <-how to focus on the prmirient's 
citll t o  In. twld. 1-atl~rr than OII his ;~dmo~litiott to pron.cuuf at a tneasurd 
p w ~ .  P;~i t~e like~~tul ttlr space prctgr;tnl t o  the gt'clat \oyitgt,s sp)tisortd t)y 
Prince IIt.nry the Na\.ig;ttor. ;~nd  t~ncotrragtxl his people to srv;rstibuckle, ;is 
hc 1x11 i t  (althottgh ye;~rs Iirter Piti~lr t\.0111d qitt.stio11 the i~ppropri;~tta~~~ss 
o f  th;tt t r r r t~) . '~  .I'he resp>nsibilities of leatierstlip, he felt. r t ~ l u i r d  hi111 t o  
get ap1xov;~I f(ir :IS 1at.g~ ;I sl>;tt.r progra~n as the traffic- would txaar. and t o  
this e~ld ht. prrssc-ti for ;i \vide \,aricty of ntw stiirts with budgets ~har  woultl 
c l t ~ i i  k ly  1110~1111 111) in t t l ~  yt';trs ;~ht*;~cl t o  ICVCIS t*xt.t~ii~lj: those OI the Xpollo 
cra. 1'0 raist. NAS:\ planrling out of tht) co~rseri,~tis~n t o  wllic.11 it hid txu~n 
Jrprrsscul 11)' I hc. ~r )t i1  it-a1 c.li1l1ittt*, in Jtrnc !!)TO P;r ~rtc ;ISM-mbld NASA 
c-c.ltttSr ciirt~c.rors, progra~n dirt-c.tors Ironl he;td,~r~.:r.tc.rs, ;tnd other key per- 
sons for a fi\.c-d;t\ ~lwvtit~g i ~ t  \\';tllops Islit~rd. l7irgini;i. t o  cotlsitier N hS:I's 
f~iturc. ;\rthirr (:l;lrkr. ~vhosr Ixu)li Tire. Esplomtio~r of Space hitci I x ~ n  in 



the 1950s a kind of blueprint for the future, was invited to k the keynote 
speaker in the ho1x.s of starting the discirssion on  a sufficieritly imaginative 
level. I9 

But NASA talking to itself this way had little effect. certainly none it1 
raising budgets that cont~nued their dowt~ward plungc. It was not in the 
cards to e~ i t l i i t r  the space proearn at that time. NASA was o u t ~ o t d  :at 
every turn. T h e  administrr~rv,n was absolutelp dedicated :o cost cutting. 
!ndustr); \\.as dubious a b r r t  the valge of increased exprnditurt.s in space 
and comrnunicatd rts doubts to the \Vhitr Houss. T h e  Department of 
Defense, poientially NASA's strmlgest ally. was having budget troubles of 
its own and would not encourage a large competitive drain or1 national 
resources. ?'he scientific commutl~ty, not a b u t  to end<)rse another large. 
~narined spaceflight project, preierred to 1>hitse out manntd spaceflight- 
save only a possible shuttle progri~m-in f-lvor of more automated mis- 
sions. .I'here was mucll s~mpathy for \'an Allen's call for a severely rd;rced 
space budget. $2 billion or less annirat l y , devoted primarily to applicat ions 
and science. Although \'an Allen and -1'homas Ciold (t i l t .  latter noted for 
his rolt. in propounding the theory of continuous creation of nlatter) were 
opposed to the shuttle,20 other scientisth t\.ould si1:)1n)rt it shtrttlc i~ it was 
really to tx. developvd ;~nd  ustd as a tcml to i~nprove spare operittions and 
r d i ~ c e  iheir t r ) ~ t s . ~  

There is ;I differc11c.e of opinion as t o  tvhether Painc's attempts t o  force 
the space l)udgt*t frrr above the levels the admiuistratio~l w;tnti.d to see 9rpt 
i t  from falling lon.c.r thirn it  did. or w.ere ~~0111lterprc~111ctiv~. '41 i111y rille, 
irfter Pitine resigned in Septe111bt.r 1970,'" Ac-ting ;\dministrator George 
I,ow made a conscic~us arltl visil)le effort t o  acc-onlmodatc. to the adminis- 
tration's desires to keep spendi~lg tiow-11. .I'hr liew adnlinistrator, Jarnes C. 
Fletchrr. not only continued I>otv's ln)licy, blit nloved towar,i a c-onstant- 
level birtfget. tvhicli 111;ide the process ol  getting \\'bite I louse al>proval 
much easier. One of tht. great diffic.ulties SAS;\ hiit1 1x~t.n exlwriencing in 
introducing new projects tvi~s the shape cif the f111idil:g c.11rt.c in the ye:irs 
aheati. \Vhilc the initial funding for a net\* project nlight f i t  into the cur- 
rent year's t)t~dgct, inc.reasirlg c.osts in futurc yta;rrs oftell calletl for the tut;il 
butlgi't to rise agi~ir:. If the budget rise was I?OI al)prot.ed, then ~>rojec,ts 
recclltly stal-tcti t\-ot.!d have to tx '  c.anc.rled-;r painfully difficult :'. t o  
cio. By t.linlinaring ttlis futirrc 1n)tv wavc in the fun.!i~lg c urve, :Id -: -1stra- 
tor Flrtc-her was in ;I 111uch stronger position than I'i~ine had lwcn to a 4  
1t)r ;~ssuranc.cs [hiit SXSA ~\.ould 1w iiblc to follotv throl~gh o n  ~lctv projt3c.t. 
tnat the i~grnc-y startcd. 

This tvas in~por I;IIII ~ I I  sc.lling the Spare Sh~c:t 1c. 111 tilt, c,ost-c-onsc.ioi~s 
c.linl;trc of the Kcpublir ;ill :~driiirlistr;rtio~l. the .5i,ac.c Sht~ttlc 1~c:tnle the 
o ~ i l y  sirl;ililr tn;i~lncci s1)iic.cfligllt projcc.~. ;\ftt.r the Skyl;11) flights ill  1973 
ant1 the :\pollo-Soyti. nlissiorl in 1'375, i t  t \ . o i ~ l c !  not In> possif)lia to g;rin 
s i~p~n>r t  for more of the v c ~ y  eslx.r~sivr nlissio~ls, iiny o f  tvhir-h w.)uld c1rit.e 



the N.4S.S budget skyward again. In ctmtrdt. the Space Shuttle ccus as 
finally approvcd would fit into a budge prdile for the 1970s which. n hen 
iotnputed in 197 1 dolltlts. would allow only a slight r i c  in the first half d 
the derade. 

Laadership at the top provided the ttmplate, as it for the leader- 
ship esercid by X.L!?,4 nlanrigers lower <losv11. .-is stated =rlier the straight- 
forward. though franticallv busy. years of (;It-nnan's t ~ l i r r e  and \\'ebb's 
first years as adn liitrator afforded an ideal climate for p r w a m  people to 
establish their working rel;~ticn~s both i~lsirk- and outside the a p r - y .  AS for 
space sciencp. at titlles S;\S.% \\'as pdl ing znd t h e  sc-imltific c01nmunit)' 
reluctantly follo~.ing. as ts-ittl otmr\':*t(~?. s p ~ m ~ f t .  t h e  m~nl led  s p a - -  
flight program. and later Viking. .At cnher tinlt-s S.%SA \\-;w being pushed 
by an intpatient c-lientele. as \s-as illustrzlted lay the scientisrs' desirr for 
more sr>unding rcx.kets. for i*)di\ iciitrtll? ;tssignt.d Esplorer-class satellites. 
more Pioneer-class probes to Yenus ana othei planers, and the utter dissat- 
isfaction with S;\S.A's org::nniztrtion;~i arranxelnents in the life sciences. 

For space scirticr one o f  the mcst difficult problm~s of leadership. both 
inside :rnd out6 ide SAS.1. c-nntrrntd the m;~t~t~t.tl  s~~irc~f l ight  prngriirn. 
I'nderlying the prevailing disc~r>ntt.nt in the ric-ieatific community r s a r d -  
ing this pro,qam \\.;a a rather gr11t~r;tl c-onviction that virtually everything 
that men co11ld d o  i r l  the invt=stigatio~t o f  space. inc-ltiding the rntnn and 
planets. autornnttd six~ccu-rafr could IIIW d o  atid much :ewer cost. Xhis 
convicrion \\-as rt.inforcxul b\ the. ;\ptllo prc~r;ttn's k i n g  primarill- engi- 
n t ~ r i n g  in charac-ter. Indtwi, until ;after the sue-crss of ,-lpollo 11. science 
\*..as the Iciat c>f ;lpollo e ~ l g i ~ t t ~ r s '  c.onc.ern?;. Furttic'r, the manned project 
appt-ared to devour hugtb sums. onl>- small fr;tc-tions <iI whictt could have 
greatly enh;tnc-tui the unm;~nnrd sjx~c-t. sc-it.nc-e prc%r;lm. It has txvn wen 
how suc-h cone-rn~s c-olorcu! [fir proc-mulings of the spice sciencr. sunliner 
study in Iowa City in the summer of 1962 and Itxi to Philip .4belsot1's 
campaign agairtr~ thc' m;~nnwi spi~wflight !>rop;tm Ip. 209). 

-1'ht. science pr:>patn man;tgers 111 NASA rallicd in support of the 
agencv's n:;~nneut si);tc-eflighi projt~c-1s. t~u! they tiial their diffic.lrlties inter- 
nally. :Is the n;tticrn's top priorit) space. project. :\p,llo enjoytd :a com- 
mancting position \vhc'n i t  c.itrne to frtltds and .cqtrc=sts for sitpporr frorn 
other parts o f  S;\S;\. With rcgartl 10  the latter. Ranger and 1-unar Orbiter 
picttrrcs of the nrtx)*l  nil :iur\-eyor c1;rta on ~)roln.r~icl of the Ir~nar surface 
were. to .-\jn)ll<, ~n.o;llr. ;I sottrc.e o f  c'r~ginc.c.rinq infol-mation th:lt hitd c-ocic 
tcm late to bt. trwcl in the origin;~l ciesign o f  lunar si,;wc.cr;tfr and \\.ere ltorle 
tcx) for pl;rnning thc :lln)llo mi\sions.?? ;\ln)llo's n m l  for lunar c!;tta 
terrdecl t o  cnnstr;~in t hc pl;tnning o f  unmarlntuf 111r c.51 ig;ttions of the moon. 
.-\pollo eng in t~rs  w i t ,  ' .r fro111 I he unrn;tnncul progritni qn.c i f ic -  cli~-retc 



itens d information. such as the braring urmmh d the lunar sail and the 
distribution of mtm and rubble on the surf-. But space sckuius  in- 
sisted the h i n d  informstion mkl be hark t m  an invesligation d the 
n o t w i  that would providr an umkrstanding d the basic prwcse that had 
.gone into the ttcation ol the trwwwr and i ~ s  surface features. Alavmp1. such 
an umferslading wmk!  make it possible to answer spmific questions mn 
m ~ w  f-I that might mnw u p  later: twuw~trating ttm ~urrow-ly on 
irnmhtcd individual rmasurrmmts could be wlfdrfeating in the long run. 
'Ihe mgi~ineen were not c o n v i ~ d  and this insistmm of t h e  uientists on a . 
thonmgh scimcifk- inwstigaticn~ appeared likc an unwillingness to be help- 
ful. clr saw. a d f c w r t d  cksire to have it one's own way. S 4 m v e r .  the 
.4pl lo pmpk pin ted  a t ,  the tnanned missitms watM make possible all 
that the unmanned s p a m ~ a f t  could do and r i m .  and rhe  sr-krtists ought 
to wait for ApJlo to p n v i d e  rhc means fcw tnaking t k  tk=finitiw srudies 
thev ctclsired. 

The troubles between t h e  slmc-c scientists ;*nd the mantmi spmflight 
c~iginwrs were etlttantd by a decision of the associatc a*lrninistrator. 
R&w Seatnans. that the Office d SF .%-i-icrlcr. ;tnd .\pplitations woultl 
itssutnc mpnsibility for all s p c ~  s t i n ~ t - ~  in ttic S:IS.\ proqiatn. int-lid- 
ing that &me cui nlantwd missitms. h a t  that ttw nlcanies for ~nan~tgd  spa^ 

u-it-ttrr projt~ts would hc put in ttle manntd SIX#-t.flight bt~dge~. where 
they would h less likelv to br cut in tht* cotipc~sional review prcwffs." 
-1-hr 0ffic.t. of S ~ X I ~ V  .%-icnw and .4pplications iincier:cc~d that this \\.as 
simply a bi~dgct;-g b i t - e  311d that aftt-r S:\Sh's approtwie;icms had brcli 
sec-urrci the ~nartrted spar  u-iencr tncuiirs nc'tuk.<i fcw ;MI\-,tnftd rcv;trch and 
the design rutd p r o t o r y ~  work on m;tnncrf s1x1c.t. wiencu cxlwririre~~ts 
would tw t~msferreri t o  S ~ M P  st-ienw. But C.rn1.w Mucllt-r did not do this. 
Instt-;d he undt-rtcmk to review and pass or1 the itttetatrtl space st.in1c.e 
work kforc rvleasi~i~ money from his bitlget. In this way hlrrclicr tgxrr- 
c~iud the c.t)cttrol over tllr m;tnncd s1xtt-e u-icntu prrxr;aln 1h.11 hat1 sup- 
~x~?ictxily been a~sigtrtd to the Office d Slxtct- Sc-ie11c.c- ;rnd Xpp!i<ations. It 
is, in fact. a vardinrll principle of rn;an;tgr:c.mt!tt tIt;tt thc. onr* who h;~s the 
nume\ h;a the crltttrol." ~'Tltus &;lmans had gi\-t-ti the s p ~ w  wicttcr mati- 
i r ~ ~ s  ;I ri.sp,nsibility for whit-11 thcy dittn't h;~\-t. the ntrcsstry c-lout. 

I h e  author ntct periodic-ally with ;\lurllrr it1 an effort t o  develop ;a 
s,ttisIirc-tor?. working rc1;rtitrtlship. 'I'he manntd sptc-t .  scieticr division 
utidtr LVillis Fc~ttr  wits one of thc h i c n  agwtcul oti to t~ritra t l ~ t  two offit13 
rltwr t c ~ t h c r  (11. 3 4 ) .  But. while hlucllcr itpl~~iattd to t t i ~  u-it-titists to tx* 
I;tirl\ I;r\ islt in ;tllcx~;ttirrg funcis to (he e~rgintvring ;tyMu-t~ of t t l t  tti;t~irtt.ci 
s~x~cefiight prc>gram. hc suddenly hec-;ttnc very tmst c.o~lx.iotls \%hen i t  c;rtiita 

t r )  suplw~rting u-icnce. In this clim;rte thc scier~tiscs \vtSrr \inablt. t i ,  dis- 
c.h;trgc ~~roperly the rt?i~~~nsibili ty that Sc.;~mans tl;~d ;~ssigntd t o  rhc~n. ;tncf 
c h t ~  cluite n;tc\~r;rllv tcndd to dirtu-t their atrt-ntion to tiit* .IIIIII;IIIII~Y~ q ) ; r c r  
~c-icr~r-tg prc)Krilltl. Sot i~ig this. nt;tnticui s~xi(~t*flight ~n.rsonnc.l ;tc-t.uur1 thc 



spacr. wk-t~tists of neglect. Ignoring that their office was withholding the 
IIMHB~<\ that had been slated for support of manned space science, t h y  
;r&ed why the Office of Spact Science and Applications wouldn't put some 
d its own funds into the impartant area of manned space scicncc. To the 
science managers who nvre already having enough difficulties meting the 
needs and demands of the wientific community, this question 4pPezdred 
infuriatingly obtuse. 

As for the scientific community. to cut back on the unnmnned pro- 
gram to fund a manned space science program wwM have m t e d  a 
major crisis. Supporting an  adequate unmanned I#ogram couM keep the 
peridic attacks d the scientists on the manned program within tounds. 
Those scientists who did participate in the manned flights found the exer- 
cise much more difficult than working in automated spacecraft. Schedules 
were tighter and oriented toward engineering and operational requifements. 
rather than toward science-. Documentation and test requirements were a.1 
order of magnitude greater than those for unmanned missions, where the 
life of an astronaut was not in the balance. 

The frustrations felt by the scientists were illust.;rtcd by those -pressed 
by Eugene Shoemaker. a geologist from the tT.S. Ckologial Suney who 
early went to \r.ork with the Manned Spmxaf t  Canter in preparing for the 
hpollo missions to the moon. Shoemaker's participation in the NASA 
pr-am was in keeping with an arran.gement between NASA and the 
Geological Survq that -1hornas Nolan, d i m o r  of the Survey. and the 
author had agreed on. Nolan committd the suppon of I'SC. scientists, 
while S.4S.A (the author) agreed to use this support and not to build up 
within the agency another 1i;tIe Geological Survey. The agreement was 
informal. arrived at over lunch at S.-\SA Hertdquarte~. and never went to 
the .Administrator's Office for his blessing. In spite of the informality, 
hot\-ewr, the agreement had a major effect on the s h d p  of the .qeology 
portion of the space scienct. progriam. 

t'nder the aegis of this agreement-perhaps without eter being aware 
of its existence-Gene Shoemaker worked long and hard with the Manned 
Spacmraf! Canter and the astronauts to plan a lunar exploration program. 
t o  develop cameras and instruments lor photograph) and mcrlsurrments of 
tile mcmn, and to help train the astronauts in the ,geological sciences and 
in the techniques of field work. Shoemaker was instrumental in arousing 
and maintaining the interest of the cirth sciences community in lunar 
stienc~. He and his collcagua contributed much to the sbccess of the 
.4pl lo astronauts in their ,qw,lcxic-:il exploration of the moon. 

It \\.as a shock, then, to nilrrined spaceflight personnel members when. 
aftrr the resounding suct-r% of .-lpollo 11, ttieir colleague and former nitWntor 
h-an to blast them for alleged shortcomings in :\pollo. Shcxmaker con- 
tended that in the name of engineering arid s;~fety requirements serious 
scientific shortcomings had been designed and briilt into the Apollo 



hardware-unnmssarily. Shormaker conceded t b i  this war due pr im-  
ily to utter i~r:wsitivity to the & at-d intrrj ts o- sciatcr a& that if 
properly designed. A.p2!10 would hmv &. abie. wi.nout danger ot am- 
promise to operational requimmr;, to contribute far mote to sciscicncc than 
it was going to. Shoemaker was particularly i ~ m d  over the canceling d 
w-.wal planned A p l l o  mission?;. In a talk Mom the American Asroci;rtion 
for the Adwmcenlent of Science in Ikcrmbrr 1969, he l i k e d  thc first 
A p l l o  landing; to t k  first exploratory trip of John Wesley Powell down 
the Calorado River and through the Grind Canyon. Both m.cre courageous 
and fruitful \mtures. But Pawcll's first trip was followcd by years d inten- 
siw srudv d the gmlogy d the Grand Canyon, which provided the real 
scientific'rwum and practical benefit d those explorations, whereas Apollo 
was going to be cut off too won after the initial landitlg to capitalize 
properly on the t d o u s  investments already madeas 

Shcmnakcr seized even. opportunity to take up the issue and to c-asti- 
gate N.AS.4. NAS.4 people felt the affront deeply. Shoemaker had come 
into the s p a -  pwm an unknown. just brginninq '\is scientific c a w .  
Sizable sirnls of money had been devoted to support his research, and 
N.4S.4 had in effect financed much of his career. \\'hy couldn't Shoemaker 
criticize in privatt* and praise in public? .And. anyway. what was all 
the c-riticism going to &3 NASA lacked the funds to continue Apollu land- 
ings much longer. Xforc-crver. voices on the Hill were ask~ng why the 
agetlcF didn't just stop all further lu~rar missic~rs. simv each new flight 
expntd N.4S.A and the cx>itntry to a possible catastrophe and the lms of 
match 16 the gcwd that h d  alwdy k r  achie-td-a pxsibility that \\.as stn 
lost u p m  thcm c-ottduct ing the ~nissions. 

1.ittle could ht* dont- ill tire way of hacktracking and redoing the 
:\pbllc~ hardw;~re. but somr steps ct>i~ld bt' take11 with rwdrd to how the 
existins h;lrdw;lre \\.its uxrt. Yielding to strong prc?isurc. from the scientific 
cotn~nu~iity. supprrtmi by u-ientists witl:i~r NAS.4. thc Johnson S p u  (211- 

tcr* inauguratd ;a new era in rclittions with the scientific comtnunity. 
I.inr?i of conlmttnicatio~~ lrtwren the cs~r imcntcrs  arrd astronauts .~nd 
engincurs were stren~thc~tlt~t. durinz both prep~ratiutl and flight periods. 
'I'tit* t-slw.rinlcn~crs' fc~ling of tbfftx.tit.rt~t~s i11cre;a~t~I stcacfily tsith eiac.11 ncw 
;\p)llo nlission until with .-lpolb I ; .  which carried geologist Harrison 
S-htaitt, t1:t- scirntists \\.r.rt- ~xfiitively cu-static. 

~l'eitms asxmhlcxt from the oi~tsidt- scientific comnlunity by tht- John- 
son Sixttr* <ktitt*r. to help plan for thc Ittt~;rr csplocaticm ;and t o  advise on 
thc. ;tilc~.;ation and ;~n;rlysis o f  ittnar stniplcs. ctid ycxrm.~n service. anti thcir 
i~dvic-c \\.;as htulieul. 'l'heir cfforts rtu-eivrct c-onsicicrable praise fro111 the 



stientific community, althougt. tlatunlly them were always those who 
were dissatisfied with sane ol thc rccommctld;rth made fo r  allwatinp: 
lunar samples. With the advim d t k  ~foups NASA suppond the wtfit- 
ting of labrrrattwim and the pmpratrrr). wwk necessar). to get ready to 
analyze samples when they should becum availaMt.. thus building up  a 
team d hii~dreds 01 scientists around the country to take part in this 
unique pmjtx1. *me result was a revitalization of lunar sciencp. a~rd mure 
importantly. a de\elcy#nent d new and improved instruments snd tech- 
niques for .peochemkdl. Reophyial. and r n i ~ ~ c a l  srralysis. Foibw- 
ing the m u m  d the firu lunar samples. it was ttoc kmg below mwc than 
700 rmrc-htvs around t k  #-orhi wete tfK~r(~1ghly involved it) their atraly- 
sis and scud!. ' m e  Johnsun <'mter spmwecf annual nleciings in H c ~ s t o n  
t o  lirrrke rt-imts and ciisruss ws\~lts. -4ttendnl himndds d scientists f n ~ m  
\-arious fields and n m y  muntries. thew attracted amsidecable atterrtiwr 
frmn the vss. 

'Ihis sucms gave rise to a m u k  01 the debtes in which NASA so 
rdttn found itw!f embroiltd. .After tlw firsi nrsh d a~ulysis and s t t ly  d the 
lunar slnlplm was 01-tr, the time arrived for rnore work on integmting 
disparate results into a t-mi~mtrct riid unchandable  whole. in ptrti<-ular 
to .lttrlnju to (list-er~r \chat the at=\%- iintorn~ation me.4111 with regiard 10 the 
origin and dtrelopnretit ol the mtmr, the wlar system. and tlw t ~ r t h .  :it 
this sr;~gt. there was Irr) Io11gt*r nt-tti for w n1;tny hurlcirds d investigctcxs. 
and it nrailc emincrit st.tist- for S.iS.4 to plan to firrid al ly  ;I p n  oC thew 
~~t- \ - ioasly sul>porttxi hy tht. agvt~t-~. S~rt.h s t t p  \v:-n' utlcy~rivcx-i*lly r t ~ e ~ ~ i i -  

iiirncitd b? S;\S.i's ad\-iwrs. \ v h ~  ;wcordingly shard  in playirig the rolc of 
tltc \-ill.tin in I he rt.ctirc.tion5 that ftrl1c)wcxi. 

'l'he \ t I\ suc.c.trs th;tt J;~mt> 1Vebb hid h;d in selling Sitilr~t ittlti 
: \ ~ n ~ I l t ~  ;IS pttbjt~13 to a!t.\t*l~~p ;I imwrrft~l ~iitti@)~li~I ~ t p ~ b i l i t \  to (>}wr;ite i t i  
;and use sp~<-t. as the country might clru-icie iii thc n;ttio~i;rl intrnrt st-t the* 
stitge f o ~  the tiis111;tl 1;tt.k o f  sitcccss in ttir first .tttc~i~pts to p1;111 lor ;I 

fa>flo\c-o~l to .\pollo. For i t  hitd not Imn fortwvn th;~t ; \ p t ~ l l o  ;ttid Satirrtl 
1iardtv;tre woi~lcl I\;I\ t h  to h' regartltd ;IS "first ~ene~ ;~ t io~r . "  Iliglily t.sln.1-i- 
mc.nt.11 ; I I ~  11iiic.1i t c w ~  costl\ t o  ~li;tiill;ti~i as IIIC IXIS~S o f  ;I t . o ~ l t i ~ ~ t ~ i ~ i g  
natiolt;tl s1:;rt-t- c-;llxlhilit?. S;tttrr;lll! rhe ~n;in~~crl s p ~ l l i g h t  ptwj~lt- w;t~itcul 
to st;a\ iti I~t~sirit\s. ;ua{ \\'ebb's rel\~ct;t~it-t* 10 1t.t go of hi\ t)rigi~i;~l drt.;lai 
fo\te~-t.ti p l ; r~ rn i~ l~  to c.oriti~it~c to t ~ w  A(x~llo harr1w;trr. Piinc's rlt?iirc. 10 

s\~-;cshl~~tc~hlr rrinfortrul the. cfforr t o  1itr.p [he k~tttrn ;tlrd ;i))oIlt) I I ~ ; I I ~ ~ I [ ; I ~  - 
t t l~ ins  lintx C ~ W ' I I .  I'llat u ietitists olx*nly opiw~std i111)- c ~ o ~ i t i : t t t . ~ t i o ~ t  of tlit '  
;lln)llo kittcl o f  o1x*r.11io11 \%.;I\ ;IM rilxul t o  their t~sititl i ~ ~ i ~ ~ s v ~ i ~ - ~ . ~ s i t * s .  'I.II;II 
tht' u-it'tltis13 lit'pt iri~i\ti~ig the\ c-ould not t-or~ie up with i~ny rt.;~I rttluirr- 
txients lor st ict~-t* it1 .I slctce statiotl \v;~s o\-c*rltx)ktut. atld l~lanning wtvit 



ahrid. First Mueller p r o p o d  a " w t ~  workshop," in which the s p r t  
S-1\'B stage of dtirnr would be d r i d  wt it1 orbit and outfitted thew for 
use as a tetapxary SF staticwr. l ~ t r r  that was repl;#xd with the "dry 
\\-wksho~p." in which tire Satimnr stage wotrld br cwtfittd cwr the ground 
and then launched illto orbit for the same p u r p w s .  111 a vague way the 
wt~kshop was thought d as a t~ansition to a tm~t r  perlnancnr program1 d 
using .%turn and .4pdla harctww fm the tnntirruing explwatiar and in- 
\vstigttion of spttr. 

Ncn until NASA fituily trr-cw1in.d that S~turt l  anci ; \p~lIo had to go. 
could ;I way to the filture be plated. 'Thm t h t ~  Skylah workshop cm~ld 
rmcg.ge as a lit~riterf prc~jex't that, with thc ..\ln~lltr.%~yul ~nission. \t.ould 
wind up the i\p>llo era. Omv the. kisicul  had bvwl taken to c l w  cmt 
.4p~l lo  a ~ u i  to c.cwurqrtmte em mitn-icrg the cmts cd cymx~ting it1 s p w .  the 
Sw-r  Shuttle c-otrld fit11 into p l a r  as the Lieystc~w of thc futurt.. 

Duri11g X.\S.4'3 first 10 years-when the age110. hiul Itd \vi~h ;& 1i.as111- 
able ilnii ;at-c-eptahle. yet aggressive. pn)xr;~~n-Sr\S.\ haU c.~tjoyed a 
strong fc~llowershiy. But in thr I;atr 1!Mh \\.hen S.4S.4 hiul ;rttcn:r,tt.ci. in a 
totally u~~silitablc climate. to cx~ntinut- to use. the ccmtly Alw~llo h.~nlwaw. 
tt1;rt folla\\.cnhip was allnost lost. It1 a rxHrntr)- at the nn>~tlc-nt till! ~wriph- 
t.r;tIl!- irttemrtxi in Y);H.c. Janre  \\'ebb hrrd fo~ltld it ivnlwwsiblr t o  .grnt.r;lte 
a natiotl;rl lit-bltc that might filrrrish sonrth ~ u i d i ~ n c e  for tllc ;rsenc?.. 
'l'hont;ts 0. Painc's efforts in 1969 and I970 to g;rin appro\-:~I fr~r ;I very 
1;rrgc. very espct~sivc prcw-tn inc~luding sln<v stirtiorts. 1111tar bitst%. and 
shtrttlt.r hati gained ul~,rirha ;~dmiaistration nor Kr;l.js rcms suj,p>rt. Btlt the 
fourth ;~cima~istraror. J;~mt:; <:. Fletcht-r, foit~ltl the countr\ \villing to sup- 
port ;rn im;~gin:ttive progcam as lotlg as c-osts c.ould he kzpt do\\.n. In ;I 

im)gr;111l ~ltxlic~;tttxf to tx-onrwtty i111ci uwfi~lt~tss. Flc-tc-hcbr \\-its ;rble to inc~l~tdc 
tht. dt.vrlcq>nwr~t e ~ f  ;I Spux- Sharttlc. wl1ic.h \\-t.oald put manntxi yxw-c-flight 
~ S B  IIM- 111 wrvi~tg tltt- ; I ~ C I I ~  y's x-ivtt~ifit. ii11tl :rpp:ie~;~tit)~~s ol~je-ctive~. S;\SA 
tht.11 rtx;~l>tt~rtul the le;tdtvship th;rt [or ;I brief 1i11tr h;ld f;~Itt.rtui. 

I'llus. wit11 a pl-ogr;rrn dculic.;tttwl to sc.~vict- icttci e*c.rBnctln\. S;\S:\ 
rnlct-gd fmal the cr~nfarsio~~ and u~lcr*rt;tintir?i of tltc I ; ~ t r  IWh \ v ~ t I l  ;I 
~t.~t~\\-t-d c-cmlntita~c~nt to ;I strong I'.S. prtwncr. in s{xic.e. St;trting \\.itla ;ln 
rl~tcr.rt;~in Icirw ott life. with c-;'lu.ll ~ x ~ s s i ~ t g  yycar tttc Sh~~ t t l c  strt*ngthe~lc.tl its 
 sition ion in NASA's  fut i11-r.. 111 tltr light of r hr Shtllr lr's ;tcl\-anc-ittg cic*\v.l- 
opment. tht. I!8iOh IMX-;trnc ;I pried of t r ;~~~s i t io~r  I~ont thc piontrbri~lg ~ I ; I  ol; 
the- 195(b itad 1Wh t o  thc IW, W:WII 11l;tny t*slw-cttri slxav o~wr;ttio~ls to 
1r.c c)llrr rout isr. 



Part V 

The Scope of Space Science 

I am the outnu of the sphere, 
Of thr .men stars ana the solar year. 
Of Caesar's hand. and Pluto's brain. 
Of Lord C hrzst's heart. and Skake.rpare's strain. 

Ralph It'aldo Emcrsotl. "The Absorbing Soul" 



International Ties 

Only a few y t x s  after Sputnik, the scope of space xience reiached 
beyond America's shores to nttny other parts of the globe. The predispos- 
ing cause was doubtless the p~litical intenrt of IT.S. leaders in rwdpturing 
leiadership in space while projecting an ima,ge of peaceful purpose and 
c ~ o p r r a t i v e n ~  in the world. In this regard xienc-e could help to broaden 
the base of the space program. 

A fundamental assumption underlying the practice of science is that 
the laws of nature hold throu,ghout the universe. Nature itself makes science 
international in character and provides a strong basis for international 
cooper;*tion in science. The hictory of science bears out the point. for the 
insights that ,gave rise to ,great new advances in science have come from all 
over the globe. 

It was, therefore. to be expected that NASA would quickly be involved 
in international activities in space science. In fact, with roots in the Inter- 
nat~onal Ceophysic:rl Year. which had already .generated a lively interest in 
the potential of satellites for scientific research, one might argue that the 
appearance of an international component in the NASA space science pro- 
gram was inevitable. The moment NASA took over responsibility for the 
\'anguard program from the Naval Research .Laboratory, the agency 
acquired a number of international commitments, like those of the satellite 
geodesy program that proved w touchy for a while. 

Sputttik 1 got the attention of an entire world. In various ways politi- 
cal and xientific organiwtions made their interests in space research anti 
applications known. It seemed natural, for example, for the staff 01 the 
North Atlantic Treat! Organiration to suggest coqerative effot IS in space 
under the aegis of SdXI'O. In spitr of their su~xrficial reaso~i,,bieness, these 
otertures were not supported by Department of State or NASA managers. 
primarily because a cooperative program ur~dcr NA-1-0 would reintroduce 
those rnilitar) overtones Chngress had already rejected in not assigning the 



I1.S. space program to the Pentagon. Thus. in spite of his long association 
with N.XI'Ogs Advisor). Croup for A d \ - a n d  Reaxarch and Development. 
Dryden, with giridance fro111 the State Deprtmmt,  turned down these sug- 
gestions from the N A T O  staff. p i n t ~ n g  out that individual NATO coun- 
tries could cooperate \\with N.4SA on their own initiative without invoking 
the NATO name. 

The  I ' n i td  Nations \\-as another matter. Here among a large number 
o: the world's nrttions. a deep ititerest \seas to be expected in iictivities that 
would fly rockets and spcecraft over the soverri.gn territories of 17.N. mem- 
bers. O n  I9 November 1958, the I ' n i t d  States .sand 19 ;,ther countries 
jointly i n t r o d i r d  a resolution into the General Assembly of the lrnited 
Sations calling for the crerttion of :in ad t;oc ownmittee on the peaceful 
u s  of outer space.' The  committee was established in Decernber and :net 
fro111 6 May to 23 June 19.59 at I'.N. Headquarters in New York City to 
discuss a variety of subjtx-ts related to international interest in space mat- 
wrs.' It scmn realixtxl that the I ' n i t d  Natioils was in n o  position to 
;i~sumt. opx~ational rt~sponsibilities in a spc-tB program-although for a 
brief period there was some discussion of such things as launching sites 
rill1 by it11 organ of thc I'nitrd S;itions. Intt~rtiational conlpetenre in scienc~ 
residtad in the Internatio~ial Cxnrncii of Scientific- I'nions and its unions. 
while many aspwts of p~ac,tic;tl applicittions of sprtct. \\-auld apparently fall 
uncter ;tlrt.ady existing I'.N. organizations such as the \\'urld X1t.tt.orologi- 
c;ti 0rg;rniration ancl the International ~Tt~lec-o~i~niirnic-;ttions I'nion. As a 
e o n x y t ~ t ~ n c i ~  !he ad hen, c -omnt i t t~~~  r~x~om~iier~dcri itgainst the (.reat ion of 
either a ntw agency c,r any sort of centcil c-otit~-ol for spice iictivities. 
Instract i t  \\.as suggestrd tI1;tt there IN a fcn.;tl point-in the nature of an  
intt=rnatio~ial secretariat-to facilitatr inteniational ccn?pration in the 
pt~;icc.ful uws of sptc-t..' 

I~ifferericrs of view h>t\\.trn the I'nirtui Stittes and the Soviet ITnion 
tendc.ci !o dominate the discttssions in [hi* c.omniitttu. fol-  the first 1 x 0  years 
or so. 'I't-r Soviet I 'n io~i  \\.islicbcl t o  est;al)lish at tiit' ou tx t  a set of gener;tl 
prit~c,iples lo grti1.i~ s1xic.e ;#-tivitic.~. while thr I'nitcul States preferrtd to 
develop an i~~tt~rn;~tic)~l;tl p i ) l i i (y  by pr;tctice. 1110i i11g step t)\ step with indi- 
vidual, limittul ;tgrr.t~mtlnts. After csteiisi\e csplor;~tory elis-i~ssion. the way 
\\.as c,lt.ar t o  ~iiove ;~heitd on a firn1t.r basis. and (;c.tic.ctl ;\ssc~nhly resollt- 
tion 1721 crtsattbri a ~n.rmitnent < i , ~ i i ~ i l i t t c r  on the Pea<-eful I'ses of Outer 
S p a c ~  \\.it11 28 nicmtxrs.~ 'I'hc. rc-soltltioti Ix.c-;~n~r a bitsic dc~urnent on  
sptc-e. aaions other things c.o~n:nc.nding t o  ~nt*mbt>r states that intr*r~iational 
la\v apply to outer sptct. and celcsti;tl Indies, that both syxict~ itnd ct>lestial 
Indies In> f ~ t . c *  t o  all ;11ici 11ot subjtjr'ct to ~i;ttion;tI ;tpl,r.ol,ri;ttio~i, and that 
n i r~ i i t~ . r  st;~tt*s should relx,rt slxtce I;i~rnc~lii~igs to thc I ' .S. for regi~triition.~ 

-1'111. ~'c.r~n;trit.tit e.ommittct. providcti fol- tt\.o sutw-o1i111iitttu.s. ant- legal. 
!he other sc-irntific ;itid tn-tinical. ;\Ithough the cieliht-mtions of the Lxgal 
Sub<-on~rnittee cn-c-;ision;~lly touched I I ~ O I I  the ir~rt~rcsts of tht~ sc.ic,tttists. the 



ot her subco~n:ni t tee usually provided the forum for space xienc-e matters. 
The fu~lctior~ of the committee and its subcommittees was regarded as one 
of aiding and encoumging tnembers rather than one of getting into opera- 
tional programs. 111 this vein, at the nlcvtitlg of the Scientific and l'tu-hni- 
cal Subcommittee in Geneva in May and June 1962, the subcomnlittee 
gave special attenlion to helping the I t w  developed corcntrim to pursue 
some of their interests in space. Much discussion was; devoted to training 
and rctuc-ation for scientists and engineers of the snlr~llt.r cwuntries. and 
rarious nlctrrns of nlrrti~lg this n t d  were rtxomtnendtd. l'he subcommittee 
recommrndec! publit-ation of infortnation on  national space programs and 
of ttu-hnic-~l inforn~atiotl ntvvfed by  atio ions just twginning space rrsearch. 
.A major recommendation asktd for I'nittd Xatiotls t p n w r s h i p  of sound- 
ing rocket ranges that ~tret p rewr ik l  ~otlditions. incli~di ng openness and 
;iccussibiliiy to all member states." 

By tile trest ).ear Inciia. with as~istitncc from a ntcn1ln.r of coicntries in 
supplying lautu.hcrs. utlrking ecjuipment, conlpulrrs, and aircraft, was 
\\.ell alorlg in constn~c.tion of it sounding rcxkct range on :he gmnlagnetic 
equator irt -i'httn1l~i. Sitrcr tllc raagrs was ttr fx' opcr.ttruf in ktvping with 
the princ-iplrs 1;tid d o \ 4 ~  t>\ the I'nittul Siitians, 1'.S. spnx)rship  was 
;H-c.ordtul the range. under \\.tlic.h ;~r.gis Intliit hostrci a SIP;II many launch- 
i n g ~  by other n;itions.; 

\\'ht*n. half a drc.itdc litter. it1 ;\ugitst of I%S. t11tX c.on~tnittw spcmsorrul 
;i s\alposit~m o11 the 1n*at~cft11 uses of outer sp;u.e, spice hact k o r n e  big 
t)usilrcss: itnd i~lmost fotrrx*orc coitntries 1~1rtic ip~ttui in one \v.I~ or itnother. 
.4timinisr1.1tor \\'zbb co~~sicte~cct tht* s\t;ijx)siunl of bufficient importance to 
;tttend in Iwrson. 'I'hr I'nittd St;ttc>s, the Soviet I'nioct, and nilmeroils other 
t.ou~rtt.it.s c.oiild rtal>ort on ii witi(. V;II it.[! of spatr ~.ie~nc.c~ rt~st1113. .\s i1 pre- 
It~dt. t o  tile itll~ilinrr~t ;\~nt.rit,a~~ ni;tnnt~l flights to tilt* t1ltn)tl. tnjth the If.S. 
;ind thc I'SSK r t a v i t ' ~ t ~ t d  rcsiilts fro111 t11c.ir l r n ~ n a t ~ l ~ t ~ d  lut;.~r sp;tt.t.c.r;~ft. 011  

thc scicnr.r~ sictc problcnls wrle ulitlimal: inlt sonle knott\ (luestiotls \\+ere 
ritistxi 111 ~ 1 ) i t t . t ~  ;tpldi( ;~tions. hitt.11 its ~ I I I C , ~ I ~ ~ I I I ~ I ~ ; I ~  cex)~wriiiic)~~ ill  cc):lttncr- 
c-in! *1::1cc ~ . o n ~ ~ ~ u t ~ i t . ; t ' i o ~ l s  s\itcms and 111t. dt*lic-atc at1bjt.c-t of spice pho- 
tog~cpll\ (01- c;irth-rcso~:rt~e ?;iirvt*\s. 111 earth-~-csourc-r. p h ~ t o g r i ~ i ) h ~ .  thr 
~ I O S ~ J C ~ C I  ot' ~tit>s:i~nti'tI lw~lefits t o  t l ~ t ~ ~ l ~ s c l \ ~ t ~ s  Itxi tilt* (~oitt~trit>s t o  ;tcqt~ir.sct>. 
at Ira31 ;IS f i ~ r  as ;tt.c.rpting rr.st.arr.h sitcllites. 0pc.ratic)nal siteilircs \vtxrc. ;a  
cli~t.stiol~ tt1;it c otlltl tw rcsol\.ctl l;~trr."I'hcsc. clut.stions. ha r ing  on inttwla- 
tiot~;rl rt.l;trions rn spict* itpplic-;tlic:~ls, arc h.)otlci the wcqnb of this Lww>k. 

l'llc I L I I L I ~ ; I ~  ;trctlit for it~tt*r~l;~tio~litl ~(~) jwt- ;~t io t l  in sp;a(.t' ~ ( i c ' t ~ c , t ~  \\.;IS 

t11;tt ol tile. l~~rerl~;ttiot~aI <i)unc.il of Sc.ic.rltiCic. I 'nio~ls. which t ~ a d  slwm- 
sortul tht. Intt.rnitti;~~~;~I <;coyh)sic,~l Sc..ir. .is ii~igtlt Il;t\t. lxu.11 t .spt~c. t td ,  
lc;)' spit\v~ltut :i 11tt111t~r of i . o ~ t t i ~ ~ u i t ~ g  c~c~t i~~i t i t~s ,  li)r \vIlich slwc,i:11 t.on1111it- 
tcu.s \\.crtB fo~mt~cl, sitc-h ;IS ttlt* Special Ii>oln~ittcu. SIN .-\nrarcxic. Kew;rrch 
; i l ~ c t  the Sin.(-iitl Cornn~irtcu. For Occ.;trtog~;t~>ttic Kcsts.~rc 11. :\tnong tIlt*rn w;ls 
ille (i)tntnittcu. on Slutc-r Kcscarc.11 ((:OSP:\K)." 



For a brief period substantial difficulties loomed. Miffed at the high 
proportion of Western representation on the commit tee. the Soviet ZTnion 
chaw to introduce political considetations into sessions of the nonpolitical 
COSPAR. At the March 1959 meeting in The Hague, Prof. E. K. Federov, a 
tough. hard-line negotiator, showed up instead of Anatoly Blagonravov to 
represent the USSR. Federov's insistence that not only Soviet bloc coun- 
tries, but also the Ukraine and Byelorussia, should be admitted to COSPAR 
as independent members evoked a general consternation. American attcn- 
dees pointed out that this was like asking that a couple of states like Texas 
and New York be members in addition to the United States. 'l%e commit- 
tee would not go along, and Federov read what was apparently a prepared 
statement that under the circumstances the USSR would not be able to 
particip,tte in the Committee on Space Research.'@ 

It looked as though COSPAR might have to proceed without the par- 
ticipation of one of the two major launching nations. But the Z1.S. delqate. 
Richard Porter. put forth a counterproposal that any nation interestd in 
and engaged in some way in space activities could be a member d the 
committee. Porter's motion was adopted. paving the way for admitting 
Soviet bloc countries. Also the committee a g r d  to accept on its Executive 
C~mmittee a Soviet vice president and a IT .S.  vice president. thus assuring 
both countries of permanen1 positions on the executive body of COSPAR. 
With these compromises. the Soviets did nor pull out, and for future meet- 
i n 6  Bla,gonravov returned as rhc Soviet representative. 

There were two kinds of membership in COSPAR-representation 
from a number of interest4 scientific unions. like the ITtlions of Geodesy 
and Geophysics. Scientific Radio. Astronomy. and Pure and Applied 
Physics: and national members. Tht. former provided the ties with the 
international scientific organizations. But the ultimate strength d COSPAR 
lit! in the nrrtion;tl memberships, for. as with the International Ckv,,r.isi- 
cal Year. the indibiciual countries wo.:ld pay for and conduct trsea;cli. 
When itt the same March 19.59 meeting attended by Federov the I'nited 
States offered to assist COSP.4R ~nembers in launching scientific expi.- 
tilents and satellites, the future of COSPAR secrlled assur~d.11 

(70SP.iR met i ~ t l t l ~ ; t I l ~ .  varying the place of meeting to give different 
countries the opportunity to act as host. The sessions ronsisied normally of 
two pilrts. a scientific symposium on recent space science results or on 
some topic of importance to space xience.'2 and discussions of plans and 
problems. -1'o facilitate the latter, tvorking goups were established with 
appropriate represntatiotl from interested countries and unions. Perhaps 
the most 11ot;rble. and rotltroversial. of these was the group set up to look 
into undesirable side effects of spacc iicti\ ities &(.;itat o f  concerns in the 
scientific con~rnunity over possible compron~ise of other scientific activities 
b) spw-e resc.~rc h-for exrample. interfelrnce of radio signals from sr~rellites 
with ground-based radio astrotlom)-the International Council of .Scien- 



tific trnions passed a m i u t i o n  in 1961 calling on COSPAR to examine 
proposed experiments that might have potentially undesirable effects on 
scientific activities and observations, and to make careful analyses and 
quantitative studies a\aiiable to scientists and go\~rnrnents .~~ COSPAR 
responded with resolution 1 (1962) setting up a Consultative Group on 
Potentially Harmful Effects of Space Experiments, under the chairmanship 
of Viliram Sarabhai. physicist and later head of India's atomic energy 
agency.14 There were representatives from the two major launching coun- 
tries, Russia and America, and several "neutral" members. The president 
of COSPAR. H. C. van de Hulst, felt the constrltative group's task suffi- 
ciently important that he himself should also sense. The group pltinged 
into a study of such matters as the effects of racket exhausts on the atmos- 
phere and of high-altitude nuclear explosions on the earth's radiation belts. 

The purpose of the consultative group was initially scientific but the 
subject was hound in time to bring in political considerations. At the May 
1%:: meetings of the Scientifrr and Technicd Subcommittee of the Corn- 
 nitt tee on the Peaceful Irws of Outer SF. Soviet Delegate Blagonravov 
kept bringing up the matter of IT.S. high-altitude nuclear tests and the 
\\'est Ford experiment. which placed cloirds of tiny copper needles in orbit 
to tt-st their ust.fultress lor reflecting radio signals from one point on the 
,ground to anottier.'5 011  20 hlay 1% he delivered a blast against the Irnited 
Statcs, accusing it of fostering war and ignoring the welfare of the world 
and world science. His rernarlis were utterly cynical in that the Soviet 
nuclear tests had put nruch more r;~diation into the lower sttnosphere than 
had 17.S. experiments. ;\lso, cawful analyses of \Vest Ford had shown that 

il 10 astron- the metallic dipoles would not adversely affect ground-based r d '  
om);. a conc.ii~siorr that the Soviet Ilnion did not refute. Catitinuing to 
press the matter. on 21 May 1%Y B1;tgonravov submitted a paper ,>I> con- 
tamination of outer spice. urging that the Ir.N. cotnmittce ask the Cam- 
mittw on Spat.e Research to sttwiy the hartnful efft~ts of such experirne~r;q 
in outer sprtce.l6 Again the cynicism of the Sovit.t.delegates was apparignt 111 
that they consistetitly showed little interest in the COSP'SR consultative 
group and had a very pcmr attenciance record at its nreetings. Their greater 
coricern with the political issues than with the scientific aspects of the 
subject was apparent. 

The rnost persistent task of the consultative group had to do with the 
protection of the moon and planets from biological contamitratiorr. If there 
wils life. or evident-e of past life, or evirieticp of how the chemistry of a 
pl:~trt.i t-\olvrs tow;trd the foniration of life, on ;any othcr planetary body, 
life wicntists wanted to preservt. the opportunity to study that evidence 
~~t rco~~rpro t i i s t l  by an! form of terrestrial contamination. 

In this m;rtter the co~~sl~ltative group hy no Inearis hitci to start frorn 
scriitch. .Ss k r  back as 1956 the International Astronautical EPdcrarion tiad 
begun to worry about itrterp1anet::ry contiitnitratioti. Sptrtnik I called forth 



similar concerns ill the Z1.S. Academy of S<-:ences, acd on 8 Feb1;:ary 1958 
the academy passed a resolution urging that "scientists plan !mar  and 
planeta?!. studies with great care and deep concern so that initial opera- 
tions d o  not compromise and nuke imjx)ssible forever after critical scier- 
tific experiments." Lloyd Berkner, president of the I~lternational Council 
of Scientific I'nioas, c;irried the resolution to ICSIT, which in March of 
1958 established an ad hoc Chtnrnittee on Gmtamination by Extraterres- 
trial Exploration, with h!:!arct.l Florkin, Belgia;l biologist, as president. The  
corn~nittee deveioped ii cwle of conctuct for space ti~issjons arid continued 
for a number of years to work and advise on problems. The  COSPAR 
consultative group inherited the mantle along with the work and thinking 
of the ad hoc committee. 

l-tle ai11.s \\.ere siinplt=, but the ~roblems were exceedingly coniplex 
and difficult to resolve. One could not ask for 100 percent sterility In plane- 
tary and interplanetary spcwraft. To seek such an ~itlachievable goal would 
be prohibitively es:xnsive. I t  \\.\.as necessary. thrrcforc.. to ctrai with ~ r o b a -  
bilities. and to seek lo keep at an acl;eptably low figitre the probability that 
planets of interest tnight be contatnltlated. 'I'hcl xieiltists hati to work orrt a 
cornpromisc~ bt\\,een asking for so low a probahilit!. that (he costs of engi- 
neering spiite<.mft to prescribed stant1;rrtis woi~ld tw forbiddingly high and 
allowing so high a probability that the c.llances ol con1pro:~1ising scientific 
research werc too gieiit. I'nforttinately. its \\-iih Inany questions dealing 
tvith probiibilities. there \verc a great :il;rny aprnions as .r. \\.hat probabili- . -. 
ties wtBrc reasonablr ant! as to ho\\  to go about t l ~ e  t l t s ln t~r ing .  ~ ! l e  
irtterminable disc.ussions 01 thv scientists t\..:.rrt. a vesation to tl1e ctlgineers 
tcho had to translate prpscsikt standards into eng:nt>ering cviteria. All in 
i111. i t  ;I dt.cade to agree 011 art intcrtlational set of objcc-tives. ;It its 
12th plenary session in Praguc, 1 I -2.1 ;CI:ty 1YtiS. ihe Gomnlittee on Spare 
Reseitrch .e;iffirmed the b;rsic. objrcti\.t. of keeping tiir proi)ability G I  con- 
taniinating Mars and other planets at or 1x310t\. one prit [ i l l  a thotisand for 
;in ;~ttticilxtted pcritni of 1)iologic.al esploration. '1'11~ jwritxl was tiikt.11 to 
1x 20 sear-s, c.stt.tldi11g t l ~ ~ o u g h  1'3HN. tiitring whit-h ptxritd it t:;is cstitv .tcd 
that apl~rostinately 100 rnissions ivoulcl 1x1 I l o ~ \ , t l . ~ ~  

Keclt~ii-c~~ic.nrs it.c.1.t- inorc. easily stated t i ~ a n  ;nc t. I 'tlsrcrilir.ed sy,tcr. 
pro!wsr~teati t to f l y  1,y planta~s i 11 !he j ~ ' r i ( ~ 1  cc:r~c.ci-~ic.d :l;tct to 1)c so a i tned 
111itt I llrir t.ol~~l)itl<>ci ~ ~ v o l ~ r l ~ i l i t i e ~  o f  hi t t  i t ~ g  itt~ti t ~ i ) i ~ t : ~ ~ l ~ i ~ i i ~ t i t ~ g  tht. p1;itlt.t~ 
shouli! ~rniait .  within thc .;t:~tctl l i~nit .  ;~.lso, sp;~ct-(.t-;ift :0 1:inCf o : ~  it plillltst 
h ,d  to !XI so drsigtlt~ct ;i!lcI trr:ttecI-l)v rs;,osurc to lethi11 ~xii;itions, rhcmi- 
c,t1 clc~iinsilig, <)I- heating-that ;ig;iirl the c oint)inetl probabilities ot pro- 
c!i~c.it~g (.o~it;i!nitlatiort lor ;ill spitcrt-r;tft 1;111driI dtrring the peritxi sllould 
renl;ti~i it.ithil~ the cstal)li~hctI limit. 

Opitlions c1iffert.d c.onsidc~ral)ly ;IS to how the c\.o' ing rct~uiretne~l~ts 
stlould be triuis1,ttc.d into crigintr.ririg c.riteri;~ for tht* c.onstruc.!ioti and prW- 
essing o f  si);~rt*craft. 'I'hr I'nitcd States tried to f;tc.ilitatc. tht. dibc-tcssion of 



this mnplex subject at COSPAR m i n e  by describing in derail the pror- 
essing of its spaamaft. The %iet C'nion, on the other hand, cmsisuntly 
refused *o giw details, saying only that it WWM decontaminace its space 
d t .  This refusal to participate openly generated considerable uneasiness 
among scicy~iists f m  the 0 t h  countries, for proper p r m m  d Ihe 
planets fm contamination could be achieved only by the full cooperation 
of all. Lax- on the pan d rndy one country coukf vitiate the efforts of 
others to presen-e this scientific opportunity. which oncp Imt could nnm 
be recmp~ed. 

The t'yited Sntes -.t many millions d dollars &doping materials. 
campments, and techniques for producing p l a m v  spacerraft that w-ere 
as close to sterile as &bk. One had to a c e p  on faith that the C'SSR bas 
doing the utne sort of thing. But when it came to the moon. after some 
initial attempts to develop smk or nearly sterile spacwralt. a malt m in. 
The esut=mely low- probabilit? d finding any lunar life, or of propagating 
any terrrstrial life deposited on the moon. led ?:.IS.-\, vigmoudy suppcwutd 
b! the jh\sirists. to insist that "cleanliness" as o p p d  to sterilit: was 
enough. .\ithough the life scientists objerteci. this pol* w a i l e d  fw the 
moon. 

Such were the problenis talimi up  in the taricwts CBSP.\R working 
groups. although most probiems did mw habe the dram.: associated with 
t?mn that those of the cc#lsultati\-e group dispta?-ed. 3itember-s dc\ploped 
plans for cooperative metmrolagical programs. solar studies including 
eclipse espditions. .&tic nbser\atims. and the iikt=. But. as with the 
Intrmatianal Ckoph?sical Year. it t\-ould be the  member nations that wouki 
caw out the  planned prognms- .lcrordingI? mosr actual cooperati\x- proj- 
eas took place t ~ \ ~ e e n  pain or snuI1 groups ~f nations. 

-1'hat n-as how mtht d Sd4!!i.l's i~~temational pragam de\~Ioped. .& 
has k n  seen. .\;.Is.-\ quickl? became i n ~ o l v d  with the I'nited Sations 
and the Cornrnitr.~ 5yrrcr Research. But those send rltore as a back- 
drop than as the are1 for S.-\S.\'r international actit-itics. B? far the most 
frrqtaen~ arran,qement was a bilateral one hetis-een S.A3.4 and a counterpan 
asenc? in anor her countn . sometimes \s.i th J cowring gmemnwnt-to- 
gotcrnment a.e;reemrnt. The State Lky3~ment provided guidance and a 
considerahlt. amount of assisram and in the dealin.gs with thc C'nited 
Sations tooh the lead. But esFpi  for C'.S. matters. S.lS.4. while k c ~ p i r ~ g  
contact with the State Deyartrnent. wac p a t \  much on its own. 

The \ariety d the program \\-as remarkable. By lS9 .  .iS nacicH1s plus 
the European Preparatory Cmmivion  for S w  Research were engaged 
wit.1 S-4SA In iarious spa- acti\itics.'* -I'M-em?-four HTW helping with 
o p e ~ a t i m l  support to SAS.4 missions through the Minitlack. Mercury. 



and Drrp uadring nnworbs; the optical tndting: mwortr inturitcd 
from thc Intenutional Geophysical Yrac the \dun#rr ptqgram d sad- 
l iu obsmations called 111iy)nw.atch; and dam acquisition. Assisturc varied 
ail the way from simply pnn.iding the real estate on which to crrrt and 
-ate ground stations, to assuming a substantial mptmsibility for their 
d i n g  and operation. 

-Ihiny-fwrr nations were working with S A G A  in mopcratitr projess 
using satdlitcr. sounding d a s .  and ground-bad bar& in mmodogy 
and communkathms. -4s in rhe I'nited Nations spacr committrc. many 
nations tyrcsscd a PI rmd for scientific and tertrnical training rrhtcd 
to sp;rce. By 1962 IS fOtri.gn R t ~ h t  Rc5earrh Associates wcw at S.U.4 
ccntcrs. 3 foreign srudcnts rrm king traitmi in .%mmicdn uni\vnilics 
under X.U.4 spasorship. and IS emginern or technicians rzm training at 
K.4S.4 cmm H ground s t ; l t d .  Visitors from 42 countries plus tk Euro- 
w n  kcparatory Camrnish*:~ had comc to e q h e  their intcmts in thc 
w't program. B? the 1973s 41 tnuntria rw intcmatirnal qantrations 
\*.err c q x m t i ~ r g  in wme form with S.SS.4." 

B? the timc Drputy -4dminisuator Hugh I3ryk-n. ,W Frutkin (who 
had bffmrc had d S.%'i..\'s Office of 1ntcmalicm;rl Programs). and the 
aurhor jaumeyd to .iachcn in Sqsembrr IW to a t t d  m i n g s  d Ihc 
SXI'O .Wtisop Group ftx .Id~3-anrPd Research and Derrlopmmt. the 
~ d e l i n t s  for S.Vi.A's intenrational activities wprp pretty much in mind. 
I W -  were refermi to time and again in disc-ussitnls with druens d scien- 
tists froll~ the dilfermrt amtitries who un~ght cmt the S.\S.\ people to 
e x p k  ways of pnk-ipating in the spcv Wcyprn. In any twoyerati\r 
yrojax that  might brlop. the .guidelines called for: 

kSigna~itm b\ each participating gwrn~\~ntnt d a cmtral 
for the ncgariatitm and supen isirm d joint acti\.tics: 

.Agrw~nent on specific- projerrs rathrr t b n  .qpneralimi programs: 

.\ct-qance of fiaintial mplsibilitv bg a c h  participating nnlntn 
for its own c mtrihuticms to jrwnt prcjrrts: 

.\ h a &  lam virtuall? t k  WIW: gi~idt.li~m wet- still in fortv.* 
C~nerall?- t k  guidelines w m  rcadily accputd. Chtly the third. calling 

for no ox~han.ge (d tunds. tuu,~skmi sonw exprrssions of dismay. .\ccus- 
to& to bring filndcd b? the I'.S. ftw a variety t i  thing. some had hcrptd 
that t h t l  m i ~ h t  br supported in spac-c mart-h  by ..\merit-an dollars. But e 

frprierr a d  Fri~tliin p~ in t td  out t h a t  a project in which a c-ountp was 
willing to inxest wnw of it5 own rnrmt->- was more liliclv to be d ,gmirnrw 
inten?ii and mliw than one that was undertaken simply befause *cv,mcnne 



else was willing to pay for it. In time the policy cam to be axeped as 
natural and prop. and in fact a w  C ~ U M  sense-possibly because one 
wished to-a seater feeling d satisfaction and pride on the pan d those 
who were paying their own way. 

~Ilm was a derided difference between the East and the Wesl in space 
rxxqm-catiot~. By far the wa te r  pan of NASA's internatiaul progmrn was 
between NhS.4 and \Yesten\ cuuntries. WhiC some roopcratiw projects 
w.ere a& upon betw'ppn Bla.gonravov and Dqden. which #-ere confinned 
by the two govanmmts, thcse were d v e ~  limited scope. X ~ O C P Q V ~ ~ .  in 
Soviet-Anmican roopefation during the 1960s it p d  gviwrally imposi- 
ble to xhicse the kind of ~X-IIIICSS atwi f d n  necessary for more than 
ann's Imgth rebtions. 

.-\ siwblr pmicti  o l  S;\S;\'s c-wpnatnu programs in the first decade- 
that is. p r v a n i s  with mhrr cwuntrics in pursuit of common objmtives. in 
< ontraa to a-tivities like the o p r ~ t i o n  of sateliite tracking slations that 
w w a  purely in stilyxwt of S.lS.4's own progtam-was devoted to space 
scicnc~. 'I& t;uit rwognition that this would be true c ~ n  bt= seen in the 
guidelines c-it4 earlier. which were oriented toward scientific projects. 
I'rder t k  .guidelines. which \ v m  siiftic~t~tttlt. flexible to admit of ia  broad 
r.in.ge of c-aHtea\c~~. man! different k i ~ d s  of cooperati\r projects sprang up. 
.l k w  ewrnpIt3 will illustc~te. 

Soutding rrx-kets wcrc 3 p ~ p u l a r  medium for entering into space 
u-ienc-e. The!- were incxpnsive. handling and lautlching them was sirnpie 
c-oriilxircri to the 1ar.w lail~ich \vhicles. and they affottltd the m a n s  for 
a-a-i~niplishing u m c  si.qnificarit -arch. .As more than a decade of ww.i~ih 
in the I'nittri States ;~nci tlie I'SSR had sttmvn. wunding rcx-lit*( c-oirld bi. 
uxd to .ttt;tck problc~ns of the attiiospht~re and ioncaphere. the maplcto- 
sphere. sohr physics atici astrotitmy, cxxmic rays and interplanetar?. phw- 
ic s. i~rici biolc~?. Supplct~ienting the I'.S. ard Soviet rangt'5. including ttiat 
;at Fort <:tlurchill in (hnada. throughout the 1% new soundi~ig rocket 
c111g:rs .tppartd arou~id the world-at \Voomeca. ;\us~r-lia; Sardinia in the 
hlcxli tt.rt-anem; ;\;\i~ciii\ .I. Sorwity ; Jokkrnokk, l i ro~~sdrc l .  it lid liirttna. 
Swtrien; Ch;amic;al. Argentina; Sitwl. Br~rii: Hiammaguir. ;\l.geria; liouroia. 
Frr~ic-h <;uiana: ' l 'hr~tnh. India: Soti~iiiani Beach. Pakistan; and Huelva. 
Sptin. 

. i t  ttic wnie time S.lS.4 joinmi with other countries in a variety of 
cc~~prristive rc~-kt*~ ~~ttnditi,gs. sonit from 1'.S. rianp's. others fnm ran,- 
ovrrscts. For exitn~/)lr. iti .\ustralia it1 s he fall d 19151 trltrirviolet-astr~no~ny 
tgslx-rimcnts ustd  he British Skylaili rocket to obtairi data on the southern 



skit% to cx~ri~ixtrt. with ~ i c w t k n ~  hcnrispherv data. Dt~ritig 1Wl a ~ d  I S 2  
S:\S:\ ; t r d  the ftaliati S;xrer fi~tiimi~sic>n c~tuqx~rrrted on a scr-it?i o f  rmkcc 
firiri~s it1 kirtliliia to ttlcasurr upper atriiosplrcric t+ iticls by tr *<-king glow- 
itrg t.!t)tKis (rf ~ ~ m i i ~ t ~ i l  v;tImr wlt*;twI at ;rltitt& fnwn thc rcr-krts. 'I'hnlugh- 
out the I W s  and into the 1970s I;ru~ichiti.gs ;at .-\ridiiy;t sttdied the aurcm 
a td  also tlw itwuwiplmu \\.ithit1 a ~ d  the ;tttre~il nnic. Fnwii titiw t a b  tirne 
tlicre \vt-rts sp-tial espxlitions. like that to <Lt~sitlo. Rr;itil. iri S i ~ v e ~ ~ i i x r  
IW, it1 \vhic-I1 17 ~irnwicling rtw-kets w m  firtxi to in\estiaatc solrir s - ~ t y s  
;tnd tlic t*llcu-t of tllr solar w l i p  cd 12 St~vesil~*r I!W oil thc c:rrth's u p p r  
;trt~ic~pkerr. (kc~;rsiotiiaily siiips w t w  trmi, as with tht* wlhr t r l i p  csptdi- 
tion to ;r s p t  titl;tr Ktrtwii. C~rtxx-t*. ill May 1%. ;Ill ill ;ill. by thr ts;trly 
1!)7% sottie I!) c.outitrit-s spttiaing tht- glolw lt.id c t i~ t .gd  \vith S..\S;\ in a 
~ m ~ i t ~ - r i v c  IW"is;ttii of sotrtltlirig rrxlit-t rtm*;trc-Ii. tiita.11 cd \\.hied rcxluimi 
tlic slx\-i;tl gtulgt;rphic- Itx;ttir>tis ;tffortltul hy the ciill;-rt.t:t r.~tigt?i." 

I'hro~tglio~rt the I!Mi4h tht* I'riittrl Kitigclott~ ;also c.crywratcxf \%+it11 tht. 
I'nitcxl Start3 it1 cotalic-tirrg u~ttticlit~g tcu.kc3 csiwtittic-t\ts varitr~rr Lw-a- 
t i t ~ t t s  ;trorttid tile \vt)rlti. Httt tlic x ictiti(ic- sttcllitc c-xcrttxl it11 t*\t*ri gre;ttcr 
; r t t ~ ~ c  t i o t i  t1i.111 tile sa~ttticlitig tcn Let. .rt:tl ttie c t ~ t t t ~ t t i t - .  tli.rt torrltl .riiorel i t  
qttit.kl\ ; I I ~ N C L ; "  Iitd S;\S.\ \villi ide.13 for r c~opt.tati\c- st t t . l l i t r  ~,t-t*jtr ts. 1'11c* 
I'nittul lii~lgtlotri w;ts .rtiloti!: tllc fitst t o  w h  s~rclr tc~q*.r;~tiori. ; r ~ i t I  the 
[..ti. s.rtcllitc+ . i t  i d  2 ~ . t s  !11c ii~-+t i~~te*tr~.rtit~ti.tl s.rtcllitc~ 111.11 X;\S:\ pttt 
i t i t r ~  o r  bit-c~n 4i :\l,t r l  I!hSL'."" F.\cI \ It.\\, \t*;trs tt~cte;~ftt-t .~clditic~ti;rl ;\rit*!s 
iolltn\~txi. tlit* ft~rttlt gt~ittg i t i t t ~  r t t t > i t  fro111 t t t t a  \\+t-itt*tti 1-test R:ltlgc iri ( d i -  
Iortii;~ o t :  1 I Ihu t.~tlt*.t 1!#71. 111 ;rdditit~ti. Hritish c~sjm~t-it~rc.titets \vcSrc sttc - 
c-t+ssfttI i t r  t t ~ ~ t ~ ~ w t i t t g  iot s1~tt.t. o t i  I -.S. sate-1litt.s. Hv 1975. 13 Ht~itisll u.ieti- 
115,s l1.1d pttt tqwritiic~lt-+ o t i  FxpItbrt-t~: OII u>l;tr. qtuq>h>sie~:tl. ;~t icI  ;tstro- 
t r r ~ t : t i ~  ;tI t~l~w~t\, t torit~: ;rt~cl t ~ t t  Xitt~l~tr\ \vc*irtlit*r s ~ t t - l l i t ~ ~ s . ~ ~  

S.\S:\'s . ~ s s c w  i;rticttt \\.itti tlrc. 1 'ttittxl liitigtfoti~ \\-.I> I \  picitl of ~ti . t t i \  of 
tlic it i t t*t  tt .rtioti .rI t-t~*~wr:tti\c prtbgr;rrti% 1x1 11i;rt I n  .rtl(I l;trgt- tlic~ 8ritisti 
e\lw1 itiic.tits \vcte pririi;rt il\ o f  ititt-rt*\t t o  HI it isti x ictltist\. I'hc ti~ttttr;tlit\ 
o f  ir~trrt\i w.ts tt~ctc. ot totttw. .t~itl X:\S:\ cotisicit~r~txl the l ' . K .  t ~ s ~ ~ ~ t i t ~ i c ~ r i t s  
i t )  In. .I \ . r l t t . r t ) l t~  \trlq~lc~trc-t:t 11) I '.S. -+pr ( . t a  wicsnt r.. Httt  tht. iorttts~~lit~rit- 
tt-w;rrt It co~icltu tcul it1 the (;tti.tdi;t~r .irtt.llitc.\ .\lotrcttc* .ttid Isis \v;ts Itlore 
itititt~.trcl~ rt'l.rttuI t o  tht- S;\S.\ ~)rc)gt;tm. 

FOI .I t i t t t t* .I t.rr.c \\.;I> ~ B I I  I*.tt\.cvtt HI it;riti's :\ric-l .ttitl ( ~~t i ,~ t l~ t ' s  .-\lot~t-ttt~ 
to u'c. \\.llir h wt~uld I*. tlie lit st ill orbit. ;\I icl \ v t t t ~ ,  ;tr~tl .-llorcrffr I lolloi\~tui 
ti,tlt .I vtS,rr I.ttt*r. goitig i t i t o  ;I ti(.;rrl\ ~ M B I ; I ~  ort)it M B  t1i.11 its t t *voI t t t i (~ t i  .~tx>rtt 
tlit- ta;tt [ t i  \ \ x ~ t r l ( l  I N  ittg i t  re~w.ttt~llt 11) t ; t t ~ g r  of ( ~ r ~ ~ ; t t l i , ~ r ~  gt-e~tttitl st;ttit~11-..2~ 
(h~t .c  i t i  o t  t ) i t  .\lc)t~vttt- ~>~tn.c~tltxl t o  v>t.tI)list~ .I rtu.orel t iot its t iti~e) oi I0 
\cats o f  stac.csslttl t)1*.r;ttio11 on otl,it. 



'I'hr ttiajor p t t r p w  of thc Alc,tn=tte eaperi~llc~rts was to investigite the 
innosl~here. prtici~l.trly by 9ounciing the iarrosphert~ from above. Follow- 
ing thc cspcritnchnts of Breit ;tnci 'I'ttvts in lY21i.?~io1~t~pIlc~ric sonndings 
,lad hv11 mitde from tile ground by sending pu lwl  signals itpw;trd and 
rty-onling thc rvt un?t.ct signitl on f i1111 ;IS ;I ftttlctio11 o f  t i ~ n e  after the init ial 
trirrnt1~issir)tt. .l'ht- efftu-t of the io~tosphere Wits to sprritd the rcflwttrl sig- 
nit1 out in time. ;tnd Irotn the sh ; tp  c(d the rettrtat.ct signal oat- tr~ttltl *%ti- 
m v e  iotwaphrric. he~ghts and ionitittion intrrisitic-s. Bttt the i tpprImst 
rtxic~ns of the iot~ospherr cotilcl not I*. soundtxi frtbtn this q~f0t111ti. .also. the 
I-o~nplt.sitit- of tht. ione)sphc.re ibf t t .11 prtnlrr:.tui c.c>nfttsing signals. ;tnd 
cslwrin1enters hoywul t1l;rt sot~nciings fro111 alu,ve wc,uld help t o  resolvt- 
was. of tht. at11higrlitit-s. 

.!'his iatpwt;tat rw.ln-h lit? at tile hc;trt o f  S;\S;\'s plass for stttdyiag 
thc iont>splwrc.. Sine e the < 411;diitns proln,w~i to clo it. S.\S:\ u-ientists 
prcnwxlcri t o  build thtbir o\\.n ionc~phcrit- prcxl;tm i~rotrnd that cA <';tnada. 
.I.IIC <>t~~;tcli;tti \vork thtis t l o t  111crr1\ s r ~ ; ~ ~ ~ l t ~ t t ~ c ~ ~ ~ t ~ l .  but ;I(-tuiilly sttp- 
p1;1111cxi ~c.~.;trc-h III;II S:\S;\ x ientists \\-otiltl othcr\\.ist~ l~ltve do~rc. In 
~ncbt~t.t;n\ tt.rars thc* <';tn;tdian co~l t~iht t t io t~  t o  IIIC iot~ospheric. [H~. )~~ ; I I I I  

irtvtl i c b r l l t b  tctls o f  ~ i ~ i l l i o ~ ~ s  o f  clc)ll;tr.; th;tt c-oukl In. tiad on other 1,rojt.c-IS. 
hlortr~\t-r. tht. <itn.uIi;~n tc.r.;i~t ttcbrs \\.orki~lg ~ I I  . \ l o i t t b t t t b  ;tcIdtui t o  tht- total 
c o ~ i l ~ ~ t t - ~ l c ~ c ~  01 tilts itbtli qbltcric tt.;1111. 

Follo\\.ing .I st~o11d .\lourttc. it1 Sovt.mlwr o f  I9i.5. <~tr~;tti;t ; ~ n d  thtb 
I'~literl St;ttc+z 11to\cx1 c b t t  t o  I\is-It~tt.~~~.~tiotlal S;ttellitr f o ~  lotlcfipheric 
Stti~lit~s-;III i111prgbvtui s ~ t e ~ l l : t r  III;II \votiIil t~;trI-y thr topsieft* i~t~~c)ipl~t*ric 
\o~t~lcIrrs p l t~s  21 lo 10 ;~clciit!o~l.~l csln.~iitlr.~~t\ fur~lislnul I,\ IXBIII <in;tdirt~i 
;t11t1 .\III~'I-~C;III ~ . i c~ t t i s t s .  l'ht' fils1 Isis \\-tatlt ;110ft 011 30 J . I I ~ ~ ~ ; I v \  I!%!) into ;I 
1nbI.11 orl)it .  111c wu-cmd O ~ I  31 hl;rrc 11 1971 i t i t t b  a nc.;lrl\ lxbl;tr orbit. 

<tn,ix't-;ttic~~i \vilh J;II';III $\.;I\ o f  ;in r .~ l t i r t ' l \  cliffc.rc.nt c.t~;tr;~c-tc.r frorn 
111;11 \\'it 11 ~ i l ~ ~ b l ~ ; t t ~  11;tl lOll\. . \ ~ ~ f l O ~ l g ~ l  111t'rt' \\'tbI't' 1ll~ill\  i l 1 t ~ ' 1 i l l ~ ~  ; l t l t ~  

ntr~c-I1 d i ~  1t\\io11 . ~ l x ~ r ~ t  I c w  qx.t;tlion. i t  g1-;1~1tt;tll\ lnu ;1111r ;tp1);i1r111 tIl;tt  tht* 
l;~p;tnt'w* \\.c.~t. f i t  rnl\ c~o~tli~~ittcul. t '~~lo~ic)n:t l l~ as \\.ell as ~w)litic;~ll\, t o  
t l t ~ \ ~ * l o ~ ) i ~ ~ g  :i  XI( t* c itlx~l)~; i t \  fa 11 111r111st~l~c~i .  U t ~ t  tlir ~ t ~ ; t l i / ; t t i o ~ ~  1)s ?;AS:\ 
\t ictlli\t\ 111.11 t I l i \  (oillltlit~llc~tl t*xi\ttr1 c ;IIIIC. o111\ ;tfie~ t~x~c*ti \ i \c '  eBx( I ~ ; I I I ~ ~ - +  
e t t l  \ X I  icw\ ~nwhil,ilit ics o f  \VI*I kill!: togcthrt . I'hr iir\t i~lclic ; ~ t  ion o f  ln~sci- 
I ) ~ v  i~l tc .~t . . i r  ill tcx~~x~t;tti\c. ~~rojet-t \  c ;lriic. f t o r t t  sc~rttc csplor ;~tc~\  cliu t~ssic)tt.i 
o f  \\'iIlii1111 So~tllwrg ;111il \ \ ' i l l i ; ~ t ~ ~  Strmitl o f  the <~(xicl~trcl S1xtt.r Flight 
(i.ntc.r with J .I~LIII~*U' u ic.rrtists. 1'11~ S:\S:\ sc-itbntisti. tr.110 itt 111c.ir prc- 
\iotis ln~s i t i t~ t~ \  .I[ ttic. .\rtrt!'s Sigt1;tI Fti~i~ttr*rittg 1rtln)raroric.s in Sr~r- Jer- 
\:.\ h:td ~>io~ttr.rt-d t t t t .  rtw o f  gtt.ll;~tlr vaplo\ion\ ;II higli altitt~clc t o  r ~ l c - ; ~ \ -  

tlrc I I ~ ~ ~ ~ . I - ~ I I ~ I O ~ ~ ) I ~ C * ~ ~  ttc*nllx.r,lttirri. 11;ieI ;~~t~tt.icul tht- ititt.rrst o f  J ; I ~ ~ I I I C U >  
\c.ic.rtr is[\ i t1  tl~cb ~ ~ t * * i l , i l i t \ .  c ) f  ;I j o i r l t  I,tcbgr;ltn o f  ;rtrlic)sl~hc.ric rc.u.;ttr.t~ 
I I \ I I I ~  \ebiii1(1111g ~ t w  kcat\ C . I ~ I ~  ins  g~e-t~.tclt~~. UII I  t l i t- t  II;I(I , i l \ o  lcit lilt. i111- 



pmssicwl that NASA ttright be willing to furnish futtds to the Japanese for 
the work. NAS.+ Headquarters was somewhat c m b a r r ~ d ,  since the 
policy not to exchange ftmds on moprrrtiw projects had already been 
established. 

Firwe. however. there see!iwd to be cunsickrrrble Japttesr intemt- 
abbe a t d  beyold the grt-nak-rclrket work-in the p i b i l i r y  of c m p  
erating on space prtljtu-ts, the airthor visited Japan in May 1960 for a wries 
of cnnvrrsaticnis with wie~ltists a ~ d  dministrattxs. Professor H i b  lttr 
Lawit cd the lit~ivmity d Tokyo shu\vcd sonre cd the prcqxxs that hiad brtvr 
nude in developing J a p n a e  sounding rockets. Starting with Pencil. a 
tiny rocket atxbi~t 30 cm long anti 2.5 c-m in diamtrer. and ;I niiniztuw 
launching rrrruqc no b i w r  than some Anreric-an kii yanls, the engi~wen 
h d  tx-o~dtrt-td horizontal firiti.gs. testing sn~li-sc21le lautwhers, multistiage 
ronlbinations of Pencil. and techniqim for rpc t t i r rg  strtgei during flight. 
From thee exylc~-ato,n. tests rngintu.rs had gtww 011 to largvr rcrkrts. which 
is-ert* bring flown from a lairnc-hing pad at .\kits nn the \vt.stern c-wst 
facing the Sea of Japan. In step by step fitshion. the? p1;tnrltui to work up  
tc) tht' tntrltist;~gt- krplxr. L;rniki;t. and 51i1 rcw-kcts. sonre of which \vottld 
t'vt*ntii;tlly t-rrprblt* of puttitig s~tellitrs into orbit. -1'ht' first objective. 
irowt8\rr. was to ~ M X ~ C K C  a r r l k ~ b l ~  high-altilirdt- sounding rcw-let .s 

Oa the ~x)lit ic-irl side wcrt. estt.nsive c ~ o n v e ~ ~ t i o n s  with ntembrn of the 
Sc-icnc~ ;lad -1'tu-hnics :\gtbacy. hli~rister S;rk;tst~nr. he;d o f  the ;igibnc-y. \\.;IS 

most cicsiror~s of \\.orking ot t t  w~irt. kind of cc~~pri t t ive .tgrturncnt, and it 
stu.nt.ci as tho:~gh a grtbat cia1 of pstxrtxs wt-rt' k i n g  111;ide.l; Silt)SC<)t~~trt 
c.on\-erwtic)tis with Professor tIatrtnak;~. astrorroaler ;kt tltc t'nivtbrsity of 
'I'okyo, ;lnd other scientists. hosvrver. rt-ve;rled th;rt Japtn \\.;IS torn by 
ititt*rti;~l slrife betrvtvn the Sc-it.ntr ;rnd '1't.c.hnic.s .\.genr.nc.y .~nd the uiiiversity 
c.otntrrirrrity. which .tccordtl its ;rllegi;~nt-t. to I hr hlinistry of Educat ion.?" 
I t  strddcrt ly  bt.ramt- appwrnt that S;\S;\ t.ot~ld c.;tsil\- find itself in the nrid- 
tlltk. ;11rc1 otrc wo~rtiertxi \vIri11 t.ot11ci t ornc o f  I ire 1;11k> \\.itlr X;rk;~~nre i11ic1 
his ~n'ople. ;\s ir h.rp~w.r~t.ri, withi11 \\.ct.ks ;1ftt'1 tlrt. ;rtrthor hat1 rt'tttrnt.cI to 
\\';rshingrot~ Pri~ltr hli1ristt.r Kishi's govcrnnre~rt ft'll. S ;~ law~r t .  \v;ts our. 
;~tid n ~ t ~ t i a t i o n s  \vitlr J ; tp~n \verc WI ktc-k rltotrrc~~rl;rrily. 

.Ishe t;~lks. tro\\..c\-cr. tr;lti t.le;~rcui tht. air ;111d S;\S.\ \\.;IS in ;I nri~c-h 
kt ter position ro trnderstand the J a p ~ n t w  siru.rtion \\-hen drlt:yrltL I.)I~S Z(W)I~  

11rc.rt*;tfier came t o  U'ashington. The groitlid\\.ork 1r;ld Int.11 laid it1 -1'okya 
for ct~~prr;~ting on some wiotrnding rcw-kcst firi~tgs t o  cirnprrt- results from 
;\nreric;ln irnd J ; r p ~ n t ' ~ *  iiorrospht'ric- i~~str~lttrt'trls. ;111d ; I I ~  ;~grc~,t~rc'~rt \vts 
scrim c.oarpletcx1. I'he first lirirrgs rcnA p1;rc.t' .!I S;\S;\'s \\.;rllops 1sl;rnd 
Iircility it1 Yirgini;~ iir  April ;tnd Slay I?kil'. and c.ontitrt~t.ri in thc- ittttumtis 
o f  IWS itnti I%ti-l.'y Evt'ry tew !cars tht*rt-;tftcr tlrc I'trittxt St;ttc.s ;tnd J;llstn 
~(x~pcr;~ttxI err r(xkt't ~)ti~rcIings. joi~it filings 111 I!W ir~icl I!W ti~kiitg p1;icr 
fror~i the Itrdian r;rllgt' i t t  I'htrnrtxt. 



.-Ilthottgh J;rpatl might have -inecI wttwthinp: Imm a joint satellite 
project with the t!aittd States. Jirpan prrk.rml to go it alone. \+'cult cucl- 
titaim1 on ;I J a p t ~ t t w  I ~ I I I I L . ~  whiclc. ;uN1 on I I February 1971 a Lambda 
~nultistirge rc~.ker sim-~.t.sslitlly p l x d  the Oltsurni srtrllite in arbit. ~nakinp: 
J ; tpn  the fourth natioil-Fr;rnc.e had k a  the thint-to orbit a s;rtellite 
with its 0\v11 I;t~tllc.h vt~l\i~.lt~.~o .l'he I'.S. ;tssist;xI in rnrc.king Ohsurtgi il~tif 

cwher J Y ~ I I I W  srttellitc.s th;tt le)lio\fnt in 197 1 a t d  1972.51 

.Sm1 .\larco 

It;rl\ also u-ishid to Ivi~rx-h its ow11 .wtrllites. but was willing to use itn 
:\ntt-ric.;trr I.tut~<.h vt.hic.le It~r tllc purlxw- Out of this clcsirth Pro j t~ t  Srtn 
3t;trr.o \+;IS Iw~r~t. 'l'lw projtx-t w;~s cnnditc-ttd in three p h i t ~ .  111 the fir\t 
11h;tw ;ti) 1t;tli;rrt rta;rm. trndrr the s~tlwrvision ol NASA thngintu.rs. brt-a~nc 
f.taiiliirr \\.it11 thr Strwtr rtx-ker bs trtadtw-titlg subot-bital hir~~c.ht?i Ironl 
\\';~llops lsl;tnc! is :\pi1 ;tnct ;\ugusr 1963. In the ww-oatl phase the 1ctli;ttl 
tennl I;tunc-htxl tht. \;~tt-llitt. S ~ I I  .\lnrc.o I 011 a &.out I3 Ih~t'ltllwr 1964. itlw 
fro111 \\'allops 1sl;uld. For the tl~irt! ph;tw. thr prtjirr movtd t o  thz trxtst of 
Ktm\;t. \+.l~t*~-t- tht- lt;~li.tt~x h;td c x ~ t ~ x t t - ~ t c . t t t I  ;I l;t~tt~t-llit~g ptci it tow-itble 
l~l;ttlorrn of tht. kitlcl uwxt in dtilling for oil Iwtlctth tht. ckrati. LAM-;ttt.ct o ~ t  
tilt* tx111;1tot. tlit* S.111 h1;1tt.t) l)I.ttfot 111 \\.;is ;~t~t.t~t~rcxl o f f  ~ 1 1 0 1 t h  111 t t ~ c  111eiiitt1 
(kt-.~~:.  f It-I(. xi1 II ,\lnrt o 2 \\.et~t :tloft 26 April l!Hii. ;111tl .Sat) ,\larco 3 24 
.\IN i l  197 I .  t o  i~l\t*\fig;t~t- ttlr ;ttrt~t~spltt*rc irttd iot~t~sl)lic'rt~ ;tImse the t.;trth's 
t7]tt:ttt~l." 

l*ht- S.111 hl;t~cc) 1)I;ttfor111 t1;1d slxviitl ~i t111t~ 111 lll;thit~g it ~ x ~ s s i b l ~ ~  t o  
I;tttt~t.h ~ttc.llitc.s clircu t I! i r t t o  t~r l~i ts  ;ttx)vt' the citrth's trlttator. For this rca- 
~ O I I  S.4S.4 I ~ Y ~ I ~ I * S I ( Y ~  IIW 01 tilt- pI;ttfor~~\ for l i t~t~l~lli t lg ;I nutnber of t'.S. 
~ t t t = l l i ~ c . \ .  \Vi~ll c.t)sts tc*i~iit)ittuxt I)! X:\S.\. f~xplorfr.~ 42. $ 5 .  ;tntI 4.q \vturt. 
wtit 111) ~ I ~ I I I I  tllr p1;1tfo1111 III l!liO. I!Gl. ; I I I ~  l!)i2. l l ~ t -  fitst o f  thtw. t~ ; t t i l t d  

( 'lrtcrrc, t tic. S\v.thili \ \ . ( k t t l  l o r  l ~ t x x i c ~ r ~ l .  1~1cn11rc txt t-xc-it ing d;tta on ct.lcsti;~l 
\-l . t \  sO11tt~cs.'~ 
( ;rolctiii-Hrr.\r.ii I'roli'c 1.s 

Sot ;111 t.tn)prt;~tive l~rogr;~~ils in sl.rtc-c. M it-nc-c. it~\olvrxt ctircu-t ~x~rtic-i- 
1';ttion iri w ~ ~ n t ' l i ~ ~ g  rcwkets ol s1xtct.c r;~ft I;tt~~~c.l~t~s. hl;tny t-ountries c-tmp- 
t.~-;ttt-tt 111 g~o~t~~il-I~.twtl 1)tojcx 1s. ;I ~IUII I IWI  o f  1i.ttio11s t.(x)~wr;~tt~i it1 i o ~ ~ o -  
\))llr~-ic ~ t ~ t r c  11 I)\ 11l;thitig oi)w~-\;ttic)tls fro111 thc. grountl. to IR c c~,rctitl;~ttd 
s v i t l ~  ~ttcllitc c*alw'~itllt'tits. .I-\\,c~~t!-w\t-ti fort-igt~ st.ttiot~s in !3 cott~~frie-s 
p1lotogr;tphxt <;t:OS .11id P;\C;F.OS gwclc\tic. stlt'l1itt-s t o  hrlp irnprovr. rhc 
; ~ c c  tiria v o f  gt.cnlt.tit rr'\trlts. Ft;~tl(.r' i~tttic ilxttc'd \r-ittl XAS.4 in ;111;11>/itig 
c1;lt.t ~)l)r;ti:lcti In ttac-kilt!: Frt.nc.ti .tncl I'.S. gc.cuic.tic. attc*llitrs with 1.rsc.r~. 
S11c.11 g01111ti-1);twci 14~)~wt,itiot1 tv;ts t.\tva more c*xtt-t~sist* J ~ I  tht- .tppIic.t- 
~iorls .t~c;t, \vt~t.rc III:~II\ c e ~ t t ~ ~ t ~ i t - >  t ~ ~ ~ t i e * r ~ , ~ ) h  grot~t~ti-lx~stxt ol~~-rv;ttiotls or 
tht- .tr1.11\ si\ . t t ~ c l  ttst. of ,ttc.llirc. tr;tr;t i l l  nit-rtu)rolcig\. c ~ c ~ ~ l ~ ~ l ~ t ~ ~ ~ i ~ ~ , t t i t ~ ~ ~ s ,  attd 
c ~ . t 1 1 1 1 - t ~ ~ 3 ~ I t l 1 t c ~  311t\t-\ \." 



On the rierrtific side the outstanding exrrtnple of this kitd d c n q e r i a -  
tion has to be that asscwiatd with the analysis d farnples of the moon 
obtained by the Apollo astronauts. In the 1:nited States hundreds of wim- 
tists turned their atte~timi to deciphering from lunar samples and other 
Apollo data what c-ould bc learned about the moon its Migin a d  by 
inkrence a b u t  the earth. -Ihey were j o i t d  in these dfons by 8!3 prit~cipal 
invcbstigiatc>rs and more th i f r r  260 fiH-eign co i r rves t i~~tm f m n  19 d i f f m t  
coirntrirs. The c.oinvestigators were associated with kwh foreign and hmer- 
i c ~ n  print-ipl investig~tors. Frorn 24 countrra 97 foreign scientists took 
part iii ihe  lunar science confervnc-e lreld in Houstoti in January 1970; 90 
from 16 c-ou~~tr ie  attendd the 1971 cwrk.lunrr: and 108 fro111 15 cot~ntries 
plus the European Space Rtwarcb Org~nirrrtton -nie to the third lurlrrr 
science c r > n f e r r ~ ~ ~  in 1972.'5 

Fi~t a while the study o f  the lunar sirtirp1t.s made the investigation of 
the muon ;and planets appear like the hortrsr field in aietw. It wits ;I far 
cq frttnt the 19505. wht.n a ,gr.adilrtre student in astronomy who c c w i f d  
to an init-rest in stirdying the planers \*.;as inviting didt in .  . lhe big changt.. 
of course. wras the abunclance of new daw. Sonre idea of the extent of the 
change can br obtaintui by Irlw~kitrg at the alnrc~t overwhelaling nlass cd 
rt?iults published in the pro(xdin.q cd the liinar win= ~ o n f e r e n m . ~  

An c.ntirt.1y different c-limate a~n-ouridcrt the efforts o f  N.-\SX to c-cmy 
erate with the Sjviet I'niotr. In this rirst. t-onrpt-tition. 1w~l.11 of the <bid 
War. went far beyond mere riv;rlry and n~ilitarcd itgainst tht> free ;iod open 
cex*pt.r;ttion that was rc.;tdily pjssiblt. \vith iYt?itern coi~ntries. hfovc~t by an 
it~hercnt idt.;rlisnr. I' .S. wietrtists thought of c-cwqwc~tion in spctn science 
;IS ;I gcwnt means for rt~lucittg tnlsioa he~\\-et~n the two c-oiantrirs. w hereas 
the marts rt.;rlistic. Sc3viet st-ienris~s every 50 ofti11t tvo~ald have to p>int out to 
their 1'.S. colleagirrs that it w;ts the other way round. Inrim~te or l;~rge- 
scale ccmprrdtiot: would haw to a\r.ait the rmiution of politic-;ti difiict~lties. 

Nevertheless. it w;rs at1 .An~eric;tn trait to cling to the idealistic ap- 
proach, and sc-ientists made ~wrsistt*nt efforts to enc-octri~ge exc.han.grs with 
the Scnier I'nion." ;one of thtw overturtu. lrowcvc~. h r e  ;any fruit i ~ t ~ t i l  
in Ft.l~ru;~ry and X1;rrc-h 1WL Prt?ii&nt lirnntuly providd :I basis-not ;I 

very firm one. hut ;I basis t~evertheless-for exploring mort. intin~ately ways 
in which to ctnqwrate. In ;In csc-hangc of letters with Nikit;r Khrt~shthev. 
Chairm;rn of the <~unc - i l  of hlitristers of the I'SSR. lit>nnedy cxprt?i~ul the 
ho;w tttiar rc.prewnt;ttiv~ of thc. two c-ountrit3 might meet at irn ixrly date 
to disc u s s  icit~as "for imn~rdi;rtr projcurs of c-ctrnmon ;I<-tion."u 

\Vorking mainly with the St;~tt' nt'partntent, NASA aswtnbld ;I iortg 
list of possibilirit3 for c.cn~pc.rat ion. From that list four mi~in pro~~w~l is -  



c.tqwr.~tion in wtcilite tnetrorolegy. spw'rdl t  tracking. s td ies  d the 
tbi~rth's nragt~=tic. field. atui conrntunic-;tt ions srrtel1itt.s- w m  wla'ted and 
dis~wtched alotrg with rr rrunrber of other i&as to liirrushctwv 7 March 
1W. With utlthar;~cteristic s l x d  for the Kussians. he replied within two 
weeks, fi~rtrisiri~rg a list of pr(qxls;lfs ittttl ;tgrtuitag to ir  ttwtirrg of appro- 
priate rt~prmrtative?i to dirttss ttw n r i~ t t t~ r .~~  Pn.sirietlt Kennedy tlamed 
Hugh L>ryilc'~r. deputy ad~nitristrator d NhS.4. as the t'.S. delegate. 'l'he 
1!SSR was r e p x n t d  by .4niItaly A. Bl;tgc~~~t~vov. Btrwet-n 27 and !B 
XIiart-h 1W. explo~;tto~ry titlks *err. held in New Ytwk City. More defitritive 
ialks in Geneva-which WNI: (BIB it1 M;ty and Jt~tre smrulta~nnusly with. 
but outsicit. of. tnc.c-titxgs qs>f thc .%iet~tific 3 r d  'l'wht~iiiti Sttbc-ommittw d 
the I'~ritcrl Sations <i,mnrittw nti the Peatrful of (hrttu Spitcv-led 
t o  a drrtft agrtu.mtwnt 8 Ja~rt- IW2.w ;\ftt*r a pe r id  of review. kwh govern- 
ttretrts itpprovtd ttre ilgrt.c.nretrt, and J;~tnt-s \Vc&. idt~iinistc~tor of N.4S.4. 
mid Yrtriilc~rt Keldysir of the Soviet Ac-At~y a l  Sriencrs exchatrged letters 
p ~ t t i n g  the irgrwn\t8tit illto rffcr~ (HI 311 ;tgt-t3c.y-to-itgetic.y I~vel. 'l'he initial 
;tgrt.c8ment cirl lcrl for wor.kit~~ t c p t  her tr t t  11rt-w u.ptr;tv prr>j~ts:  ( I ) ex- 
c.h;~n.ge c4 sirtcllite \vt.;tthn &tt;i over ;I c.rwnnrunieati,,tls link to fw set up 
htwtun \\';~stiitrgtoa rtnd Xlcm.c,w; (2) t;tc,h ct,utrtry t o  1;turw-11 ;I wt~.llite 
itlstrunrt*i\rt.ct with m;rgnetc~tntrt to sturlp the c;rrth's rn;igaetic fieid dirr- 
itrg the Inter~r;ttic,~r;tl Years of tllc Quitat Sutr ln~inning  itr Iw. c-t~~rdinitt- 
iiig their orbits ;tncl t*sc.lr;tsging m;tg~rt-tic ficicl c f i ~ t i ~  i t ic l~di~rg those ob- 
t;tintul from .qot~:rd-kt~rl instt-t~tilt.rtts: ; r t~ t l  (3)  c-rwtprctti\c. tu,nrtnttttic;rtitua 
t~s~n.rirtrents itsiir~ tlit~ trt*xt I'.S. Kiho st tell it^ to In. Ii t~t~it-h~i." 

Rcsp~tidi~rg to ;I Sovic't initi.iti\e ill XI;ty 1%-l. a f r~~r t l r  prt~jt-ct was 
;tcttltri-to lwlblish a I M X ) ~ .  prt-lxtrtrl jointlp. rcr.ic\~-i~~g ptst Sovie~ and I1.S. 
work in sptc,e h i t ~ l c s ~  ;rtrd tiitxtic.i~re, ;tlw givitrg wmt. attention to ftiture 
~~oblctiis.+"l'ht.rt. \\.its. tlowever, no Sovitr r t > p ~ ~ i w  tc) a c u ~ q ~ t i o n  Ktrrtrtdy 
h;~d p t ~ t  forth in ;r 20 St-~~tt-tiilx-r I!)tj.Y S ~ X T Y ~ I  ;tt t t t ~  t't~itcrl Natio~rs thae the 
i \ v o  twt~trtrit~s tx)tisidcr joi~ritrg fort13 to p t~ t  ;t I I I ~ I I ~  oti the t i ~ t ~ ~ t r .  111 this 
txw tht* Soviet rrrgi~tivist~t was ~natc-htrt by that o f  tht. t'.S. <i)trgrrss. which 
cluickly tn;ltie kno\vn its diat;tstz for tlir ictc.;~. 

'1.0 itnplement ihc prcTram ;tgrt~xl to itr IW2. l)rytltbtr ;uid Blap;onctvov 
c-ca~tint~crt to mt.r.t. i ~ r  Kotnt. during 51;trrh I!m itnd i t r  Ge~ievit the follow- 
ing X1;1y. Apprc)~~ri;ttc working proitps wtSre cstablislitxl. Btrr i t  should be 
cmph;tsirtrt th;tr tlic joint efforts \\.ere not ~ t t t c ~ r c l t d  projtu-ts; the! ctid trot 
rtuiuirc putting toyttler joint tc.;lrns for prt~ixtring hi~rtl\\.itre. conducting 
l;titnc~hitrgs. ;trial\ ritig d;tt;t. 01- any sttch ;trr;tt~,gc~~~t~t~t that might atlvt~rsely 
i t f f t ~ t  one I)ro>gr;tnr if the other country fitild to [wrform. Instcbird thc 
projt-cts wcw c-rwrdinatd: the two national prcqctms prrx-twtcd xparratcly. 
but wt8rc> to tk' candticttut in silch a w;ty as to c.mpc.rati\.e tests, as 
with Echo, or the exchatigr ol data and irtlortnation, as with the meteorol- 
ogy arrct nlagnetic field projmts.4' The prforrnancv of the .Soviet prtici- 
pints o t r  thew projects for many ycan is best &%.ribcd as indifferent. 



'Ihe yrimry intenst to spm sc-icnce b y  it\ the I ~ I ~ I W U  field studies 
and the book QII s p x  : tediciw atxi bioiogy. In the mtgtwtic field project 
a difficulty arose that was typicxl. klwrican scietrtists m a i d e d  it esw1- 
tial to the program to exchange data m the  position d the sttrllitt.s when 
me;tsurntrents were taken. Otherwise. the field cbta could tmt  k p r o p l y  
interpt td .  Bur ihe Soviet Il~rion ic~trsistt~trtly r t 4 i d .  shying ;rwity froan 
prouidi~rg any data that might re\.e;ll tlw c~ptbi1itic.s of its elwtn)nie 
tritckirtg equipment. The IISSR IKH~ rwt. in bct. ;re-c-epttul ; ioo t l~r  17.S. 
suggestion-to cmqwrate in the tr,rc-king cfi spi~uc.r,~ft. 'lhis difficulty ;tlso 
; i w t d  to affect t h e  cotnmunicittions pc)jtx-t. in ttrat fitrally tlir So~vic.t 
prrticiprnts wcwld itc- al ly to fecrivi~rg signals rtflt~tcri to tlretn Iran 
Echo, d u s i n g  to tctns~nit any. Work crlr the btw*k prc~t?istd t*xidingIy 
slowly, publication finally kitrg; achieved in 1975. 

' ihe difficulties that lay in the way of working with the .%t'ict I'nicnr 
i~ anythit~g ;tppr,ro;trhing the frtshiotr of tht8 ccxqwr;rtive prcljects with 
Westmn  rations were fortiridable. Rept tu i  fn~s t~ i t icn~s  It$ t\n~>lcl Frtrtkirr 
in 1963 to prtsjxtre ;I set of ititrrrr;tl NASA ~ r c ~ c . s  oa Sc~viet &.fiiiencit?i in 
their ctcrtlisgs with the (i>~nn\itttv on Spit-t- Rc.se;tri.h. Frkrtkirr listtd right 
ways in which the Soviet n\en\lwrs ;rp~.trtxi to iw rrot forthc.oming in rlwir 
participation itr <:OSP;\R itrterni~tion;~l ac-tivitits: a ];I(-h of p n ~ n i m i  iafor- 
~n;ttion oar the Sow ict sounding-rwket prrxp;r.ttn: ; ~ t  one C0EiB:\R tntvti~rg 
no pdprs  on the* stcrilic~~ion of pl;tnrtrtry prohcs. evtnn tllr)i~gh the %vit*t 
I'nion had itscalf propstxi th;rt therc, bc such a eli?i<ussision: kriltrre o f  Stwict 
mt.ml*.rs t o  ;tttenel the first twc~ n\t.rbtiligs of thr COSPAR Coss~iltttivc* 
C;rc)up on Potentially H;rrltrful Efftu-ts of S p e r  Espcrimcnts: lack of ;tny 
spec-iiic- ir\fc*rmatioti on the Soviet C~)stiios s;~tellitt?i: Sovier ;lttrmpts to in- 
t rducr  plrtical issues into C:OSP:\R cieliberr~tions. es.g.. nuclear tnting: 
failure to provide information on r;tdic> tr;lc.kit~g stations: rrnd bylxtssing 
urcvning ;rmln,geqcmebnts for p l p r s  to k prtwtrttd at <:OSP;\R. ;\I1 td this 
Frutkin fcir adrid up to a "rctrc~rtssion in Soviet ;tttitudcs tow;trd. and 
[x~rtici(wuion in. C.<)SPAR."44 

T w o  yrdrs later, in his b k  Intmmtrclttal Cwpraf io t l  itt .S@c.r. Fritrkin 
moderated his assessment sotnewh;rt. noting modest yrogrtxs ;itid urging 
i nraginat ive. aggressive efforts-tetnpert~l with a proper senst. of rt- .I I ~sm- ' 

to "widen and deepen the cwpcrruion which hits ;rlrtridy k n  won in the 
space field."45 111 spite of this com~c~nciable positivism. Frt~tkiti's bcwk 
brings out the stark contctst hetwt~ti the I1.S. and Soviet space p r c q ~ t ~ n s  
in opnnrss  and witlitrgness to s l~tre  with othcrs. Frutkin oncu o k r v d  
that he had written his baak too early, a remark wcasiond by the ti.!$.- 

Soviet cooperation of the 1910s. which inclucted the joint docking mission 
of the .4pilo-.~ytrz 'Test Project in 197.5. Certainly n htmk written in the 
late 1970s on It.S.-I YSSR ~.tx)lx*r;ttic)n on sixwv projcu,ts would Ii;rvc* m;lny 
moret psitivc elcnietit~ t o  prcwnt thrtn ;I Ixx,k ptthlishtul in 196.3. Btrt there* 
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scale projects that Cmngress was 1x0 lor~ger eager to support. While admit- 
ting that the financial aspect was an important consideration, the NASA 
represetltatives stated that both the 1I.S. and Europe \vould realize an  
important retwn on an investment in the kind of project p r o p d .  But 
thtare wits also suspicion that Atnrrica was dangling the Jupiter probe in 
front of Europe to divert attention toward science and away fronl more 
practic-a1 projects like cotnmunicatians satellites. 

More basic was European concerti aboirt deper~denc~ upon Atnericrrtl 
technology. Both the Europerin Space Research Organization and the 
E11rope;tn launcher kwloprnetit Organizatio~t had k e n  bnnally rstab- 
lished in March of 1964 after two yeits (of intensive debate over the l i d  of 
Eitmpe to master the ttx-htrology of space.** The  principal purpose of [hew 
two organizations was to foster the development of techtlic-al know-how, 
ELDO c.speciirIly to develop a sufficient launch capability ro make Europe 
independent of the 17nittd Statt.s for a g c d  number o f  its space missions. 
Enrol>eans were. for example. c o n v i n d  that the Iinited States would not 
lautnch irpplictrtions srttellites for European c<iururies if thost* satellites 
app:~rd to compete undesirably with f7.S. indtatry-as comrntctiic:~tions 
satellites rnight do. 

Only \Vest Germany \\.as interested in an e s p t i d t d  priGrarn with the 
17tlited States, anti ottt ol these tiisc.ussions c.;tmc scvericl coolwr;ttive proj- 
t'cts. one of whiiti was the solar probe Hclios. irttcndd to tn;rke magneric. 
field atid other meilsurernents \r.irI~in the* orbit of Mercury. Cbsting Ger- 
Inany Inore ttlirn SlOO inillion for thc srttellitcs. Helios was rt sizable proj- 
ect, certainly \\.t*ll I x ~ o n t l  the Explorer class in tw-httological di ffirul ty. '4s 
its shirrt> thc I'tiitetf Statcs provitfeci the two laitnchittgs rtuptircd itnd fur- 
nishtd sotlie o f  the experiments. The first tielios probe \\.as launchtd 
toward the st111 ill I)ec.cnitwr IYi.l.+VOthcr tliari the Grrmian projects, little 
came c r  *he IM overtures to Europt*. .I'he propostis had, tioi\.e\v.r. startcrl 
a srriocts train of thought to\\.ard larger. morr dernantfitng programs. so 
that \vlnen the third ac111nin;str;tzor of S;\S:\, 'l'tionias P;tinc., Iwgan t o  press 
for somr sort o f  c<w,lx~ i : .  .c,n in the Spac.e Shuttle project that \\.as k i n g  
ctcbattd iin the I'nittd St;ttt's. s tiiorcb rec.eptivc c1ini;ite pri.i.;~iltuJ. 

.l-he saline cjuestions h;d to be bc-tui .tgi~in that h;rd arisen earlier. itnd 
thost* i~onc.rrtling com~inttnic~irtions s;rtellitcs had itc.cluirtrl an evcn gt-e;~tcr 
force Ixu.ause of intensifitd uf~iring of diffcrrt~ces in [tie c-ommttnications 
satellite. c~onsortitrm, \vhrre E:uro?witn m e m l ~ r s  ft4t th;tt thc I'nittxi States 
\\-;IS (ioti~i~nirtit~g tht' cot~sortiir~n 1 0  the clisircIv;~~~t;rgt~ of Etrropc. Rut cfn)p- 
erirtion on a Sl~;rcc Shuttle* projvct \\.as of a different chariicter from joining 
in ;I scientific projr.1.r like setlditig it protn. to Jupitc.1-. .l'hr' Shtctrle offertd 
tht. opp)rtirnit\ t o  join in the tlcvc.lopmetlt oi a \\vholr new tec.hnology, 
\\.hi& in thr vie\\. of thtx pronnoters \votr lct  c.otnplctely I-cvoluriotiin~ spitce 
olxratiotis of the futttre. outci;tritig ittl~i ?;upplatlting tnost of thv rsy~nd;t-  
1,le Cww)sters i~wct itn tliv 1l)tiO.i and 1!)?0s. 



After a long-drawn-out, careful assessment d values and casts. Euro- 
F a n  countries in the European Space Research Orga~iization, soon to give 
w;ry to a new organizatiori called the European Space A.gency, agreed in 
September 1973 to develop a nianned laboratory-Spacelab originally 
called a sortie m d u l e  in the t ?nired States-to be carried aboard the Space 
Shuttle.*o In this fashion the increased cooperation with Western countries 
initially sought in 1% came about. While the kind of cooperation on  
space exprrirne~.rts and satellite research that had gone on before would 
contintie, it would he ce)lored during the 1970s by Space Shuttle and Space- 
lab ctrvelopments and \\.as slittcd to be f\nldamentally 111cldifit.d when the 
new vtahiclt% ccnle into operational use in the 1980s. 

<In the Soviet side cmtlation ciime about in a dilferent manner. 111 
intert~atic,nal circlc.s the openness of the IT.S. space progratn :and America's 
readiness to enter into a variety ol cooperative endeavors came in for a 
g o d  deal of favorable conin~ent. N:\SA pwple could st-tlse a strong pres- 
sure c n  ihr Sovit't scientists to do the same, a pressure that at ritnes the 
Soviet deleg;rtc.s to irttc~r~~ational mtwings str.mc.rl !o find uncotnfortable. 
Still. very little changtd, escept pssibly sotne of the E:rstrrri bloc toun- 
tries iound i t  a little eitsier to get ;~ssigrlnlents to stcpprt the Spviet pro- 
gram with ground-b;tstd obsc~rvations. Also. in 1'967 France, undcr de 
<;aulle's ilrlti-I'.S. Ic;rett~rslli~,, managed tto enter into ii ctwqwratio~~ with 
the Soviet t'nion that \vetit 011 f a  ., nunlkr  of y r a r ~ . ~ '  But f c . ~  the I'nittd 
St;~tes to accomplish rnorc, once again ;I change in the politic.al elinlate 
\\.as a j,rrrt~clt~isitc. In the rnovc. towarc1 tlrtente, ~x,litic.ril overtures on the 

of the Sixon ;tcinlinistr;itio~~ set the stage for tlt'\r+ agrcwilents in the 
spree ficlcl. 

In ;\pril 1970. Adtninistrator Paine talktd in Net\. York with hnatoly 
Rl;rgonr;tvcn. ; t I ~ ) i ~ t  thr possibility of c-ombinc~t dtx-king olxrations in 
spac-e. I'tlc* idea w;rs pic4itd IIC, by President Iianciler of the 1'3. Academy 
o f  Sc-it>n<.es ;rnd disc-~~sscrt in XIosco\\. in June with hfstislitv lieldysh, presi- 
rir~it of the So\ i t s t  : \c.;~ctt,~l~y of S(.ieric.es. In a let ter to lieldysh, 3 I July 1970, 
Pai!~e u~ade the first formal pro1x)sal for c'sploration o f  the subject." 'is- 
c.l~ssions \\-ere held in SIctscotr. in 0c.tobt.r. and ;lgrer.rnent was reachctd to 
r\.ork togcbtt1t.r t o  cfrhign c-oinl>;~tiblt. c.cjrlipmcnt for rcndcrvous and docking 
iri \p;~(.e. \\'orL got 1111d(*r \ v ; ~ y  ; ~ t  on(.c and. although tht. first pl;tns ciid not 
sjwc-ific.ally iuc-lt~ctr ;I(-ti~al ~nissic~tls, the. ;\~ntllo-Soyur 'I'c'st Projec.t to carry 
0111 ;I cItw.king in s;,;tc,e t.\,cnti~ally c~ncrgcui.'~ 

\\'hilt the .-\~n)llo-Soyt~~ .I'est Project, \vhic.tl \\.as car1-iec1 out in 197.5, 
ciid inr-lude soriit~ sc~ctltific ex~n~riments. the. project e,otbs twyotid the 
pl;rnncd sc o1n3 of this hn A. Hut in I Ire c,limate cstaljlisl~t*d hy the discus- 
siotls on t . ( ~ t ~ ~ l e ~ v o i ~ s  ;ittd clcx-ki~~g. i t  was ~n>ssiblr t o  hroadrn the r-rw)p.r;~- 
tivc ; ~ g r t ~ i ~ l e n t s  ;~rrivt.d ;rt tn.t~veen Drytien ;inci Blagonr;~vov a clec.;rtle b- 
fore. 1)uring Jirtli~ary 197 I .  Gt'orge Lo\\ . ,  act i n ~  aeinlinistr;ttor of NAS.4 
; ~ f ~ e r  P;~int~ resignect. 11tc.t \\.ith lield~cli in Alosc-ow to ciiu.ilas further ~xossi- 



bilities for cooperation. They agreed to exchange lunar st ;.face samples 
and agreed on procedures for expanding earlier cwperative a~tivities.'~ 
These Low-Keldysh agreemenu, as they came to be called, established a 
basis for increased c-mperation between the two countries in both space 
science and applications. it rei*laitled to be seen whether the agtymentr 
would lead to further integrated undertakings, such as ApollrrSoyuz. or 
would continue to produce cwrdinattd progriams like the lunar sanlple 
exchanges. 



Space Scie.xe and Practical Applications 

In many ways space science crnitributed to the realization of impoftant 
s p a r  appiications-which ma)- he defined as the use of space knowledge 
and techniques to rtwin ~ a c t i a l  objectives. Indeed. at the stan of the 
p-m ttumerous potential applications required much advance re- 
=rch, including some space science, before their thelopment could 
M n .  hiweover, to many persons the development of applications a p  
peared as the ultimate payoff of investments in the space program. -41- 
though the scientists \t.ould probably rm have pui it so strongly. menhe- 
less they muld appreciate that p i n t  of view. .4s a cmseqwnce space 
scientists cdten pointed to potential applications of their work as one of the 
justifications for giving strong support to ricrx-e in the space program. 

Yet. in pointing to ultimate applications as one of the klef i ts  to 
expect from their research, the rien&ists etmwrntered a su-ange paradox. 
Although nor appreciated for I-.lost of the 19tiOs. it finally became clear that 
in man?- respects applicdtiot~s-thc "heid-and-butter \t-ork" of ttw space 
program-found it more difficult to ~ a i a  support. especially on t i l t  excuu- 
tive sick. of govtnlrntsnt. than did space scicnct.. 

Xiosr space applications depend on or are affected in some way by 
properties of t k  atmosphere or conditions of space. which arm subjects of 
the invt3tigations of slucr science. For example. \ccatht~ fw~i s t i f i g  and 
the prtdictiori of climatic trends depend on a knowledge of atmosphe~ ic 
twhavior. .I'he atmosphere is an exceedingly complt-x mechanism. a i ~ r i ~ t  
engine that rmives w 1 ~ r  heat which it d i a t e s  into s p m .  In the interval 
twtwtun reriving the energy and returning it to slum. the atmosphere 
displays a bewildering varieir of phenomena. The encr,q is c-onverttd into 
mechanical ener.q of winds and giant circt~lrttic~~s that transpc>rt the cxcess 
cncr,q?' rtxeivd a: the equator tto\r.rtrd the polar reg, ons. Clouds forw and 
dissipate. storms arc gcncrattd. water is taken up  into the atmosphere from 
cxeans, lake and rivers and released ;~giiin in some form of precipitation. 
Interactions hettvwn the atmosphere and the land and oc-eans account for 



nluch of the cmnphi ty  uf - t k  ~ - ~ w n t ~ t n a .  \t 'r~ther forecxsting rwa- 
sists of kdttcinp: fnnll runtmt data on the stirtc d tlw ;~tn#~phere. 3rd an 
imycrfw, ktrowlertg~ of how the a tn lospke  hhrrve. t h r  state of the ar- 
111cxpht re at a chcmqr tilaw in the futi~re. ' l i~ ck, this requirrs ktrc~wing kow 
long crnain circulaticn~ p t twns  ma?; br c s p x t d  to m i s t .  the ways in 
whit-h erlt-rw mt-hanw ;&re likely to m r r  within the ;~tnmsphtw ; a d  
bt-twrr.11 the attiic~phetr a d  the lard a d  =I. atad in)\%- all these art. illflu- 
mur i  In- the cxnttinucws i ~ i p ~ t  cA erwrgy fmii the sirn. 

.\a a e m i q u r r ~ t -  ~iwtecmdagy assumnc5 rt dual  asp-^, the ~ ~ n t i c = t i  cnw 
of foretasting weather a rd  clinaatc atni the wimtific ; ~ s p ~ t  cd mat-11 011 

the at~inlsphert-. Thus. \~-t~cw ~i~t=ttwolc~ic;~l wtr-llitt?i \vt-rtb wlt t l d t  to 
clbtitira pic-tun atad c ~ k  ; t tmc~heric  d a u  frcnn anwrtni the gick-fillitlg 
in t r t - ~ i ~ ~ x i c ~ a  s t l a  that h;d p r ~ \ i a ~ s l ? -  existed in \srathw &eta-the prr- 
pw w.t< l ~ u h  pr:wtic;~l ;tnJ scit~rtifie-. k ~ a 1 w  cd its i n i p m a t x ~  to b h  
ci\ ili.111 and niilit;~n. n tds .  ttw* pr.nlic;tl aslm-t tr~turally stcxd c w ~ t .  a rd  
mitc-h pog1-tm in this pl';tw of n w e n x t L ~  \\-as x l r i t ~ t d  tillring the I!Mk. 

Bw t-scmiingl?- difficult st-itntific ~m&lctns rcmaincd. 'I%r .qnn~nrl- 
b t r d  sttniit.~ o f  ekx-;nit5 hid IMH t~~~t;tveicxi tltc* crnnplt.siticri of t k  kntg- 
trriit prtdic.tabilit? ol I;~rgc-~-;rlc ; t tn~hpkric- c-irculaticwis. of stvtw s t c m l  
phenonic-11.t. of tht. purt le  o f  ~rolbic-itl tnetev~n~lc~y. cw cA the c;ruws cd 
clinraiic c-hange. It w.13 Ireqnd-c~s~x~-tc1i-1Iiitt a w l .  u-itqxu a t d  .gr4r0111iti- 
h;tst.cl rtw.1rc.h tcwl1ie1- c r~ l ld  tik bvts l.~stt+r t 1i;11i ge~t~id-lxtwxi s t t ~ f i t . ~  alcnw. 

\\'hchti ill t ttc 19ilk ckt.ti ltxi st uci\ of o t  lit+ pl;tnt.ts tkx.;l~ne l ~ ~ s i h l t * .  
;~titn~pltcric- M itrtti\ts slntaht irottr the ;,l;tt~.tan :ttn~npIitws I R ~ \ .  itlsiglats 
into ttrc difficult prcthlrrt\s trf tlrt- terre.itri;tl a t ~ i ~ w p k ~ t .  witlr \\-hicIr t b -  
\\-crc \vrt.st ling. 

Xi11 ig;ttio~~ silt-llitc~ It;s\e* gt-.tt tiiiIit;tr\ ;tttel c ~ ~ ~ n ~ t ~ ~ i i i e -  i~qxbrt.t~ict-.~ 
1 tic. principle 14 cyn*r;ttic~tt i s  qttitt. si~iil>ltb. Ihz* ;trtifici31 s;ttrllitt- subti-  

ttttt- .I\ it tt*fc'rc.t~t c. p t k i t ~ t  ~ C I I  the. tncx*tr. stt~t. or st.irx hut sincv tlw s~tc~lli~e- 
c.111 tx- t~u.kt.cl I>\ I-;tciitt c l . ~  or tiigltt. in i ; ~ i ~  \\.e:~tlte~- o r  ~Iottily. it is ;1v,ti1- 
.thlt. t c b  thc 11.rvi~ttor \\.ht.iic.\c-r i~ i i  ; t lw~ \c .  tlit- ho~iron. :\s in r~sing the 
n,ttitr;tl c.rltat:;tl tx~iic-s. if tht. n;t\ ig.~tc tr kntttv\ .tcr tttttcl\ tlit' lwnitic~n cA 
tht. .trtific in1 attt.llitc. r.tdio \ightings t ~ f  it pvriitir him to Iewste his pfiition 
on the- t . ; ~ ~ t t l .  Rut. jr tst  .as rhc c.rlt3ti.11 tl.t\ig;ttetr h.1, ;I ~)rt~l)lt.~ii \sir11 rt-fr;~c.- 
ticia ol ligltt In t hc ;ti tittnpht.rt.. f o r  \vlt:c h Ire‘ h;rs t o  ttl.~kc* cttr1e.c tiotas. u> 
tlit. s;ttc-llitc~ I ~ ; I \  i ~ ; t r c t ~  t t r t t s t  tvttrn .~lx~ttt 1t41;tc I i o t i  of l-i~iio \igtt;tls. Fix 
Itiln. t ht. ii~t~cnpht*~t- pr t~l tu  c\ thc tit;tjc,t c'lltx-13. \\-hic.11 .trtV la1 gr nroi~gli to 
rc*nclet t ht- n;t\ ig.ttiotl \v\tt.tii ttw.1t-s~ \vr.r c. ir not lw n\ihlt- to make c-orm-- 
tion. 1 Itart. is \vtic.n. thc' ic*ticnphcric. lib\ sic i:r's kilo\\ l r d g *  of ~llc. spttial 
;taiel tt-~tqutr.ti ~ ; t t i . ~ t i e ~ ~ i i  01 tx~th tht* ~tortn;tl .41ici t l is t~~rtx~i  iottt~~plic~ri- arc 
eswnti;tl. .-\g;ti~i. tfic' lit. I~.t\vtr-ti \11.1c c' w ietit r. .tlld ,111 itirlx~rt;t~it 1tr;te tic;tl 
.~pi>li~-.ttiott is c lox.. 



Solwtimez the mtmmio l~  k w m 1  spxe  sitwe and a particular appli- 
a t i o n  was too close for mnfort. -1he use ol satdlites for geodesy is a case 
in point' Far the scientist. m<we murate  &ic measunmen6 would 
provide mwe infcwmrttion on the size and dupe d the earth and m i d  give 
clues to tlw disrritnition of mass in the earth's enw and stresses in the 
mantle. \\'ith a s y u m ~  d sufficient p m - i s i m .  the bpr). slow motions d 
cmrinenu wla t i \~  to earh other coukl be measured. Mare accurate map 
ping crl the taanh's surfare a r i d  ymicle a bectcr basis for w r i n g  impor- 
tant i~afonnation. l i b  gdogkal data, g c q a p h i c  larations cmpa,  forrsts. 
water rrsrwtrcvs. and hnd-tlse patterns. But the \my wsurenwnts  that 
made g d e s y  inrporlant to the scimtists were also i11vaIuaMe to the 
military. 

.-\rd t h m  \*.as the rub. -n#. miliraty appIiatiolrs. which arc fairly 
t~bvimls. srcnwd to ex11 ftw classify itrg the satellite data and r~u rk t ing  their 
distribi~tism. I b i s  ~ a \ - e  risr to contrc~-my between the scientific tnmmun- 
ity and the miiitar?. (MI. 115-19). in which XASh %-as mu-ght in the mid- 
dle. ;tppzciatinp the I N W ~  of t k  ~ni l i rap hut  wanting to m w  the tie- 
tru~rds d tht* scientists. -Ik P m i h t ' s  . k i m ~  .Advisory Committee and 
his science rdvisw wrt- dr.1~11 inlo thr- ikk te .  as was the Space S<ience 
&mrd. <in~.qre-sssnan L r r h  a ~ t d  t k  Sptce .Sc-it~w i a r d  ;\pplitxtiuns Sub- 
c-o~na~itttu cd the Htwst* < i ~ n ~ l l i t t w  011 .Science a td  . - \ s t r~na t~ tk  took I I ~  

the ttdgels cnl I~ha i f  cd tlw u-it-ntists. i ' k  various c m u n t e r ~ u r e s  
c~et~tually f o r d  a11 ;rcr-txirnumhticm in whit-h the distribi~rnm and use of 
b t t ; ~  o l~a inn i  in the ..<wletic ~ ~ C W ~ I I I I S  iu~yxn-ttd the militan would be 
c-ontrt~Ilc.~l In the r i r i l i ~ i ~ .  a-hilc data chtainzd in S.\Sr\'s ope13 spur- 
wizrwe ~wogr:in\ rr-tntld ht. m;n!r ;~v;ril;thlc to the a-ietl~ if ic cxnnmt~nit~. 

Just inti~niatt- \r-;~s I!IV ~el ;~t icn~ 111 st ~ C ~ I Y  1 0  t h ~  U.W o f  ~;ltellitc-s for 
sun-t?ing .i~d nrtwlittwitrg t*ixrih's r t - f ) t~re~ .  1 1 ~ f ~ '  the .mfhysicist's st+ 
of rht* twrh frcm qnu-e \r.twlld fttn~ish nitr-h 4 the b s i s  ftw pining satel- 
lite c~kn- ;v ions  o f  fortsis. iagric t~lturc. gI:~iers. (XX-~IIS. geologic-al ftmlm- 
tio:~,. ; i~ tc l  mii.rnliirtd's tiw of lurlct fcw c-iiies. roxuls. f;an~ii~~g. \cittiT stmiage. 
tBtc.. to priictii;11 CIW: 'l'hc wieatist's kno\r-l~i.gr clad the ~ISCT'S md \wid 
he i~rought tcyp-rht*r in ;I s\stem thr~l wotlld c-curvtvt srtelliw chta into in- 
fo~al.~tios~ utqui~td In the forrt-st matl;lgrr. the c-ivil mginwr. the irrigation 
p'antlcr. (w the crcy, exlwrt. 

'1-htw cc-lcw. rt9lationships k t \ \ - c ~ a  spuv w-ic~u-c. .lr\ci applitatiens I d  
.-idministrator i\'ehh to spt*;lk cdtt~i to the  t ti tho^ and cwhers td the u l u e  cd 
h.~\ ing the t \vo tc~rthtg. ill a singtt- Offic-1. of S~wcr  S - i tmr  .lnci .\pplic-a- 
ticnls. In matt!- W;I?S titis :~xwm ii~titm \r.;ts a .qxxi OIW. frotn which both 
~wcw3iw113 bt'~lcfitt'(t. 

Sue 11. tcr,. \vcre thr rt*;rstws \\-II? ihr. Spat-t. Sc-ic11c.c &xrrd took a strong 
i tltcre31 in slxtcu apj~lie at ions f r o ~ t ~  tht* st;trt. It often c-riiic ired X.\S;\ feu 



doing too little scientific research to wrpport the dewtopment and use d 
app l i r a th s  systems5 'Fhe criticism was cywcklly strong in c o n ~ m i o n  
with the earth-resourn survey program, a field opened by the availa- 
bility of obsen.atiaral satellites.c Berause d its newness the field was 
highly scientific in charmer at the uart, and there was concwn in N . U  
that attempts to press t hee  applications too rapidly Worr an dequatc 
scientific b s i s  had been laid, might prove abortive and seriously darnage 
the ultimate yrcqmxs d what a p p s d  to be a mmt potnising a m  for 
practical mums. Spxe Sciecw~ Board's it~tereu in spar applicatnms 
and the inrpmmmv d Y);KP s c i m  for suppaning those applications per- 
sisted. When the .4cadetiiy of Engineering finally set up a Spam Applica- 
tions Bod-an  anakr, to the .%cadem! of Scimxvs S p y  .Science h r d -  
in 1973.7 the SSB i r n n ~ i a t e l ~  took nrp to arratype for an exchan-gc d 
liaison wprpsentation betseen the two boa&. 

;\lthough in gmwcal expa-ititerrcm penonally w m  c o r m  only 
with the fun~lamental sc-iewe t h q  were doing. man)- r i r n t  ists were 
qtmirirlel! intrrestrd in yr;rctuxl appIi,-ations d their w d .  -1he nmnbers 
& the  I'pprr .Atnmsphtre Rtw-kc% Researe-h Patlel derived ew~sidrrablr 
satisfactioti frail the fact t b t  properties d the atmosphere obtairlerl f m  
soutwiirig nwka ~ i r e a s u m i ~ ~ t s  cuntribi~cd to ttw refi~wnur~t and t-tml- 
s i o n  td ttw Intmiaticmal Slandanl . A t n ~ h e r e  of the Intenutimal Gvil 
.\viatimi Chypniwtion.* 8 1 4  in cksi.geing a in~af t  and calibrating item- 
n;uutic-aI inantmet~ts. It was also ~clnk*l as somt.lhi~ig d a triumph when 
ioncspheric apmitiwnters le;irr~d that their data on the yrcqxnie  and 
tempordl variations d t h e  ionusphtn* tvere proving u d u l  to radio cqx~'d- 
t o r s  in schedt~ling and cundin-tirrp; shortu-aw. kw~gdistatace radio can -  
rnunic~tims. 

Rut. aside f m n  ~ H M I  interests. the pcmibilit?- d deriving i t n p m n t  
applisatiorrs was u x d  to justifs Iniiny parts cd the spar program. irrc-ltd- 
irig space ~(-icncr- Potential rnilitav uses a - ~ m n t d  for the nutiwrons 
studies (MI ttw launching ; r t d  tist. cd artific-ial ?i;rtt*llitts cmlducxtd by the 
various xn-irps during ttw 14105 ad 1950sT . I I ~  for the neilitary supporn cd 
t h e  stnl~ding mkt7  pr rpam d the Rcxket and .%tcilite Reerrch Parwl. 
Pa~wl n m n k r s  Ixx.amr quite .~rkyu cj\-cr t k  !ram at p>intiog c ~ a t  pratic;~l 
m u m s  the wnicx-s might tlerivt* from t k i r  investn~tit in high-altitude 
rck-kct rcx-arch (py. 41-42). Eqi~tlly ackpt wt.w rncnibers of the S l ~ w  
Scienc-e B.mrd arid othcr sc-icntifir conimittt~s advising N.4S.i. 'l'he 
;agmt?-'s wienct- prcqranr marl;rgers k c ~ r t !  mtrh  tinw to providing <.m- 
.qt'ss with txtrnplcs d how s p u ~  sc-ime~ roults had pr tducd  cw might 
prcx1i~x- p~-acticll bt~wfits.1~ 

111 this attenlp ro relate sc-imx- to i~lti~nate pr;~-tic-rll retrinls. scientists 
tww h d i n g  what wits cnnsidtrccd an t h i o i ~ s  lessmi d histen.. 'Ihe p w t ~  
of the prixiucts o f  a-itv~c-c* ; ~ d  ttx.h~wlr~gs in i ~ r t ~ - u t i n g  \\'orld \\';~r I1 was 



apparent. Following the war Cm- %-as disposed to listen to the sci- 
entists and to give ~ l r ~ l t g  SUVPOC~ to scientific mearch.* Scientific kadm 
took the opportunity to explain the nature and impon;mce d science." 
Paradoxically, the s u p p r t  for science was morr asswrd than was supporr 
for many speciiic applications that scientists condnued to invoke as justifi- 
cation for their own m r c k *  

FM the first decide of h'AS.4.s e x h e m  those in the space science pro- 
gram had a rather slraightfm-ard view d how space appbcarians fit into 
the picture-attd. for that matter. w did those nmnaging the ~ p p l i ~ t i o t t s  
program. !n the belief that an attractive idea for the practical use of somt 

space ttr-h8mlogy wll itxlf. the scientists were acmstomrci to pre- 
srnting in broad outline possible appliratiolu that tnight c a n e  from their 
research. and l a  it ,go at that.IJ But while space ximtists were pointing to 
the suppoft that they could give to applicltions as ale justification d their 
own m a r c h ,  those in the applications V r n  were experiencing strange 
difficulties selling their wares. esp ia l ly  in the latter half d the 1960s. 
Indeed, it often s e e d  that space s c i m  was easier to sell for its own sake 
than space applications werr tor their pcxtical wimh. 

It took many )-ears for this p r h x  to be appeci-at&. a m t  though 
indications of tht- fundarnerltal problm\s fami by those d i n g  s u m  
for applicatiaas programs had appzard in SXS.\'s first few years when 
n~cr~ologic-al  and cuti~rnunications satellites were k i n g  developed. -k 
.4d\-aruid R-drch Pn~jects :\.gent-y hid h t ~ f ~ n  the work CHI ~ i ~ a e a r o l q i ~ a l  
stt-llites. 0n-r S.4S.4 was o ~ p t i n g .  the wcwk was transferred to the new 
agertcy. prirmrily k ; l u s r  o f  prtnti;*i civilian brnefits and berrrause d she 
long-standing tradition of the pwmtxlent's providing weather sen-ices to 
the public through a civilian a.gmcF. the I'.S. 'tVmthcr B u m u  d the 
Dqmnment of Cbmnwrce. 

Among S:iS..\'s earliest si~rccssps was Tiros-Tele\ sion l n f r a d  Ob 
sen-ational .%teIli~e-\~hic-h fonnd  the basis for the cuuntq's first operia- 
tional \warher satellite q s t e n ~ . ~ '  '1-ircn satellites were SUCC~SS~UI ~ K W  ~nerply 
becairse they ~vorkcd technicaliy. but t-qually k c - a u x  the Ll'eath~r 
Bun.tu-iatrr the Environmcl~ral Sricrtc-~ .Services Administmtion-c-ouId 
afford I hem. 

*Ih. u i n m t m h ~ y t  ad thc- u MIII~~S c~mlttnuarir\ uxm* I<, b\r hm~ u a t n 4 u l .  ad r + r u d  
~rNl \ ! t  tHII1 kd\ n t r b t r d d  111 (rIIlqtrt.\* t l u l  A a ~ l d l l l  .r*lNMlltl l d  u K+III~U n ~ # r h - l l w  ltdll~ }MtW 
umr-n.8- \ ~ w l  a1 rh r  t u t n r t  .r mmttcn-4 Ih~r clrorutnnr .~)y- rtr haw } l l r \ m d  clrn 188 t k  \can 
f t ~ l L m l n g  tfw ~IIW.~I W.II a k t  vrlquur rat u m w r  +II t c ~  tin I ~ r r  and lq t \Luc* l  nit& 813 *\l\r ~hr 
ww,ttt\t- ,111 t h n  ~,.IIIICVI Ik. L n  JDIBIIII I\ r t u t  ( ~ n t ~ r r \ \  a m  1111km1lt11g tat k~ rht. nt. ad rh .  umr 
hrdgci ta  rh r  t' \ ~lur t -aw IIUHIOIHJ\ \e;11 dm 1~11. <I kr rmw h n r  ~ w t w  "n'~rna.tI*. hd btn 
m w m m ~ .  ~ h r  a r q u h k  k c . 1  . t j qn*~r t~ I  to  hr rknn I 0  prrcrnt ad thr l r u l  t'.\ hr- fcr ~ n r ~ r t h  
r~d r t & q m ~ i ~ t .  -8th t h  'uta* W 1m~a11b1  qu11q 111 n 7 m h  a111 r n l t ~ i a r ~  arl t u h  p a t m ~ l  \\*mn-, 



Nol so with Nimbus. the proplsed successor to . T i m .  Nimbus was a 
lafge. observatory-class satellite intended to provide a wide range d meteor- 
ological data. worldwide, day and night. T h e  military. the Weather 
BIIW;III. ;tsd s.4S.4 had agreed on Sinibus as the twst Ictgic.~l step beyond 
the more primitive -leire% s~tt~llites. S;\S:\ m;tnagti \\.ere sl~cr-ktd. there- 
fore. whet1 the k p a r t n l m t  of C ~ ~ m t n e r t r  sud&nly withdw\\- its st tppxt 
frc>ni Si~riBus. prwipit;tting a c-risis of c-orifidn~cv it1 S.4SA in its trBn.grm- 
sicltlal c.ot11n1itttu.s. But t o  <i>tnmenr thc pri)bleni was simple. T h e  pro- 
j t~- t td  prii-t* tag o f  $40 tnillio~r or 11iowe 1x7 s~tellitc. \v;ts far lx*sotld what 
m t r  futi~re ~ w t ( t l r o l ( ~  budgets tvoitld he able to :tctwntncwhte. <)I niore 
inrmtdiate t-cmcein. rchrciu1t-s were slippitlg ;rnd c-mt overrttns \\.otrld rs- 
t . t d  av~i lab l t~  furrds. 'l'lren, tt*~. tlrt-1-e was the clitt7ition of how s r B 8 i  S.AS.4 
wottlti rrlc;~se c.ostrol of Sinrb~ts sttt-llitts to t he \\'t-i~t her Bttre;~u. ;I matter 
o f  priaie c-onerrti if Siml)us \\.tsre to tn. ;I part o f  at1 o~wratiotrrrl wtsather 
s t n  in-. 

Follotving rthjrc-ti011 ol Si1111)trs b? tlic. Ikl)i~rttiir.t~t o f  ( i~~nnieluu.  
S;\S;\ i~grc~xt to itpg;tcic' I ' i r t e  ~ttt.lliit~\ in ;I writ.s o f  sttps to itilprtn-e 
c~Iw.n;trio~~,tl c.;~j);rI)ilitit.~ \\.l~il~. kcrpi~ig r-CHIS ck~\\.ti. Sirllbtts \voultl In. 
rt-tit~~ttrt. with S:\S.\ p;i\ i ~ r g  ttir. c trsts. as ;I rtwrrt-ch lll;ltfor~n for tt3ting 
ne\\- instrt~mt~nts anti for tr\ iris Iir\\. ojw~ttiort;~l prtrnxl~iro. I'he sttc.c.tm of 
S inii)t~s. and tht-  opt.^ ;I[ ion;ll rtw 11l;ttir ol S i11rI)tts tI;~ta I)? the I)l'j);trttlit.nt 
of (i~~~itnerc-tb. a t t t ~ t t d  t c ~  tlrts tcxlit~ic;tl u~irt~dtrt"is of tire s ~ t t ~ l l i t e .  I t  was. 
tio\vc.\t.r. not c.r c~~~o~nic -a l l \  \ i.ti)le: ;it ;III\ ~ ; t t r . .  i t  \v;rs ~ i o t  ;rcccl,t;~hle to the 
print-ip11 intc.titlt.ci uw.1-. 

.\lthougti vexing t o  S:\S.\ rr;.rn.tqt~t \ \\- t ~ o  h.14 c-o~i\idc~rtrl S ~ t ~ l h u s  a 
tmrtic ularly fitlc c.s.tml~lr t ~ l  .I \~;tlu.tI,lt. q ) ; ~ c  r. .tl~plic.;~tio~r. tiit- Siiiibas caw 
\\.;IS rt.lati\t.l\ r~tltotiiplic .ttcxi. .\loit- c ct~nl)lt~r \\.;I\ tlit* ~;tngv o f  diffic ultit3 
c'neo111ttr.rcx1 in clc.\r.lol>i~ig .I ( ~ B I ~ I I I ~ ~ I I I I ~  ; t t i o i ~ \  sttc'llitc. s\str.111.~' \\'Iic.rc*;~s it 
h;rtl hru-o~ne traditio~r;li f o r  t t~ r .  g c ~ \ e ~  t i ~ t i c . ~ ~ t  t o  s~tppl \  t.;~tht-r cl;ttir to ttw 
pttblic-. indi~\tr\ pro\ icitut I I I ~ K I  t o t ~ i ~ r ~ t t ~ r i c . ; ~ t i c , r ~ ~ ~  WI\ it-t-i-for ;t ftt'. I'hc 
protit motive \\.;IS ;I ~)rinie tonsidt.r;ttim anti vt-ster! ititt-rt-sts ;11x)t1tidtxl. 
-1-htw t . t~~~ipl ic  ;ttioti\ \vt-rt* r . ~ t I i ; t ~ l t  cxl IN it1tr.1 I I ~ I I  io11;tl clt%ir- t o  \lr;trt, it1 tiit, 
prc)fits ;IS \\vll  its it1 tht, t c x - l r ~ ~ ~ ~ l ~ ~ g i ~ ~ ; t l  tw~ic*fits. 1-hr. iss~tt* o f  llo\\- I f i t  t o  
1 ) t ~ ~ c u x I  \v;I\ f11rt11t.t- tux lo~tdtxt I>\ [hc' tiii1it;trv 11tvx1 f o ~  tc.li.~l)le ;111d sc.c.trt-e 
c-onin~trt~ic;ttic)tr\ ;tt i t \  co11i111;rncl. <i)ng~c.s\. \vl~ic 11 c - c ~ r ~ \ i \ t t . t ~ t l \  ~ , r e s ~ x i  
hc-;I\-il\ OII S.\S:\ t o  pu41 \1';1tr. ;tlq)lic.;ition\. \\.;I\ tort, !*.t\~t 'c '~~ t f~e  cltli~t '  
to I ~ t i ~ r g  tiit* lw~rt'fits o f  s t t t ~ l l i t c  c ~ o r ~ ~ t ~ ~ r r t r i c : r t i c ~ ~ r s  qltic kl) t c  the* t o ~ t ~ r t r \  
.t~rd its con\ictic)~i th;tt i~idir\ttr-. if i t  \\.;IS g c ~ i r r ~  t o  ~tr;tkr. ;I profit f1o111 

p~ovi(lia~g \;~tt-llitc t o ~ r ~ ~ i ~ ~ ~ ~ r i t , i t i o ~ i s  ~ - ~ \ i t c . \ .  ~11ot11tl 1r.11 its sli,ttt. o f  111t. 
dt.\elol)tne~rt c ost- 

I l o \ v  t l l c .  ;ttlnii~~istr;ttiotr .tnd <i,ngrc>s t c . ~ ) I \ - c d  tlicw' i s \ ~ r c l ;  giws \r.t.ll 
In-yo~icl the stit)jcr.t of this txwk. Hut i t  is imlx)rt;~~rt to ~iotc  t11;1t thcre was 
c lt+.~rl\ g4)itig t o  l r  IIIOI~. ;o IN it~gitrg ;I sp.r( t. .~ppli( i r t i o ~ i  i t ~ t o  twi~rg thitti 



simply tknic)astr~tic~g its ttu-h~loltxical feasibility. For applicttiot~s, the 
harsh realities o f  I he market plat-e h;td a controlling influence. 

Sowhere \\+its t his tilore evident than in the field of cart h-resource sur- 
veys. litSre \-est& intertrts were to be C I K - o u n t d  at ever). turn. Also, in 
mas)- castgc the ne\v s;rtelliw ;ipprcwclr cattie imn~cufiately into cx)ntpetition 
with previously cstablishtd ways of operatitip;. 1;rnd-uw surveys had bem 
111;tde wit11 the itid o f  ;teriitl ph~togritphy. a~ i t l  a snlall industry h d  grown 
u p  arounti this ttwhniclue. t:stitnates of p a i n  prtduc-tion were compiled 
fl-or11 aeriitl photos and tilousrinds of i~ldividual w p r t s  niade by lrrrmers to 
county agents. ;\lthough S.lS.4 was c.onvincwi that sltteliite photography 
\could tK. not only tnore effwtivr for many 11st-s. bttt also far niore awnom- 
ic.al tl\;a1 trittiitionitl .groutid ;#tic! ;tinraft sunt-ys. mitny disagrd. e e t l  to 
the esttqit of \\-;tnring to diax,urage rtwart-h to test tlie p i n t .  .A prticulariy 
v i g o ~ o i ~ s  st;r~iti was t;tkrti by those \\.Ito favortd the itst* of itirc-raft. Even 
 whet^ nutnt4roits tt-t hair-it1 studies by SASA c-ontractors k a t l  to show that 
the s;twIlitt' ;tpl,rcwc-11 \voi~lti bt. quicker. tilotr tx-o11omic;tl. ;and as ;tcxur:rte. 
the agellc-? 's trot I hlt5 \\,t'rts not oNer. 

~I;III! o f  tht.st. cjitt-stio~~s \vtbre k i n g  dekttcui during the Xison adniin- 
istr;rrion. \\.hic.h rt.a;trcIcui intlation as tIw niajor pnblem t o  wive. In this 
c-limatt. the adtt~i~ais~r;ttion \\-as not iacli~ltrf to enc-otrr;tgtC inve?it~ne~~t in 
csiwt~sive nc\v s?stt*~~~s-evt't~ if the). \\.tare lx*ttcr-\\.hen the old systenls 
\verta adt.clkc!te. .\lot-n~vn-, there wits tx)ti(Yni th;tt tile old witys ~ o t ~ l d  ncu br 
str;)l>la~ltt~i. hilt tnthrt-I\ s i~~)l~lcntc~rtt t~l  1)). the new. piling ;wlditiotl;rl c-osts 
ulw111 tht' old f o ~  gains 111;rt tvc-rr not t.?iwnt iai. valuable though they  night 
In*. :\ tnt.mh*r 01 tile 0ffit-r. of ;\I;tn;tgct~~cr~t ; t ~ d  Rttdget in t b .  F.sru-urive 
Offic-c of t11c \\'l~itc I f o t r s c  shcw-krul S:\S:\ rilanitgt'tr illto ;t realiration of 
how wriotis tht'sc ,t.ptt'stiotir were c-o~lsidercrl to lx by c~o~ijt~tirr ing that. if 
thr. ntc.tc*otologit;tI \;ttt.llitt. program Iiittl still 1;tili c~lti~t.l?- ;th(';tci. it niigllt 
IIOI 11;1\t' IWY'II /w)ssiI)lt' in the Xixo11 t'rit t o  gtbt ;t~~pro\-;rl for prc*.t~riing. 
I'ht' .ttltni~listtatio~~ tn.rnagr.rs \\.a-t. dctcl st'rious ;ttx)t~t this. cve11 in 111~ facr 
oi  tlw t.tnitit.tit \itc.c.ess ;inti value o f  the csisting 'I'iros 1)rc~t;tm. 

.-\ little 1;ttc.t. \vllc.t~ I tit* ;\r;tl) oil t'tlll~trgo ;tnd the Cnt'rgy crisis \\.t*ightd 
ht.;t\ i l \  on tl?t. nittion. XIS;\ nl;t~l;rgers fullv csjx.c.riul to Iw c.allrt1 on for 
crtrnsivt' rc.u.arc 11 ; I I I ~  ~ ; t ' v t ' l o ~ ~ t ~ ~ e t ~ t  011 ~)rohlt'tiis rrl;ttr~I t o  tilt' tBttitBrgenc)., 
;111cl \\.t'~t. ptt~p;~rtuI t o  torgc~ ~ ~ r ~ i t ~  of tht.ir s;xtcr rt..ie;!rt-li t o  l1e11). Hilt. while 
X:\S.\ 1i;d tlevt-lojxd it11 ir1l;tgt' o f  silcc.r.ss .trici gr#-;tt tt'c ltnologic.al citpbil- 
i t \  i t t  c . o~ i t l r . c  t i o t i  wit11 i t \  :\ln~llo ;tr lcI  ot1it.t ~)rogr;ttns, ttlcrt' w;ts great 
dc~ubr ;ts to I l ( i \ ~  well t f r c .  ;rgc*n< \ < ottld colnb \\.itti tlie 1,rac.t ic ;rl problen~s 
t tit* t l . t t io t l  I t l t * ~ t  r;tc.txl. 

111 ; \ p ) l l o .  i t  \\..I% 1 ~ ) i t i t t ' t I  out. X;\S:\ li;tcl t*tijo\c<i ;I gt-trt) liglit it11 11le 
\\.it\. X.\S.\ \\..I. 1 w ) t t l  1 1 1 ~  ~ i ~ \ ~ - I o ~ w l  ;111<1 ttst,r o f  11% 11~11<1\\~;lrr~ ;lll~l s\-stt~lIls. 
'1'0 ;t latgc catc.tIt tilt. .rgtbnt \ \tBt i t *  o \ \ . t i  tt'c-1111ologic-rtl ;tnd opvratiott;tl 
t)bjrc tiver. .~tid c~~t;iblisl~c~tl its ot\.ti c ritc.ri;t for \trc.c.c.ss. 111 tlie c~oril~~lerc.i;tl. 



social, and political world, matters would be diffemrt. NASA might 
dewlop elegant sysietns for energy, trzlnsprrzltion. health care, or 
b v e  you; but NASA w o ~ ~ l d  lrot he the i~lrinraie user of these systems, and 
hence nor the judge of whether they were x-ble. It woitld 1- be 
enough to establish the technical feasibility d an i h .  Thew w u l d  still 
re~nain the napssity to ~natch it to the way tile user chow t o  c a r q  on  his 
business, and to make it ecy~ro~nical. 111 the Office of Management and 
Budget tlierc was serioits doubt as to whettrer NASA ewld  a d i ~ ~ #  to i h t ~  
realities. a doubt that was fostered by John Young. the division chief who 
handled various technir;rl bud.gets. including NASA's. Fur tnany ytr~rs 
Young had been a key figure c m  t k  drninistririw side d the NkS.4 
~ ' ~ n i m t i c l r .  'I'ht. familiarity Iie had acquired of NASA's nrethcwls, plus 
numemus scars from vigcjrous en<-ounters with Administr,ctor \%'ebb. had 
left Yoilng with the cotrviction that NASA did not understand the very 
diffici~lt problems in pushing ;tpplications from the laborittor?- t o  the 
m;rrket.'VHe felt strongly that N.AS.4 was ncn the a.geqrncy t o  put to work 
esten?;ively on t he n;~t ion's tWner,q ;tnd r(?iOtar(.t8 ~)roblt~n~s, ill spite (of t he 
widely prevailing. opposite view in (ion,gwss ;lnd elst-\\.here. Young ew- 
pressed thcw virtvs in no unc-ertain ternis to the ;tuthor tlttritrg c.stende<f 
ciisrussii~ns br.t\\.etbn the 0ffic.e o f  X1an;rgetnt-nt ;1ni1 Bttdget atici SAS.4 on 
the si~bjt-ct. It is t ro t  ;tt ;rll c-lcitr t1l;tt Young ailct OXIR \verc* right it1 their 
asscssnient of SASX. but prohrbly larr:ly bty';tuw of their opinions K.ASX 
was c;~lltuI on at ttie til~le for only ;I linlittd amottnt of help. Instead the 
;agency was encottriigt~i to pursue its work in sptce aacl iteron;rutits. 

I t  is not within the mix of this btmk to probe into the probletns lac-ed 
b) thow resiu>~rsible for devc.loping sp;tct, applications. Such m;tttc.rs itre 
very ro~iiplc*s itlici rtxjuirr it c-.treft~l analysis to wt them in their proper 
~n-rqxx-tive. 'I'hc su1)jt.r.t dcm, ho\\--c.vthl-. bring out Ira\\. the simplistic. vit*\v 
of thr sc.ie~ltists-lxoth inside and oittside o f  S;\SA-;IS to how their re- 
st.;trrhc~ uright le;id to practic;tl uws \vits t~stremely nitivr. For all thc troit- 
blt. st-icntists t c w ~ k  t o  jurtify their \vork in terms o f  pritctical ht-nefits, it c-;ttr 
bc seen in retrospect that. as far ;a science \\.its concerned, C'ntrgress was 
preparwi to t ~ k e  the long view. 'low elst. (.i111 onc esplrti~i the si/able 
budgets approvcui for ;tstronomical si~teilites. relativity sttidies. itltcrpl;ine- 
 try invcstig;rtions. ;tml lt~nar and planct;*n eslolor;~tion. the t~ltinliite prac- 
tical Iwnt4its of which st~rely Ilaci to lie in thr. very dim future? If the space 
sc-ientists had ;tpprt*ci;tttd the' strt~tigth o f  their ~xosition. they rilighr h;rvc 
felt more w u r c  in letting slxtcr wic.nce. \\.ith its long-term inlpiic-i~tions. 
spe;~k for itself. 



Continuing Harvest: The 
Broadening Field of Space Science 

As the decade of the 1960s neared its end, space science had become a 
firmly established activity. While the past had immensely productive, 
the future promised much tilore and thousands of scientists around the 
world bent to the tasks that lay ahead. A steady stream of results poured 
into the literature; universities illirstrated course in the earth sciences, 
physics. and astronomy with examples problems from space m a r c h ,  
and a few offered courses d n  oted entirely to space science. For their disser- 
tations g;rduate students worked with their professors on challenging 
space science problems. With the ioss of that air of novelty and the spec- 
tacular that had originally diverted attention from the purposefulness of 
the researchers. the field had achieved a routinenrss that equated to respec- 
tability among scientists. 

hlaturity underlay the field's hard-ear~ld respectability. Starting about 
1964. ill addition to the individual research articles published in the scien- 
tific journals, more t-omprehensive professional treatments of the kind that 
characterizes an established, active field of research to appear.' It is 
interesting. for example. to compare the book Scrrnce in Space published 
in 1W with the second edition of Itltrodtcctrorr 'to Space Science issiied in 

The matter-of-fact tone of the lat~er, which discussed what space 
scienc-e had alrciadv done and was doing for numerous disciplines, con- 
trasts with the promotional tone of the former, could only treat the 
potential of yxt<p sciet~cv. wh;tt rcwkets and spncec-raft might do for various 
x iictltific disciplines. 

Thc breadth of the field as it evolvtd was impressive. Among the disci- 
plines to which space techniques were making important contributions 
were g d e s y ,  mcteoralogy, atmospheric- and ionospheric physics, magne- 
tospheric rese;lrch. lun;tr anti planetary science, solar studies, ~alact ic  
astronomy. relativity and cosmology. itnd a number of the life sciences. 



.l'lw assiirtd role o f  spare \ctrlic.t2 in so many ctisciplines in the late IW 
was a source of ronsiikrable s;ctisfaction to those who had piotieered the 
field. an rtnlple justific-;trio11 of their early espcc.t;ttiotis. 

But more significant was the strong coherence that had begun to 
develop arnotig certaiil grclitps o f  space science disciplines. Pe~.h;tps the 
rilost profound inlpact of space xienct~ ill its fi~.st tfe~rde was that 
upon the tarth sciences. Sounciing rcrkets ma& i t  possible t o  111e;tsiire 
atmospheric pitratnettars and incidetit s<11ar ~.;tdiations ;it hitherto i~~acc.t..jsi- 
ble altitudes ;tnci thus to solve problerns of thts atmospherr and ionosphere 
riot ~xevioirsly trac.table. Satellites itdded a pcrspctivr ittld a pm-ision to 
gtxdesy 1101 attainitble with purt4g grountl-htstxl tee-hniclues. The ici- 
provtd prc.c.ision laid rt foundittion for c~stablishitlg a sirlgle \\.orld\r.ide 
geodetic network t.swriti;tl to c-artogiaptx'rs \\.ho wishtd t r )  jx~sition ciiffer- 
ent gmgraphic featitres ;ururately relative to t.;tc.li other. The  netv prs1xu.- 
tive g i v t l  clrarrr insights into the stntcturr itnd gravitation;tl field of the 
earth. 'I'hws esan lp l t~  illtistrittr ant> of st-vctal ways in \chic-h sywce sciencr. 
wits rtffectin~ i11r earth wiertc.es: th;tt is. making i t  p)ssi l~le to soltz a 
tiutnber of previi>itsly insoluble prc>blons. 

Folloi\.ing Jatnrs \';tn :\lletl's ciisc.ovc.ry of the e;trth's radiittion belts 
itnd the growittg rt'alir;tt ion o v t ~  the twsi~ing years that thtw \\-thre but one 
;tspru-t of it tre~iic.~idotrsIy c-ornples 11iagnt.tos1)hrre silt-rou~lding the eiuth. 
ni;tgnt~tosphc-~-ic. ~,esea~-c.11 blossomtd into ;I \.igorous Ilew phasch of gvmphys- 
ica! rese;trch. -1'his was a stbc.otld w;ty ill \\.hic.h slxtc.tt scienc-e c.ontributtxi t o  
the eartli scit~nc-c=s, o l x . ~ ~ i ~ ~ g  lip nc\\. ;trc;~sof rtlst1;trc.h. 

Ritt  prolxibl\ tlic rnost signific.ant itnp;tc,t o f  spitc.tb nletlltwis 011 g w -  
scienct~ \\-;is t o  tbsrl.t ;I po\r.crful i~ltegrati~lg itiflttc~lct. by bre;tki~ig the field 
IcnjW from ;i pr~w-(.upation with a sitigle pl;ttlt.t. \\'heti sjxtc-tuaft wade it 
~x'ssible t o  rsplore ;and itlvestig;t~t. the nicn)r~ ;itid pl;~nt.ts close at hattd. 
itnlong the   no st irpplic;tl>lt~ tt.c-h~liqtrt?i t\.c.re tt~ose of the eitrtii sciences. 
particktlarly those o f  gtwlogy. gtwph\sics. ;tnci gtun~f~enlistry on the' once 
h;tiitl .ttld o f  r~~cttu~rctlogy ;rncI ilpjx'r atmospheric- resc.;trc.h o ~ i  the other. So 
longt'~ rcstric-tcii t o  0111) ants Ixnt\ o f  tI\tl solar s~srcm. wit.ntisrs could h g i n  
lo dcvt.101) c-o~lll);r~-;~ti\.t. ~ ) l ; t r i t~ to lo~~ .  Iusigl\ts accluirt~i fro111 c-txntul-it*s of 
terrestrial research could be brc)ught to bear on the investigation of the 
mtx~ri and p1;rnets. while new irlsights acquirtxl from the study of the other 
platlets could be turned back on the earth. Delving nlnre deeply into the 
slit)jc(.t. Oilt* (.Olllii IlOix. t o  ciiM(~1-11 ho\v 1 1 1 ~  c \~o l l l t io~~  o! tlw ~>l;llicls ;tt ict  

t l ~ t ~ i ~  \;~tcllitc*s fl-on1 rllc. origir~al so1;tr 11eh111;r-it ixilig gr*tio-allv acczpttd 
that thc hwiit*s o f  thtb sol;tr s\stt*nl (lid origin;t~c in t l~t* r l o t ~ t l  of g;ts ;itid 
ctust Icft c1t.t.1 fro111 1 1 1 t a  lorr~l;trion of tht- \tt~l-c.ot~ld ; I~ .COI I I I I  f o ~  t h r i ~  sir~l- 
i l .  .' '11 1tit.s and differcnc-es. 

The wide rang(- of probletns sc*rted lo drarv togettler \\.orkers fro111 i* 
number of diwiplir.tes. :lstronomers foi~rid them\clves wozki~ig with gee- 
scicritists \vho canw to dominittt> the firld of pI;ttieti~ry studies that had 



once been the sole purview of the astronomers. Physicists found in the 
interplanetary medium and planetary magnetospf~eres a tren:radous natu- 
ral laboratory in which they cot~ld study magnetohydrodynamics free from 
the constraints encountered in the ground-based laboratory. Also known as 
hydromagnetics, this field was a n  extension of the discipline of hydrody- 
namics to fluids that were electrically charged (plasmas), particularly their 
interactions with embedded and external magnetic fields. T h e  scicnr ifir 
importance ot the field stemmed from the realization that immeasurably 
more of the matter it- the universe was in the plasma state than in the 
solid, liquid, and gascwus states o f  our everyday experience. .4n outstand- 
ing practical value lay in the fact that magnetohydrodynamics was central 
to all schemes to develop nuclear fusion as 7 power source. Physicists also 
found the opportunity to conduct experiments on the scale of the solar 
system attractive for the study of relativity, and many of them began to 
devise definitive tests of the esateric theories that were in existence. It is safe 
to sas that this interdisciplinary partnership was a valuable stimulation to 
science in general. 

The  expanding perspective derived from space science was, in the 
aiitllor's \-ien. tht. 111ost inllwrtanr c.ontribtition o f  space int~thtds to science 
in tht, first dec.ade and ii hall o f  N;iS;\'s psistt.nce. \\'bile it was natural for 
i~ldiviciur~l st-ientisrs to cotlcelitrate itttention on thcir itldividual prol-.l: w s ,  
t o  t hose 1\*ho t ( ~ ) k  111t' ti111t' t o  ;ISSCSS progt~~ss ;icross ti,< k);;;;!. iile g r t  .. . -11% 

ln~rslwc'tivt~ tvits clearly evident even in [he r ;~ r l \  yc.ars of the program. In a 
talk k fore  the ;imt.ric;rn PI1)-sic.al Soc.iety i l l  April 1965. the author 
;rtidresstd himself In thr gro\ving ialpact o f  space on gtwphysic-s. which 
e\.tln t11c.n aplw;irtd mti(.l~ ;IS ctesc.ritwd atw)\c.* S;\SA n~anagrrs in their 
1)rrwnt;rtiot~s t o  the <;ongress ln~gan t o  enlphasire the important perspec- 
tivt-s ;tffordrd 1)). sp;tctb scieitc.e. :Is a c-;isc i r t  pt~int. thcb spring 1967 cieft.11~ 
o f  tht. S.\S.\ autttoriratio~~ rt~tliiest for fisc-a1 1968 dest,ritwci space science as 
rr~~t)r;tc.i~lg ( I )  expior-:ttion of the solar system ;tnci (2) invt~stigation o f  the 
i in ivcrs~.~ Gat hering t he $?ifferent space science disciplines into these two 
;i~c.;is was 1101 siir~ply a matter of convenience. Rather it reflected a growing 
recognition of the broadening ~wrspective of the subject. a point that was 
furthtr dcvc1oiwc.d 1)). i.ron;ird Jaffr. i~tld tile ;ruthor in it paper p~~l)lishctl in 
Scirtlcc. tht folloi\.ing J I I I \ . .~  ;\I the tinlc. i t  \v;rs n1uc-11 tasier to treat o f  1 1 1 ~  

i111l);ic.t o f  sl);tc-t* sc.ie~lc-t.  or^ t l ~ t  e;irth sc~it~nc.t~s, tvt1ic.h all-eatly olfertd III;III\ 

rs;tn~ples. \\'bile i t  \voiilcl prolxit)l\ takc ;I rlunllx~r of dcc.ac!ts to ;~c t i i~ \c  a 
tltorotigh tlt.vc.loi)n~c.~~t of 111t field o f  co~ni~a~at ivt .  pl:tnc.tolog\. \vith it11 

ai)prc.c.i;iblc 11umbt.r o f  1nis3ions to rht rncx)rl ;lilt! planets l~.I \ i :~d ; I I ~  tnorc 
i l l  proslwcr. tlle Inn\.elfttl ~ ~ t ~ \ v  jx*~-slx*c.ti\.c's ;I\-ailahle t o  rht' gcosc.ic.ntisrs 
!vet-t. (] \ l i l t* 1 1t';ir. 

A 4  for ;t~trorlo~~l~-tltt '  in\ t '~t ig;~tio~l of the t~~liverst*-the d e ~ ~ w r  signif- 
ic-;rt~c.r of thc i11llxtc.t of s1)itc.r sc irnce o r t  tlic disc-ipline aplwart~! to lx' 
uilfc)Iding rnorc slo\\-l\. '1'0 tw sl~rt.. the rilost o1)viotis tn~t~t~lit-rh;~t of rllirk- 



ing it possible for the astronomer to observe all wavelengths that reached the 
top of the atmodphere, instead of being limited to only those that could 
reach the ground-began to accrue with the carliest sounding rockets that 
photographed the sun's spectrum in the hitherto hidden ultraviolet wave- 
lengths. This benefit grew steadily with each additional sounding rocket or 
satellite providing obxrvations of the sun and galaxy in ultraviolet, x-ray, 
and gamma-ray wavelengths. The vdue of these previously ~tnobtaitiable 
data was inestimable. But in the long nin, a deepc.. more significant 
impact of space methods on astronomy could be expected, as Prof. Leo 
Goldberg and others poirmxi out: the advent o f  it much more powerful 
mecrns of working between theory and experiment than liad ever existid 
before. 

At one time the author tried to persuade the House Subcomniittee on 
Space Science and Applications that. as krr as the origin and t~volittion of 
natural objects were concerned, tllc scientist knew more about the .*-s 
than about the t.:rr th. The st;itement was intentionally phrased it , 1,t 

vwative fashion to stat attention. \r.liich it did. The C~tlgressmen . . .  
immediately in disbelief. and it tcok quite a bit of discussion 1. itew, . 
the point, which went as follows. 

Certainly men living on the earth, as they do, had been able tt. . lais 
\olumes itnd volunres o f  data on the cartii's atmosphere. cr.c.rins, rocks. and 
minerals of a kind arid in a detail that could riot be assembltd for a reniote 
star. But. when it came t o  the question of just \\~licn. where, and how the 
earth formed and began to evolve riiariy billions of years ago, the sc.ic.ntist 
was limittul to a study of just one planet-the carth itxlf. From an investi- 
gation of thitt one kxiy and wflirtever he could decipher of its origin irnd 
evolution, he had to try to discern the gencral processes that entered into 
the birth and evolutio~l o f  planets in general. Onlv in such a broad context 
could the srientist feel satisfit4 that he rclally understocxi any individual 
case. Having only the earth t o  studv. hc was grt.rttl\ hir~nprcd.  

For the stars. however, thc astrononler had the galaxy containitlg 100 
billion stitrs ro obseme. and billions o f  other galaxies of comparable s i~e .  
In that Yast iirray the astrotlonier c.ould find, for ;in) object he 11iight ..cant 
to study, ex;rmples at :in\ stiige of evolu~ion from birth to demisr. \Vith 
such a display beforc. h ~ m  in the 11r;ivrns. the i i h  :.onomer could prcwet.ci to 
develop a t h ~ ) r y  of stellar forrriation and evolution anti test the theory 
against what he observed. In such an interplay b ~ t \ ~ e e n  theory and obser- 
vation the theorists did develop a remarkable explanation of the birth, evo- 
lution, and demise of stars.6 So, in this sense, the astronomer could claim 
t o  itnderstatid riiore alx,ut the stars than thc earth scientist did about the 
earth. 

But thtw was a s!lortcoming in this theoretical prcxess. -1'Ire tlicory 
was based on observations of thost, wavt~le~~gths  that could reach the 



ground--mostly visible, with a little in the ultraviok a t d  i n k a d ,  and 
after \trofld War 11 critical ohmvations in some radio w~vzlengths. Ya 
that very theory predicted that vitally impcutant stellar phenonrena w w l d  
be nlanifested in the emission of \s.avelengths that the astronomer could 
not yet see. The early formation d a star from a c!oud of gas and dust that 
was beginning to aggregate into a ball would be revealed primarily in the 
infrated as gridvirational pressures mused the material to heat up. At the 
mher end of !he spectrum wry hot stars would be emitting mostly in 
wavelengths shorter than the visible, presumably mostly in the ultraviolet. 
Little attention was paid to x-rays or gamnla rays. yet a m g  the most 
imptwiant discoveries d SWP science have been x-ray emissions from the 
sun and more than a hundreci stellar srwrres.' Here is where the most pro- 
found impacl of s- science upon astronomy could he expected in the 
decades ahead. Just as the new-found ability to stud>- other planetap- 
bodies than the ranh immeasurably brcudened the perspectives of the earth 
=ientps, so the ability ot rl;r astrmj -mer to o k e  in all the wa\-elengths 
that reached the vicinity of the earth could be expected to strengthen the 
i r ~ ~ e r p i a ~  ktween theofi and experiment in the field of astronomy. By the 
19705 rhc process had already w i n .  but the full power would doubtless 
have to wait until astronomers hati the benefit of a variety of satellites more 
powerful than the solar and astronomic;ll satellites of the first decade- In 
addition to lare.  prm ise optical telescopes. which one naturally thought 
of in the 19% .tnd carls i9tif)s, there would also have to be specially 
instrumented spacm-raft to pursue the new field of "high-energy astron- 
o r a ~ "  which leapt into prominence 1s-ith the early discover?. of x-ray 
wBt1rtx-s. ' h e  would d l i c ~  need both infrared anu radio te lescop in orbit. 
In short. t o  @ n a b  thr most of rhe opportunity that had bunt upon the 
astrunomir-al community. there \could have to br. established in orbit a 
rather c-ompleti facility consisting nc# just of ;l single instrument. but of a 
wt of in~trurt~ents ranging a r m s  the whole o k ~ v a b l e  spmriam. 

:is for the life sciences. space appcarrd able 40 contribute in a variety 
of was:. One could esp>se biological sprcimcns-including the t-rews of 
ntanited spm-raft-to the environment of spacr arid obsen-c what h a p  
IWII~T!. birr tiit- biologists a g t d  that the ntmr significant contribution of 
space u-irnt-t. to their discipline milid well be in etobiolog--the study of 
t*w*raterrt-jtrial life and thc c-hernital tl-olutir~ti of ~danets.' This subject \*-as 
subsumed undt-r the study of the solar system. since the c7.olutional histo- 
ries o f  the planets, the kinds of conditions they developed on their s~~rfaces 
and in their atmospheres, \s-ould have lniich to do 18-ith whether life 
formed on the planet, or with how far a lifeless planet n~ovcd tots-ard the 
formation of life. 

Thas. a3 one m a r 4  into the 1970s. although space scientists couM 
takt- much sitisbc-ioo in thc 1%-ide virriety of individual disciplines to 
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which thev had lnvn ab1.W to tontributc, it was the new pmsptvtive that 
brought group ul disciplines together in a ixunnun~ mdeavor that was 
most im~xn-tast. 

By the end d tiw 1Wh st~tity of t t r c  solar systetll estctdtd frwtr Eartlr 
to the ncarc.st plat~ets. Mars arlc1 Vtrrus: anel lrrrrl  h;#i 1a1Hk.d em the mcr,n. 
In rhr nest t\%.i.(, y t ~ s  the r\prllo astronauts mi& ;I stharc-tliag rsplcwritiol~ 
of the nloon. ;tfrrr whic-h Skylab ctews turrrtri atmrtiotl rotcard Errnh a ~ d  
t t r r  sun. Dtlrirrg rht. t.;rrly 197l)r unt~~;tnnzd sp.u-tx.rr.rh ;rlu~ rtthkd blrrc-IIQ . 
the :rstrre~ict~, and Jupiter \\*ith sonre of its satellites to thr list cd objer-rs in 
the solar s\\trlrr that winltists' iastrtt~r~ents had htx-11 .lhit. to react1 ; ~ t d  

o1)stmt.. and h.ui In-gun tlrr l o n ~  trek to Satilrtl ;tnd the t~ittm planes. 

A r o ~ ~ n d  Eirrth. c.ttcliitt~ gtlnitr- c.orrti~r~ttui to ;tcl\;tr~tv stt-adily. -4s 
she\\-11 in t-haprt-r I I.  thc first iwli-tkutrr \ca;trs of gc~r-tnlc-tic- rtwirrc-h using 
spct3 t t v - t ~ ~ ~ i i l ~ t e  \\.t-rts l;trgt*i\ vr;tfi cd p re~~ t r ;~ t i c~~ i  fcrr  t h  111ti11xttt- cxmp. 
t11;1t of t-stahlislr irrg .I \\-I rr ld\cicie gndet i~ lrt-t rt4crrtxI to .a c otrinwn~ rcft-r- 
eacp e*llip~id. Year I)\ !-car gtxdt~ists rllo\td stt-.dil\ tc)t\.;t~d ttiat gxrl. B) 
197U s:1e-11 ;I rt.fe*~c~lc.t~ s \ s r c . ~ r r  \\.;IS i r ~  IIW. ;it Itytrt ;trnong tile ~~rirrcipil 
t.spt~ts. ;nrcl p~sitionr ti~l;~ti\-t- to tlrc cortlmcr~r rc.C-re~rc~- could hr ~ivc-11 to 
I .5 1r1~ter\ crr bt'ttt-r. .\\ IS )r E.II th'\ g~;i\ it;iticrtr;rl fir-lei. gtwd trtiti~.ctt.l hid 
IXTII oh;lirrtuf iirr c t r l f i c  irtrt, Tor tht. \.rricrils harmonic s in the spherical 
harmotlic rzprnsii:a o f  tilt. gt+rix~tc-tr~i:tl tip t o  .it I ~ t s t  tfic I!kh c1t-grt-r. 
C~etxIt-ist~ \\.ere i1ti1cL t o  ~ M I I I I I  o t i t  111;it. 111 .I littlt~ 111errc tI1ir11 it cicxaclt*. 
u it*ntists haci i~rc I~-;IVXI t1.t' i~t~;r~r~it:ati\c~ )\\.lcxlg~ ill glcrlrrl IN-iticming 
.lirci t*t the and \h.tjw. o f  t;;rrth b\ 10 tinltr. .i~tcl h~rtr\\ lcdgt* 01 1 1 1 ~  

grin it? fit-lcl h\ 100 titr~t.\-ttrc .i;tirlt- cnt1t.r o f  i t i r~xo\ .c~r~c-~~~ ;IS 11;~l IM.YI~ 
.rc-tric%txl in ~ h c  prc\-ii~trs 3)o \c=tr,.' 

By the- alici- i!!i(h i~nc~tl~cr ort1t.r c ~ f  rrl:~grit~ide ll.td I ~ v n  re:tiitcxl in 
j~fii t i~r~iitrg tt-cliriic~t~t-x .rri.I tbr1c e trtrlcl lxxjrl t o  / r r o  111 t ~ r r  . t t -e~t~~- . tc  it\ wffi- 
<-ict~t III;..~ h \ . I I ~ ; I I ~ I ~ I I \  111 nltb.t;r w*.t-l~~cl 11cisirt (ct*zrti~~rt-tt-~s) ; t ~ r t I  IIW 
vt-ry slmt- ~iimt-~ra~:~;:~ e*f 1t-t t ~ r ~ i i c  p1.1tt~ I I I ~ M I O I I ~  -11tc1 torrti~tr~rt:~l elrift (cx-11- 
tinlcters yn.1 \c.t~ 1. I 'sing .I c I ~ I I I ~ I I I . I I I ~ I I B  t,: ..;:~!!i!*. 1.- hnic!~it.r. olwn-;I- 
tiems on clr~.tsrr\ .rtld i,111~1r\ \\.ill: :I n le t t r~i  c;~lltrt \c-r\ long Ixt~*litlt* inrtr- 
ft.rcrtntbr:\. .rrrrl c*\t~t-mc-l\ ; l e t  I I I ; I I~ -  c-leu L\ ! I j ~ r t  in 10'") 111.11 nright IJC de- 
\-c.lt)pt~i \tit11 rtrjn-r~ortit\rr ting t:;~\i!ita. cmt. tould .tspire to 1nnitio11;:l 
ire-c-t~r:tc i n  o f  w~t.1.11 tt.~rtirrrctt-r\ rc.i.tti\c. t c r  tlrc ~c.fc-tc.trte c=llilm~id. 

Hilt. .!\ .t!ttic il~~tcxl. gtx~lt\\ cfid t r o t  rctll.ritl t i l l  tlr1~1111rd. ;tIt11011gh t l~c  
i m t  cxte~i\i~r~r t f r  .1111rt11c-r ~ ~ I ; I I ~ ~ ~ I , I I \  t ~ ~ i \  \\..I\ I I I # > I - ~  I)\ I t1,tttt c I ~ ~ I I I  irtl~cr- 
\\.I**. I~r.ttki~\g 01 ~ A I I ~ . I I  <BI:)I~~*I\. ti\r I*: \\-I& 11 \\-vII- 1x11 113ttr tr11)it (11 tlrt- 
rilewal I*.t\\~tvn I 0  . \ ~ I ~ I I \ I  Ilkiti ;teat i . \ ~ I ~ I I \ I  19;;. \hc~\\tul .I 1n7 111i;lr iwr- 



rllrbtial td ttw cxhititl muion  o\-m a number ul the ctrc-uhr nwrk  of t h e  
l-,n. .analysis s(m ~ l r d i c a t d  1ha1 these disturba~ttps were probably 
caused by u n u s u l  c-onctntrat ions of nrass in the nuria basins. -Iht.sr mas- 
, - - s .  as t h o  c3nu to he calltd. bcu-dnw cnw ol the matry punles in ccn~nec- 
ti-1 with the molutirwr d the rmxni that xientists had to t q  to  =plain. 
S~IIIC suggested that tht? were c a u d  @ t w a \ ~  nwal f i~ -  ~mterial  from 
sirm--~no\.inp: irtwr nwt~wites that had gouged cnrt the basins t s - h e n  the nus- 
t-(wls arc. IUB\V fcnatd. Or t h q  might br dl#- to h\as ttlf iiiffmnt chairi ts  that 
filkd the basins \with t k  m;lttr-ial no\\- c h t d  in the rruria. *rhq cwld 
br plugs o f  tit-:I=-t tlt.lteria1 from a Iunirr ~ ru :~ t i c  that \*-as sb\-d u ~ \ ~ a r d  
after the baains hid htvn f w m d  hy i r n p i ~ ~ i n g  nwtmritt-s. .those making 
the a h t  ~ o ~ q e i t i c ~ ~ ~ r  c-rn~sidtrt.ri t!w t;iurnrs as u r m g  r \ - ikxr  that the 
nrcxwl \was tjttiti rigid. But t h t ~ e  \\-t-tr trher opinirnrs. as John O'Ciwfe 
p~int . ;  cn~t: 

1%:- [.I rlgd nwnm; E\ srut- c r  Itw\ hrn\ l ' r a  u w  81. \\-La rnosr d thc WSI d 
ti\ ken %\.I* that tht-  IIYXHI \\A 111 tnlllcrfct 1 tul\Latli ~ ~ I ~ I I I I N ~ I I I I I  lahe thc 
r.ir11~ . \ p ~ r t  from 11w tluvgni\. r h t ~ e  \*.I- I % ~ I . I I I C  q i ~ i l ~ b r ~ u n ~ ~  h u l a  
panlrtl ~ M I I  111.it t t k  t-.mll. I~kt- t k -  ~rumnt. fa* a e ~ x ~ ~ : n t  ck-aa;r~#m% frrnn 
i t  I t t ~ t  I .  I t tnt.rtrtan.tttxi iht. .:.~ttfic-anr d 
t k  " t l ~ w r ~ ~ \ "  .I\ l l # ~ l < d ~ t l l ~  .I ~ ! l f f t ~ t ~ ~ c -  j*l'\ttll lh txrih .tin! it#' AMMXl. HC 
rii.tir~:~trwxi 1tt.11 thc t t u r ~ ~ t  : I M B I ~  r1g14i I~LIII  ~h t -  v.1tt11 tight ttp tt* at& IIIIW 

\ \ h t l b  .U IIWI IIR;lr1lltllkYlt* du)\\txi t t i ~ t  111 (.MI 11 I* I n <  rigtti :* 

\ \- t~.i t t%t-~ tt!c, 111.t~ OII\ 11iig1i1 t t ~ r n  o i ~ t  1st bt.. !to:\ tqt-r. tht- \*.t~e an  t-scit- 
in# dntf c le.lrl\ \ I ~ I I ! ~ ~ ( . I I ~ I  diuit\er\ 1,f iilr- fir\[ c-nien\ion of ycxr!t>\ into 
tllc. l t \ t  GB( t l l ~  uji.it \\\It-Ill. 

1-iht. ~ t~wit \ \ - .  ii;,!wr .~tntchi,t:tbric rt-rc-;lrcir .inti ioricmphtric ph~sicx 
t c~t\tin~lt.tl 11) I~irilti illr#rl tht. ~ i c ~ u n t f \ ~ - t ~ r h  t-t;il~lisnt.tl t-;trlit-r .rcttapter 6r. 
Incit-txl. t i> tht. nont-qr+t tttt- rtv-~rc-h .inti I-t-ults could c-i~sily app-r to hc 
~ i l o r t .  c t f  tht. \.1111t-. H I I ~  1c3 t i r t .  r.s.*.rt prtyiytw L? I IW field \\.I\ nrutling short 
o f  pht.nc*t~~ct~al. Qirt.\rir~n- th.11 l?.tti 1 ~ ~ 7 :  I I ; > ~ C ~ ~ I H K I  in tht. t ~ s ~ w ~ m t n t t ~ r ' s  
r~li~lt l  .I tlt.c;~ctt- t~.forc. Ivrrt. click kl\ .in\\\-rtc.rl. It IV;:\ ! % i l ~ \ ~ l l  ttlat al~>\-c. 3 0  
h:lo~~~t.irl\ thc. nrtitr.11 .~ttiloq>ttt.re In.r.~rrr:. c-w~ttiall) i~:it\t-rtnal. v a t ~ i n g  
wi:h t11c. u)l.:r c \ c  It- froni ;tro~tiicf h4h) kt-I\ in\ ;I[ s t ~ ~ i y l o t  rninimuni t o  
w~tnc\\~h.tt anBrc. t l l . ~ ~ ~  LlMWl Ii .it t i m o  c d  \(-I\ high st~1.11 .ttti\ir?. :is had 
btvn erjxu l t d  i t l c .  1ightc.1 ~; IH- .  lit4i11111 . ~ ~ t d  h\tir~>gc.n \\-t~c. fotrnd to pre- 
tIoniin;~tc. . ~ l m ~ \ t .  tithl 7011 htn. ttit. c~i~tet me t\r i x~ t  ric.~?i tx-ir~g 1;lrgelF h ~ -  
cirogen. .-\how 101W Lm thr p i t i \ - e  ictrs Ht' and H' of helium and atomic 
hydrcxpr t~sc-c.cdcrt th t  c-c-.nc-mtrations of atomic osy-gen 0'. \$hie h was the 
nl;ajc~r ionic c onst ittit-nt o f  the F, rcgiori froria 130 hm to ;rlxnt. n00 km." . i t  
c.t~n.iidt.r;~!tl\ lo\\.c.r ;~ltitittic-. thc. I )  rt-giott of thc. io~wytht-rc \%;IS found to 



be surpisingly compln In 1965 cxprrimcnm h n d  thtt D-rrgion kmh- 
tion below 80 km consisted primarily d hydrated pouwrr Sonw y r u s  b 
it m-as h w - n  that nt=gaitv ions in the D IV@OII tcnatd to Form mmpk 
h y h t e d  cIustm.'= Mtw inr-nt. the \~~ sdaf radiations f ~ p m s i -  
Me for the iunization nl t k  d i k v n t  laym mwlr comphdy mapptd. .is 
Hrrbetl Frieritnan d the Sa\al Rtr'dtc-h 1 ~ ~ 0 ~ 1  put it in 1974: 

Ihc d a r  -turn man- iimn with high rcsdution cnrr thr lull dm- 
~nmagswic r a w .  Sp-ctnlhcliqcamc, in all ~~a\dcngths b \ v  m-kd ~ h r  
ylatial srruttm urn thr disk [d thr sun] ;md in the hiffhcr k.rk d rht 
caxmma. \Vr m;r\ trwn-flwlr t h a ~  the nupt fcaturrs d thr -ir 
inputs t o  anf i n t c r a l k ~  sirh the kmphrm am r d l  unden~cxd'' 

Chw of thr nrH significxnt findi-lgs was that the u p p r  at- 
and icnwqht-rc cwk i  IMM be cw\sidcrd to br in or e\~n iwar equilibium. 
~ ~ ~ - i c ~ u s I ~  a c-i~mmon as5ump1ion. Fw example. tempmaturcs d the 
rlectrorrs in the upper i r m -  w-err found to br airpreciabl! hi_+ 
thm r h r  t m p ~ a t u r t -  id t h e  ambient mitral  .gas n-hik t h r  icnr tempera- 
r u m  wt-rts inttr~ncrtiatr tx-twt-en thc ~ a o . ' ~  ?: crwrtinuitlg rm~nd d d~namic 
~wm- c-h+cu-terimf t k  qnwas. as &r radiatiam and the da?--night 
c3-c-lc uq in tncuic~~ .I i-ew~rldt-x thaitl d chcmital a t d  ph~sirrrl reaticwrs. 
.\lu~. it1 tht-  l i ~ h t  ot \pi(-tW ctiu-o\-flies. tiw icxmspht- was san to bc- a part 
td tht- n~iteh ?;reairr n1a~1n~tapht-t-c 1%-ithin which cnw ixnrki irkntif\ a 
plasrnapat~w. inside td \*-hie h t k  hcr ylasrtta trmtpitrp: t k  k w ~ e  
re~ated w-ith k.trth a t d  ewtsitk of which panicle ndiaricnls. no kW1gc-r C'U- 
rcrati~rg wilt1 thrth. t-zhibitcri rru~\a.ti\-e nnrriolls i n d t d  by thc sl~iar 
wi~d. l \  

BIII \\-bile \ttc h ck-titil nu? 1?(. cd inrtvtrt r s  ;e~stwring qt~-.tticms t h ~ t  ;I 

ckx-a&* Worr still punlt.tl rtu.;ltc-ht-r\. their triw significatrr la? in :he fact 
that b? the 19;(b ;111 LIM)\*W majctt l>rerblt.ins cd the high a r r r ~ q ~ h c w  and 
iol~nphtru ha t  a s~tisl.ttton rspianaiicwl b a d  t w l  scnird oh-; t t ienrai  
&tit. From rht*~, an rtwa;art h in rtw 1i1qr-t ;rrmmphrt- arnl i o t l ~ ~ / ~ k r c  
cxnlld h* n%.lrlk\i ;as I;rrgt-l? a iilq~ping-i;p c~~wwtitnr. I ltz in\ trtixat itwr of 
t h  litrrr iktails cd what \\.it\ 94r,ing cm. 

-4s iot tnc:t.orcdog\-. ttic. s r t ~ t ?  wils ~~t i i t - \ \ - ta . i t  difft.rt*ni. S ~ u n d i n g  
rcw-krts prr~vtcitxl tire I:W;IIIS for nl;~tiinp; mt*;lwrt.rtictlts at ;a11 I t ~ r l s  wi~hitt 
tht- .~tmtfiptitrr. ;tiit1 \r~tc-llitt.\ furtiistrtxi \\.trlci\\-itk i n ~ a g i n ~  ccd c loud s\s- 
tc.111~ pllis otwr\.t:ions crl ;~tn~in~~ht.ri t-  rirdia~ions ;and tt.mlx*r;rtun- prcdi1t-s. 
lhtw cint.~ .nil;~lifitrt I n  otelt*r\ o f  r~i.tgriitirek' thr ;tnitnltil cd i~lfcw~~~atic)ii 
a\.,ii;~bit. to thc ~nctcx~~olc~gist. fil!ii~g ill t.iiorrilo~rs ga;b I~I;II had c~si~tcrl 
o\t.r tht- c ~ t - . ~ t i \  .ind tatinh.~hittui land .~rt*it\. Rut mefit c ~ f  tht- in\pw-t 131 
thcw d.tr.1 rv.ts t b i ~  t t ic* fort.r;~\~ir~g o f  \r.t.artlrr ;and c l i r i~ ; t t i t  t~c.ntis. \\.tlcrc- 
thcir tontrib~itio~i \\;is of irlt-tirrial,lt~ \;titie. In .I ctcx-;air . I I I ~  .I Ilalf of gi.1111 



suidcs in practical mctcwdog). brought about in pan by yl#p -hods. 
d i n g  d a mdutionar). nature ua, ccmuibutcd to the s c h m  of the 
b w v r  atm;Jsphcrr. In the mid-1- atmospheric scientists still had to 
*it that there had brm no brrakthmu&s attributable to sprr o k n a -  
tions although a uc;la;B d new i n h n w i o n  was asailable ant3 was undrr 
continuing intensive st*. Most m d m s  w'~rp, howmpt, oplirnkck that 
in the )-cars M space dam r r w M  share with .pound-based. ballom, and 
aircraft nwasurcernents in kading ultimately to the hkdmmghs in  that 
undPrsranding of the atmospherp nrrded to p i d t  long-term forrc;ws d 
both weather and climate and to pmdict accurately the place and time of 
orr~rtff~dmmuonns. 

I f  there w a s  no .gmmal bnkthrough. thtm rs-ew semd intriguing 
imtrihrtions from s p m  mearch. For one thing. as with 0 t h  arms of the 
m h  schms. the perspectiw aft& b?. sattltite imagtng has a grra: 
stimulus to tt54arch. The ability to and assimilate with ease the distri- 
bution and kinds of clouds. the location and nature of weather dis- 
turbances the d is l r ibu tk  of vorticity. ec., .gave the researcher a m 
handle cn  his subject. As a m  result. tropical metcordog?.. mcp trgardd as 
a dcad-m.d field. sprang to life: and sc-imtists &an to k d o p  new in- 
sights into the &tiom b e t w m  the tropic and mid-latitudes 

Mast d the sun's radiation lies in the visible vrmelengths. which. 
along with some infrared and ultraviolet. cocrtrol E:~nh's wearher. This 
w i o n  of the sun's spectrum is remarkably mnaant over time. althou.gh 
tiw question of just how- m i ~ t a n t  rrmains open. and is utw of the prob- 
lems that s p a c ~  methods may help to solve. lfie shon wavelengths. on the 
mht-r hand.'art= extremely variable. their ch;tn.qps causing cnormous \aria- 
ticnis within the high at~nosphcrit. .\ natural qwstion. then. was whethcr 
these upper a ~ m p h e r i c -  and i o n o s N i c  c h a t i ~  might I K ~  be related to 
nmeorological c h a n . ~ .  But. although sudden warmings of the strato- 
sphere appmrtd to k aasociatcd with solar ultraviolet radiations, the .gen- 
eral \-icw- was that this pwtion of the solar sptvtrutn. c-ontaining less than 
one one-millionth of the energy carried in the visible wavelengths, could 
harcil\- have any significant effect. \'a. after n m  than a kxk of space 
rrsearch. intri-wing hints d relationships between upper atmospheric and 
me t~o lc~ ic ; i l  ;activity bepran to appeiar." For example. pirtii-les-and-ficlds 
raearch had shown that the interplanetar?- mtdium around the sun was 
divided into sectors in some of which ma.gnetic fields were directed away 
from tht* sun. tb-hile in cwhm the magictic fields were pointed ,qprwrally 
towar4 the sun (fig. 46). The two kinds of sectors altrrnatcd with each 
<#her in going around the sun.'; Quite remarkably the boundaries &tween 
these swrors appared to be asuxiated with changes in atmospheric vorti- 
city. tiere was a phenomenon that could have a prc>foutid si.gnifica~wr and 
thc rsistence of which lent substance to the question of magnetospheric 
and upper a~mosphetic relationship to merorolqp. 



\ Orbit no. 1 

Fig~crr $6. Src tor strut turr of tlrr solar niayrirtit frrld. T h r  data arr for l k c  ttnbt-r 
1%; t o  Frbruary IV6-l T h r  drrrcriori of thr ui'rracr r\pc.rinit-rrtal rritrrplnrirtan 
niagtirtrc frrld d t l r i ~ i ~  tlrrrr-hour oitm.crL\ r\ d~riotrd 10 plz..\ \r.yrr.\ iai~*ay from thr 
\ten, and mttitct ~tgri.\ ctort.ard thr \trrrl.  t'arrrrtherc.\ ~arctrrtrd n pltr~ or ~ P I I P ~ I L I  sigri 
i~rdtratr t!iet thr ficld dirrc-tiori fluc tunttd srgriifimrrtlv. T h r  .t&d l i~ics rrprrscnt 
niagnrtrr firld lirirs at set-tor 1)otoidarir.c. .4lor.c 15.. Srliardt arid .-llhrrt (;. O p p  IN 
Sig~~ificrant :it hirvt.n~c.nrs in Sbxirac-r .%-ic.r:r~, IW.5. S.4S.4 S1'-I M 1/96;!. P. 42. 

.is sp~m scier~tists \\.ere grtting ;I firm grip 011 the 1)hysic.s and ctitniis- 
t i y  of Earth's uplwr ;tt~iiosphc-rc. their attention \V;IS sisittltatm~ttsl Iwitig 
drawn toward the planets. it-hat w;ts ktio\v~i ahow platiet;lry atniospheres 
had come fro111 the efforts of rt small. sc1c'c.t group o f  scientists, mostly 
astro~iornc-rs.~* F-VCI~ tilore relliote from the astrononiers thilri Earth's ilpper 



atmosphere had bcen from the geophysicists, the atmospheres d Mars. 
\'enus, and the other planets taxed the investigators* ingenuity. Cross un- 
certainties often existed in their estimates of atmospheric properties. As 
with Earth's upper atmosphere. m e a s u m t s  from space probes promised 
to eliminate or redm many of the ummaintics. 

The Soviet \'enma spaoxrift in 1970 and 1972 removed any doubt that 
the ground-lewl pressure of Venus's atmosphere was about 100 times that 
d Earth, and the Jn Propulsion labor at^'^ Mariners sb.s.d that Mars's 
atmosphere was roughly one percent that d Eanh. The atmospheres d 
both Irenus and Mars were established as primarily carbon dioxide, as had 
bccn cancluded from ground-based o b a t i o n s .  As radio astronomers had 
already shown. the surfam of Venus was confirmed to be in the vicinity d 
700 # and fairly steady. while that of Mars was somewhat mlder than 
Earth's and varied appreciably with the seasons. Whereas both Earth and 
Mars rotated rapidly with approximately the same periods. ground-based 
radar measurements showed Venus to turn tw). slowly- arr). 243 
days-in the opposite direction to that d the other 

From the p ~ i n t  of vie\< of rmmpl-ative planetology. the relations be- 
tween Venus. Earth. and liars \\-ere ideal. Earth was clearly intermediate 
bettveen the two others in man?- resp-ts. and many scientists felt that .i 
detailed study of all three shoilld be d special benefit in understanding 
Earth. .An example of the kind of interpla?- that \%-as p ~ s i b l e  \\.as fumisbd 
by the stud! of the role of halogetls in the atnrosphcre of \'enus. The inves- 
tigations ltd to tht  suytic-ion that c-hlorine prcduc-ed in Earth's stra- 
tosphrre from the exhausts o f  S ~ C P  Shuttle launches or from f m n  used 
at the groutrd it1 ;lercmsol sprabs might dangcmusl?- deplete the ozone layer. 
which was ki~o\\,n to siri:ald Eartli's surface from lethal ultmviolet rays of 
the sun. In a sinlilar manner. when Venus's atmtfiphere was found to 
exhibit a single circulation tell. global in c x ~ e n t . ~  it was ret-ognized that a 
careful study of this special example could yield important insights into 
t he tern?itr-ial irrmiaphcrt~. ?\.here n t r m e ~ < ~ ~ s  circulittictn c ~ l l s  interxt cn1 a 
rapidl\ rotating globe. 1-he c-louds 011 \'eni~s had long k 1 1  a myst-, in 
1\.tiic.h .itratospheric ;~tresols r~o\\. ;ap~x~i.lrrtd 10 plra?- a ice! rolt.. 'I'he unravel- 
ing of the p r t ~ i w  role o f  at-rou~ls in the ?'enus attnc~s1thert. \\-auld cerrainly 
bt-nefit stttdit-s cd c.hrr~ric-;il c-nnt;tminatior, of Earth's ;rtmosphcre. .It the 
othrr end of the x-ale. tht. role of dusr storl1i.i iri rhr thin blartian atmm- 
phrrr c-oulci lend an itnjw>rtant additional prsywc-tivc :o the role of dust in 
mcxlifyin~ Enrth's t lirn.ltc.. OII ;I mtv-11 gr;\nde~- scale. as P iont~r  spacecraft 
passed by Jupiter in 1973 and 1974 it \\.as learned that the famous red 
sjx~t:' \\.;IS ;I hltge hurricailr largt- rnough to cngulf thrtr. t:,trill~. \\'hat 
might ht. leitrtrd frttm the Jupiter hurricane about atrnosl,hr.ric- ci\na~i~ies 
tll;ri c-ot11d IN. ;tlqtlic.d t o  tlit. c-aw of E.~i.tlr rrrtr;~infd to he .w-!I. 

'l 'l~e first pl;anet;rr? ionospht.rr othrr than Earth's t o  In. detcu red expcr- 
im~nt;allv wits th;~t of blars. Rv olwrving t he iriflltrnce of t I!,. planet's 



atmospiwre on radio siwals f ro~n Mariner 4 as those siwals traversed the 
planet's atmosphere just b e f w  the s v m f t  was occulted by the planet. it 
was possible to obtain an estimate of electron density as a function d alti- 
tude. The ionospherp. which n.as ohend at a period d minimum wn- 
spot activity, was somewhat less ~P~ chan expected from t m r i a l  
analogies. Later, at times of greater activity, Men'm 6, 7. and 9 revcakd a 
slightly more intense ionasphere. showing a noticeable dependence on the 
solar cycle. The same sort d occultation experiment on hiorrncr 5 ( I S ? )  
give electron densit? profiles for Venus, h h  dayside and nightsick. The 
nightside ionosphere was almost two orders of ~ n i i i t u d e  I- intense than 
the daytime ionospherr. which showed a distinctly higher elertmn density 
than that of Mars.=* Jupiter was shown to have a well-developed 
iofi0~phet-e.~~ 

Thus. during the 19ti0s. while satisfa- to^ answers wtw k i n g  obtained 
for all the known, major problems of Earth's high atmosphere, a good 
start was made on the investigation o f  the ; t t rmspkes and ionospheres d 
orher planets. 

,%fugnctosphcric Physics 

.-\ .genuine prcduct of the spr-c  age. magnetcnpheric research also 
movd  on apace. During the first halfdozen years the principal task was 
for the t-xperimenttrs to produce an m u ~ i t e  dewription ul the mnagntyo- 
sphere. although onre the existence of the radiirtion belts. a terrestrial 
n~agntuosphere. and the solar wind had btvn revealed by aaual observation 
in space. a host of thtvwists vied with ei8c.h cllller to devise t?rpkana!ions. 
I n d d ,  as was pointed out in chapter I I. Euffrrie Parker's seminal IYC;~ 
on the wlar \s-ind antcri;rte<l the cktec-ticbn of the wind and met with a pgr-s 
ckal d flak until his critics were s i l c t ~ d  by the space obx~i8ti011~. I he 
situation was typical for xieniu: oftcri many cornpetins theories prcduce a 
continiting argument which IW cnle can win until specific rlteasurements 
~ ~ o ~ n t ~  availablts to w d  out thtw theories tlut rlo~r't fit tht' dara. ;\fttr the 
initial !cars of discover?- and survt-y. howevt*r. the main ac-tion shifted to 
the thtnrists," althoirgh the experimentalists cvntinucd to amas! itddi- 
t ion.tl data Iron) h h  slrtellites and S ~ I W  prohx.?' 

At the end of the 1960s the thtwrists c-ould t-xplain man! features (oi  
sii~l-t.art h relilt ions. the inter plan eta^^ mtdium. ;tnd I hr ~i~agt i t~mpkr t* ,  
h r t  a large number d funct;lmenral questions rernaititd to be rcmlvtd. .li, 
the l i ~ ~ n ~ a n  ;a sc-hcrnatic. picturt. of   he magnetosphere drawn at thc end of 
the decade tnight Icndi tiiuc-11 l i k  that of figure. 3.3 (chapter 1 1 ), produe-ed a 
hidf8ozen years earlier. Bur the expert \r.ould read into that diagrant a new 
c-ollection of rather sulnle clutstions that still had to be answered before 
one totrld claim to haw ia thorough understandinp: of ~iragletospheric 
physicxs I'he iniliitl re;\ctioti to the ctiwovery that Earth's ~n;rgnetir field 
.grnerated a hu-ge bow- shock in the rapidl? n~r~ving wlar wind was to 



apply hydrodynamial theory. The .general shape and position of the bow 
shock and the magwtopuse could be trndcrstcmd from magnaohydrody- 
namical principlts. Also. it appeartd that one might explain the sudden 
commencement and initial phase of magnetic storms in a straightforward 
way. But the theory muld n a  explain why the solar wind appeared to 
apply a si~rface drag to Earth's field, pulling some of the field lines out 
into the long gm~nagnetic tail that was a spectacular aspect of the magne- 
tc~phrre. l~rstertd one would expect the ma.qntrospheric ravity to close off in 
;r teardrop shape. 

T o  rrs01v.e some of these diffici~lties atterltial turned to the idea that 
the solzr wind was a collisionless plasma. and the bow shock a collision- 
less phenomenon. Since under this assumption wrticle-to-particle colli- 
sions would be negligible, one had to st& the cause of the bow shock in 
cooperative field effects. such as interactions between electrostatic fields of 
thr: cha r .4  particles and nlagletic field components perpendicular to the 
drrection in which the gas velocity than-ged. As the 1970s opened. ;. qeat  
deaf of study was ,going into collisionless shm-ks, prticularly ti1 nt 
shocks. which obsewations showed Earth's b w  shock to be. 

Other problems that required attcntion were the wide range of gee- 
magnetic activity. thr acceleration of particles within the magnetosphere. 
the ;mniuction of the auroras. and the funnation of the .geomagnetic tail. 
In c.r~nncc-tion with thew mittters. the idea that parallel and opposite mag- 
netic fields might mer.ge and annihilate each other aroused stormy debate. 
One could point to rases in which strch a process migt~t ht. important. f a r  
example. if I he f ieid in the solar wind had a south\*-ard compnen t \vhen it 
struck Earth's magnetic field at I he nose of the magnetosphere. where the 
terrerrial field would be northward, o~erging and rtnrlihilatio~~ might take 
place. Or merging could occur when field lines in the interplanetary 
medium happentd to br essentialij- parallel to field lines in the magneto- 
spheric tail. 

\\'ith such pn~hlcsis the ~nagnetospher~c physicists had an agenda that 
would keep them ampi! cx-cupid during the 19705. Xioreover. early in that 
decade they got their first Icwk at another- planetary rnsgnetosphere-that 
of Jupiter.:: .is the laxi~iatlng complexity of Earth's magnetosphere and 
its important role in sun-earth rt~l;~tionships hvci i~nfolded. physicists had 
immrdiatel?- t hotrght of the possibility oI other planetary magnetospheres. 
It was known from absenation of Jovian cnii:ttions that Jupiter had a very 
strong magnetic field.^P As a c-onscrlttence no one doubted that the first 
spacecraft to reach the giant of the solar system would encoilnter a well 
defined magnetosphere. 

I'ntil instriirncnts cou;\: :R sent to the nearer planets. the question 
remaintd open as to whether ttlt,y ;also hacl magnetospheres. The first 
.%\iet 1-uniks showed that the mm)n had very little magnetic field. an 
observation that was c-onfirmtd rtpt*;t.;lrcdly in iater 1'5.  missions.3 '41- 



though wmtb m.tg~netistn w-a foiit~d in the 1uti;tr crust. it k.111lt. quite 
c.le;tr t1t;lt th t~  mcw~ll tiit1 t i o ~  Iiavta ;I lw~loici;tl field such as tile dipolar field 
of I;.;trth. .-\c.c.ordingly thew tvas iio 1ttti;tr ~i~tgtt t*to~phere ;rnalogcw~s r a  that 
of E;rrth. Sitiiilarl!. rite Xia~iner that fletv by \'e~ius it1 1962 t r~u ld  tIt*rec.t 110 

1ii;rgtietic Iit4ci. nor t~ould .iiarittzr f \s*r.hen it re;cc,htul 5i;ars in I!)ti5.w But, 
sttrprisingl\. hltLrcttr\ \vher, rt.;rt-h~i iin 1954 trtrtntd otrt to have at1 ap[mi- 
;tble lit-ld.J1 

l'tlt.sr. c ~ i r c ~ t t t t t s t a ~ i  p r o v i d ~ i  the s)xttv ~(.ietitists i t t i  op/x)rtiit~ity for 
crtntp;w;ltive stitdit.?i it1 sun-j>lartetar)- I-t*l;ttiotts. ;rn op1r)rtunity tliat ill tile 
early 1!)70s \v;ts still 1;rrgt~Iy iunt~sploittd. 21s has ;llre;~iy I x ~ t i  sho\vn. Earth 
povieltxi thtb c.;rw of ;I pl;riirt with a sir.tble atmosphc*rt~ and ;I strong tilag- 
nrtospht*t-c. tmrlt o f  \t.liit.ti \\.c.rt' i~ivolvtrl it1 in t r i~t te  ways it1 thr prtxvsst5 
13) tv1tic.h ttie st111 t-xt'rtt'd its i~iflttetic~ o t i  the planet. .At the otiit-r t-strenie 
t l i r  nlcmn provitltul thc. c-;tw ol ;t h c d y  \vittt tieitlier nt;tgartosphere Itor 
;ttniosi>hett*. st) t1i;rt sol;rr rirtii;rtions impink-] d i n ~ t l y  trp>n rhta luti;tr silt-- 
fac-e. For \'c-nus tltt* suti's ~);crtic-lt. racfi;ttio~ts strrtc.k tht. ;tt~iios;>ltt=rt~ dinutly. 
t~~~tii(xlifitxi bv ;I ~ii;tgttt-~osj)htbrr: but the t-strettie1)- detisc* ;ttmosplit~rc 
sliieltlcri thc 1~1;rttct's .irtrf;ltr. t r)~ttplctel~ fro111 ttitw i-;tdi;rtions. hfars. with 
its tltit~ ;tt~iiosl>lit-rc. l)rtt ;11so \\.ithotrt ;I ta~;tgitt~tos~)I~c*rc. 1v;is ititclnitufiate 
Iwt\\-tvtt tht, i i ~ c ~ , ~ t  ;utd \'c lilts. Xltvt urv. o r 1  t 1 ~  otltct t ~ a t ~ d .  provieltul an 
t . s ; r t t t~ ) l t~  ctl ;I pl:trit*t rvith .I til;tgtit~tos!~liet-c* l ~ t t  no attitosl)tit~rt.. ticnv st1t.h ;I 

iitagtit-tos))iic.~t~ \\ ,( t i t let  ditic.r ft-om E;rrtli's. \vltic-In \\.;IS c.ontittit;tlly ititer;rc-t- 
i t t g  \\.itti tlit. 1 t1 , t t tc . t '~  ,~t~itc~s~>liert- ;ttlc! icttrosplit.rt., \v;rs ;ln ititc-tt~stitig s tu t~ 
jt'ct i(,t iti..t-sti~;~tic~ti, ortts tliat eloirt)tlt?is \\.ottIei Ix. rsy~lt~rtul ctvet- the )-ears 
; l l le; l~l .~~ 

111 1kcc~iiiir.r I!)T4 l ' i o ~ i ~ r r  i 0  rc.;~i.litul Jupiter. Iollo\vtut ;I )t,.ri- 1;rter b\- 
l'io?tt*tor 11. I'lttsir ittstrttt~~t~;tts rt-vt';~itui it Ilttge tti;tgtit~tos~>~it~rtb rtsi1<.Iti:tg 7.t; 
ttiillitttt i r i lo~~ic~crs illto sl);rc e. \\'ithi11 tltt. tn;tgneros1>ht.rt* I\.VI~. r;idiatioti 
fwlts t tb t t  thot~i;tttd t o  ;I r t t i i l i o t t  ti~int?i ;IS iritetiw ;IS those of E;irtli. Jtrpiter's 
tit;tgttc~tt~sl~ttt~tt~ I t*;rt htd 1r~c1I Ix.? o t t c t  t tic. or1)it.i o f  its fo11r 1;rrgest s;ltt*llites. 
tltose oi>setvt-cl fit-\t  I)\ ( ; , t l i l t ~ )  t~etntrtrit~s  go. 1-11~. iiitieri11ost s;ttt-fiitc. lit. 
;11>1~-;1rt~c1 t o  itttt.r.tc-t sttoltgI\ \ \ i t t i  the tt~i~~ttc.tosl~ltt.,ic r;~cli;ttions."' Brit t o  
1>11rs11t* tlicsc [:IS( i~t;ttitig itivt-stig:~tio~is ; t t iv  i~utt1ic.r \\.ottlii go lwyottcl tltc 
.ic.ftlw5 tllis tkntir.<4 

1.11~ fi1t;tl topic of tltis st.ct iori c-oltc cbt 11s tllc ~,l;rtietar: I~niies 111t.111- 

selvc.5. \\'liilc* in\ c-st ig;rtioli o f  E;n th's ;tttitospllt-re. ionospht.~.~. ;tnd m;rg- 
nctt~s!~ltt~rt.-;~tiii t c . l ; r t t ~ t  sol.~t ttrdic.s--\r.c.rt~ ta;it\ir;tll: rlie t i t  st ;it-e;rs of 
re>t*;rrc.It i t )  tlic \I);I{ ts st ictictb (tgr.1111. t l ~ t b \  li;i(i ottl\ l i ~ ~ i i t e ~ c l  ;rit1witI t o  ~ I I I .  
Isvtii;in. .\s t*\;t.itilig .IS thesc. c-h;tllettgcx \t.crt. to the rt~t~;irc.Itt.rs. tllc ;~vc*r;rgt~ 
p ~ r s o ~ t  cot11tI lt;trcIl\ rc~1.1tt. t o  ltitttst~li tltc 1initgtit~to1i~-cltc~l~ I I ; I I I ~ ~ (  ( O I I ~  t*pts, 
ti-i tt,stt ial r ittg c trttt*nts. 01 c.onty)lt.s ~~hotc~~ltrrnic.;rl rt*;ic.tions it1 tf i tk io t t c t -  

qj t~c~c' .  H t t t  t t t t b  iii\c~>tig;itioti (ti rhcv 1 1 1 1 ~ ~ 1  ;inti j)latit.ts \v;15 ciifftbrcttt. I l('tt' 



in pictures one cottlri sty* landscdpes ittiti cbwis--oftt*n s t ~ ~ t i g r .  to be sure. 
but 1:tndsc.a~~~ ancl clouds nevertheless. 01ic could :.~~visioti s2);1cc*c'raft 
orbiting it plarict or latrding on  its s ~ I ~ ~ : I < P  itlid u)t11~1 i(ie11tify i~ '~ .s<)~l i~l ly  
\vith astronauts stepping onto the blerrk ; r t d  cit*sol;ttt. ttrcx>n. :\s it conse- 
c1ttenc.e S.lSA had littie difficulty in c;tpturing ancl holding ;I ~\*idt*~prt.itd 
i11tc.rcst it1 this ; t s p ~ t  of tht- spice sc.it-nc.e prograai. 

'I'he c.wplor;ttion of the mtxle anti pl;rtiets lwc.g;tn with the Soviet 1.u11a 
flights in 1!159. From tliat time ori. every yt'ar at I t m t  o ~ i e  11iissi01i to the 
I I ~ < K ) I ~  or ;I pl;t~iet \v;~s ;ttternpttd I)\ the 1'11itt.d States or tiic~ Sovitat I'nion. 
'I'he A11ieric;ttr assault oti the mtwlti Ixg;tn with Piontrrs, follo\\.cu1 by 
R;t~lgt=c.rs, then tlic soft-lantiit~g Surveyors. I I ~  the strmnicr o f  I!Hi the first 
of fivt* I.ttn;lr Orbiters iw*gati the task of mapping ;tlmost tht* elitire surf;ur 
o f  tl\c 11tcx)n. Eve11 ;III Explorer \+-;IS injrrttul into lu t~ar  orl~it to stud\ tht* 
s1);tce e ~ ~ v i r o ~ i t ~ i e ~ i t  ;troittid the ~iicx)~i. 'l'lit. climax \+-;IS rt.;u.lred \vlren tlie 
Xlxollo missions b t ' g ; ~ ~ ~  11l;tti1rtx1 t'xpIor;~tio~i o f  the 1 1 i c ~ ) t i  \\.itti the ot.t)it;tl  
fliglrt o f  .ipollo 8 ill Drcr~iiber IiKi ;incl thtb fit-st 1n;t1111trl 1;tnding in July 
1969. \Vl~ilc .41x)llo wits it1 progrt-s: tlie Sovict I'1iio11 c o ~ r c l i ~ ~ ~ t u i  L! scricks o f  
sop11isticatc.tl ~~~~t t rar in tut  lutiar ~nissions tliitt i ~ ~ c ~ l ~ r t i t u l  ci;-c ~rt~iltt~i;rr Slights 
of Zonrl spiu-tu-raft. which \vc.rc' sttc-c~c?isftrl~y I-tu-ovt~t-cl with pic.t!trc?; tl1c.y 
1i;tcI titkrri o f  the 11icn)11. Store iidvauctut I .ut~a slxtc.t't ritft soft-latrcicul o ~ t  the 
tii(n)n. c-arr\i~ig rovittg vehicles t o  irivestigate tlic' l i~nat surfac.c' it1 situ ;11ic1 
ritctio ttic itifor~~~:ttiot~ t o  So\iet stittio~is o ~ i  E;trtl~. ;t~ici 111 so~~ic '  c.:tscs t o  
serid s;t~iil>lrs o f  Itt~iar so i l  t o  F.;irtli for iuvt~stia;rtioti ill t l ~ e  lalx~r;ttory. .l'hc 
succ.c..is o f  ttlc So\,ic't ~t~ttn;uiticui rovvrs ; t ~ l c I  s ; t~~il) l i~ig t i r i s h i o t i s  sl>ilrkt~I ;III 

inttl~~st. dcl~rtt- 1wttvtr.11 the st.itxntists ;t11e1 S.\SA. ~ i i ; t t ~ y  o f  t l lc-  s(.ie~itist~ f t r l -  
itig th;tt t11t. tuitrra~ri~td ;tppro;tt.h to the. sttitis of ttlt. mcw)n \\.its thc \visei-. 
anti 1)s f;tr tlic' tiiorc. t.c.o~io~~iic-;tl. 

<:ritic-istii \\.as l)littittul. Ii~)\\.evrr, by thc trc'nic*titiot~s s~~c-c.c.ss o f  ;\lx~llo. 
'l'hc. astconituts brottght \)a(-k h~t~rci~-tuis of kilograms ol  lt111;1r r ( ~ . k s  ; I I I ~  

soil fro:ii six dilfrrrnt lcw;ttio~ts. tlie ;un;tl\sis itnd study o f  whit-h clttic-kly 
t.ng;igc.d tht- atttl~itio~i of t11111c1rc.cIs o f  U-ic.t~tists t l ~ t o ~ t g l l o ~ t t  t l ~ t '  I'rlited 
Statcss ;trtd ;rrotitltl !tic. worltl. In acidition to c.ollcc.ting littiat- s;tn~l)lcs. thc' 
:tst1011;111ts ; t l \ o  \ct 111) ~t~t(~lt~;~r-~~)t\~e~-c~l ~ c . o ~ ~ l ~ ~ s i ~ ~ : i l  I:tl~)i;ttoric~s i ~ i s t r t t -  

nwnttd with ht*i\mornc.tt~rs, ni;tgtic*tonlet,.ra. l,l;tsn~;t ;tiid ~ ) I . ( - : A ~ I I - ~ -  ~ ; I I I ~ C I ,  ill- 

strt11irc.111~ t o  111c.;t\tirt~ thr flo\\. of hcat from tht. rncw)n's iritt.~-i~)r. ;tnd iascar 
t.ornc.1 rc.fle~c.i~)~r f o ~  gtvxletit. tttc.aslt~-t.~~~c.~~th i~otl i  F.,~rth. I 'hc gcv)l)t~ysic:~l 
st;ttio~ts o ~ x ~ ; ~ t c t I  for I I I ; I I~ \  yc';tt-s itftrr the ;tstt~o~l;titts I i i t~ !  ltsft, I ; I ~ ~ I O I I I ~  t);ick 
~oiri~ntar o f  i~ife>r~il;t~ioli oil tlw III(~)II 's  e ~ ~ t . i ~ o ~ i ~ ~ l c t i !  ,111cl its scis~lli(.ity. 
'I't\.ict. sittc'llit~~s \sere Its11 b l ~ i n d  in 1ut1;11 or t ) i t  f or  1itrt;tr gcodcs! ;ttrd t t j  
11i;tko c*xtc~~~cltrl c hrtnic ;#I  ;111;11\ht-s o f  111c I I I I ~ ; I I  st~rf;tcc 111;ttc.ri;tl f1.0111 oI)s(*r- 
v; r t i~>t rs  o f  the* st~o~t-\v;tvc.lrng~h radi;ttiol~s o f  the. rtrtxltl. 

'I'hc. I'rlitcvl Stittrs c.I;tiniccl the first success in i)lati:.t;rr\ c.~plorariotl 
\vIic.ii ,\lnri?rrr -3. I.ttt~l(-li(*d i l l  thc' s t ~ ~ i i ~ i i t ~  o f  19til). p;tsscul b\  \'t.~ltts thr' 
Ir>llo\ving I)c.c-c~rnIw~. prol)ir~g tlw c.loutIs, t ~ s t i ~ ~ i i r t i ~ ~ g  ~ ) I ; t t ~ c . t ; t r \  tclnlw.r;r- 



lures, measuring the charged particle environment of the planet, and look- 
ing for a magnetic field.35 In 1965 Mariner 4 flew by Mars to take 21 pic- 
tures, covering about one p m n t  of the planet's surface. Then hfariner 5 
visited l'enus, this time getting substantially more data otl the atmosphere, 
including estimates of the ionosphere. It was back to Mars in 1969 with 
hfart~tt-r 6 and 7, which returned some 200 pictures of the surface along 
with 3 tariety of other measurements. Manner 9 went into orbit around the 
Red Planet in November 1971 at a time when the planet was almost com- 
pletely obscured by a global dust storm. During the next month and a half 
the spacecraft monitored the clearing of the dust storm, which itself pro- 
vided much interesting informalion about the planet. After that :he space- 
craft's cameras were devoted to the first complete mapping ever achieved of 
arother planet-Alannrr Y returned 7429 pictures of Mars and its two satel- 
lites, which permitted drawing up complete topographical maps showing 
the true nature of the marking that had so long puzzled  astronomer^.^^ 

During the 1- the Soviet lTnion had also set its sights on the 
planets. In fact, its attempts appreciably outnumbered those of the ITnited 
States, sin<-e the I'SSR seized virtually every favorable opportunity to try a 
launching. But early Soviet planetary endeavors were about as dismal as 
America's early lunar tries. Not until a Venera spacecraft in 1970 suc- 
ceeded in penetrating the atmosphere of Venus. returning data on the 
composition and structure of the atmosphere, did fortune smile on these 
platterdry attempts. in December 1970 I'oiera 7 landed and returned data 
from the surface of Venus; l'mcra 8 followed suit in Jui) 1972. for 50 
.nitlutes sending back surface data and anal)= of the soil of Venus. Less 
fortunate, howeter. were the two Soviet Mars landers which. like Narzner 
9. al\o arrived at the planet during the great dust storm of 1971. The storm 
that provided the ,Mariner with an unexpected opportunit) to observe the 
d~namics of the planet's atnlosphere ma) have been the cause of the Sovlet 
\pace raft's ta~lure to land ~uct~ssfu!ly.~~ 

In Novernbrr 1973, .\Iaritier 10 lefi on a journey that would take it 
first by Ventn and then on to Xlcrcur). where the spacecraft arrived in 
Xiarch 1971 taking pictures and maklng a variety of otlwr measurements. 
Haring completed its first hlercury mission, hfnrtner I0 was redirected by 
briefly firing its rockets so that ihe spacecraft would visit Mercury dgain in 
September of 1974. By visiting Mercury several times, Martnn 10 provided 
the scientists with the equivalent of several planetary missions for little 
more than the price of one.JW Also, with the visit to Mrrcurv. scientists at 
long last had close looks at all of the inner planets of the solar system, 
irlclrtding the two satellit - of Mars. 

Thc result of nll these space probe missions was the accumulation of 
bolumes of data on the moon and near planets. illuminnted with thou- 
s'rndr of :light\ ctrtailed picture. The photo rcw)lutions exceeded by orders 



of magnitude what had been possible through telescopes. When Rangers 
crashed into the moon the closeup pictures sent back j u q  before the impact 
were a thousandfold more detailed than the best telescopic pictutes pre- 
viously available (fig. 47). .4fter landing on  the surface with its television 
cameras. Surveyor afforded another t housandfold increase in resolution, 
revealing the granular structure of the lunar soil and a considerable 
amount of information on the texture of 1-rnar rocks (fig. 48). In the labor- 
atory A p l l o  samples put the moon's surface under the microscope, as it 
were (fig. 49). As for the planets no detail at all had been available before 
on the surface characteristics of distant Mercury or. clouded \'?nus. %me 
Marittcr 10 pictures afforded better resolution ior Mercury than Eanh- 
b a d  telescopes had previously given for the moon (figs. 50-51). Z!ltraviolet 
photos of Venus from passing spacecraft showed a great deal of structure 
in the atmospheric circulation that was hitherto unobsenlable (fig. 52). 
while radar measurements from Earth penetrated the clouds to reveal a 
rough, cratered topography.Jg For Mars, the indistinct markings obsenfable 
from Earth were replaced with sullicient detail to show craters, volcanoes, 
rifts, flow chaanels. apparently alluvial deposits, sand dunes, arid structure 
in the ice caps (fi,gs. 53-60). Added to such pictures. data on  planetary 
radiations in the infrared itnd ultraviolet; surlace temperatures; atmos- 
pheric temperatures, pressures. and composition (when there was an atmos- 
phere): arid charge densities in the ionosphere (when there was an  
ionosphere)-this wealth of information completely revitzlized the field of 
planetary studies, which had long been qui txent  for lack of new data. By 
the early 1970s comparative planetology was well under way. although one 
must hasten lo add that the ta'ik ahead of understartding the origin and 
t.volution of the planets was one of dwades. not merely months or years. 

Nevcrtheless, progress was rapid. Mirch Irarned about the miner- 
alogy and petrology of the moon, and by extrapolation probably about the 
other terrestrial planets. Radioactive dating of lunar specimens I d  to the 
conclusion that the moon is probably some 4.6 billion years old, an  age 
consistent with the ages of meteorites and the presumed age of Earth. T h e  
nioon was found to be highly differentiated: that is, the lunar materials, 
through total or partial melting, had separated into different collections of 
minerals and rock types. ?'he maria were main]\ basalt. similar to but 
significantly different from the rocks of the mean hrrsi~~s on Earth. In con- 
trast the lunar highlands were rich in anorthositt*, a rcx-li consisting mainly 
of the feldspar calcium alurninilrn silicate. Both maria and highlands were 
much cratered-as could already be seen from Earth-and one could ow 
see that the (-rater sizes rxtendcd down to thc very sniall. shots-ing that the 
moon had heen bombarded by ver\ small particles as well as by very I;rrge 
objec~s. The t-nrirr surfa(,e was <-overed with fine fr;~gments and soil. 
broker1 r o ~ k s  arid rubble-cri~stal material chopped up by the cratering 



process. A considerable amount of glass was fo:.? i, some of it in coatings 
splashed onto ether rocks, much of it in the . of tiny glass beads of a 
variety of colors dispersed through the soil. 

Reading through the record imprinted on  the lunar surface one could 
bit by bit piece together the course of the moon's e\rolution. Contrary to 
expectations of many, before the unmanned and manned apace missions 
sho\c.ed differently. the present lunar surface was not a virginal record of 
conditions that existed at the time of the rnmn's formation. Instead one 
could diwer~r a cc~ntinual, sometimes violent process of evolutiotl. Either at 
the time of formation or very shortly thereafter the moon's crust was 
molten to a c,onsiderable depth. Presumably during this phase the differen- 
tiation of lunar materials took place, p~rduc ing  the light-colored, feldspar- 
rich highlands. After solidifying about 1.1 billicn years ago. the highiands 
..irere bombarded for hundreds of millions of years, probably by material 
left over from the formation of the moon and planets. This process pro- 
duced the crater4 topography of the highlands still visible today. Be- 
tween l . i  and 3.9 billion years ago the bombardment of the moon became 
cataclysmically violent, with asteroid-sized meteorites gouging out the 
great t~asins. hundreds and even thousand% . )f  kilomete~s across (fig. 61). 
71'ht*~~, a h  ~,irdioactive tlirti~~g of lunar nlateria showed. lwtween 3.8 and 3.1 
billion years ago ;I ser; ., of elttptioris of ba.,dltic lavbs fillc~i the basins to 
for111 thc maria, or .',ak regions oi the moon tit-arly visible from Earth. By 
Y biilion )ears a$', the violent evolution of the moon had come to an end. 
Cratering and "gardening" of the lunar surface cont~nued. but at aboiit the 
rates ..,bst,rveti today, 111ost of the impacting pitrticles k i n g  micrometeor 
iind grain siled. occasionally mbble sized, with the very large impacts 
esc.et.dingly rare.'" 

.I'ht. nlrn)n observed 1)) :\pollo instru~nents was very quiet. T h e  lack 01 
a n \  sut~stanti;rl orgrtnird magnetic. field suggested that there was tlo molten 
core, but the presence ol rnagrletisrn in lunar rwks indicated that there 
might have h e n  a core at sotlie time in the p7-r-on the assumption that a 
liquid irorl core \\.as required to grtierate t' . .unitr field that ~ n a g n e t i ~ t d  
thr Iunirr rocks. Seismometer data showcd th; the moor1 \\.as at least partly 
 molter^ Iwlow 800 km and suggt>sted a smirll, .mssibly iror?, core a few 
hundred krn in radius. The energy released by moonquakes detected by the 
:!p)llo seisrnotneters \\.as fiirlr orders of magnitude-a billion tirnes-less 
than that rt.lt.aseti by e,rrtliquakes over a sirnilar period of time, which. 
hon.ever. secmrrl consistent with the relative sizes of Earth and moon. T h e  
st+imic. ti;~ta yiel(lt.cl the picture of a lunar crust 50 to 60 km thick, four 
titiles the a\.erage thickness of Eiirth's crust, underlain by a mantle solid at 
the top t ) i t t  p;~rtiall! mclted toward the tmttom (fig. 6'2). -1-lie very thick 
crust could ac.co~rnt for the lack ot any recent volcanic act iv i t~ .~ '  

Ht~forc. these invi~stigations i t  was coinmon to think of the moon as a 
snlirll \i(ni\ ;ind to S I I P ~ ) O S ~  that sn~all  bodies \ ~ o u l d  rcniaitl cold and essen- 





tially u b n p x i  t h r m g b u t  their hhoricr. M o w  it was ckU &aa bdk 
the sin d the mmn. and am d l e r  ones, whethcf forwed in tbt d m  
suer~fdPCd;IlfBCfConnation,undrrgoasubdtnntiticvdutiar.Thiran- 
cluskn wr rbonr tou t  funher by drtP bwn t b t o t h a p L n c u  laemuy 
a p p c ; l r r d a ' ~ ~ ~ r w r r ~ t h ; m r l w n w r n ~ w ~ w i d t s p r d w i -  
dOK~*dhxIbr~mthCplum.~rrrltsd@r;rr~la~bisibk 
in rhc \i z n ~ r t r  I 0  piclrucr Them &-as no douk that hhcuq mckmmt a 
gp-1 d-ai d m-dutian afscr its fama%* 

Tht c\-idcnce of activity on ,%#an was mart sariking. .Utcr a 
pcriod d dizcouragrmcnt fo r  +rimtists when the Marimer f pictures 
apprami to shoe. a dcd, momlike plane&. ~ l - 2  piclures of Alm'mer 6 and 7 
m - i d  in-. anel rhmc d ,Uerirrrt 9 a r d  eycitemcnt. l?&xu piawrs 
shorvnt huge tahnws, onc d them--O1ymp ah&m--trr.kc the dkrncvr 
04 the hrgcsl b a  dcank smcture on Earth, d y .  the big .dad of 
Hawaii. A m t  deal of rht Martian surfacc was craterrd indicating an 
onfc;al d bombardment like that qx=ricnc-txI the moon and aMercwy. 
Sonu d the ;dam was unooth and k a t u d c s ,  indicating a d 
filling in as with blowing. drifting sa~lds. .4 rift. comparable in 
h g z h  10 the width of the 'I-nited %at= mndicatd consibrr;rblt tectonic 
activity (fig. 36). Sumzrous r bnrwls bundrrds of ki lometen  h g  lodred 
a< though they might hast- bwn produced b) flowing water (fig. 5 7 ' ~  fm- 
sisrrnt with this obwn3ticnr were the frequent formatiom that W e d  like 
alluvial fans y r o d d  In the delta5 04 tcm-embl r i r m  or stdimtan de- 
p t u  af meandering: stmms (fig 58). Whik the ~-ariablt frost amrr & 
served in the m h  and mr th  polar caps was shown to be solid carbon 
dioxide. a oub_+rantial base of froten water was also found. Various m i -  
mates s u ~ ~ ~  that a mnsidrrabk amount d water must haw outgassed 
from the planet over time, and if pasr ccmctitlrn~s a n  the planet werr just 
right thwe cx~uM haw been ponds and rivers. But the question of the role 
d warm in the eso lu tm of the planet retnaitd unx~lved:' 

It R* wry clear that Mars is an actis? planet, by t r ~ ,  nmns drd. as 
some had prematurely condudcd. !%,me intrsrigators thought they could 
dcrm in the marlred diffcrenccs bctwern the cratered highiands of the 
pla~lcr and the tolcanir prot i t w e  rht. su.ggmion of an incipient sepan- 
t ~ o n  into iirrdividwl tectonic piates 4 on Eanh. a picture mx gemally 
accepted bv uudcnts of Man. Paul Lawman. however. was lcd to conclude 
that the clidenrr was piling up ihat i.arthl~he p!an~ar) boclm would fol- 
low similar courses d evolution.- In the hrgm € d i e s  like Eanh, the rates 
of evolution would be faster and the duration long-r than for the smaller 
planets. Of the inner planers. Eanh. still vigoiousl?; active. was mast 
adkancgd in its e\olutionan m u ~ w  (fig. 63). Venus might be in a compar- 
able stage. but no life evolved there to converi the carbon droxide atrnoa- 
phew to une with l a r ~ c  amounts of oxygen. Mars was following the coune 









F~.o?Jw 61. Thr mm. t h r  -I 
mcrta, h k  .3faw l m h u m  tn tke 
upt#r hrmrspkrrc.. wcrr pro,%- 
ahlr goligd out bv huge nrrtcor- 
rtrs. artd z t rb~tqwnrt~  frllfd bv 
rrtmwzv florc9.s of dark bavrtttr 
laze- 

Fimrr #?, S t - - b n  af 1 1  moon. 
-4s nn Earth. .wt.cntr data r*.cml 
u .qrrat drat ahnut rntrrnnl strtrc- 
t r r r r .  1.. Sakamunr, (;. I.afhsm. 
r? ai.. rn Prtr rrrf~np id ihc Sn- 
rnth b t ~ a r  Scicntr <'n,nfmv, 
d. R. R d l r r r ~ l l  iSrta- l'ork: 
P ~ q ~ m n n  Prms. I*76 '*,. pp. 3II :- 
26: rrp~mirtrrd ht. fwmrr;cron of 
< ~ T Y  1'. f-dtham. 



Ftgurc 63. Crustal m*rlution am s i h t r  phnrlr- Ea&c su@pCs t h t  &dike 
pktts at1 follou? simrhr mums of mwlutaon. Paul D. I-at-man. Jr.. in Jour- 
nal of C a b  8# (jm. 1976 f 2, frg. 1; r&ucd corrrttj). oj ,f. Lowman. 

taken by Eirrth. but m.as u-dl behind, only now approaching the tccmnic 
plate stage. The moon and Mercury had long since run the cmrw of th& 
evolution. which tenninatd well kfm a tectonic plate stage. 

This picture. although consistctlt with much of the data, muM hardly 
be regarded as mwe than tentative. It would have to pass the t s t  d f u n k  
observations a d  measurement. and stiff debate. But one satisfsing feature 
was the emphasis the theory gave to the kinship of the planers with each 
other. As theorists had pointed out. if the planets did fonn from the mate- 
rial of a solar wbul-a left C\W after the creation of the sun, then their 
individual characteristics shottld dqnd lo a considerable extent CXI their 
distances from the sun (fig. tit). Sear the sun. where the nebular material 
would C heated to rather high temperaturn b~ the sun's radiations, one 
nwld expect to find pbws mmpust-d primaril?- of nuterials that condense 
at high temperaturn, the silicates and 0th rork:fonning minerals. More- 
mn, the densities of the planets could be estimated according to distance 
f m  the sun by considering what contpounds were likely to form at the 
temperature to be expected at Mercuq's distance. which at the disrance d 
Venus, which in the vicinity of Earth, tic. From what was known of the 
inner planers, they did indee<i fit such a picture. 

As :.x the outer planets. one would expect then1 to consist of large 
quantities d the lighter substanm-hycirogc11. helium, ammonia, rneth- 
am-which could condense out of the solar clot~d only at the low tempera- 
tures that would exist so far from the sun. Qtmlitativel). the outer planets 
also f i t td  this piclure. but quantitatively there were discrepancies. To 
develop the true state of aftain in pruprr pc.nptuti\e, an intensive inttsti- 





with Earth lift. Most sdeRtifts awtsidard the d finding Me e k -  
w&inthcsoEar-#rBtmine,butit#a6unidly@W 
thc discovery of such life rwkl Bt a uemmcbdy impoftant event. Thus, 
while mmjpirittg the unliktlihood of fi- exuatemsrial life, many 
con- rhat stte potemtiat impfkaims &set the smatl chance of find- 
ing any. a d  accetding#y devoted cm&ha& time to studying in the 
l a : h t a r y t h t m d d b i o l o g i c a i m t b t  seentPdmostlikely m 
kawe been part of the formation of life. They sought out Eanh forms that 
mtd live undct extremely hanh drions-- l ike iuid beserts, the btines 
of the Gre;tt Salt Lake, or the bitter ccad Antarctic-and paid special atten- 
tk to them. And they devised ewperhmts to probe the Martian soil for 
the kinds d life farms deemed m m  likely to be thee. 

But, aftei a decade and a half, the probiem of life on other p&nets 
remaid open. No life was found on the moon, m r  was there any mi- 
dewe that life had aistPd there. A d u l  sear& was made for c;ubon. 
d m  Earth life is carbon-- In lunar samples a few hur#h.ed parts pa 
million were found, but most of this carbon -.as h u g h t  in b) the solar 
w i d  Of the few tens d pans per mitliun that were native to the moon, 
ncm appeared to derive from life pmcesm.* 

Nor -.as any life found <m Wars, even though the two Viking spce- 
aaft  with their samplers and automated laboratories were set down in 1976 
in areas where once there inight have been quite a bit of water.47 Still, the 
subject could hardly be call4 closed. If life had been found, that would 
have settled the question. But that life was not found in two tiny spxs on 
Mars did nw prove that there was no life on the planet. So, although the 
first attempts were disappointing. it could he assumed that future missions 
to Mars o)'ould pursue ttte question further. Nor would it be likely that 
exobiological mearch would be confined to the Red Planet. At the very 
leas, one would expect that, as scientists studied the chemical evolution of 
the planets and their satellites, they would keep the question ot the forma- 
tion and evolution of life in mind 

While the foregoing has toached upon but a few of the results accru- 
ing from the exploration of the solar system, still the reader should be able 
to derive some insight into the impact that space science was having upon 
the earth and planetary w ienccs. For one thing the qtudy of the solar sys- 
tem was revitalized after a long periad of relative inactivity. .Second, lunar 
and planetary science became an important aspect of gemctence, attracting 
large numbers of researchers. I hird, the neb pr.rspecti\c afforled by space 
observations .pve an immeasurable boost to comparative planetolqp, a 
field that m d e  great stricies adring its first 15 years. Xevertfde<s. no one 
uoubted that in the mid- 1970s comparative planetolog* stir, ,mked 
forward to its m6st productive vrdn. 

All ' which leads to the usual q~wstion. If space sciti~ce was having 
sucri a profound impact on E rth and planetar) siences, was spa,, 



scienrr producing a scieRtifir r e v d u t h  in the f i d ?  In the bread srrrst, no. 
But, viewctd d I y  6mn within the Wplk rhrrt: were indted numrorrs 
nwlutiorraty c h a w  Much new i n h 1 t i o n  was #xumuU p i t -  
ting the themist to deal in a realistic way with topics a b u t  which one 
could only speculate before. Many had to  relinquish pet ideas attaw thc 
nature d the lunar surfire or the markings on Mars. Roponettts of o cold 
moon were faced with incontmvertiw evidrnrr of ex!edwe lunar melting: 
No pristine lunar s d a e  was to be found; instead a substantial d u t i o n  
had marked the moon's first one and a half billion years. Far from k i n g  
an inert planet, Mars turned out to  be highfg active. Of mum, in different 
aspects of the stabject many investi-gators M been on the right uarfr. 
Noted astronomers R. B. Baldwin and E. J. &xk had cwrectiy anticipated 
that many d the features d Mars were due to craters.# Gerard Kuiper had 
been sure that x*olcanism was imponant on the moon, as he explained 
many times to the author. Thomrrs Cald had been d n  that the lunar 
surface would contain a great deal of fine dust. Yet, no one had sucliepedcd 
in putting the sgarate pieces together in satisfactory fashion. Thus, the 
mast reo'olutionar) ;u;pect d space science contributions to the eanh and 
planetary xiences was probably in helping to develop an integrated pic- 
ture of the moon and -r planets. This was an enonnous expansion of 
horizons, an expansion that muid be expected to continue with each new 
planetary mission. 

As space scientists w m  busily altering the complexion of solar system 
research, space methods were atso profoundly affecting the investigation of 
the universe. Here space science could contribute in a number of ways to 
solar physics. galactic and metagalactic astronomy. and cosmology, includ- 
ing a search for gravitational waves. observations to determine whether the 
strength d gravity was changing with time. and studies of the nature d 
relativity. Bitt the contribution of space techniques to these a m s  was qual- 
itatively different from those in the planetary sciences. Whereas rockets and 
spa-fr could carry instruments and sometimes the ok rve r s  themselves 
to the moon and planets to observe the phenomena of interest close at 
hand, this was not possible in astronomy. The stars and galaxies would 
remain as remote as before, and t . ~ i - r r  the sun would continue to be a dis- 
tant object extremely difficult to approach c\en with automated spacecraft 
because of the tremendous heat and destructive radiation. 

The contrection between the scientist and the objects of study would 
continue to be the various radiations coming from the obsenped to the ob- 
server. But rockets and sate1 lites would increase the variety of radiations 
that the scientist could study by lifting telescopes and other instruments 
a b v c  Earth's atmosphere. which was transparent only in the visible and 



stme d the radio wawhgthr This extff\sistl of the obmvaBfe speanrm 
proved to he as h i t f u l  to  the ptober of the *ivft.se as tvere the lunar a d  
~ r y @ r o t h c s t u r k n t o l t h c s o i a r ~ .  

As stated in chapter 6, racLer ztswmmay began in I946 when sounding 
rockets were outfitted with spmmgmphs co 4 the sperui.m d the sun 
in hitherto hidden ultraviolet wawhgths. In 1948 x-ray fluxes were 
dctccted in the upper atmoJphere, after which rucket ittJCsdgarions d the 
sun mn& over both ultraviolet and x-ray wavelengths. fnevitabty experi- 
menlm turned their instruments on the skies, and when they did various 
ulnaviolet sources were found. In 1956 the Naval Research L a h t o r y  
group found some celestial fluxes that might have beeit x-rays, but the real 
significance of x-rays for asuwn#ny had to await more sensitive insuu- 
m t s  that did not become available unril the early 196%. 

In the meantime sounding mket r e w a d  on the sun's radiations 
moved on ap re .  Investigators from a number of institutions continued to 
amass detail on the sun's spectrum in the near and far ultraviolet, which 
was important in u ~ x h t a n d i n g  the quiet sun artd rwnnal run-earth rela- 
tionship. But the real excitement proved to be with the x-rays. It was 
these. rather than the ultraviu1et wavelengths. that came into pron~inence 
with high solar activity. When satellites came into being, tlwy were put to 
use in making long-term, detailed measurements of the sun's spectrum in 
all wavelengths. On 7 hiarch 1W the firs of NASA's Orbiting .Solar Obser- 
vatories went into orbit, to be followed by a series with steadily improving 
instrumentation. The Naval Research Laboratory built and launched a ser- 
ies of Solrad satellites, intentionally less complex than the OSOs, to PO- 
vide a ccmtinuous monitoring of the sun in key wavelengths. But, while 
satellites came into prominence in the 1960s, sounding rockets, some of 
them launched at times of solar eclipse, continued to yield important re- 
sults. In fact,  some scientists felt that the most significant work on the sun 
came from sounding rockets rather than from the far more expensive 
sitellites. 

NASA's Orbiting Solar Observatories continued into the 1970s. the 
first one of the decade being OSO 7, launched on 29 September 1971. An 
important event for solar research was the launching of Skylab in 1973. In 
this space laboratory astronauts studied the sun intensively using a special 
telescope mount built for the pupme. Although the high cost of Skylab's 
solar mission in dollars and time to prepam and conduct the experiments 
was distressing to many of the scientisis, nevertheless the results were ex- 
tremely important for solar physics, some of them providing solutions to 
long unsolved problems. 

Sounding rocket experiments were also fruitful in stellar astronomy. 
Perhaps the most significant went in rocket and satellite astronomy nc- 
curred when American Science and Engineering cxperimente~s, with an 
Aerobee rocket flown on 12 June 1962, discovered the first x-ray sources 



outside the sdar system to br deatty identified as such. As will bt ~een 

later, this discovery paved to be af proburid significante to lrrodern 
astronomy. During the 196Q sounding rodtets continued to search for and 
gather information on these strange sources, but pmgms was slow. Long- 
term observations with more ptrcisc instruments were needed, a, need 
NASA was much too slow in supplying. The beakthrough cam with thc 
bunching of NASA's fint Srrrall Ammomy Satellite, E x p h  42, on 12 
December IWO. 

During the 1960s the mum of ufuavioki a s m m m y  fnrm d t i t c s  
atso pmxeded sbwiy. The prirlfipal satellite designed for such studies, 
NASA's Orbiting Astmtmnical Obsenatory, ptcwed difficult to bring into 
being, and it wasn't until the end of the decade that OAO 2 (7 December 
1968). the first successf~tl astronomical ohseru;ttory, went into orbit, It t d  
another four years to ge OAO 3 aloft (2 1 August 1972). F m  080 obser- 
vations the Smithsonian Astrophysical Obxrvarory compiled the first 
complete ultraviolet map ol the sky, issuing the results in the form of a 
catalog for use by astronomers.* With OAO 3, which had been named 
Copcrnicus itt honor of that dauntless pioneer in scientific thought, 
Princeton trniversity experimenters obtained a number of significant re- 
sults. They showed that, while hydrogen in the interstellar medium was 
almost entirely in a t ~ l n i c  form, most interstellar clouds had an abundance 
of neutral h y d r n  mrrhrules, the rdative abundancz being consistent 
with a balance between the catalytic formation of & on grains of material 
and the n*rnpetinp: Cisx~ia t im of the .gas by absorption of light. Much of 
the ;;alactic disk was found to be mup ied  by a hot coronal gas at half a 
million kelvins. with a hydrogen density of one particle per liter. The 
Print-eton workers also observed that the relative abundance of the different 
chemical elements in the interstellar gas was what would be expected if, 
starting with a mixture of elements in the ratios found in the overall cos- 
mic abundance, the materials of high-condensation temperatures had a!- 
ready condensed out to form small solid particles or dust gains. Finally. 
flowing from most tery hot stars were stelLr winds of some thousands of 
kilometers pm serond. 

Other experiments were also on the OAOs, some of them concerning 
x-rays and gamma rays, and thc Orbiting Astronomicai Observatories were 
clearly proving very fruitful. Yet one could detect the feeling that OAO 
was a bit out of step. The satellite had been sufficiently difficult to con- 
struct that it had delayed satellite optical (tisible plus ultraviolet) astron- 
omy for about a decade, whereas a series of cheaper, simpler satellites could 
have Lept research moving while work ctn a larger instrument proceeded. 
Also. now that it had come. OAO was well bihind both existing telescope 
rexhnology and current needs. For most of the problems of greatest concern 
to the optical astronomers, a larger aperture (2.5 to 3 m), more precise 
telescope was required. As agitation developed for the construction of a 



Space Shuttle it was quickly realid that one of the things that the Shut- 
tie cwld  do ideally was to launch s ~ &  at1 inswlnent into whit and 
service it throughout the years. The launching d such a telescope becam 
one of the prime scientific missions for the Shuttle. 

But in the 19705 the circumstances surrounding astronomy had 
changed Whereas in 1W and 1960 the m a t  imparrant tasks for satellites 
had appeared to be in ultraviolet astronomy, in the late 19605 and eariy 
1970s borh ground-based and space mearch had changed the picture. Now 
the highenergy end of the spectrum-x-rays and gamma rays--was the 
en t e r  of attention for many asuonomers, particularly €or the large number 
of physicists who had moved into the field of asrronomy. As a result a 
ttutttbcl ef NASA's sounding rockets and small astronomy satellites were 
devoted to this area of research. In addition the agency began to plan €or 
outfitting and launching a series of multiton satellites for x-ray and 
gamma-ray astronomy-to be called High Energy Astronomical Observa- 
tories. The importance of this work in the eyes of scientists was shown by 
the fact that B-itain, the Netherlands, and the European Space Agency all 
instrumented satellites of their own for high-energy astronomy work. 

The result of all the research with sounding rockets and satellites was 
an outpouring of data, not obrai~sble from the ground, at a time when 
ground-bad astronomy was each year turning up new, exc~ting. often 
unexplainable discoveries. The quasars had extremely large red shifts in 
their spectra, suggesting that they were among the most remote of objects 
observed, yet if thev were as remote as indicated, then they would have to 
be emitting energy at rates that defied explanation. Stlange galaxies ap- 
peared to have violent nuclei, emitting unexplainable uantities of energy. 
The discovery of pulsars introduced the neutbon star to the scene. Radio 
galaxies cave evidence of cat iclysmic explosions in their centers. The 
rocker and satellite could not have appeared at a more propitious time. 

As with the exploration of the solar system, the flood of new data and 
information was far beyond what could be covered in a brief summary like 
the present one. To keep within bounds, it is necessary to illustrate the 
impact of space science upon the lield by means of selected examples. Two 
will be given: x-ray astronomy and .some of the contributions of spare 
science to solar physics. 

X-my Rstrotaomy 

Once stars are born the rnajor part of their evolirtion can be followed 
in the optical wavelengths-that is. the visible and ultraviolet. For this 
reason most attention was directed at launching space astronomy in the 
direction of ultraviolet studies. Very little thought was gi den to the higher 
energy wavelengths, although these were proving to be extremely informa- 
tive about the sun, particularly about solar activity. But there were a few 
who thought that one oirght to Iwk for celestial x-ray sources. Perhaps the 



most insistent was Bruno Rossi. professor ol physics at tk Mass;rchuwtts 
fnstitute of i-echnoiogy. '4s Possi hter sttict, while he had tlvt been in a 
position to predict specific phenomena like the x-ray sources that were 
eventually discoveI.ed, he had had "a submscious trust . . in the im- 
haustible wea:tb of nature, a wealth that goes far beyond the imagination 
of wan."5B Moreover, there was a vety compelling re-ason to cry to l d  at the 
universe in the very short wavelengths. Much has been made of the fact 
that scunding rockets and satellites gave experimentem their first oppor- 
tunity to took at ali the w:.velengths that rtacl~ed the top of the atmos- 
phere. But, like the a~mosphere, intmielhr space atsu had its windows and 
opacities, and not all wavelengths emitted in the &prhs of space could 
reach the vicinity of Earth. While the interstellar tnedium was quite trans- 
parent to wavelengths all the way fro radio waves through much of the 
near ultmviolet, at and below 1216 f'. ~bsorptioti by hydrogen, the m a  
abundant %gas in space, cut off radiations from distant objects. Farther into 
the ultraviolet, absorption decreased again, rising o n e  more when the 
absorption lines of heliunt, also abundant in space, were encountered in 
the far ultraviolet. Not until the x-ray region could one again see (with 
instruments, not with the eyes) deep into the galaxy. The existence of that 
window in the spectrum was an important reason for sountling out the 
possibilities of x-ray astronotns. One could study the universe only in the 
wavelengths that were auailable for observation, and all known windows 
ought to be explo~ted. 

Rossi urged his ideas upon Martin Ailnis and Ricardo Giacconi of 
American Science and Engineering, whrt were enthusiasticalfy re~eptive.~' 
Quick calcutat ions showed that x-ray intensities one might expect from 
galactic sources would be well below the detection limit for existing in- 
struments-doubtless explaining why Navi.1 Research Laboratory searches 
for x-ray sources had not found any. In 1960 NASA provided support to 
Ciacconi and his colleagues and they prepared to fly sufficienrly sensitive 
instruments in sounding rockets. 

After one failure, the group succeeded in getting an Aerobe *wket to 
an altitude of 230 kilometers, cn 12 June 1962. Although plannec' 
objective of the flight was to 1m.k for solar-induced x-radiatr~r: from the 
moon, that objective was completely eclipsed by the excitement of detect- 
ing an object in the sky that was apparently emitting x-rays at a rate many, 
many orders of magnitude greater than the sun. The sheer intensity of the 
source gave one pause, and the experimenters spent a considerable time 
rtviewtng their resuits before announcing them in late summer. In two 
additional flights, October 1962 and June 1963, Giacconi's group was able 
to confirm the original findZngs and discover additional sources, again de- 
tecting a strong isolated source near the cen.,t oi  the gala~y.~z There was 
a!so a diffuse isotropic background which one supposed could be extraga- 
lactic in origin. 



Within a few months d Ciaaxmi's original announcement, the Naval 
Research Laboratory experimenters had confirmed the existence d these 
sources by independent obsm.ationr In April 1963 the NRL group made 
an important contribution by pinpointing the source near the galactic cen- 
ter more precisels. Since it lay in the constellation !hqio. the source was 
named Sco X-I. NRL also detected a somerr+tat weaker source. about 1. 10 
the m g t h  d Sco X-I. in the general vicinity of the Crab Nebula.5J Dur- 
ing the rest d the decade additional sourn were discwered until by 1970 
several dozen were known. Efforts were made to discover j w  wehat these 
strange objects were. In particular. it n.as felt especially important to iden- 
tify the sources with objects already known in the visible or radio wave 
len.gtqths. The mason for wanting to tie x-ray sources in with kwwn objects 
was quite simple. It seemed clear that the extremely intense x-radiation 
from these sourcr=s hiWf to be connected with the basic emrge ia  d the 
objects. It could be v c -  important then to campare the x-radiation with 
that in other wavelengths. a comparison that might better r w a l  the true 
nature of the p h e n o m .  

-4s an illustration consider the Crab Sebula." It I ;  believed to b the 
remnant of a supernova explosion. The material of the nebula consists of 
the debris ejmed by the exploding star into the surrounding space. .At 
present this debris. w-hich is expanding at about 1000 kilometers k.er 
shond. fills a rou.ghly ellipsoidal volume with the major diameter about 
six light-years-where a light-year is 930 trillion km. Radiation from the 
C z b  Sebula was observed :o be strongl~ polarized across the whole spec- 
trum. probably resulting from electrons revolving about the lines of force 
d a m a - m i c  field. .At the densities that appeared to exist in the cloud. the 
lower-energy electrons that would produce the radio wavelengths obsened 
could last for thousands d years. hut those responsible for optical wave- 
lengths would be deplered in a few hundred years and those producing the 
x-rays in ltrs than a year. Hence there had to be a continuous resupplying 
of mere- to maintain the observeti radiations. 

'This remained a mystep until the discovery of a pulsar in the Crab. 
The end product of a supernova explosion was expected to be a vev dense 
neutron star. in which a mass comparable to that of the sun he 
compressed into a ball about 10 km in diameter. There were reasons to 
bli-e that the pulsations from w-hich a pulsar tmk its name were .qener- 
ated by the rapid spinning d the star. \Vhm i~ was noted that the period of 
the Crab pulsar was lengthening at the rate of about one pan in 2000 per 
year. a possible source for the resuppl?- of t . r *e r~  to the nebula leapt to 
mind. The slowdown of the neutron star's rotation corrmpondcd to a mn- 
siderable amount of energ-. and calc~~lations umn showed that the anlotint 
-\-as adequate to provide the energy being rt.lt.ad by the nebular gases. 
<;.I(. speculation had it that the spinning magnetic field of the pulsar 
acc:lerated ~ases to relativistic speeds at which they could escape from the 



star's rnagnetaphere into the nebula, crrying their newly acquired energ). 
with them. 

This example illiwates the importance of being able to obseme and 
visualize the object that was radiating the x-rays. As a consequence there 
was a continuing effort to identify the other x-ray sources with known 
05jeci. But, except for Sco X-I. the efforts were unsurressful. As for Sco 
S - I ,  in an experiment in March 1966. Giarconi's gtoup showed that the 
angular size of the source could not exceed 20 arcseamcis. The new posi- 
tional data were communicated to workers at the Tokyo O b s e n a t q  and 
at Mt. [Vilson and Palomar Observatories. On 15-18 June 1% the Tdvo 
o b e m  found a blue star d 13th magnitude. which further study identi- 
fied with the x-ray source. This result confirmed that stars existed that 
emitted 1000 times as much power in x-rays as in the visible wavelengths. 
.is Giarcrmi #-rote: "h X-l was a type of stellar object radically different 
from any previously known an: .whose existence had not and could not be 
foreseen on the basis of observations irt the visible and radio."5i 

But that \\+as as far as one appeared ribie to go with the sounding 
rockets. Longer-term obsenations with vev sensitive detectors were re- 
qsired to ad-.ance the field further. These were supplied by Explorcr R. 
Launched from an Italian platform in the Indian Ocean off the coast of 
Kenya on 12 k v m b e r  1970 lien?-an Independence Day, h e  satellite was at 
once named C'huru. the Swahili word for independence. C'huru provided 
!he brrakthrough astronomers were lmking for. When iuued sometime 
afterward, the (-huru catalog listed 161 x-ray sour-. It was clear that the 
strongest sources had to have x-ray luminosities at least 1000 times the 
luminosity of the sun. Even the weakest x-ray source was 20 times more 
intense than the meter-band radiation from the strongest radio source. 
Thirt~-four sources had been identified with known objects. Of the sources 
known to lie within the galaxy. one was at the .galactic center. seven were 
supernova remnants. and six were binav stars. Outside the galaxy were 
sour. es associated with ordinap galaxies. giant radio .galaxies. Sq-fert ,gal- 
asi6-s galactic clusters. and quasars. .And much of the diffuse background 
s-radiation had been shown to come from outside the local galaxy." 

One of the most exciting results from s-ray astronomy came from the 
realization that some at least of the sources \\-ere binap stars-t\vo stars 
revolving around each other (fig. 6)- in  which one of the companicns 
was a \-en dense star. either ( I ) a whitc dwitrf, a mass comparable to that of 
the sun c.ompr~ssed into a sphere a b u t  the s ix  of Earth: or (2) a neutron 
star. of mass exceeding I .-I solar masses. comprrsscd into a ball about 10 km 
in radius: or (3) 3 black hole in space. .-\ white dwarf is the end prodr~ct of 
a star ahout the size of the sun. after it has uwd up its nuclear fuel and can 
no lonaer a\oid collapsing under .qqraviry to it planetary size. The neutron 
-.tr is t hr rnd prcdttc t of ;I m;tssive star that. aftrr burning ttp its nuc Iear 
fta.1. i~n<fc.rgcn*s it \.iolent irnplo-iic~ri c ; t u w d  b\ gr;i\-it)-. follo\r.ing tr-hi<-h a 





great ckal c ~ f  the star's nlaterial wbcwllds fmm the implosion to b blown 
out it\ a supernova explc~sision, leaving behind ,-n ex tme ly  dense abject 
cxn~sistitrg of twutnms. Birr if the midual nrass rf t t r  ihe supnovia e x p b  
sion is .greater than ;I certain critical valiw. the gmvitational contmuion of 
the star dcm not stop even at the rwiltma star stagu. Instcad the star tun- 
tinu- to c'rfiltrac-t inMiniteiy. pllling the nnttcr tighter snd tighter t e  
wthrr ~tntil the object disirppews into a k p  savitational well e ~ t t  d 
which nrithet matter ncM el--tmmagtreric r;rdiarion can escape bcrai~se of 
the intense grrrvitatitmal fields t h .  tic~rtp the nanle "black hole." 

l'hc binan natilrr o f  WIIU Of the x-ray objects cmrld be deducd f m n  
thc hbppltr shifts in the lisht fnnn the cmi i r r ;~~  m ~ n p n i o n .  the shift 
bring toward t h e  blue as the star ~novrd towarti the observer in its orbit. 
atni le~wani r k  n.d as ti,< %tar ~novtd awav. If the stars m l i p d  each other 
ttrc binary nature wot~ld show t.2 in ;I peri(Ific;J (iis~iqwarancv 01' the 
s-ravs whcn the rnritte*r was hidden bv i5r c~h-: sirr and rcspparint-t. 
whcn t he* cnritttr- r tn t . r~d  fnnn tx-lipit.. 

:\fter c-irreful stttci~ ;~stro~ion~ers fin;111y exnwl~lhi that the x-rays were 
Ktblrrr;utri 11% m;~te~-i;rl fro111 t hc oniin;m. c-omlx~nitm's Iwing ptllltxi into t he 
,grit\ it;rric,n.rl wrll o f  the cfegener;~te star. If the .t;tvit.~tional attr;~-tiotr \ v m  
s~~ffit.it.tlrl\ atrcbilg. ihcn the g;rs woulci be ;tc.t-tblcr;tttrl 113 stlch vt-lcw-itim ttr;~t 
the g.1~ \\,oulct cmit s-r;t\s ;IS twrtic.l<?i c.ollidcrl. I t  stvartxi III;II white cIw;lrfs 
\wtild not prr*vide stiffie-icnt gl-itvity to ;~ccx>nrplish this. a* cnrz w;rs left 
\\.ith r Ire. cone 111sio11 111.11 the dc-gcnente c - o m ~ ~ n i o n  in binirry s-I;)! sourem 
was t*itlrer ;I tlthtltron st;lr cn .I bl;ic-k hole in sp~cu. 111 wrat cxws it ;rp[w;~rtd 
th.11 the crb~np.tnicbn \\.as .I twutrcitl star. but thc uiourc-t. <:yg x-1. in the 
c-onstt-ll.~tii~l <:vgnus. ci~ttld bc .a blac4i hc~lt*. If w,, it was thc first sue-h 
o1jc.c I io Ix. cft.tt'tttri in the univem-.': 

I'ht. ~wssibilit\ th;rt .I h1.1t.t holr hid at iast t*vn disc-ovt-rtd t*rirph;~- 
sircd thc. funti.tment;~l i~nport.anc.c to ;~strotronry of the trtSw fitbld of s-r;ty 
.tt~ti g;ltrrltr.i-1.1\ ;Istrt,noar\. (;r.tcia;rlly u.it.trtists h.ttl Irg\ttr t o  t;llk .tbr*t~t 
thrir \vo~h .IS I~rgk-rnrr.gq q?.stro?tc>niv. ncbt only l~x..tuw thcv \ve.rr \r.orkiirp: 
.I[ t l i c *  hi~h-c.tit*rg\ rtrd of tht- \v.~ve~lt+trgtl~ c~xx-trtlnr. b11t tirr>rt3 sigtrific.;~~~tlv 
1 % ~  .IIIX. rlrt*ir o1rwic.n-;tiions wrt-c slrowing th.11 througlrout t h ~  ~~nivt-rsc CS- 

!rc~at*l\ \ iolt.nr t.\t-nts \\.c.lta r.1thc.r c onr~ircln. in\.olving rnortnotrs cl~~;rntitic?i 
of t*lrc.rg\ . I I I ~  ~~t.~~~c.trclotts t.ttcSs of c.nt.rfi ~~rcdt~c.tion. :\nd .rnrong [Ire-sc 
rtrt-~gt-tit t*\c.nts \vr.rts tllosc' cwt tlrri~rg d~lring tht. I;ISI st;lgt> of ;I st;rr's evo- 
It~tion, \t.lgr.s ilr \\.hie 11 11c.utto11 sl.trs .rnd bl.ac.k holrs \r.tblt> c.rt..~ttul. with 
I I I I ~ ~ I I W  x-r.t\ t*~iiissions. S~nx~t~1.11ing on the- ~ ~ h i l o u ~ ~ ~ l ~ i c ~ ; ~ l  itnplic-iitirltrs. 
(:i.lc ( t t t l i  \tlo\\,exi t- \c  i t i~ l l l t~ t11 :  



mission lrom objcas d: as quasars. Small black hoks oi masses [wry 
much smaller than the mass of the sun] may haw been created at the instant 
d thc p r ima l  explosion. . . . In black hdcs rmttcr has murncd to c d i -  
tion similar to the primordial state fmm which the Univmc was cmatcd. 
The potential scientific and intelkaual m i  from this research ate clearly 
staggering* 

Should one then conclude that rocket and satellite astronomy had by 
the early 1970s generated 2 scientific revolution in the field of asuonomy? 
The answer may well be yes, although many of the swange concepts that 
were being deah with had been considered decades belomH In any event, it 
is probably too early to make the case. Certainly these topics, concerning 
the interplay of energy and matter on a cosmological scale, are fundamen- 
tal; and if anywhere in tile space program one might expect a scientific 
revolution to emerge, it would be hem. But it should also be noted that if 
any such revolution is to arise, it would almost certainly come from a 
cooperation between ground-based and space astronomy. 

Solar Phvsrcs 
The sun was a most important urget of space science investigations for 

at least two reasons. First. the sun's radiation supports life on Earth and 
controls the behavior of the atmosphere. For meteorology it was i~t~portant 
to know the sun's spectrum in the visible. infrared, and near-ultraviolet 
wavelengths. To understand the various physical processes occurring in 
the upper atmosphere. a detiiild knowledge of the solar spectrum in the 
ultraviolet and x-ra) \vavelcngths was -ntial. The reader will recall the 
overriding importance that S. K. Mitra, in his 19-47 assessment of major 
upper-atmospheric problems. gave to lmrning about the electromagnetic 
radiations from the w11 (pp. 59-60]. For this reason manv sounding rocket 
experimenters devoted much of their time to photogmphing and analyzing 
the solar spectrum both within and k o n d  the atmosphere. Some of their 
work before the creation of SAS.4 was dixusseci in chapter 6. Finally. with 
the disc-over?; of the ma.gnetosphere and the solar wind the imponanm of 
the pqrticle radiations from the sun for sun-earth relationships became 
apwrent. a topic that was treated in chapter I I .  I'hus. solar physics was of 
central importance in the exploration of the solar svstem. 

But the sun was in~portarit also to astrc~nomv. to the investigation of 
the universe. .Although an a\erage star. unspectacular in comparison with 
rnany of the strange objects that astronomers were uncovering in their 
probing of the cosmos. nevertheless it is a star, and i t  is close by. 'The next 
star. Proxima Cxntauri. is 4.3 light-years ( 4 0  trillion kilometers) away, 
while most of the stars in the .galaxy art. many tens of thousands of light- 
years distant. Stan in other galaxies are millions and even billions of light- 
years from earth. So the stin afforded the only opportunity for scientists to 
study stellar ph?.sin with a model that c-auld be obsewed in great detail. 



h a u s e  of its nemrms and its importance, astrolromers a n r a d  a 
great deal of data a ~ d  theory about the siatr in the years befort- rackets and 
satel1ites.m What they lean& came altr~ost entirely from o h a t i c > n s  in 
the visible, with cmly occasional glimpses from rnoirntair~ tops and bal- 
loons at the shorter wa\relengths. But. as spcr observations showed. much 
of solar activity. prticul;ulv that associated \vith thr sunspot cycle, sola1 
flares, and the curon3 itlvc>lved the strclrt wawlctrgths in essential m)-s. 
Sounding rocker and satellite lneasuretnents tvere. acmrdingly. able to 
rc~tctrd out the picti~rc in ini~x,rtant \cays. 

To t~ndcrstand the ~ i g n i f i ~ t n ~  d thew ronrributiorrs, a brief sumtnap 
of the principal feiaturtx of the skrn 111;ry lw hrlplirl." "The visible disk of the 
st111 is c;tlled the photcwpl~err 1fi3. 661. It is it vtr?. thin layer of onc to 
stawrrtl htr~~drtd kilo~neters t hicktress. from \I-hich cwn~es most of the rd ia -  
tiotr one st% on Ertrth. 'l'tlc t*fftx.tivc trtnpc.r;tture of the solar disk is  bout 
5 8 0  li. ;\hclvr tile ptlotospht-re lit3 \\.hat may bt- t.c,rlled the solar atmcls- 
phcrt*: ln>lo\r- it. the u)I;rr interior. 

'I'hr. s~rn's txnt.rgy is ge11er;ttcri in tlab intt.riol. fro111 tilt. tlu<-lCar burning 
of hvctrogen to f o ~ ~ n  tlcliiun in ;I c-cntr;tl c.orca c?f  ; r i m > \ ~ t  otlc-k~urttl the ndar 
radius and onc-half thc solar mass. iicrc. at temperaturcs of !3 X 10b li. 
somtb 99 wrt-en; <>f the sun's radinttui energy is rt.1cast.d. This et1er.q dif- 
fuses outward fro111 the c-art.. tr)llidiirg rrpeatcdly with the hydrogtxtl and 
helium of t he slrn, k i n g  absorbed and rw~n i  tttd Inany times before reach- 
ing the surface. Irt this prcw-t.?is t ttt. itrciivid~aa: photon ~~~~~~~~~~~s r~>ntinually 
decrel~w. changing the radiation 11o1n g:.nJnnIa r;a?s to s-rays to ultraviolet 
ligllt and finally t o  visibltx light its i~ rtt~t-rat3 fro111 the nrn's surf;lctb. 

Fn>m thc c-ore of thr s t ~ n  t o  11t';11 the s~tt-f.te.t.. thnt*rg\ is i t l t~s t1.;111sim)rttd 
nlainl> by r;tcii;~t io~r. Hut  to\\.;^^ rt I llc' sttrfitcc'. Ix't\r.tr~l roughl\- 0.8 and 0.9 
of tht* solat- tactitis. convtu t i o ~ l  lnx~r)l~tt,s 111~ pri~~c.ip;tl ~ncdt* of tr;t~lslx,rti~rg 
t,nt.~-g\ to\r.;irct tllt* stirf;~c,t.. .Imhc* t-xistct~t~ o f  the c . o ~ ~ v t u  1io11 t e ~ ~ t -  is tbvi- 
elt*nc-txt I)! tilt, 11~ottI~xt :tp~w;tr;tnc~t. o f  tilt- p l ~ o t t > ~ ~ ) I ~ t ~ r r  in l ~ i g l ~ - r t ~ o l ~ ~ t i c ~ ~ ~  
1~1~otogr;aphs. .l'his ~nottlitig. 01 gr;t~ltll;ttio~l ;I\ 11 is c.;tIlt.tt, c.o~lsists of c-ells 
o f  ;IIMNII IMMl-knl di;ln\t.tt-r \vhicll last ;tIw)tir 10 mit1urt.s t t ~ t .  ;~vc.r;cgr i111d 
\\.hi(-h art. thc~tcght to lw as\cn.iattxf with turbult~nr c-or~vc-r-tion just k)r'llt';ttl~ 
the pllotoq,ht.rt.. ;\ I;tr~t.r M-c-;tlc. s\stt.111 o f  li~~rf,tc.t~ ntoriot~-20 oi111t~s tht. SILC' 

o f  t he ~i;t~lul;ttion (x-lls, c;tIltd sttix-rgr;a~~u I;ttic~t~-is Iwlic.vtd t c )  Ix' 1111ct.h 
nlort. cit~plv rcw)rcd ill thr. c-on\.t-c.tio~~ t o ~ ~ c ' .  

d 4 ~ l i t l ~ ) ~ ~ ) t ~ ~  10 E;~ITI~'s U I ) ~ X ~ I .  i t ~ ~ ~ l ~ s l j l l t ~ ~ t .  is the ~ ~ I I ~ - ~ > I I I O X ~ ) ~ I V I ~ . .  01 I I ~ ; R T  

;tt~rwspht~rc~, of ttlt- sun. 'I'hcl c-l~ro~~lospht-1.c. ovc.rlics the photospllrrt- ~rt~ei 1s 

;~h)trt 2.5M) lirn 111ic.li. \\'hilt. tllr clt~~~sit\ dl-op ;tc ross tht. ~)hotosphrrt. is Icss 
th;~n an orclcr of nl;tgnitt~dt*. clt~nsity in the c.hro~nospht-rc ctec-~t-irws b\ for~r 
ordrt-s of n~.t~nit~rctc. fro111 thc top of t1ir ~~llorosl~11c.r~ to tht. 101) of rht, 
c-hro~noy )llcrr.. 

Sot long ago photosp!:r.ric- ;trld t.llro~nosphrt ic- trlll~x3r;lturt*s \r+erc ex- 
trc.nlely ptlrt i in~ t o  iiSlr<>tii)Ill<'t-s. ct~opl>i~lg frotn ;tIx)ttt f i m  k ;tt thtb htst. 





of the photosphere to around 4300 at the lase of the chromosphere, and 
then rising through the chromosphere, at first slowly but then very steeply 
to between 500000 and I 000000 K at the top. This temperature curve posed 
a problem, for it was rrssumed that the corona derived its heat from the 
chromosphere. yet that would imply that heat was flowing from a colder 
region to a hotter one, contrary to the laws of thermodynamics. As late as 
1972 Leo Goldberg, director of Kitt Peak National Observatory, pointed to 
this phenomenon as "the most important unsolved mystery sun-ounding 
the quiet 

Above the chronlosphere lies the corona, the sun's exosphere. Here 
IOOOOOO K temperatures prevail, and an important problem facing the 
solar physicist was to explain how the corona gets its ener.gy. Although the 
corona is extremely hot a i d  vet active. its density is so very low that it is 
not normally visible fro111 the ground. where it is completely obscured by 
scattered sunlight in the earth's atmosphere. Only during solar eclipses. 
with the moon blocking out the sun's disk, could the astronomer .p t  a 
good look at the entire corona. One of the benefits of rockets and satellites 
was to permit -rr).itlg corona,qnphs above the light-scattering atmosphere 
where the corona cot~ld be wen even in the ahsentr of a solar eclipse. 

Much of solar physics concerns the interplay among the different 
rt=gions of the sur,. This interplay. however. can be followed only in terms 
of its effect upon the radiations enlitted from those regions. For this reason. 
one of the first tasks of the astronomer was to obtain g d  spectra of the 
sun and their variation with time. Resions fro111 which radiations of 
highly ionized atoms came would be hot regions. and temperaturn could 
be estimattd. The magnetic field intensities, for example in sur~spots. could 
be tutimated from the splitting of lines emitted \vithin the field. If a cooicr 
gas overla!- a hotter. similar gas. the cooler gas would i~bsorb some of the 
light emitted by the hotter one. This svould produce reversals in the emis- 
sion lines of the hotter gas, gt>nerating the larnoi~s Frar~nhofer liiles of the 
solirr s p x t ~ u m  discover& in the 19th c.enti11-y. By pit-cing together informa- 
t ion of this kind, the lorations of different gases relative to each other and 
thcir temperatures c-ould be determined. Changes in magnetic field that 
c~c i~r rcd  in association with solar activit?, such as the appeiarance of solar 
flares. could be followed. Ch;rngt?i were irnport.int. since there \vr.re strong 
indications that magnetic fields were the sourc-c of much of the ener.9 in 
u,lilr flares. 

'I'hesr. techniques were. of course. applicable in the visible wavelengths 
and were employed to the frillest by tht. ground-hrscxl astronomer. The 
spac-e astronotner simply providtuf irn additionirl handle on things by fur- 
n i sh in~  spx-tral data in the ultraviolet and x-r;~! \vi~velengths. .And these 
dicta kgan  to ;w.cutnrrlate fro111 thc very rarlic-st xiounditlg rcx-kct flights. 
Yt.;ar by ytBar. flight b?- flight, they wrrcl a d d d  to until by the end of the 



decade the solar spectrum was known in great detail from visible through 
the ultr~violet wawlengths and into the x-rays.a 

A powerful technique for study of the sun is that of imaging the sun in 
a single line; for example. the red line emitted by hydrogen known as 
hydrogvn alpha. In such spxtroheliograms. as they are =lied. one can see 
the structure and activity of the sun associated with that line. Spectrohelio- 
g a m s  taken in hydrogen, mlciu~n, and orher lines in the visible have long 
been an effective tool for the study of solar acti;.ity. Members of the Naval 
Research Laboratory . p u p  pioneered the use of this technique in s l u e  
astrotmy. where it was possible to get sjmtrohelicrgr~ms in both the ultra- 
violet and x-rays.64 Thew. taken with photographs in the visible. gave a 
powerful tnrans of discerning and analyzing active regions on the sun. 
Wuences of such images taken over many days. or at intervals of 27 days, 
the solar rotation period. permitted one to follow the evolution of flares and 
other features on the sun. It was in this sort of imaging that Skylah was 
particularly fruitful. 

During the decade and a half that was climaxed by the Skylah solar 
ob\en.ations, solar physics progressed rapidly, r l d rand  by a conibi~ration 
of ,ground-based and space astronomy. in the shorter wavelengths the sirn 
was found to be estremely patchy (fig. 67). ;I patchiness that extendtd into 
the visible wavelengths as well." .'The sequence of events in a solar flare 
could be follo\ved in wavelengths all the way from x-rays through the ultra- 
violet and visiblt* into the radio-wave region. and related to ~iiotioris of 
electrons and protons associated with the flare.66 Cntitrrlry to previous 
expxtirtions fostered by ground-bwd picti1rt.s during solar tu-lipses. the 
corona ti~rned out to be not even ncirly hon ic~nmus .  X-ray images of the 
corona especially sho\vrd ;I great deal of structure (fig. 67). Quite surpris- 
ing were I;rrge-scale dark regions of the corona-which crlnie to be called 
dark holes-and hundreds of coronal bright spots. .l'he holes ;ap~>eared to 
bc devoict o f  hot ~nittter and to bt. irsstx~i;tted with ctivt~rgi~ig mag~it.tic ficld 
lines of a single jmlarit y. I f  the magnetic field lines \\+ere open. ttrese holes 
could be a source of ~xtrtic.lfi in thc solar wi11d.6: 

-Ishe bright spots were observed to be uniformly distribtrttxl over the 
solar disk. 'Thry were typically about 20000 km in diameter, and of a 
teniperitture atK,ut I .ti x 10b li. -1'hey app;trtxt t o  be m;tgnetic,tll y cl>nfi~ttul. 
;and one speculated that they niighr be an important link in tht. espl;~tii~- 
[ion of the sun's magnetic. fic1d.M 

I'hr interlocking ft*atures of the lo::t-r solar ;cttnosphere and the corona 
\-isilde in ~ t e l l i t e  inlitges of the sirri pro~icitxt hints as to hot\. the s ~ ~ t i  
might heat the corona to the extreme t r n ~ ~ r a t u r r s  that were observed. 
(' -. .' i ty  waws and acoit~tical \\.il\es might carry t.nt,rgy tlpwi~rd from the 

. . c,onvt.<tive rcgio~is bt-lo\\. the photosphere into thc corolla. I his explana- 
tion would remove the mystery o f  the s t t ~ p  remjn.ratiire c.urve in the 





By the end of the 1W the eiirly years ot space science were well 
behind. More than a dozen disciplines and subdisciplines had found 
sounding rockets and spacecraft to be powerful tools for scientific research. 
Thousands of investigators turned to these tools to help solve important 
probletns. hloreover, while the disc~plines !*I which the new tools coul~l 
contribute were many and sarieci, there wak a clearly discernible melding 
of groups of disciplines into t\co major fieids: the explordtion of the solar 
system and the investigition of the universe. 'The pursuit of these two 
main objectives would grow in intensity as space science moved into the 
1970s-in spite of fears prevalent in the late 1960s that support for space 
scier~ce was waning. The new decade \vould witness the scientific missions 
of Apollo to the moon, the re~narkable solar astronomy from Skylab, 
breakthroughs in s-ray astronomy, and the serious start of a survey of all 
the important bodies of the soli~r system. It tsas eminently clear that space 
scientists would be important clients of the Space Shuttle, which was in- 
tended to introduce a new era in space activities. Because of their accom- 
plishments, the scientists could legitimately ask that the Shuttle be tailored 
as nluch to their requirements as to other space needs. 



Part VI 

Future Course 

i\rature t!rat frtlrned tcs of four elements. 
il'arrtrrg u!rthrn our breast$ for reg tm~t~t ,  
1)o~h teach u~ all to haz)e asptrltrg mrnds: 
Our .touh, z~~hose factt ltres cat1 t otnprehend 
Tkc  zc~ondrou~ ,-lrch~tect~~r~ of the urorld: 
,4nd rnensztre Pclery u*arldertng plarzct*.~ course. 
Sttll ( lrm Dtng ,~fter htlowledge rnftntte. . . . 

S o  runny zl~orlds, so muclt to do, 
So little done, .t~t( h thirrgs to he. 



Objectives, Plans, and Budgets 

-4s the peak a4 labor on ;\pollo parsed. f d h i n g  the middk ot the 
decade, and as S.U.4 compleud more and mom d the pi* d - r t a k c n  
in the fira ymrs d the agenq-. the quescion of N.S.4-s future course 
assumed a growing impamam in t!! :-,ids d S,SA rnan;rgm. For a 
deradc the q u a  for w-orid leadership m yr#-c had helped to w i n  
S.t.S.4's program. But success brought a particular eraion d that sup~wwt 
For. when it h a m e  clear that the I'nited Wtes -%-as at the k w  least fully 
comprtitive with t k  I'SSR. and m e  IilieI? was wdl ahead of thcm in 
space mxar~h and engintPring. the initial moii\ation dmindM There 
began a reac_wsmmt d S.\S.A-s mission. pnicuiarly by the execu6\r side 
d .mmimc.lit. (hning  at a time of n a t k l  r e a s s s t  d priorities. of 
c v n c c m  about ci\ il right.. and student unreu d &senchantment with the 
Vietnam War. and a shali?- waromic sirlation. the r p - i w n e n t  was hand 
to affert rile agmq. 

To man? who had a sa? about Sd-I"iVs bdget-esp&ily in Sixon 
administration. tiut mually well before then-the precise nature and I-- 

pomw of S.-\S,A'c mission were noc at all c lmr. The strongest challenges 
to SASA's role canw in space applkations. where kq law other agmck 
haci t h  p r i m  rt-spon~ihilirirs. M e r ~ o ~ c a l  a d  omanogaphlc ayplica- 
tions .mw came under the Saticmal Oceanit and .\tmo@aic .Administra- 
tion. which had abwwbed the former \ve.aiher Bureau and much oi the 
Savy's omanogrdpl~ic r ~ i v i t k  along wuh 3 number of other rq.xmsibili- 
t1m.1 In ~ a n m u n ~ t i o n s  other agtmaes called tht- s?ww for naticnml pi- 
i o .  the Offim d relemmmitnzcdticw~c in :k White House: for commercial 
uses. thc Federal Communications Comm~uion. the Communicatims 
.%tellite ihqmmtion. and private industn-: for regulation. the F h l  
<hn~nunitations Cornmisshm: for dppIiCalr(~1r ta edw.a~iOll and health, 
!he Dep:arrmmt of fIr~!th.  Educatiot~. and \Vdf;ire: 2nd for use in 
co~r.mctcial sl~iyping. the Karltllnc Cammission.= 1 k  printar) m i s h  
i s 1  agriculture and foretp-which satellkt o h a t i o n s  promised to aid 
subst.tntiall\-belwlgtd t i)  thc k ~ ~ r t a n e n t  of r\griculture. .An) use of 
wltcllitrs for the mplorariol~ and sunq d mineral resourm fell squarely 



into tk legally assigned miston d the i T . S  Cncrlogical Sun- d the 
Ikpanrnent d thr Interior. .4.s 3 coclseguencp sty p y d f  from spzce in- 
wstmtnts that Sr\S;\ might s d  to mlize in space appikdtkm~ m W  
! m s ~  to he sold in the fonn d a s m k  to aanolhcr within whose 
puniew the specific application fell. 

):\-en .womutk-the primary activity of the runner National .i.dvi- 
s o q -  Cmmittee for . k o w ~ i c s .  which formed the nucleus for N.U.4. a 4 d  
an activity that r e m a i d  a strong component d the X.S.4 pmgriam- 
klongsd yrirnarily to orhers; namety. the OPpanment d Defense. the Fed- 
eral .\viaion .Uminisu;rtion. and idus tn .  

Onl?- t h m  amas could N.UA claim as its owls: the de\dopmmt of 
spaoe tcrhniques and hardware: sf.rac~ ewplontiar; ad space science. But 
in the difficult climate existing 10-15 sears after the uan ol the space pro- 
spm. am these had a hard row to hoe. For exampk, to assign all kd-  
&t d techniques and hardthaw to S;\SA (excepting. d murse. 
the substantial amount the m i l i r q  did) tan muntcr to the w M y  held 
\-k that a user shouM dmrl-lq, his ow11 hardware to mm a specifically 
perceived d. There ;~ZP man?- v i n w s  to this point d \I-. C~tainly  a 
prodprclive user would br mcni\-atcd to tailor his raearch and h-t 
io (he muat  rrPvd and to hP pnqxrk attenti\-e in keeping custs down. Also. 
the aaual wm could br assumed to know best a a t l ~  what was r e q u i d  
for hi> ;a~litxtion. But the laqpcale. highly sprialkd. rpr?. a p e n s i \ ~  
test and launching equipmmc and the  large teams that were required for 
spam dm-elopnent and openrims qpd for assigning ilk research. kv1- 
opnmt. and o p r a t h s  to a single a . m .  For r d  UL- to duplicate the 
jmwmnel a d  fariiities wmld be extrtmrl? wasteful. l lwre  were accord- 
ingly strong pmsurcs on SAS.4, to assunw a largely service role in s u v  
d the man! usas interested in applying space ~mkds to dwir missions. 
' l lw fcxm in this dirtnioti outweighed the natural h i re?* d the different 
a.gaxies iij provide their c>wn m i t e s .  and in the balance between the t\vo 
tr>nflicring pressures S.4S.a nuii~tairwcl an uncertain hold on a role in the 
f icki d s8su-e applicar ions. 

In a pied of rwmhment S.4S.4 forand that rok pankularlv diffi- 
cult. S.4S.i was 1.xptmc-d to @mm rhe ~ ~ r y  ;xi\xtuPd mearch for 
yrmpmive appfimtions. But in the late 1960s it ;$as difficult to ,ga zdmin- 
istration apprut-al for such ' d r a ~ w d  mearch i r ~  spire d vigorous urging 
from m i r y  tm~gtrsi(Hl;ll q*.l;lnms for S.AS.4 to do more applica#ions work. 
Beft~e staninp: an! tww appli<-ations p r ~ ' ~ r n s .  the Office of Xhnagtmettt 
and Ruci,qt wanted frotn potential users nor nwrely pious words in s u p  
pti, but as.:rranc.t.s that [here wc-rt8 p u i n c  plans to irse the 11c-w m e t M s .  
not merely as a supplemmt to old methods bur acrrlall~ as a more rfficient 
r~piacmrt nl for some of them. Prwcntial usen might underwrite specific 
and cl.~;ulg rt-altrabie applications. but were usr~ally \ .-p reluctant to s u p  
txxt the advanid t-tisinwring and dtrelopent  necdd ic, wablish the 
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fcz+sibility of potential applications. i:nder the circumstaty~s the adminis- 
tration ivas even less d y  to appmvc the a d v a d  work. This was partic- 
ularly u w  wtten the ~ ~ t ,  as with earth-mourccs sun- fnwn 
space, was like!? to introdurn kugv new expmditvrps into the national -- 

' I k  second & M A  mission, space expkation-by which was meant 
expiontion of the moon and planets by men-also was m y  difficult to 
s u m  during those latm years. Having p rod  our mettle by being the 
first to expkm the moon. it was r m  pecceiwd as newssar)- to pnrve our- 
selves iunher. a: least for the tinw being, by going on to the planers, Nor 
was the case fm permanent earth-orbiting space stations regadd at the 
time as persuasive. Manned flight in the Space Shuttle and Spadab-- 
which in the mrly 19705 gained somewhat grudging s u m  (see pp. 
389-91 +wits seen as enough. and to some m c # ~  than enwgh. for the time 
being. 

TherP remained, then, the third Nr\SA mission. space science. Even 
here the situation was not clear, since one nnrM apply to science the same 
argument that u-as being applied to the applications areas. The primary 
mission in science had long since belonged to another a.qpnc).. the National 
.Science Founda t i~n .~  But few seemed to wish to pres this a w m e n t  since 
the m i s t m y  d a s p a m  scientx program in NASA 5en'c-d to funnel large 
amounts of more into science without those dollars having to compete 
with the firnds ar ailable through the Scietm Foundation. -rhe highly 
specialired character d the tools of space fesedrcfi. plus the mental anguish 
that would arise if space science hudgvts had to r ~ m p a c  with other scienre 
br#f.gts. togtxher with S,4S.\'s praaice ol prmiding substantial suppon to 
science in the universities. appear to have led the nation's sciencr commun- 
ity to asgee that space science was prqerly ShSA's. &wh the adminiara- 
tion and C m p  went along. 

The searching sc-nrtiny of SAS.4.s role that rook place in thc late 1960s 
and earl! 1970s. painful at times to thosr in the a-grnq. in the end proved 
saltitar?. 0111 of the probing emrrgcd an acmpance of a continuing role 
for the a-genc) in which science. applications. and exploration would all 
play a part. Freed ar last from ,In uneasy dependence on a passing wnw of 
ur.qncy orer the nation's technological strength relative to that of the 
I'SSR. ShSA's position in the 1950s could be intrinsically stronger. Dur- 
ing the 1960s the ftrndarnental contribution that space could make to a 
long list of imprtant  practical applications had become plain. and there 
coiild he no quest inn btrt that thee applications would he developed in the 
course of time. Sot spurred on 5) tht* n d  ro compete with the Soviet 
['nion, the pace might be slower. but it rvould bc more assured. And. like 

-- 
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its pr- National Advisor). C'bmmittee for ,4eronautiu NASA n*mM 
have a siwbk role in pi-miding important m i c t u  t o o t h  agebwie. 

Likewise the breadth d space science. alrrady apparent in the year 
following Sputnik. =as abutwlantly c-lcir, and its i rnpu t r ce  to t h c  con- 
tinuing deve lopm~t  of the t-ountry's t w h ~ ~ o l q i c a l  strength recmgnitttd. 
A~din ,  the y;~p would cwtainly br mrasured, the stnalier projwts fawmxi. 
the I a r v  projects thOfMqghlv ~ ( ~ t ~ t i n i d  MP being xceyted. and ex- 
tremely large and costly projects avoided. But within those limits it WOUM 
be possible to p. nigh-precision .rsrrw~mical t e l t . s r q ~  i ~ r  orbit acd to 
explore the farthest reaches of the solar s) tern. 

Space exploratic~r. too. cwld be expected to contiraw. but at a vtm 
much r a i d  pace. While the piarwts might cnntinue to k k o n .  astro- 
nauts would have to await t1:e orderly devebp~nent of the mcans and a 
s t i l l - tc&e-awald national k i r v  to explore br).aiti the n m  Meantime, 
SAS.4's major attention in the field of manned spaceflight would be to 
crrate the Space St~uttle a t d  its a<-companying c!~(luip~wnt and f;t(.ilities. 
.Ttre Sy;rrr Shuttle would nlake flight into spam easier. mcue rcwtine. and 
more ecortomical. 11s versatility and ;tffo:ckability would ~nake the Shuttle 
the key to the fi~turc of .-\merit-;* in spc-e .  k - a u s e  the Shuttle wui~ld 
replay a .qt';,i man)- of tlre prc~iousiy umi. c.spend;~blr la11rr.h vehiclm. 
and k a u x  the Shut t le 6%-ould funchnrer~tally change the cc>mplesic>n o f  
space oqmarions. the 1970s bn-ame a decade of trinsitiotr for X.AS.4 and 
tho* enga,qrsl in space rcwarch a ~ d  rtc-velopn~ent. 

111 the first ye;trs . \ f t t r  Sputnik. w-ht.rr the sgxm program objective were 
clear-or at least thought to b r a  clt>ar-planning \\.as relatively straight- 
for ward. ..\dministr:ltor (~Iennan h;td ;I sm;~Il p1;lnniag group in he.;~i- 
quartcrs tlnckr Homer J. Ste\vart. who txarlicr haci c-h;tirtxi tlte Dr.fc.11~ 
Drpartrnent c.ommittrr that h;ad c.hr>sc~~ the S;I\?'s \'anguard (or the Inter- 
rtational C;tr,physic.;~I Year s~trllite prc%ram. I11 I)cvemht.r I!)% <;lctlnan's 
planning group turntxi out .I stlc.ret dcxttment enritltul "S..\S:\ l.otrg X;angc 
Plan." a c-onfidential vrrsio11 of \vt~ic.h \\.;ts t.1llex1 tht. "S:\S.\ 'l'en Y e w  
Plan."' -1-hew early dew-umeats were elirtu-trd more ;tt csti~r~ating \\-hat ;ad- 
vanc.ing ;--hnology might $wrmit in the ciist;rttt futurtb--a cic.c-;~cie or more 
away-th;in at c?it;rblishing ;I true plan. .l'o crt*;ate a talid plan in rhe usual 
wnw. a firnler tie \\.auld h;rvc to bc. macte with the c tarrt-nt proqatn and its 
prcqmtive c.volution inlo tllr i~:lmedi;ttr fiaturc*. 

I.itic tncnt sue-h ~~rcwi~v-ts of tentralirc~l p!;a~~ni~rg. tltcw dcn-~r~nents 
aroused the critici5111 of the prcbgr.ittt divisictns ;and ttlc c.enttSrs. \\.hicil frlr 
that the projcc-tions diet nor cicb justicy to their o\r.n rtx-o~~~mend;rtions. Rut 
t 11e pa1x.t s wr\.tul to Itn-~ts tht. ;ttrc.nr ion o f  the- .rgc.nc.y on \\.hat \\.;IS Iwitl!: 
thot~ght about ;tt the top. ;anti c.t*~ltr;~l ~>l;t~tning co~ltint~cxl. I;tt~r with tlle 



aid of Jchn Hagen, radio i t s tnw\<m h a i  dirpcted Vanguard at the 
Naval R e a r c  h ~ b o r a t o t y .  3rd Abraham Hyatt. pioneering prquision 
etlgi~wcr. 

Space wirrwr doXunw~ts dew-ribcd in chapter 8 prwiihi one source of 
na;iierial for the cmtl;~l But a-ientisa were by rlature opposed to 
long-range plans. Many felt that S..\S..\'s planning did v i o b ~ r r  to the way 
in whic-h scie~ltists wcwktd. It was rqaa td ly  pointed out that what might 
now be considrrect a very irnpt;rnt project for 10 years later muld lose its 
imput;ulc-c in the light of discx~veries t r r d  in the interint. N*UA nunag- 
ef i  fottncl ;I diffii-ill1 to get wit-ntists to think seriously about scientific 
pl;tm on .ht. V-ale of 10 or nlore yuan ahcad. 

Instt-ad. the sc-ientists preferred to indicate broad awas of research that 
were likely to be inl}wbrta~w in elislatrl ).cars and to idmtify slmific pr0jec:s 
onls for the immdi;ate future. '1-0 acc-onim&te the need of the agerw-y for 
long-r;atr.gr pl;att?ing \\-hilt- rltu pressing the scie~itists to be mom sw-ific in 
the long term than thcy felt t h q  could Itxitin~ately be. space science 
pl;r~t~:eis tl-olvtui ;a stylc' that differd front that in other arms in the a p q .  
Instt.;td of ialn.li~~g their. tk~.arnlents as spc~ific long-r;angc plans. t h q  b a n  
t o  uw suc.11 phr;~srs ;IS lottg-rctttgr plct~znitlr: or long-mttgc thinking in 
ritling the ~xajwts.; B! the f;dl of 1960 the s p ~ u  wienc-ts oificv had settled 
into ;a routinc of iwritwtic-;lily iss~titrg dowuments with titles suggesting a 
pl;r~lnitlg pti~.t~swathr.r than 3 fir111 plat1.6 In September 196?, thr. author 
addrt?id ;I mt~n~oranctum to the Space Sc-iernm Stwtitlg C~)namittee, its 
sub.ommit tt-t's, ;ttlci siuac.e wienc~ di~isioa ciirators describing the long- 
rangc and short-ra~ige pl;taniag prcx.tass to be folla\\-d for space wienc-e 
;and spvif\ing prcw-tutures for litwpinp: the planning timely.' An imlmrtant 
ttnd o f  this pl;tntiing prcw-t-ss \v;ts thi. "Spacr Scintc-u f'rc~sprttrcs." which 
\\.;rs upt;atcd II Ic;at oace ;a year." 

Ilt-st.1 itxxt ;IS ;I soa~rc-e dcw.111nc.11t for slwcr sc.irnc-e ~,l.anners. the pro- 
sinw.tuw-o~it;~itlc~l ;I i;~rge na~~n!n t of pwsible projtu-ts or scientific invtstiga- 
tiotls t l l ; ~ t  ;1p1w.11-tut sadfie icntI\- i t i~~~)r t ;a~t t  to t:otlsictcr incla~di~lg in the 
progr;t~tl. 'i'llc. pro~spx tus, howtbter. co~~taintd m;~n!- more projt~ts tllan 
c.ould tw ttnott~a-~;a~c~at \\.it11 ttlt '  es~nx~twl buttgets. Severthelt?is. to ni;rke the 
prosl'c" t ~ t \  r l : t~i  11 alc~rr tlr;~n ja15t ;I list c > f  ~ x ) t t ~ ~ ~ t i ; t l l ~  dt.sir;~t)ie pa-ojtu.ts-;a 
nit-re "\visti list" ;Is u~~ilc '  p i~ t  it-the projtx.ts wt forth in the prcqx4c-tus 
\\.cBrt- st~~ciic.ct ;itlei :c~l;tl!rcxi t i )  cletcbr~lti~it. costs. ~tl;a~llx~wt~r, whrdulcs. launch 
\ehitltr. f;rcilitics. and sttp1n)rting wrvict?i that would hc ntwlrui to carn 
t he111 0111. 

F.;tc.h \e;ar ~vhett t l ~ r .  I)ardg-t \v;n ))lr.ptr<xl t lle proslnx tiis W.IS eltaw 11 
ttln)ri for projec.t% t o  1,111 i ~ t t o  111~' t)~~iigc't rc\~~tcst. It1 the prcn.es5. prcljrc-ts 
t l l o \ t  like-I! 10 lw' c;~~idiif,atc-s fo~  tilts 11rxt \t*;~r's t)a~iigrt \vt,re also ictc~~~tificui. 
It1 :his W;I\ t ilc. 1)roqn.c tw. \vtlilc- not .t pl;~n. Inu.;rmt. .I!, i~nin)rc;tnt c.lcmc.nt 
in tllr sl).to c* u it't~ir I ) ~ . I I I I I ~ I I ~  pltn.c\s. XIorcutver. i~ lurt~islttrl ;I nltu-ll;~tlisnl 
101 ttlr ?ic it-ntis~s to rtigngcb in tho. lonp:-r;~~lgt. thinking cot  the agt9~ic-) \vith- 



out doinq too much violence to their natural reluctance to specify too far 
ahrad. 

NASA Administrator James Webb did not object to the Office of Space 
Scietm and Applications' use of the prospectus. But he was not in favor d 
publishi~rg bong-range plans. in spite of constant congrrssional pressure to 
get them. \$'ebb prderred to reveal the agency's course year by year in the 
annual budget propos+ls. As he stdted it. in putting out the current year's 
proposals O I I ~  gears up to do battle for them. In the defmse of the budget 
one has the immediate assisl;lnce d those ready to support the program. 
But pubiishing a plan that ,goes much beyond the current year invites 
adversaries to shoot the agent). down at their leisure. Friends and suppor- 
ters aren't prepared to mme forward to defend the agency in what must for 
the niotnent seenl largely an academic exercise. Xieanti~ne. enemies will 
seize upon different aspects of the plan--often out of context-to challenge 
and embarrass the a.elt.nq. 

Kot being a true plan. the space science ~ m p e c t u s  did not afford 
detractors the kind of Imerage that a fixed plan \\.auld have. .As a conse- 
q u m e  1I.ebb permitted the do<-ument to be tcpiared and issued each year. 
although he periodially called attention to the dangers of being too spe- 
cific too early. 

When the author became associate administrator. the various program 
offices had bcvotiie accustomed to developing their o\vn plans without :oo 
much m~siderrrtion of the planning of the other offices \\'ebb asked that 
an irgency-wide planning activity be dct.rloped. \\'orking with the Plan- 
nirig Stwring Group created f~tr  the purpose. the aurhor intended to create 
3 S;\S:\ prospectus much along the rncdel of that used ir. space science. It 
\\.as t?itini:*tc.d that perhaps as much as five yeat.s would be required to do 
  his: but before getting beyond ttie initi;tl stages adnlinic!rations chanfl,  
and the Republicans ~ i l l t d  for ;t rl;.u.ific- space plan. Moreover, Thomas 
Paine. whc> took over from \\'ebb, favored publishing specific plans and 
was \villing to st;ind tap and fight to defend them. Pnine's vie\\. \%its that 
leaving options open for the furi~re was simply an indication of not having 
thought through those opt ions. I'nder Paine. and Liter under the fourth 
ad~ninistri~tor. James C.  Fletcher. SAS.4 begian again to dcvelop and p u b  
lish long-range plans for the agency and lo use them in preparing short- 
rirnge plans ;ind budget proposals. Paine's plans turned out to tw too 
s\\.eepi~ig and expensive to receive adn~inistration support. while Fletcher's 
mart, mcdest, alniost constant-dollar-leve! plans did gain Siso~:'s back~ng 
and helped to launch S.AS:\ on the Space Shuttle development program. 

.l*o the scit-tltistc in space program management, nothing could be 
tluller than ;In endless round of budgets. appropriations, obligaticlns, c-ost 



accruals, and cspenditures. Hence it came as sorilething of a surprise w e n  
one of the authar's colleagues on the fi~iancial side of things began to 
commiserate that the fates had trickd so Inany people into the boring. 
impersonal. uninspiring field of scie~lce, when by a Inore happy stroke of 
fortune they tnight have heen led into the vital. intensely human, and real 
world of brtdget and finance! 

The  phrase "real world of bud.wt anti finance" strirck a responsive 
c-hord. for clearly the resources nlade ;lvitilablr to NAS.4 deternlined \\.hat 
the agency m t l d  do. hformver. those who did deal full time with the 
Budgets .ind expenses of tllr agency \\.ere undoubtedly the most c-c>tiiplctely 
inform& as to what SXS.4 was doing. at least in a general sense, and 
probably h;~d ;IS gcnd itti idea as anyone as t o  hot\. all the parts fitted 
together into a total pragritm. ~I'hrough it detailtui analysis of the a.genc~'s 
budget rtqitests. ;tppropriations. and expenditures the historian can get  a 
romprehet:sive pic-tttrt. cd \vli;tt N.4S.4 was u p  to. and at the very least can 
piit to.gethrr ;I tr>niplete fr;~tnet\.ork around \vllich to \\.rave the very human 
stor? o f  the n;~tiotl's \-enttrre into sprrce. :\lthough such ;in atialysis is 
beyond the author's i ~ i t ~ t n t s  and powers of t~nduritnn=, a few gneral  aha- 
tions itre in ordn-. 

.is it \\.\.;IS. the latc*s tlii~t had Itd s<.icntists into S.4S.l Iieadquarters had 
provitltuf anlpl\ ic.u their p;rrtic-ipation in the "re;~l \\.orld o f  budget and 
fin;tnir." \\'ork with budgt~ts never c-t.;tscul. It \\.;as an esstanti;tl part of con- 
verting plans into realit\. In thc spring. even as the defense before Cmn- 
grt-ss o f  t hc* c.itrrer~ t b ~ ~ d g e t  reciutbst \\.;IS gt,r t itig itnder \c;ty. the agency 
\\.\.ottlrl Ixxit- esc.liangrs with tile Rurt.at~ o f  the Budget-which k a m e  the 
Offic-t. o f  ;\l;~nagetnent :,nd Rudget t ~ t d e r  Sixon-its to the likely acc-c-ept.~- 
ble levrl o f  the ticst bttclget recl;rc.st. for tht. ixricxi kg inn ing  some 16 
~iionths 1;tter. l 'llro~tghout the, spring ;in(! summer the dctail o f  this es- 
c.li;~ngc n.ot~lii grot\. t r t i t i l  by 8.tlI tiit* birreau \\.ot~ld ha\-<- in its hands .I 

c-omplrte t)trdget proln>s;tl. I'hc pto~x>sal. of coursr.. had ,gro\\-n ott: of the 
pr\)gr;lti: pl;atini~ig (hilt i\xbtlt on cotititiit;tll\ i t t  the ;agetic-\. Ihrritlg the f;tll 
;tn(t \vititrr. thc tinal butiget proixbsal \vould Iw deve:optd in uxnetirnes 
tlt.:tttd disc-ussioti. c1ftt.n \virli I I I ; I I ~ \  conlpromiws, tx.t\\.tu.~i N.\S;\ ;~nd  the 
;tdtiiinisir;1tiot1. In tart. Ja~lttitry. its part o f  the no\\. enormous tiational 
t~*dget.  the slwc-e pmgritm rcqur?i! w,>irld lw wnt to the Cx>n.g~css for revie\\.. 
;iuthc\r:ratior~. ancl ;ippropri;tt ion.9 

In the tnidst of this prcxrss. he-arings on tht. pri=\.io~is buclget rcrjuest 
h;~d tx.1.11 going on. ; ~ n d  it1 the si~tiimcr or ;iuti~nln Chngress had ;~ i~ thor -  
irc.ci ne\\ oblig;~tions ior the progt;ltn itritl hx:1 nppropri;ttcuI funds. ~I'lius, 
throt~ghot~t the ve;ir S.\Sh manitqers \\.oricui it~titn;i:eI\ with thrtu. sepa- 
I .~te buclgrts: ( 1 ) c-oriditcting ~ I I C .  cttrrcnt \r.;tr's I>rogram correspon<iitig to 
tht- rtr-mtly ;tnthorirt.d b~~dqrt.  (2) clclt~ticli~tg ;I I>t~cl~ct rtrlllest lor the next 
fiscal \-c,rr. ,rnd (3)  pt.epitri11~ 51 i l l  ; ~ t i o t  ller I)iic!get rccptest for thr fiscal year 
;ifter that. Scrh nctivities kept tlrr sc-ic.ntists-t~trnc~l-~ii;~~i~tgers J,\.;I\ froin 



the science they would have preferred t o  do: but. itlong wit11 plantlitlp: and 
formulating a program, bucigeting was an  eswatirtl ele~llent of the head- 
quarters management job. 

'The business oi gaining the nrwssary budgets in~olvrrf a .great deal 
salesmanship and p~liticrtl savvy. .%IN i~nporta~it  pirt ol the \wrk d S.ASA's 
top nlanagement was to dewlop and prt-serve a clinrate in which thr lower 
echelons could sell their wares. Xfrrc-h of this responsibility fell directly on 
the administrator, whose r~lations with the prcsident and other adn~inistrr~- 
tion officials. and with kaders in the G~~igrt%s. hiid it drtermitlitrg influ- 
ence on how successful the a,getlq would I*. 

Janles \\'ebb used to en~ptlasize that the way to scil a prwtm was to 
,get the supp)rt of the president. Hr~ving that. all the mi nlovtd ;tlotig in 
Inore or less orderly fashion-unless. of c-ourx. the iigency fou~ld itself in 
the middle in one o f  the clrtssic er)nf~-ontations 1wta.wa the Ii~isl;ttive ;lad 
, s t~ir t ivr  lorcc.s such as did cr-c-ur during the I9tiOs \vht.n the <i,ngress tried 
to rtu-iip~ure some of tile initiative thitt ~ ~ r n t u !  to h;tvc ptsstx1 to the \\'llitt* 
House. 111 thc c-ourw of S.AS.4's history the cotnplesion o f  prt~sieie~~tial 
kicking \;~ricul \\.idel\-. Prtbsident Eisrnho\ver, a luke\v;trm .;upp)rter of the 
s)xt~.c~ jlt )gl;t~n. \\.ishtxi to kcvp i t  ;tt a rel;~tively nltrkst Irvel. I lis c. lroic-ib for 
first ;rcln:inisrr;rtor. .I'. kritll <;lt*~~n.~n. kept a tight rein on t he ne\\-Iy evolv- 
ing progranl. Presitict~t kenntul\ gavcb strong suplr)rt. pat-ticuli~rly ;tfter 11e 
hati p-I-son;tlly prolw)stui the. ;\~xollo l>rcxlaln t o  <i)tlgcss. I'ncler iiennt~iy, 
S;\S;\'s progr;rln anti t.slx~ndittrrcs grtw r;tpidl\ to\v;trd tilt pctk of Sti 
bi:lion it )t.ar <it11 ing L \~ ldon  JO~II.WII 'S ;ttt~lli~~istr;ttio~l. :\s t)11e o f  thc 
;rrc.hitc.c-ts of the S;rt ion;tl ;\eronautic.s and Space :\t-t of 1'358, Johnw)n 
brought tvith hirn t o  thc vice prr\idt*nc \ ;rnci I;rtthr t o  the prcsidc~u.\ ;I built- 
in c.omrnitment t o  ;I \igorous natio11;11 sjxttc cffol-t. .I'his C O I ~ ~ I I ~ ~ ~ I ~ I ~ I I I  

lastcd throughoat his inc.u~~~lx.nc.\ i l l  thc. Oval Office. ;tlthotl.,h ill tile last 
?car the turmoil and emotional toll o f  thc ti111c.s h;td I K ~ U I I  to \vc;tkcn his 
origin;tl enthuri;~snl, ;tnti to \\'ebb t l lc -  ~,rt.sidt'~~t's b.u-king o f  the sp;ur. 
program st~rncui ;I[ t i~nrs  t o  tx'c.o~~le i11diffcrc.111. Prcsitlcnt Xisoil h;td IIO 

binding intelltr.tu;rI c-orn~nitn~t-lit to sp.tc.e. or ;it .tn\ r;ltr' IIOII~' not t;tsil\ 
ovt.rritidrn by ~nditic-;II r.spex.dicnc.y-even th011g11 IIC 11;ld Iw.c.11 olir o f  the 
first t o  endorw the e;trI\ cfforts to estal)lish ;I ~l;~rion.tl sprcr progritm. 
Xison vnjoycut and timk politit-ill ;ttt\.;int;tgv 01 e;~(.h ; \ I w ~ ~ o  111i\sion .11tt1 
ot11t.r slx8c.e st~c.ccsu~s. ,rnd sl~re\\.ill?- c-onsielcrrd the ~n>litic.;rl irnlctc of any 
11l.rjor \\xtw progranl prc.w.ntc.d for his ;rppro\;~l .rnd I);tc king. 

.l'he diffrrcnt fl;~vorc ol prc.sidc~~ti,!l ; t t t i t~~dc to\\.;lrtl the spt(c 1)rogr;tni 
\\.c~c. fclt in the diwi~ssions t1;at SiIS.1 H.C'III t111.011gtl c;tc-11 !c;~r \\.ith tht. 
BUI~B,III o f  t t l t ,  I3~ttgt.t or t 1 1 ~  off it.^ o f  J ~ . I I I ; I ~ c I ~ I ~ - I ~ ~  ,111tl Ul~f!g~t. It1 t 1 1 ~  
early yeills ;I rt.aw)n;rl)ly \\.ell-pl;rnncul btwtgct uuuttd f;tirly I(-ady ;rct-ept:rnc-~~ 
ill the .~d~ninistr;rrior~. SI;~jor isstlcs spirktd by the corllltr\'s sivide11 },rer.i}>- 
itat ion i l l t o  this nta\\- ;artbn;l inc-ludtu! 11w cluest ion of hot\. stxon the I'nitcrl 



States could close the launch vehicle gap with the Soviet l'nion and the 
relative roles of the NASA and ~ni l i ta~y space pogmms. 

Congress, of cou~se. had the final say as to how much money would be 
authorized a ~ d  appropriattd for NASA. In those first years NASA had 1i:tle 
trouble in .getting its budgets passed. In fact, throughout thr years Can- 
qess  consistently give strong backing to the space program even when. in 
later years. paring down parts of the budget. 

In the !period immediately following launch of the first Sputnik, 
c*)n~mittee memkrs would listen with rapt attention and undisguised 
etlthusiasm to description of plans and acm~nplish~i~etlts-a11d then give 
ShS.4 pretty much \\-!~at it asked for. It \\.its a Ieiiming period for the 
legislators as mucia as it was for NASA. '4s experience arld understanding 
grew, lawmakers' questions b n l e  more pointed and penetrating, and no 
lolager \+.as there an inclination to accept a budget simply on the grounds 
that X.AS'4 xiid it was r equ id .  But \vhile increasingly critial. the Cun- 
grt%s remained basi<-ally supportit: throughout the yfitrs. 

X.4S.A budgets for 19!i8 (fiscal 1959) through 1976 are given in table 8 
and figure (33. A comparison of the total space budget with the ptrt as- 
sig~led lo research and development for space science appears in trtble 9. 
For the s;:ke of cotnptrisc)~~. budgets for sprce activities in the Department 
of Iktr.!~x arld other agencies itre included in table 8." 

The si~nplified numbers and ,graphs cannot give a true picture ol the 
agency's funding structurta. For esample. a g o d  amount of space science 
\\.as supported tvith funds in the m;:nned spaceflight budget, since the 
expioration of the lnoorl ntt-essrtrily included a great dral of scientific 
in\.estigation. Like\vise. much advantd rexiarch and technology \\*its im- 
portatlt to spit-t. science and could proprly be chi1rgt.d to that ac-tivit) if 
one chaw to do so. But. with thee limitatior~s in mind, it is still possii~le 
to derive some valid imprt~ssions about the support that s p ~ c e  science 
rccuiv~i through the ytBars. 

 firs^. while never a major part of SAS.4's total bud.get, space sc-iencr 
funding \\.its nevertheless an ;tppreciabIe part o f  the total. at times accoilt~t- 
ing for as ntuch as 20%. Actually, as \\'ebb continually pointed out, invid- 
ious c.ompirisons of itbsolute or relative nunlbers did not make sensv. 1w- 
c;tust., \\.bile nlanncd spaceflight did i n d d  enjoy much ,grater funding th;an 
did spice sc.itw-e-its tllc scientific cornn~unity repiattdly r-omplaintd- 
tlliat did not imply a lack of suitable support for xienc~. .I'he (;enlini and 
;\p)llo projects simply cost Inore money, and if the  lat ti on was going to 
have ;I manned sprtccflight progritm. it had to pay thc ntx-essary costs. The 
proper <luestion to ask was not whether manned sprrct~flight was getting 
more money than SI);I(P science, but whether sixice science ~vits getting the 
funding i t  net*ded. \\'ebb \vould add that even if the scientists shoulct man- 
i t ~ t ~  to get the n~anntxl syxrceflight pro,qam csnmletl-as ;\bt.lson and others 







Table 9 
NASA Budget-Space Sciences Research and Development 

(millions ol dollas) 

Totat Spa- Spmsricnrrr 

Budgrtc Authority Rescdcch and 
kr-t Portiono 

IW and Mm 7015.7 
1964 5046.3 

O S p m  riolrc was also as ignd  additional funding for mnurmion d facilities. mearch und 
m a n a v n t .  and ;tdministrdtiw qwratior~r. 

tvould hat.c liked1?-the rlionies would not be rrassigned to the science 
progranl, ~vtiich ~yi)uld c.ontinue to have to justif\ its budget on its own 
~ilerits. 

( :ertain 1) t tie funding itvailablr to space scirt ic~ wits enough to pay for 
a great ileal of scirntific rewarch. The  trans and hundreds of millions of 
dollars per ).ear av;tilable in NASA's appropriations for science were a far 
cry fro111 the one or. two ri~illiot~s per year with t\~hich the Rocket itnd 
Satellite Panel had to rriake do. In fact, the amount of ~noney going irito 
space x iencc wits so li~rge in comparison with other science budgets-for 
exaniple, NASA's funding o f  s p c e  astronomy q u a l e d  or sonletimes ex- 
<c.rdrui the National Science Foundation's entire budget for ground-based 
iistronon~y-that many scientists were gre;itly concerncd. But space sc ien- 
tisrs, sptrrrtul on by the growing number of r-xcitinp problems that the field 
1l.d to offer. did nor t~c=rit,ite to complain a b u t  not getting their fair $hare 
of the s p c a  budget. 

\\'hen the ..\lx,llo pro>xqdnl \\.as intrcduc. J. the upward s l o p  of the 
space science budget lessened appreciably. This [mint was not misxd by 



the scientists who felt that the rapid rate of increase in the space science 
budget would have continued had not the Apollo pqgiam imposed its 
great demands. ?he  point could not be proved-and in fact there were 
those who thought that the NASA budget, including that for space science, 
would soon have leveled off had it not been for the sustaining influence of 
the manned spaceflight program. Both Webb and the Apollo people were 
convinced that the Apollo budget helped to keep the other budgets up. 
With this in mind, as an aid to jugtifying budget requests, the practice 
developed of dividing NASA's total request into three parts: Apollo and 
relatel manned spaceflight work; other programs that supported Apollo, 
such as unmanned lunar exploration, studies of the space environment, 
and solar physics; and the remaining NASA program. 

For the scientists. especially those who were opposed to the Apollo 
program, this practice of justifying a substantial part of the space science 
program oti the basis of what it could do for Apollo \spas anathema. In 
their view space science, like space applications, was one of the intrinsi- 
cally \laluable components of the space program, justifiable on its own 
merits. Moreover, during the long period of preparation for the manned 
lunar missions. most of the substantive achievements of NASA came from 
the applications and space science programs, not from manned spacefiight.13 
But for NASA management it was a matter of practical politics, of recogniz- 
ing the realities of life: better to assign science to a service role and get the 
money to carry it out than to risk a loss in total funding just to keep the 
science pure. 

'The scientists had a stronger reason for compjaint when p r w a m s  
were actually cut short for lack of ~ufficient funding. The lunar projects 
Ranger. Surveyor. and Lunar Orbiter, all terminated just as they were 
getting into full swing, were cases in point." .So was the cancellation ot the 
Advanced Orbiting Solar Observator).. which caused aimost a hundred 
solar physicists to petition NASA for better support.15 But as Administrator 
James Webb and Associate Administrator Robert .Seamans could p i n t  out, 
such actions were not arbitrary or whimsical, nor were they antiscience in 
nature. In fact, Webb was one of the strongest supporters of a balanced 
space program. \Vhen, in 1%2, the A p l l o  program needed an additional 
$400 million, President Kennedy seemed ready to accept a suggestion rhs! 
the funds be taken from other p r ! s  sf i:,r KASA budget. T o  do sc,, how- 
ever. would haic crippled the space science and applicatiorls prqgrams, 
;inti it'ebb refused to go along. Mr. \+'ebb told the author that he llad 
itltlicdted to the president an unwillingness lo continue as acirninistrator of 
a program that did not have a proper balance among spa- sc jente. appli- 
cations. technology, and manned spaceflight. In a letter <o the prttsident. 
\\'ebb offered to wait until the ntlxt budget to request thc -;:cii;~r~nal funds 
for .\pollo, a toniprorniw [:)at was accepted.16 'I'hrcugl~out his tenure 
Webb continued to give stronq twckitig to spare scienc:, but he also refustd 



to accept as a valid c ~ n ~ p l a i n t  the grumbling of scientists that ~natltied 
spaceflight was getting most of the NASA dollars. 

Given the neerl to keep within i m p m i  budget limitaiions. there was a 
logic to thr cuts made in the space science program during the mid-1960s. 
Ior the lunar missions, It was pointed 0111 that while the investigations 
woitld cease for a while. nevertheless when Ap l lo  flights bt.grrn the lunar 
studies could be picked up again v-ittt the added power provirred by the 
perso,l~l presence of astronau:. ot? t!re moon. Thc rasonitig was legiti- 
mate, but not acceptable to many scientists who lrlt that unmatlned inves- 
tigation of the moon tc.;~s more economical and more versatile, hence  now 
sensible. Nevertheless, NASA managers had to insist that A p t l o  was a 
national commitment, entered into for mans reasons and not primarily for 
science, and that the lnost desirable tota! program would be one that made 
effective use of Apollo for science as well as for other purposes. The case of 
the Advanctd Orbiting Solar 0bsr1.viito1-y tvas different. in that Skylab's 
Apollo T~lcwope I\io\~lit, which replaced the obsewatory. would not dupli- 
cate what AOSO could have done. One could show that the unmanrled 
spacecraft \\.as needed for the nlore advatlced investigations of the sun 
requiring long-duration nlortitoririg of sola!- activity for ;a substan!ial frrtc- 
tioti of a sunspot cycle, and high spatial, temporal. atid specti-al resolutions 
riot afforded by either the first solar observatory satellites or the Skylab 
telescopes to come. Although Skylab in the manned progratii did provide a 
means for sorne exctl!lent solar research, the nerd for the advanced, long- 
duration observatory persisttd, arrd in !he course of time much of \\.hat the 
Ad\,anced Orbitirig Solar Observatory would have done was acco~nplished 
in a co~ltinuing series of improved solar si~tellites: OSOs G-K. 17 

But. whate\~er c<>mplaint there  night have twn  about either lhe iibso- 
lute or relative level of the space science budget within the a,gency's total. 
thcrc <an be little dou1)t that i t  represt*nttd a substantial progranl. '1.hrough 
the 1960s and into the 1970s support for science it1 the space program 
remaintd, pcrhaps stt.;rditlr in the Cmngress than on the ext~utive side. But 
the backing was by no mr.rins unquestioning. Ci)ngressniiin Joseph liarth, 
who for most o f  the 1'960s rvirs chitirman of tllc Sutx-ommittcu. on Sprtce 
Science and .ipplicatiorlc of the House Ck)rnniitte 311 .Science ;tnd rlstro- 
t~;tiltics, \\.as a puwr*rful alvo<;tte of thc science and applic-ations prograrr., - 
He was an equally forniidable inquisitor of NASA rt ~rcsentiitives I : 
appeared before his sukotntnittee. No detail of the budget seemeti t(x, 
srnall for his eye or his interest, and spctctl scit.nt-e managtBrs ciu.11 \.ear 
supplied the sukommittee with reanls of testimony a~id  writtr.n reports irr 
justification of the spice science b;~clgtats.'~ For tlie hihtorian itlteresteti in 
the evolution atici progress o F  the program, the printed records of t x ~ h  the 
House and .%n:itr auttloriri~tion conlrnittt~*s rnake informative. if somervhat 
dreary, reading. 



Whtn -4 ld lo  passed its peak funding in fi-l 1- and &an to 
decline, drawing r k  total NASA bdga down at the sarne time. much d 
S.kSA's p!annind \sas d i d  t o m d  finding new pagmmi and projects 
to tollow r k  Ir~nar missions. -k initial failure- oh r h r  effort has already 
k e n  derrihed, anti tcu a n4ritc the ~.onismw decline m i d  doubts as to 
just ushat the fut~zre d the spmx pcgtam might be. It --+-as duririg this 
pe~iod that a nunlbPr of sliftttise>--among them James I'ar! . M h  and 
M Cdld. physlr ist  ru Gmz?l ~'nt\t-t-sit~-st~,pg~tcd &at m a n d  
qxmni.gbr ~ w l d  bc qr3tl: r r d d  4s dispensed with." Fa 52 biliirrtr 3 

a atbunatial prwdm of p r i w r i i ~  xiemr and a p p l i t - a t h  muid k 
carrid w: 1-he o\-eridi~rg t h n e  trl the debates sa eCU1mmy; am' unt~l 
S.U.4 satiJf&wril\ a (<fre55ty1 &is i s i n ?  the &&.get omtitlwd t o  dpcliw. 

-1'n.o bflixs turned the ti&-- First. even thwgh the r n a r n ~ d  qucetlight 
prqam.  r~rosiiy becam tA ttw tmnedowi expetse d Apollo. w a  the 
prii~cipal tar-get of attack. t t m  m u~&.~l\ing relurrnrrr in Ckmgvu 
in the adtninistratkn. and erm a m g  inat:!: d rhe scknris. to forego 
enwhiilg that twd brought so rnicth p t i g f  and acclaim to tfie f ' n a d  
States. h n r d .  cntcr SrIS.4 had become witlirlg to ler ga d &tb %tun- 
r\p>r,llo lirw a ~ d  to srcq p ~ s h i n g  for an e,~rly prqparn to but@ pmmnmt 
*mr s t a t i ~ s  irl cxbit or OII the I:KXM. tk Spm Shuulc could be p- 
xntetl as ;t rtn%ans d .gmacl) d u r i n g  rk cnw3 of space oprraticms. III ttw 
:oh of 4 u-nk to the rm oC ttrc prwixnt. man~nd sp;irrll<yht rn 
aspi61 b a n e  fabMe. Ihc- jpriinc in S.kS4's hidm z r d .  and after 
falling tct drt,ullrf s3.23 ;3izilcn kg&n \lowi\ to climb ; l~&in a5 t k  Shuttie 
prtq.rrn sp uruk-r .= 

.is the 1970s began. thr Spar Shottk. sc-!~dukrt for ttw I:3%. Ic) r4xd 
I t - q  r.li~c-h !iC;t- thr lie>sione of ;he iuture Icr tl:e space prrSe;r.int. Nc~tlthr- 
ins. rvcn ralwri- ~$E'I-C taa~d put to f;dlcrrv all ikc i n s  ant1 outs ol the stm- 
irtsi> inlittire \;iriay of wdc*lf:s hetiween trchnica: ;nd m.;omir- factors 
rliar had t c j  ronsidc~ed in arriving at rt;:. lillrrl ~ C - S I ~ I I  oi the rtt\v spm 
vc.hir!e 8ypt>\ing ail of ~har. pizns I ~ i i l t d  dolt-n ::> t h -  f~ lo# - i t~g .  Thr 
Shu!rl- \\wild ix. ;~ble to. 

iirurk h ti, rtcir-t.:,;rh orbit the  hit^& 01 p:vlrm;rJ that the- previoirs 
esrwi;dable yucu 1dtinc.h vehic 1t-s c t ~ ~ l d .  

fBl;t( c i t t  tlr,ar~;ir!k ctt  Oit pa\ loads ~ t - ~ i s h i ~ g  :(I t 4 b m  or  rnrBrt. This 
is.t.ovld ii.:c:c ;r.-.sihte rhc 1;it;nc hing of a large \pace teltwqw whvh 

,is o! c onstdt-r.ahlr lr?;cret t o  w irni~s:\. i Ir3\ l9;:ds tor high- 
e::cSrg\ astrmlrltnr \~~oald a h ,  :le possible. 



Rccnopl wrtr &-dry pay-kds  f~wn cubit and t ~ r c t n ~  them to the 
srmnd- Rdurbis!!ilrg and updating ol erptmsir~ qxu-maft a d  
equiprant kw r- wryrV t t m  5r psi&. 

6 < jm cxperinmtmr u-ilh v minislum d sptadlight mining im 
or3ir a d  back. Only the pitot am copih would haw to be luity 
quidifid asrtonilus 

&my into orbix and rnurn w carth an d i t t e d  laboraton- fs the 
yd-z d cxprinrcrds in t k  yrrv cnvi-zz~~-mt. Inwstigatars 
UWM go akft co ~xxxka rht apmim.~a 

I h t .  &vc!ryrnt~~t %#*it. sped mrr !he decak d ~ h c  1970s. %-as estimated 
at sonw $3 biiIio~t ( i 9 Z l  rioibs). 'I& qxr;;tini;: c w  per flight. itrclucting 
~rfurbish~lwnt. was i-xf'c.ctec( n, 'k mm the iwdcr d $10 rnillu~:r fagdin in 
1971 & l b a ~ ? . ~ ~  

-1he i&a of a ~ h i t t i k  to space was rm I W ~ .  Various sche~rws for using 
lifting bodic?, to r e  tarn p.assmr.gcm tc, earth after flight in spm= were float- 
ing ;atourxi in thr I1(1;7i)s. but i k  I'nited Stat- was IM then y n p d  to 
arakt- cnlw-h of theai. Wirh inaqgi~;;ltian one e-otlld \-isilaiim the S-13 as an 
aarl:? sap toward a n t ~ n r : ~ d  6lxu-e bu;wher.E 'I& .Air Ft"ttlcr's bn;l-%mr. 
whir!\ wrw nt-.x-r c-r~lqttmvf. tVta. M hatr trer~t still anc~her- But nunr 
td ihcsc- p d  tfw rhdltmgcs dwt at, c~praticnxil s p e  plant. wmdd. .lhc 
p r d i t n w  td .c:-rtd? ~ 8 r n i r - c .  ur zu-I un-. rhtnl~t l  ~ ~ ~ ~ e - t i o n .  and guidance and 
c-oncnd in c-r>>a~Stlg a \rhii-ic ;kni tr-qwk! go i t ?~o  orbit like ;I s j x e  launc-twr 
a c t  thcn.;~fter rrt~titti t s  c~.*rtfr a~uf land like an airplane were inti~~lidating- 
.I grt2r &-.ll cd worlr t ~ n i  t i )  tr. ckmt hrfc~r:: i b n e  could w~iorrsly conrmiplait~ 
prmcrJing with rhe ~xujw-i. BIII after xktitiol~al y t ~ r s  d t.speritbnc.r in 
higlr-quxd night \\-ith tk- S-1-5 and Ay*llr, prognmr. in 1968 and 1969 a 
??umbrr ol %.AS.\ nvn1be.F imltdirtg Ck~rgc  Murllrr, htg;rd of the 0ffic-r 
c ~ f  Mcnntd Spi ir  Flight. werr. n d y  to promore 3 space shuttle. E\tm so. 
many i~dusrrial r t ~ ~ ~ ~ n r ; t r ~ \ - e s  wt*v frank ro sat. that t h q  \%ere nc# surta 
r h r  p~ojert cuuld y t - ~  ht ~nilhxi off, crmsitkring that rm tmls did the ttxhni- 
4 ;rl prt)hlc.ms have lo !w wlr-rif.  nut it all hnal IO he done c-ht-:#ply by iwrc* 
SIN-c zianchrtis. 

.-\id char i:?t-tor .A tuorwprny 1;1y ;at rhr he;trr of tht shuttlr's salahilitv. 
;\ftcr tltc ver) t~xpmsivr. :\polio. in thc midst cd a per id  of a-ononnic 
rx-t?isit~n. inflaiion. and tiwindling Iuiam of trade. the country was nm 
: a t ~ > t t r  t o  s t ~ l t l n ~ t  arrtrher costly s p a r  project unltus it had some c-le;trly 
fcnw;lbft pr~c-ii:;tl brrrefirs. Satirv:! mncrrn with issue other than s p ~ ~  
I1.d ix*rntit~t.rt ctle S:\S:\ btirlszt to fall from i ~ s  ~ , ~ k  d a lirrlc more that1 
$3 billion in ?hr. niid- 1% to about thrce-fifths the j w ~ k  valut- a1 the end 



ed the decade. 'ihe awrrcy wm~M be fortunate if i t  cwM kecy the budget 
frtntr going ~ W B  k~ww. .As has bcrn seen, sentiment in pan d the space 
c-rmtmunity to cutlti~tue with an extensive me d A@k, hardware kd to  
thc  akmiw pianning d a n  .4pollo Applic-atiotrs yrolTram. Adminislrator 
'Ihmnas Psine and \'ice Pmidcnt Spin, Agww wcwld haw liked the 
cuuntry to  srnd astronauts to the flames. but [ha: sintply wasn't in the 
canis. Paint- and cnht-rs would a l x ~  have favmtd wb l i sh ing  a \ ~ f ) .  large, 
percnamu space stittior, in orbit. As both Paiw a d  Abr Siltwsteirr de- 
w-ribd the prcywrsition, t h t  wewld br "ttw twxt 'bgical step" in ik h ~ l -  
cqment d spar for nwn's I=. Mtrh  d the m t ~ r ?  cxyr r iem a d  
know-how had already beer* ; t c q r ~ i m i  in the Gemini a d  h p d l o  programs. 
art4 it was simply a nurtrr of &ding 10 rr~akr a s p u  staiiort a14 tlaetr 
&ring 11. 

But thtw was a flaw itr th is  i-vascming. -4 s p a r  sutknt would q u i r e  
frecjurrrt logistic flights. it'ith .%turn and .4p~llo hadware, these would 
nrtail t-taorntoas cqwnw. karcily the Liiltd id txnncnily that was k i n g  
ctc.rr~ttl&d. 

It truA ;I \\.hilt-. but g~ru\ually t k -  nwsstgt 4c-amtg titrough. Reluctantly 
syuce pnw.rnr r~r;c~u,yc~s Itr tsl their r t ~ ~ r t  csc~ic- tirt-anrs and tirrnt-ti 
sttt~rttioa ccr disc-t-rnin~ ur-hat tlw cr)irlttQ 111igl I bt. willing to supp r t .  It 
Ir.c~ttw c-lt.;r~ t b t  thc s ~ x w r  pt-rairl ia- the fcut-stv-.rhlc futuw wt~ultl hravc 
to t-rttplt~sire six--iiic- rctirrtls far tht* Irrrge ittvt~t~r~t*nts that I d  b r ~ n  ride. 
;\a ~hcy  I1;ttI rt-jx-.rtt.rfl? c-ntptwsirtd thrcntghtrur t h e  I-. nw~rtlk'rs d C ~ W I -  
9t-w wtntIe1 b\tw ;I strtbrtg rffewt cwr applic-atitrns. ;\lso. ttww a p p m t  to 
lx. .I t e ~ ~ c i ~ r u i n g  sitpport for  .a sul~~tattrial s p r t ~  srirrttt- Ijrcsrartt. liu-hnetl- 
t s !  c t ~ a t  wc~11lc1 t lc-;~rl\ h* Iwlpttrl i ~ t  tist kli~rg p t~b l t - t t~s  cvt t-arth \\.IS 'tlw~ :I 
wlitblr itc-rtt. Rut wha:rvt-r was trrkkrtakeit \vorrld h.tw to Ix ds~rt* at a 
~ a u t  It btvcr c-tnt thar~ ttitt~crto. It aplmrrxl th;tt tk~lly I)! btxr~:\ing I I I \ I C ~  

nxwr t-fik icr~t in tile uw td ciollars c-c~tjlti tht. space prt%r.rm r r m t i ~ ~ ~ i r  in 
;ttr! sh.ty~. c ont l~rr~l~lc .  to 111.tt o f  I tit' 196th. 

I'ttar W;IS ~wrltaps thth ntiijor issiw. in tttc y.;rts of ci~c-il~sio~l that plr- 
t-t.clt.cI the tftvisiott firr;tIl? to build rhc S1xtt.c Stttrtclc. S h e  op.r;tticnral 
:31hahilili:% }#tqwnclt fcw thr IW'W tr;rft \\-th~l- v t S q  at6r;u tivc. to Eurojxitns ;ts 
\\.t-ll ;I> tr ,  ;\rncric;tns. . t r d  c-aputrtl 11tr intt.rt-st of rit;rtr! wit-11ti3ts. I'nlikr 
;\pollo. \\.hit h mtnr ol rlre a-ievttific c-u -trnu~tit\ ap1r.trt~l to npp~sc* ;rt t he 
I~y i~ rn ing .  the Sprcr Shr~ttlc had the ititcrc-st ;atid ;tt Ic;rst tlic ttsntati\-t* 
~ * * ~ / M I I - I  o f  sot i re* I~.tdit~g ~.ierltist\. Evrn ;as J;r~ncs A. \';a11 Allcn and 
1'horn;rs (;old syx~lir out sg;ri~lst .I s h t t~ tk  prt~:-.ttti. III.I~I). of their c.<*I- 
Ic.tgtrt*s w\-c it their c-orwfition;~l cndorx~:nc~~t."' 

1)uring the sutnnwsr of l!)10 the. S.~tiorral ;\c ;uirm! o f  Sc ic.:~ct~ r r ~ r r f c .  a 
stud! o f  prioritit3 in tht- t~cttiorr's spctc w ic.rlt.r. prcq~;tm.'~ Inevitabl! the 
S~xlcc. Shut tlr came in for ttluc-h diu  trs?iic)r~. 11) ;I 1t.c-turt* t c b  the st utiy pirtic-- 
ip.~r~ts. tlt.rn~.tntl &>ntii. hc*;ld ol the E~tropt*;.;rn Spiret8 Ktw;trt,tl Orga~rira- 



tion, expressed his support for the Shuttle. a view that may llaw teflcrtd 
the growing interest of tibe E u T ~ W ~ ~ S  in cocm-raring with the I!nited 
S~a t f t  on some aspert d a shuttle pmgmm.s One could detect atnong 
many of the .%merit-an scientists a &-id4 interest. b:t their support was 
contingent upon a number d conditions. 

The study participants rn;tck much d the far that they did IMX wit11 to 
get again into a large-=r!e, manned spxfli.ght pn-warn. They made it 
plain that the! had found rnrrch of their t-spericncv with :he Ap l lo  pro- 
gram distasteful. Hence. if the Shuttle p-oganl were to bc lnerely a mrms 
to mntinite a nianrml spwflight rlaivity. it wotrld forfeit thtair inrtmt. In 
the sc-icntists' view the Shuttle should be dt.velqml and operdted as a tool 
to support the countr?.'s priitci~x~l objei-tivt-s in slx~ce, cnie <)I which was 
space science. ,\stronauts t~.ould. of cotrrw. f ly  the Shtrttle. a~tci on sottie 
missions other passengers might go along; but the cotitrt~lling zlen~ents (ti 

e x h  flight should br the ttuhnoltq. ;rppiitations. or scit-t~-e objtu-rive cd 
the mission. 

If ;I proper pcx'rsprctive \\.*re nraititained on the ;~genr).'s objt=t-tivcs. that 
would lniti~ate the efftx-t on other programs ol the i a w  bud.gets that 
would be needed to develop the Shtttt!e. With thr prolwr w~sjnx-tivc. the 
;tgency would devate the necessary funds to c-ontinuing a strong space 
scienc-e program and to preparing in rrcivarwe for the use td the Shuttle 
when it hecame opt-r~tioi~;al. But the a-ientists wthre ;~.orritd that N;\S;\ 
might not cherish the proper wrspmti ;e. The! had wen the 1;rrge budgets 
for .%pollo force tiw curt;rilmeat of the Ranger and Surveyor ~?rojcl.ts a:id 
the cancellation of the ; \drar~rd Orbiting Solar Ob.fer\'atop. ;\s if to em- 
phasize the p i n t .  ;at ;he tinie of the s:rrillozr study tk wtmtists were 
tvrest ling \\.ith the impact thc eqensi\-c Viking-itsr!f a spictx st-ienc-t- pro- 
ject strongly endorsed some years befor? by a di:ferent :\cadcln\ of .%-ienc-es 
study-was having on other projects favortd b\ spice scie~ltists. s11t.11 as 
Pionmr missions to I'e~ius.'~ 

These two themes-that the Shut*le should he mnsidered a tool and 
trsetl as ;I t<ml to s~rppxt  space scicncr- ;rnd that its ttrvelo>pment and tit.j)loy- 
nient should riot tw ;tllot\.t.d to cripple S:\S:\'li otht-r i>ro~gcrais-a-it.~ltists 
kept reiteraring in the Sp:bc-c Scicn<v b a r d .  in S.%S:\'s Space Progr;rrn 
.\dvist)v Cauncil and its cori~nlittc?~. and in riumerotrs SAS:\ ivorking 
.goups. lhcre  were many ; ~ s p ~ - t s  to !he related issues. If the Shuttle were 
to be a usef~rl tml, i t  had to he ens,- to usr. In the view of the wientists. that 
b.ould a l l  for sharply Icss dm-ti~ncntirt ion and testing of ecluii,rncl?t tll;rn 
had k n  reqt~irrd in the .\p,llo jucjgram: u-htdules ;rlso h;ld t o  strt.;tm- 
lined. '4s Dt'ptrt\ :\dministr;itor l,o\\. told the author. i t  had c.c,st 10 tin~c-s 
;IS muc-h to prcp;tre ;I m;~gnetorneter for the ;4fx)llo project as ir Il;rct t o  
prepare ;I sinlilar one for an ~t~im:tnntd 11,roject. 111 kwt. thc m;tin 1mint \\.;IS 

that the tool sl~c~trld b t b  matle to fit thc hanrl. not thc h;rnct ciistoniul to f i t  
the tool. 



k-aust. of t hee  cr>t;cwtls. in October 1972 GAS11 put tofft.cher a Shut- 
tle ustars group to disc-t~ss prricdic-;~lly with ttw dt~litiistrator various 
prcsram tnrtt~agers h*~w 10 use the Shut tlt w k r  it c m l e  into being* Many 
groups wt*rta alrt-ad? wtciitlitig with how to build the Shuttle amd what to 
use it for. but no c,rmtp was adequately addnssing itself to the qiwstion 04 
how i t  coi~ld bc rut1 to m;~kt* the niost of its ~n~ttritial. .1lic single most 
im1x~rt;ttir nu-ot:t1t1tvid;rtil,a lo emme out cd ttw t n t v t i n ~  cd this pmt-1 was 
to c p r z r t e 4  the Shuttle it1 such a wily that the trml did tm ovmhidow the 
;~pplic:ttiott. 

Pt~rstrit~g b t ~ h  cl~rt~tiotis. what to cio with the Sllurtlc a rd  how to 
opr;lrc it so .rs Inxt tt) u.~-\-t. its itst-rs. Sr\S;\ s~u~tisrwtd still another it1 the 
lcwg chi~in o f  sum~~it-r sti tdit~ on major issut3 f;rr-ing the agency. -1his 
st~rdy w;ts cr)titi~~cttxi ;I[ \\'cm~i's Iiole. hI;~ssi~~ht~~(' t ts.  it1 JuI! 1973.5 ;\gain 
ttrt. S.:tic~aal .\catknit- c ~ f  S-ic~kcvs c-otducttd the s t i d y ,  most d which was 
ttc\otid to \\-hat the Shuttle. 1x11-tic ularlt tlic Spc-el;rb it \\.oitld t;tn) on 
bwnl. c-ould do f.,r rht. sixtc-e progr;~rri. By that t i~ne the scientists had 
cicvt-lopxi a rt-stmiritd. srbtnesvhat wrxritd intcrt?it in the vchic-le. 'There was 
tilott. \\~illi~~gtit~ss I hi111 Iiit hrrto l o  assitnir tliirt pt~li;rps the c-rdt c.ould be 
tkveloyd a112 flct~vn it1 such ;I \\-a! ;IS to bring down the exfits cd SFKT 

n~issiorrs. .l'l\c.rc rcni;tintxi still thr questio~i of \\.hethcr it rt.;llly \vould be 
opc.l-;ttrti as ;I it101 rathtar rl-;tn irs 311 t-~id in itself. 

'I'he .ic-irntists' iears it1 this m;~trt.r \vtsre rcvivtul by S:\S;\'s i~tsistt-tltr 
tlr;rt ;I glc:rt 4 ~ 1 l  oC ;rttention ht. jnlid to ho\v ttte Spitcralab. whit-h ;he Euro- 
~wzrts \s.tSrt. cit.\elopitig ftor the prc>gram at ;I prcjt.c-ttut cost of *\-era1 
iic~tulrtd saillit*ti ck)ll;~rs, \~~.o~tlcl In. trxd. :\I the timth inosi oI tlw w-ierttists 
tottld sty little ust* lor Sjxu-dab and t\x)t,rlrrtd i f  the?- \vtbrc goitig to b 
prt.>strrtri into ~tsing it siniply to k c ~ p  m;~r~- iu-s~~~c-e  it1 the pic.ture. :\l- 
thotigh rhc. life u-ientists and ;trrnospheric. plivsic-ists cspresstxl iatert5t it1 
S}x~~c-l;rh. mclsr o f  I tie sttnl! lxtrtic ijmr~rs inxi\ttuI that ihc? \voirltI like to IIX 

tltc Slitrt~lc '1s ;I true L to t-;~rr) ~myltxttls i~i lo  spitct,. itu.li~litig the vep- ht-avy 
ot t c \  l i ic.  sjxu t. telt?r-ojw-s a ~ i d  high-t.ncr g ;;tst ~o~iotiiy jxlylcxtds. 

1'1ie ctix t tssio~~\ 111-ot1ght into st;~rk relit-l .tnotlier =.cry wrious ptoblern. 
I'hc 5!itrttlt. itwlf \voulcl ix- cc.;r~xtblc of plirc ins  ~xtylt~:rcis it1 n ~ t r t a r t h  
01 bit\: IPII I  t11;tt \ \ , t ~ t ~ I i l  I ; I ~ V  c ;ire of otil? p r t  o f  the ri~i>sio~is the scientists 
\vartttrl fl:nv~i. :\I c ~ ~ l c ~  c.ild there \vc~-c. tlic. \-cry s111it1i ~ x t y l ~ ~ ~ d s  o f  thc Iiintis 
t h ~ t  Iiacl go~it- into u~tulciing raw-kcth. Stuclv ptrtic ipitnth just tiitl not believe 
I hilt t hc. :.I ~cttcli~i~-rcw-kct c lass o f  jx~yIr).ttl c.c~~rld lxs ;rc~c~otlitnc~latcxf t~onom-  
ic.~ll\ ~vi~hi:) :lit' Sl~~ttt le (.(>st \ t t~t~c~~irt- .  %)r, for III;II 11i.it1rr. (lid the Sht1111e 
;Ilqn.;tr 1,) In. ;rl)l)~o))ii;rtc for sm;rtl ~r tcl l i t t '~  c,l the kinti that .%-outs tiad 
~n.c.11 I;ttrt:c hitag, r\jwc-i.ill\ j c~ \ l :~~ t i s  11i;tt 1i;tcl t o  go iuto ttntrs~~;tl orbits or 
triljtu t o r  it.\. \\'c)ui,l ~ I O \  ision lw til;lctc to ktr.1, wt~ncli~ig rcw Lcmts ;tnd ;I st~i;~ll 
c-slw.i~ct.rblc. \-ellie lc like St out lot tI1t-w 1tv~trirctlit'1it~? 

..\IW. ~ I I . I I  ; r I n ~ t ~ t  i(tit(ls 11i;~t \vtnrc tle.~dtxl f:)r s ~ t ~ t ~ t i r o , ~ ~ ~ i ~ s  or other 
higli-,iltiti~ck. cbrhit*. or for cnsc :rjna 11 i~jec.torics to the ti:cx)r~ .itid planrts? 





Review and Assessment 

lumquc opus cxegi. quod ncc I& ire. ncc ignis. 
Ncr potmil f m m .  ncc ndar ubdcrc uetuda. 

Viewing events in retrospect one cannot but be impressed with the 
seeming inexorability of human progress toward spaceflight, particularly 
in the 20th centlrry. There is a temptation to claim that once Tsiolkovskv. 
Coddard. Oberth, von Braun. and their followers took aim at outer space. 
the large rocket and spac~night were inevitable. Certainly by the time 
Sputntk I went into orbit. a substantial groundr:ork had been laid by a 
large number of pioneers working assiduously through many decades. 

But the character of the space program that emer-ged in the late 19Ti  
and 1960s was not so predictable. Many, if not most. of the early workers 
were primarily interested in interplanetary travel and high-altitude research. 
but for the most part had to rely on the military for support. In providing 
support the services naturall? were considering the potential military uses 
of space, and indeed the first major rocket to go into operation was a wea- 
pon. the V-2. Because of the importance of atmospheric and ionospheric 
data for applications of radio and radar. and in the design. construction. 
and operation of various militar). systems. the services supported a consid- 
erable amount of high-altitude rocket research during the 1940s and 1950s. 
in the normal course of events one could thus visualize a V.S. space pro- 
gram. including space science, as evolving over the years, emerging quietly 
as a part of military research and development. C7nder such circumstances 
the ability of space scientists to devote their research primarily to the most 
important scientific problems would have been hampered by- the require- 
ment to contribute in a demonstrable way to more immediate military 
needs. In addition. as the experiences of the I'pper Atmosphere Rocket 
Research Panel during the 1940s and 19% showed. there would have been 



the constant threat of being pulled utrder the cloak of milii:rry w-rec-y-a 
restriction fnndamm~tally incampatible with the scientific pmpss. 

Such litnitittions on the Ir.S. space pro.eittl> were avoided when the 
administration and C~n.qress. reacting to the Sputnik cha1len.q. derided 
that in the k t  interests of the country most of the sptce progratll should 
be conducted openly ttnder civilian ;ruspiccs. Xiorrover the vagueness and 
,grand sweep of the National Aeronautin and Space Act of 19-58 gave the 
N.AS,\ administrator a .great deal of flexibility in specifying the content of 
the K.AS.4 progam. As one consequence. under K.AS.4 management the 
space science prc>.qram k . t n ~ e  very tnuch a crt.;tttirt8 of the n;ttion's inter- 
est& scientists. 

When the Soviet I'nion surprim1 the \\.orld br Iitunc-hing the first arti- 
fic-iai wtellite into orbit. the shocked w i t i o n  of the I'nitrd States tended to 
distort the counirl-'s percvpion of \\*hat \\-as happening. The weight of 
Sputnik 2 and 3 shokVed how advatwed ihr I'SSR \\.as in rocket ptylaai  
capability. and it was easy to Icxus on this factor \s*hile underestimating 
the importanct*of the \\..ark that the I'nitcd States had already clotle in iht- 
fit-Id. Looking hck.  it is now clear that .\merir;t. while lagging in rocket 
propulsion. was more thatl competitive in co~i~rllutlicrtiotls. tracking. and 
telemetry. in guiclanc~ and mntrol. and in sounding rocket research. - h k -  
ing all frtctors into consideration the imt?alatlc-is was not so great its had 
k n  imagind. Prolmling Ironl its sitbstantial state of readiness the I'nited 
States built an enviable record of st~ccess in space over the next doren years. 
c.irlminating p:\.ith the ;\p>llo nlissions to the moon. 

Space science contributed its share to the overall success. Indeed. for 
rnost of the 1960s applications and scienr-e missions prc,vidtui most of the 
return on the nation's investment in sptce, and it \\:as n c ~  until the t\pc>llo 
lunar flights that ['be manned s p r ~ f l i g h t  Iwctam l x ~ a n  to p e r a r e  the 
prcxiigiot~s qii;~ntities of dirta that c-ontinued t o  flow from it during the 
first 1i;ilf o f  the 1970s. 

One can trw st.vcral criteria in assessing thc s~tc.c.c.ss or fr~ilurr of the 
sprtce science prograrn. The sin~ple.st is \\.t.r:thcr tht- proqitm ;tcliie\~tui \chat 
its pl;t~.r.nrrs st.1 out to do. By this c.ritc.ric>n tlie sp;w.tB science program nli~st 
he itcijr~cigtd surct-ssful. In ever\ ;trea-earth and planetal~ sc-iencrs. ~ , l ; t r  
physics. strllar ;rstrononiy ; ~ t i c I  cos~nolog~. ;tnci t o  ;I smallrr rstcrit biology- 
subst;~ntial progress \cas tn;tdc. bringing ;I 11i1a11wr of inl~x>rt;rnt ciiu.o\-eritbs. 
St~ccessful unnla~intd s<.it.ntific- s1,acrc-raft missions \\.err legion. itii.I~~(iir~g 
thottsitnds of soirncii~~g rtn.kt.ts: dort.ns o f  Esplo~rl-  s;ttc.llitc.s: solar. gtw- 
physic-:I]. ;rnd ;tstronomic;~l ohserv;ttorics: Pionc-rr sp:tc-e pro1w.s: R;tnger, 
I.un;tr 0rt)itc.r. ,111d Si~r\.ryor slc~c.ec-t.;tft t o  rhc. nlcnbn: anci l l a r ine~s  to ;\f;irs 
and \'cnt~s. Shirring in s)nlt. of tliew sue-c-esscbs \wrt- nl;rn\ other cot~ntries 
t;~king lxtrt in a quilc c.stcmtlsivc. intcr11;ition;t~ c - c ~ ) ~ ~ r ~ ~ ; i t i v c ~  ~".ogr;lm. 

:\ niorr sttbst;tnti\-c criterion of stv-crss is \vhctht*r wll;tt was itc hievtd 
\\.orth\r.hi!e. This is Illorc ciiffic.~ilt to ji~dgc.. 1)i1t th;tt hi~rlcirtds ol f i ~  st- 



rstta sc-ii.t\tists ctiow to d t ~ v c ~ e  ttitsir perst)tiaI cltrtvrs. or a substatitial ptrt of 
tht~m, to SPICP scie:ic't' is evidetice 01 tht- prog~itii's sttcctxs. The n u m b r s  of 
scitwtists working in the fi2lci itlid tile voit-es o f  scinitists ritiserl in strong 
s i t p p r t  of iaip,rt;tnt p r o j t ~ t s  and equally strong protest against p n ~ p s t u l  
cuts had to tw import;rnt considerstiotis t o  thc ;tdtiiinistration 31111 < i > t ~ -  

grt.ss in eltuiciing tlic exretit of supwi t  to ;accord to sptce s(.it>tice. 
Suc,c,t.ss it1 the slxtcr. wicntr pngr;tnl \v i a  t i o t  Ix>itght without u ~ a i e  

failtrrt?i. 11idtr.ti. for tht. first t\r.o ycnars failttrt*~ st~tiitxl ;tt ti1nt-s to t.tIipst= 
stit cr*swbs. ;#It tlougti Iwfot-C, t tie cbnci o f  t lit. I !NiOs the suc-crss ctte had risen 
\\.ell itito ttlt' !H) lwl.c.t*~it r;tnge. Roth failurt*~ ;tnd sttcrtbsst?i haci their Itssons 
t o  c otivey. atlcl ttie.1.c. \\..as mirc.ti to k 1e;tnitui by particilwnrs in the spac.e 
.;c-it.ttc.t. progr;lnI. tlor onl\ o f  ;I sc.ietitific n;ttttrth bttt also c.oncrrtiing org:in- 
i / . t t io~i  ;t~ici t i ~ ~ t ~ ~ i t x t - ~ ~ ~ t ~ t i t .  ;111ci tlit. lx-rplt~sititx o f  t ~ t r ~ ~ t ; t t i  1-t~l;ttic>11s. 

:\ #I .>.II ni;tti\ of S:\S;\'s \\.orking hours \\.ere t;tktbti u p  it1 problems of 
nl;tllaKtLlllcwt. tD;~tictlt .rttctition t o  det;til \\..as rtuluirtul t o  ~nake the agency's 
c .o :~~j~ics  prc)jthc.ts sttc.c.etu1. I'hc sp;t(.tb lta;tlll dill ;t gcwnl jot,. c.vohitig tvorld- 
\\ idtb ptitist. for S:\S.4. But it ~iiusl 1x1 re~mc~iilw.rtxl ttl;tt  the' te;t111 \v;ts t i i ~ r e  
ili;111 .I sitiglc ;~gc*tii.\. c.o~lsistit~g .as i t  ciid o f  tl~ottsttlcls o f  t ~ ~ ~ g i t i t ~ r s .  tcchtii- 
c,i;rtls. l;al~)tt~~-s. scit~ntis~s. ;itid ;tdtilit~lst~-;atc~rs ft-0111 govthrti~iit~tit. itldi~stry. 
atiiversitics. thc. ~iiilit;tt-)-. and c.\.c11 ottirr c~ou:itrics. Furthc.rmorc., acc.om- 
plisllnieilts \\.ttre m t ~ t  li ~l lote I;rh)tt.ei 111;11i o~it,  ~iliglit sttpp)stS fro111 ;I dis- 
tance. 1'11~ picture ot .I \\dl-oiled n\ac.hitlt* pttrrit~g ; r l c ~ ~ g  \\.itllotrt a c-l;rnk 
01 ;I c I ; t t~c - r  i \  itl;~l)l)~o/)ri;ttt.. 1'11~ sl);~c.c. l)rogr;tt11 (-nt111rtul the r;tliie killcis of 
j ~ ~ \ o ~ l ~ l c i  ~ ~ o I ) l t ~ ~ l i s .  tlt~vc~lop111t~t11 stlass. 1;atw)r ctisj)t~tt~s. ~htxi~111It~s tiiisseti, 
t ost t ) \ t b ~ ~ l ~ t i s .  f , t i l t~~ t~s  ,111ci te,tnln)r;ar\ st~tl).tck~. .t~iii ~ ~ i . ~ ~ i ; a g t ~ i ~ i c ~ i t  ~x~ist;tkt~s 
tl1.11 \\.c~t. 111t' cslwrit.net. of tht. nlilit;trv and itidt~str\ in tllc largt. tvtb;a~x>n 
p~oj(-c.ts I ~ I . I I  ~iiigllt lw j n ~ i ~ i t c ~ l  t o  .I\ tllc c l o ~ ~ ~ s t  ;t11;1Iog to \\.tl;it X;\Si\ \\.:is 
[ I \  ins to ; t c c o a ~ l l > l i s I ~ .  

1'1l.11 S.\S;\ 1i.tci t o  sttugglt. tllrottgh t11e s;vtlle diffic.ttltics t1i;tt 1wst.t 
o r  Ilcr 1.11 ge-sc.;tle 111 ogranl\ i t1  no \.-;I\. clit~ii~~isllt'd tile lustt'r of sp;tc.c ;tctlicvc- 
111c.tits. 0 1 1  1l1e coti tr .al \ .  t o  uit't't ; I I I ~  ove.rc-o~r~c st1cI1 clifficttltics \\.;IS thtb 
11itt~re of thr, t;tsk. S;\S;\ \\.;IS eclectic in its approat h. h)rro\r.itlg manage- 
~ i ~ t * t ~ t  icie;a\ fto11i \ ; I I - I ~ ~ I S  \ottr(.tbs, eslx,t i;tIl \  tilt, ~iliIit;~t-\. .l.Ilc. agetic,\ \\.;IS 
\ v i l l i ~ t g  t o  cs~w*ri in t .~~~.  t o  pio11tr.r it1 tlit* tiw of ~tc.\v tnan;tgc.ti~t.~it teu lltliqttes 
il l  go\ t-I ~lt~ic'nt-itie111str\ I.~SI;II ions. i t l ( . t x ~ i t  ivt' cotit~-,~c.ti~~g, lir()j~<.I j)l;t~l~iitig. 
te(-tl~ii( .a1 .111(1 ( . ( ) \ I  t-t*lx)~-litlg, ~li.ttt.tgt~~~it~tit t t t \  itw.s. .111cl ( ~ l t ; t l i t \  ;tsstkss~~it'tlt 
.and c o t l l ~ c > l .  H\ ~(~~ii.titlitlg fic.sil)le. rcx)rg;tniritlg wvc.r-;tl ti111t.s in tile c.oursc 
of ;I cltu.;ttie. i t  \v;ts jn)\\il)lts t o  ;~cco~il~iitni;~rt* c.h;~~igitlg ~lt'tuls of tht. progt.;~ni. 

1 ' 1 1 t h  ~ii;i~l;tgt~~lit-~tt st\lc 01 the .~gc~ ic \  1.t4:c*ct~ci tliost* of tllc sr\.t.r;tl 
,~d~i l i t l i s t~; t lo~s  \vho \trnnl .I[ the' S:\Sr\ iit'ltll th~ottgll tht. I!HjOs. I'he !i:st 
, t c I ~ ~ t i t i i s r ~ , ~ r o ~ .  1.. kt~itlt ( ; I ( ~ I ~ ~ ~ ; I I I .  c.,1111c t t )  S;\S.\ t \ . i t t ~  .I ( ~ ~ t ~ ~ r o l l i u l  t*t11Iltt- 



siastn for space that served to prevent any explosive growth through over- 
reaction to Sputnik. G len~ran's meas~~rtul prim elicited a sttsady prmsurc 
frotn tlutnerotts quarters to tnove faster. particularly to e t  on to the planets. 
which in the minds of mrtny sc-ient ists wert8 taking on newr importancr 
with tht8 possibility of investig:tting them itt close range. In retrtlspet the 
situation w m s  to have k.en ideal. with a positive I ~ d e r s h i p  wttirrg forth 
OII 3 s~~bs~i tnt ive  progrirln, tind a strong followership ready to go along and 
even to move faster and farther give11 the opportunity to do M,. in this 
clirnate Glennan was ;rbltb to stat tilt- ageilcy up11 !he course ttlar it fol- 
lowed for Inany yeirr-s af terwrtrd. 

In E'ebrtiary 1961. Jrames E. \Vt.bb tm-anie tht swond atln~i~~isirator of 
S hS;l. 'l'he ;tpprov;rl by PrtsicQttt lienntdy and thr' Congress of the .Apollo 
prcljtu-I gttve Webb the npp>rtitni~y to ~ f c ' ~  LIP the pace o f  the space pro- 
grata. All aspcyts o f  slxictt scit.nce were eriptnded. .$ primav c o n c r r ~ ~  of 
\\'ebb. tvhich ch;tracteri~rd his style of ma~iagt~mt-nt. \\.;is to ni;iint.tin the 
indepcadctlr-t. of ttrtion o f  the agthnc.y. \\'bile \vo~king to build u p  ~ h c  pro- 
gram. he was also c-'rreful t o  t~voiti k o n ~ i n g  the captive of any group it\ 
inrlustry. the adrninistrat ion. or the <i)ngress. 

I 'ntkr \\'ebb's vigorous leadership the agency's k)llow\.ership grew 
stc.-,tdil\ and. by Ltu-ping a hrl;~nctut program evrn untlt*~ high-lcvel prc.ssure. 
to coll(.t'titrtitth 1iIore 011 the A~u,llo nlission at the c,xpense of other parts d 
the program, the atlministrator n~aintaintul a bro;id trtsc of srrpplrt. .[-her1 
triigtxi? s ~ r ~ u - k .  ;I fire it1 [tit. ;\ix)llo c.apsttle killing thrtv astronauts-thrru. 
o f  the nation's Iwrtnbs. Iimf it not bt.c.11 for tht* rttce with the Soviet I'niotl 
;and ttie sth\.erc- blow I.) t'.S. prrsrige in the \\.orid that ;: failitrt. t o  follotr 
throi~gll o ~ l  t l ~ e  :\p)llo coinmitinc-nt rvould have entailtd, the Ittn;tr vtn- 
ture might well ha\e ended iit thiit point. .is i t  \\.as i t  tcn)k nlaa\ ;tgoniring 
months ;~nd  \\'c.bb's c.ot~sider:rble ;~lntt;~;~tr;rti\.e anct politici~l skill t o  rculress 
the situation. t o  pick up  tilt. picc-rs ;rnd nlovt- 011 agairl toward tilt' I\tn;~r 
1;tnding still \th;trs ;I\\.;I\. Rt i t  fro1.1 thitt p o i n ~  on sup~wrt  for the agenc,y 
\v;ts p-x.rm;rnentl\ \\.t~akencu!, lilcirt ~t'~~t;itivt*, iitorc* qitt'stionitlg. So. tv!1e11 
thcb nlutldy pl;i~ining for an :\lx)llo ;\l)l)lic.a~ior~s prograln to follo\v the 
nxtnntui I1111iir n~issions Icn,ktxt to outsidc'rs 111ore like an ;tttc-rnpt OII S.4SA.s 
p;irt merely to keep the Saturn and ;\pollo teams in business rather than to 
serve any ,genuine n e d ,  the necxsary support could not be developed. While 
resist;?nc-t1 \v;~s gt.nc~r;tl. i t  svits cslm-isll; strong ;::l~c>ng the sc-ientists. ivho 
prott~sttxl that as f,ir ;is sc.iencr \\';IS (.o~icc'rntd. the prtdigioits s\t111s twit\!: 
;~skcd f o ~  :\pollo ;\p;>lic-ations could twtter tw slxnt on any of ;I Iiirge 
11\1rn twr of i~ii~k)rt;t~lt. ~ I I ~ I ~ ; I I ~ I ~ ~ I ~  scic.111 i f  ic i~lvt?itigi~tio~ls. 

In chis clirnatc S;\S;l Iradcrsllip f;iltcrtui. Fi~lcli~tg in his (.o~~titcts with 
tht. ;~dniitlistr;~tirm. rhc Ic.gisl;itor\. ;111d irldusrry no stl-ong stlpln)rt for 1;tl-gt- 
11e\v initiat ivcs iu space. \\'t+b \hitxi a\v;ty fro111 rn;tking ;in\ s;wc.cific. pro- 
~x~sa l s .  tit. c Iiost. r;itht.~- to e~\c.octr;tgc. 1 1 1 ~  ~l;~tiorl  t o  tit.hatc ivtiat tilt. c - o t t r l -  

IS\ 's  f t ~ t ~ ~ r t .  iii sl);tct' sl?o11I0 !n.. t topirl~ t t ~ ; t t  thc agc11c.l c.o\tld gt.1 some 



guidance from such a tlrbate. But the country did not nlove to fill the 
leadersltip vacttum left by NASA, attd no great ciebate tcx~k place. I t  was 
left squarely u p  to NASA to recapture the leadership i t  had temporarily 
reliac~~rishtd. 

In contrast to his prtdtxrssor the third administrator, .l'I~ontas 0. PilitIta. 
eager to strike out i)It bold nc\v paths, opti~nistic that lte coultl gtw- 

crate the ntwssary support. Paine made the courageous decision to proctwf 
with tht* ,-#pollo R flight iu Dtu.e~nlx.r 1Ytiq. at r i  time when there were 
gro\,.ing c.onc.ents ;tnd dou1)ts aI>oitt the ;hilit\  of Ap)llo t o  ;I(.(-omplish its 
ol)jec,tives atld much frirr that a wrioi~s ktilure in ;HI t';~rly 1111t;ir ~nissio~t 
might leirci to a strong rt.actiott ;tgairtst c.onrinuir~g the project. -Iltr out- 
statiuing suc-ccss o f  Rpollo X cornpletc.ly a1tert.d tlte rttental cii~nate for a 
while sttd ?itat AjhJlo firnil! on its final course to sut.c.c.ss. Hut, later, whett 
Paint- c.ant;~;tigntd unrelentingl\ in the Nison atlministl-ation tor a large- 
scale space program costing $8 billion or ntore a year, including shuttles. 
space statiotis. anc! tnantttul sptt.eflight 11, t l t r  planets. 11t' fottnd hitnstblf 
c.orny)lt-tely o t t t  o f  t~rne with t t t t  c-onwr\.ativc., t)utlget-c~o~lsc ious ~ttcrnl o f  
the, tilnt.. 111 the fiic-c. i)f distressirtg s(nit't;~l ~)rol)le~tts t I i ; t t  it~!pittgt-el OII tltt '  
daily lift. ;tnd tltc ~nw-kctlxnA ot tht. ;l\v.r;tgt. . :~i/c.r~.  t l t c ,  c.otlntry \\.;IS rtot in 
;I l l l o ( ~ 1  to ~ ' s \ \ ~ ~ t s l l l ~ t l c ~ k l : ~ . ' ~  ;Is P.li~lc. I1;1cl p11t it. hltl(~l1 o f  x;\s.i.s ~oli<~\vc~r- 
ship agai~t shitrl ;t\v.ay. 

.l't~t' fourth atlttlinist~;ttor. Jan1c.s (:. Flctc~tic~r, \vlio ttnjk over 011  27 ;!)r-il 
197 1 ,  :~tu.itl>tt~rc.cl t II(* S;iS;\ follo~\.ership t v ~ t  h ;I 1x)lic-y of tncwlt.r;;tiott ; r ~ ~ c l  
c,ost c.c)tlw.io~~srtt.ss. :\ti t~ffort \\.;Is ~tiatlc t o  ~)tojtbc t it11 illl;tgc. o f  itpl~l; ing 
slxrc'ts k~io~vlcdgc ;lncl c.;rpahilitic.s to ~~iol)lettts of c o t t c c ' ~ ~ t  t o  tilt' I~I ; I I I  o t l  tttc 
gro11111.l. ::ttcl t o  clo it ec.c)nor~tic ;illy. 'l'lic* S1);;c.r. Stlt~trlc \v.I> sold l;i~gcly oil 

rhc. t);~iis that i t  rvoultl nt'ikc. i r  1n)ssil)lc to ust- s11;tct' tllor(* t.lfcc-ti\.t.ly .tntl ; ~ t  
tar Ics5 c.ost thit11 tvit t t  c-ort\~ctttiottal laitnc.11 \chic lcs ;irtel s1,ac.c. l~;~rtit~~;rrc.. 
I:It.t(.~t(*r'h stylt .  was nlotc like* that o f  ( ; lc t \u ;~~~;  his \\~illitlg~tc.ss t o  pt tx-t-t~l 
at ;I tttt';~r~r~c.d I):K.C*. .~d<; le~ tn ; t t t  h;ld sought t o  do. nt;tdc his ;cpj)roat 11 
;I(-c.ept,it)lc. -1'he irn;tgt' ot c~otlsc.r\.atis~tt ;tt~d ~)irblic- I-cslw)ttsil)ility tltat he 
~)t ,oj t-( ' t t*(l  tn;telr it pcjssi1)lc for  Flctc.hct t o  dia-uss ~,iiI)lit.ly Iutitrc rscitittg 
acl\c~t~tt~~.cu [hilt It;?cl ;rl)ln;tlt~d t o  P;~irtc, like st-titling 11tt.11 t o  ih(b j)l;t~teis 01. 

l~i~iltlittg q) ;~(c .  ot1tln)sts 111 orl)it ot 011 tlic rlt(n)ti. 
1'11cIer c.;ic-ti of its ;~ittlii~tistr:ttors S;\S:\ 1i;tcI. 01 c . o ~ ~ r \ t * ,  t o  t-tlgigr it1 tlie 

t~s~t;tl ;I( ti~.ities of I I ~ ; I I I : I ~ ~ ' I ~ I ~ I I ~ .  I.ltcsc i ~ t ( ~ l i ~ c l t * c i - i ~ t  tlt(% ji11-go11 o f  I I IC gov- 
t*tt~ntc~tt rnan;~gt~r-l)l;~~~rii~tg, l ) togr;~tt t t t~it i~ I > ~ ~ d g e t i ~ ~ g .  ;itid t~xe(.t~iiott. 
Spit( c. w ictic c l ~ ~ ; t ~ v  . gct-\ c.o\llci IIO ttlorc cs( ;qn8 tllt*sc. 11c( (-\ \ i t  it-s t1i;itt c ~ o ~ ~ l ( l  
atiy ottit~rs, I ~ t t t  ( I i l~c~c~t (c~s  oi ;Ipproac 11 ivt8re ~s.ortIly of tiote. 

It is ( . i ~ \ t o ~ t t ; t r y  101 ;I 1;11.gtu-s( ; t l t>  o1nr;11~oti t o  11i;iitrt;1i11 ;I \el ivs o f  1)I:11is 
f o i  t11c ;tctivit> -sl~ot,t :tkrin. ititviitt~xliittr, ;III(\ Iottg I ; I I I ~ ~ . .  111 ~ I t e o r ~  [tic 
short-tcl-111 1)larts ;irt. tttose I;~tgt'ly in c4ft.c t i)l. Ix-i~ig c.;r~rit.d 0111. the intcr- 
tnt.tli;ttt, ~ ) l ; ~ t t r  those th;tt ;trcB t o  tw 1tsc.d i t1  fo~ittitl;~tir~g [ti(- ~tcxt btlc!qt'i 
1?1o)~)s;11\. \vllilc tht9 io~ig-r;tngc plirttr st*rvt. ;I> ;t g ~ ~ i t l c  i l l t o  the riiolt* dis- 



t;~nt future. Propbrly ~vorktul o ~ ~ t  plans sho~tlcl i11c.ltrdc not a t l l y  the ol~jtu- 
tivcs to :tchievt*. hut also suital)lc c.sti~n;rtcs o f  spt.c.ific. projrcts, ththir ftkrrsi- 
bility i ~ n d  promisi~lg ;~pprmrc.ht.s, ftr~lding, manlxnvtSr, ancl fi#-ility rcul~rirc- 
tnents. st.lttu1ulc.s. an ;q)pr;tisal of the ;~v:~rlability o f  s~~ital)lt. c.olItr;lc.tors. 
;~ r t c I  some thougllr ;tlx)~~t orgr~nicrtion;~l ;tntl 111ittlagt~11~111 statups. Shorter- 
term i)l;~tls \\-o~~lcl. o f  c-ourw, ftrrllisll sucla tlet;til in grt.attll. elcptll thi~n 
wot~ltl long-r;tngt- plans. which for the cluitth ctistant fututt* might lmr,mt~ 
r;~tht-r ~ n e t x l  i l l  tnh;ltmcllt. 

\\'lwn N:\S:\ ~ X * ~ I I I  o)n.l.;~tio~Is. ;\tl~ninistratt)r <; I~I I I I ; I I I  rtuluircul the 
;rgtb~1c,y t o  nlaint;~ill Ix)tl~ sllort-tt.r~it ;111t1 I O I I ~ - I . ; I I I ~ C  ~I;IIIS.  :\s did t t ~ t .  o t h t ~  
office-s. tht. s l) :~ 'e sc ic.~lc-c cli\,isiotl c.orltribtcttd to t l~ou* plans. 'I'llc seconcl 
;~dmi~tistr;ttol; Janlcs E:. \\'ebl). I~o\\*t~vi.r, while rtultriring adcq~~a te  plan- 
11i11g on 111e p;~rt o f  the ;tgt$~~c.y, cIi(1 !lot f;it,or p r ~ l ) l i s I ~ i ~ ~ g  spec ific ~I ; I !~s .  111s 
c~onccnl was t11;tt t t ~ t x  iss1c111c.e o[ spwific. plar~s fctr the ntortx tiistat11 lut\irt~ 
wot~lcl c . ;~ l l  for111 ;rtt;~c.ks fronl N:\SA's oplx)tlcnts \\.he11 nt.irht-r the ;~gc~lc.y 
nor its sllp1n)rters wt.rc prclx~rtul to c.11~;tgt' i l l  ;I suit;tI,le dt4ensr o f  the 
pla~ls. \\'ct)l) ~)rc.frrred t o  p~rblish spc*c.ific- l)l;~ns ;IS 1 1 t h  rt.clut*sttrl t l ~ t .  nest 
!.c;tr's I)t~dgct. ;it tvhic.1~ ln)i~lt tl1t1 ;~gt*~tc.y MXS l)rt'p;~~.cel to ~ I I I  torth ;I stro11g 
~!eft.ast* o f  its l)rolx)s;~ls. \\'c'l)b's al)l)rt~;tcl~ pl;u'ed uin)~l the difftarrtlt offic.tas 
in 111t. ;~ge~lc-y tht. rt.~ln)11siJ)ili1y t o  r i l ; ~ i ~ l t ; ~ i t l  ;III  ;~dcclt~;~tc' I ) ~ ; I I I I I ~ I ~ ~  ;~c . t i \ . i ty  
\vl\ile refr;ri~li~Ig froin ~n~l) l i shi~lg  slx.c.ific. long-rangt- pl,~ns. 

\\'l~ilr thtsrt. IV;IS so~nt.rhing to g;ritl in IIOI rcvc;~ling S;\S;\'s itlrc~ltiotls 
t(w eiirty. t11crtl \\ ,c~,t~ ;11~o clis;~clvi~~~t;~gcs. 1'ott~11ti;tI pi~rtic ip;~~i!s in t l ~ c  pro- 
gram nctu1t.d t o  krlo\\. rvh;tr \\.as i l l  proslx'c.~, s o  t11;11 tilt-y rnigllt ~ ) l , r r i  and 
m;~kt. proin)s;Is t o  SI\S;\. 111 \l);lc.tL sc.icnc.t~, c.slx.c-i;tlIy. ~~l ; tn .~gc~~-s  fclt the 
nccul to infornl i~lclividt~;rl sc~icntists o f  the op~x)rtt~~litit*s III;II I;iy ;III~>;,(I so 
tI1i11 tlwy ~nigllt ~ ) I ; I I I  ; I I I ~ I  ~\.ork o11 ( ~ s ~ ~ . I ~ ~ I I I ~ * I I ~ \  tl1:11 1)ftc11 t(x)li yt8;t~.s of 
;rclv;~nce prcltar;~t io!~. S i ~ n  ili~rly there. nv;is ;I ~ ~ c u . c l  t o  lic*tbp i~lcl~rotry i~~for~nccl  
of the. kineis o f  sl);~c.cc r;tft ; I I I ~  i~ l s t r i~~nt~~~t ; r t ion  c~o~~tt.;u.tors  night In. c-;~llt.t! 
011 to providt,. -1.0 111cct t l ~ e  t ~ t ~ t x l  fo r  : t e l \ ~ ; 1 1 1 ( ~  i11for111iitio11 011 likely ~ I I ~ I I I . ~ *  

sp;~(.c+ scir~l(.c projt1c.t~ ivliilc ,tt tilt, \:111ie I ~ I I I ~  1101 ( ~ o ~ i t ~ i ~ i t t i ~ l :  i ~ ~ ~ ~ ~ ~ ~ s e l v c ~ s  t o  
spec-ific. f t ~ r ~ ~ r e ,  ~)l;t~ls, sp;ic't* sc.ic*ncc 111;111;tgtvs ele~vist*cI ~ .h ; t t  t11ey c;~llcel ;I 
sp;rce sc.kt~lIc'c ~ r o . ~ ~ ~ f ' l l l . ~ .  

-1'Ilr prosin.( 111s clifft-rtd fro111 it11 i1c.t I I ~ I I  ~ ) I ; I I ~  111 1I1:tt for t , ;~( . l~  iirc;~ or 
clis(.ipli~~e the' proslwc.ttls listt.tl ;I v;irit*ty o f  1n)ssiltlt* c hoii-cs f(:r futt~re pro- 
gralns ;illel projwrs. -1'hc. c.hctic.cs ivc.rc stt~eIic.d i ~ r l c l  a~l;tlyttrl in st~ffic.ie~lt 
depth t o  cllsttrc 111;lt thty wtbrth te;~sil)lt. ; I I I ~  t o  ;tfford ;I st~it;il)lt' esti~ll;~tt~ of 
fitncliug. rnanlw)iv\.:.r. ;111cl otllcr tcclt~i~t~tnt.~rts. In tht.or\, tilt. proslx.c.tus 
p~.ovielt~cl S:\S:\ ~wo~)It', iticl~~stry. ;11tc1 oi~tsidc \c it.~ltisrs uscftrl i~lfornl;~tio~l 
;ttno~tt t\.h;tt S;\S;\ hi~cl in 111inc1 101  tilt* fi11111t- ~ v i t l l o t ~ t  elr;~rving the* f i ~ . c .  of 
(.~itic.s 111.1t ;I fi1111 ~ I ; I I I  1111gl1t ( ~ . c . ; ~ k i o ~ l .  I'hc p ~ o s ~ ~ e ~ c ~ t t ~ s  c l i i l  pro\tS to be ;I 

r~st-f~rl ~ , l ; t ~ i ~ l i ~ i g  elc\.ic.t-, ;!nd in the* 1;13t t l v o  ywrs o f  \\'c.l)l~'s ;~cf~ni~li~tr; t t iot~ 
tllc a111 hot- ;111cl so~tlc~ o f  his ~.olle;rgues tvo~.kt,d ;)I\ \ \ I (  11 ;I pro\lx.c 111'r for i l ~ c  
whole ;rgtb~lcy. For ;I \aric.t! o f  rtb;~sorls 111is tbffort (lid r i o t  \i~((t*t.d, the I I I ~ S ~  



im~xortirtlt o f  w1lic.h ~)rol)al)ly \\,;IS th;tt 'l'llo~nirs l'aiae., \\,ho ln*~.azl~c- irtlmir~- 
istr;~tor alter \Vebb Ie*ft, st~ongly lavorcuf s p ~ i f i c -  pl;~ns and wits willing t o  
Ixtttle for a Ix,ltl. long-l;rngth progriun lor tht* : t ~ c ~ t ~ c . y .  

. . r  the jargon of govc.rnmc.nt \\-orktbrs, ~)rograa~rnitlg is tlleb Ijrcxrss o l  
putting togethr~ it~tlividt~;~l e~le~nc.:lts o f  a pl:u~ into ;I ~ ) r o p t ~ r l ~  intt*gratcd 
program for ;un oflic.e or tlle agtbllc.y t o  tr~iderti~lic. 'I'hctl bt~cigeti~lg is figur- 
ing o t t t  tlie ltrncls a11d other nbsotu-es ;tc,c.ortli~lg t o  ti111e reuluircuf to carry 
o t r t  tlle ~)rol~)secI 1)rogr;r111. E'or s[);r(.c sc.rcnc.tb m;t.ugtBrs, out1 ;tspcc.t o l  
~ I ; I I I I I ~ I I ~  ;III(! l ) rogr ; t~ t~~l i i~~g  rliffcrtd Crorll the approach ol  ot1lt.r offices in 
NASA. .I'II;II \v;!s tlit' c.o~lsc.iotrs elfort to m;tke the sprw prog~r111 the c-r~r-  
tirrt. o f  t11(. ~ ~ a t i o ~ ~ ' . . :  sc.iCutific corn~nirnity. 

'1'0 ac,hit.vc- tllis c ~ ~ d  it \v;rs ntu.tbss.rry t o  !,ring Iilrgt> 1tlum1x.r~ of outsidc 
sc.ictitists ir!to the p!;t~r~li~lg in some way th;rt 111;rtle tl~e-ir i t~put  t-flectivc. 
\\fllilr S A S A  still m;rtlc. thtx rt~cluirtut tlt.c.isiot~s. 'I'tlcre was a tl;rrrow path t o  
trc,;~d llt~rc, for tlw s ~ ~ i e ~ ~ t i s t s  tvotrlel gl:rcIl.i 11;1\,t* \ \~ i i~ l c l t*c l  tlie ;111111ority \vl~ilc 
Ie.;~vi~lg to S;\SX tllc. rcslx)nsihility for tlic ;re-tiot~s ~;rkt>n. NIISA elirnagt1rs 
tcnk the ;rl)pro.rc.ll o f  i~ic.lucli~lg tire tllinkir~g of ;I scrics of irdvisory c.o111- 

111ittt~s 111 111t.ir pI;1111liilg ;11lc1 prog~;r~nri~ir~g.  I t  \vas 1101 it11 eas\ p r c ~ t ~ s s  t o  
s irstai~~. sit1c.c ;reJ\.iwrs c-ot~id 11c\cr llolw to IK' ;IS fully iufor~iltd o f  ;ill tllr 
isstres :is X:\S;\ c ~ i ~ p l o ~ ~ t v b  t \ .o~ .k i~~g  fitll-ti111c 011 tllc jot). hlorco\,t,r, at 1i1ncs 
i)tllt.r t h ; ; ~ ~  sc.ic*~~tific issites lorccct tlec.isio1-r~ th;rt \\-crth ~rnpalatahlc.. 111 milk- 
ins  strc-I1 dcc-isi011s N;\S;\ ~ll;\~litgcrs c.011ltl i .)I al\v;rys gt.1 t t ~ c .  ht*ll) t11cy 
~~t*ctlccl f!oul tllc sc.ictltific c-otnmuili~y. sine-t, st.ient ists , r=luc.t;r~~t 1,) set 
1)rioriries I n ' t \ v t u ' ~ l  cliflcrcnt clisc.il)!i~ita. i1tanc.t'. tvhc): t)trrIgt-t rrstric.tio~~s 
rcclirircrl ;I c.lloic.c Iwt\vet'~i projclc.ts in differing ciisc i l ) l i~~cs  the o111is 1.11idecl 
tm S:\S;\ ln*oplt. Sol until the* c ~ l d  o f  tht* I!)(iOs ditl ;)u~siclc u.icr~tists 
li~~;rll! S;r(-e 111) s(111;11'(4y to 111c j)rol):c~rn gi\.it~g N;\S:\ spec-ific. advice on 
scttir~g p~ioritlths ;rt~ictr~g \.;~rious eliuipli~lt~s. ;IS t\.t.II as \ \ . i t l i i~ l  ;I spt.cilic 
Ollt'. 

Sc~\.t~rrl~cIt~ss. csc.cl)t for  this ottc I;I( k. the ~.icntific. c . o ~ ~ t ~ i ~ n n i t ?  ~11iq)litui 
A'.\%.\ ~sirlr 1i1uc.h .ttl\,ic-c 011 q) ; rccS  sc.icric-e progntltls ;rnd projects. to !11c 
cstc11t t l l ; ~ t  111c S;\S;\ apace sc.ii.~~c.e progr;rrn coultl gt.~lui:~cly In. dcac~.ilxd 
;IS ;I i)rogr all1 01 the >c.ic~ltisth. Supporting this :,rtrgl;rin N:\S;\ tv;ts able t o  
c t t ) t ; t i ~ ?  sil.rl)lt. I)i~elgt~ts. ~~artic~i11~1rl~- tluring t11e first h;tlf ol  tllc 1960s. ;It tile 
in.;rk o f  support for S;\S.\ i l l  ttic ri~idcllt~ o f  rht. cit~c.;relc. p;rce sc.ie~lc,c u.;~s 
cnjo? ing thc. lio~l's sll;r~t- of ;I sc ie.nt.c ;111(1 irjq)lit..~tio~~s 1)trdgct t l i : ~ ~  ;II)- 

~ I O , I (  11ccI $ 1  l)il\io~i ;I !t3;r1. .:!lei. ;IIIIIOII;~II f t r~~ t l i~ ig  clccli~~t~cl sti:trply tot\,;ird 
tl i t ,  t 1ic1 01 ilic (let ; ~ c i t l ,  s1);we s( ie11c.c c o ~  t t i t i t ~ t * c I  t o  ~ ~ ~ I I I ; ~ I ; I I I ( ~  ~csot~rc.cs 111 tilt1 
;~t~igtiIn)il~or)~l of  S:jOO ~nillioti ;11111t;;rIIy. 

A s  for c.sec.trtion. thr. sp;\i.i3 sc-ic~w.c I,rogriim rclit1d on Nt\S,-1 centers. 
i~~d i r s t r .~ .  ancl the ut~iversities. For rnos! of thc 1960s tht Office ol Sp;rce 
Sc.itnnct3 and Applicatiotls \v;rs assignetl tl?c reslmtlsibility for thc C;c~ld;rrd 
Slxtcc Flight < k11tt:r. Jet Propiilsion I AI tx>rrrtory, ;rnd \Vallops Station. hlost 
of the* irltcr~.r;rl supl>ort for sp;~(.c sr.icnc.t- \\.:is obtiti~~cd from these c.cnttars. 



but (1-cn mht~  S.AS.1 c~t1tc-1 :tfw> pwided r t l l y ~ m  to  the s-km prqdm. 
In general. ielations t u t w m  X.-IC.+ He&,uar;en; and the cmterr w m  
dfmtiw. but at tin*. prticular:y in rhe -rly ye.trs. thew were mpre 
st-dins. 1llustr;rting these \:-m- d i f f i c ~ l t k  with the Crdd;rrd Space Ili.ght 
Chm anti with t h e  Jet Prqn;lsicul Laiwmt t i .  I h e  p r o b h r s  were sim- 
ihr. arising fuxn ~ c w a f l u r  ~ M \ s - ~ P ~ I  the cetrter's &ire few a u t c n m ? -  a d  
hadqtunrrs '  t-t~lrn1sihijir~ io rqwc-stnt the agemy to the administration 
and tiw C h . q r w -  But the cirt-11mstam-s were diffrrt-111 in that Gakiard 
\%-as a < k i l  .Srr\icr cxmtt-r while JPI. was a r-ontractor to S.iS.4. In both 
cam arc-tnnawdatic~t em but1 sick, was r rqu i rd  to cnx-rccntw the difficul- 
ties-Vith Goddard. :wdqriartet-s had to take caw to k t q  to  its own job d 
prrqmtn nlr~nagmi~a~t .  leaving the cmter  frw to hrlw4Ie the imna-nt 
<I( pro~ect-5 a s s i g d  to it. .As for JPL-. tht. lahcmrcc had to mqmk I& 

n ~ n ~ s i b i l i t y  as a S:\SA c-cnltctor to fofk~w- S.tS.1 dimkin. while X.kS.4 
had to ieii\c JPL stiffie-irnr It.t.wa?- to t-xeciit' its o\vn j u d g 1 ~ 1 t  with q d n l  

to iki\!c n5f.-x?c-!l. 
\\'hilr t ht= *;xu r q-i t - r~  c* . r 1 ~ 1  n~.artrur: sp~t-fl ighr pt-oqlnrs s u p p ~ t t d  

each cwher-the f m w r  furrtishing admarc infcurnatiori hn ttw muon for t k  
dt-slgtr I$  t~l;~~cf\i.;rrt- . I IL~  ~ L R I I I I ~ I I ~  o f  ~11;xsicm cilu~.~tions. tile 13ttcr wc-~~ttl- 
;di\ iJrf:\ icii~lg iht. IIIIF.~ ~ ~ P W Z - I ~ I I I  11tct11( u? td i ~ l \ c = ~ i g . ~ t i ~ t g  tlw min t -  
~tt-\~criht.lt-.~ iil:-~r tct-rt- w~i t~t ib  > t~r in \  f(w :Z \:tritq\ ad rt:+so~t\- \l.i!\v % i m -  
!ISIS wcrt- !Ilii 4 ~ 1 1 \  I I B ~ C Y !  t ~ f  tht. \\.i~rt:t td tilt ~ I L I ~ I P ~  >fi~t-cfkght pr#bgntn 181 

.gx nt.r;tl or r b f  thc. lurt:rr l;aldirtq !)rojtr-t in pirtv-ular. -1-0 thew pewms it 
. . 

stvi~ltd t 1c.11 111.it ;i ! I P I < ~  . q t  i~tc-r fetclrit 11) %.i::iilfit &I~:I emiid br kd. 
WMSIICY- in ;ti1 ~IIIII~;~IIIICT! p t ~ q ~ i i i n  o f  far \ r~l :~i le~ I ifit.  1~-:1tling rw;n&-rs of 
tile u icnritic t~:.tI~li~h~i;t~nr --t.ittri rirlt.clt~i\rr;~II? IILII the n-:ti \~ttfit;incr rbf 

t h ~  *ixlg t. ~ I I  ~ I : ~ I I I  ?.I\ 111 u :<+!it c .i:tci : ~ ~ > ~ ~ I ~ ~ - : I ~ I C I I I \ .  .\a a t)rtiii~gl\ it :.111kit~1 
I t ~ i i t  I, 1;) 111 it )I I I \  . I I I ~  i111~t IIIIIC!\ \\-tbrt: i1c.t (:tdtd titt, . l p ~ l k ~  prnje I, I S - ~ ~ O W  

131 ilia i ~ u l  riii\\ic,tl.i tt-crc tht- IM-t:er ixtt r of a c!txrr<lc ;ca.ri?. \vhilr- \alir;tblt. 
W-it-nrific prt~itr 1. r:i.it c b r r a .  Lttc-\\- hot\- r o  <la, ;NK~ tJt;tt ~t.ihilt! ?JC' I~ irnprr.int 
t h . 1  tit lit hi? hid t o  \\..*it ic tr 1;rtc.r f lrllc!i~~g. I-ltt' distr t3~ st~c.t:istxI \vht-r~ 
. \ l~silo 11ttxi\ rtirt-i~t;-rttii ctilgftirtg ~in$tuts. a s  happend fro111 rime to tinle. 

.\ w?)r't. ~ ~ C ~ I T I ~ B ~ I ~  :C(IOII :irG>ub \c}wn rhc ;~gr~tc t1r~gc7i st ic-ntists t o  pt11 
t ~ ~ ~ n ~ r i n ~ c n r s  i t  c*: i i r t i  ; I J I ~  .\pt>lfo Cligtz:>. hut ritt-n diti t to t  ;~c-otci ttlc 
Z + ~ ~ R - I J I ~ ~ ~ ~ I I I ~  I!:< .111ti o f  \ ~ I ~ ~ M > I - I  or It-\t-I <B[ pric~i t \  thc invt-~tigiitt>rs Iclt 
rhr\ cftwr\t.ti. One- r ;tn ;rjqtrtr iiitc rilr \I(*\\.\ ot the ;\l>ollo n\;trlagc'1\. si11c-v 
thev \\.t-tt. ;~ t r t -~ i~p t i t~g  10 :st i t i n t .  u>ti1~-11111~g nvvcr iie~rtt- iu-forc, wri~t-ihirtg 
\t.r\ tliffir 1111. \r-rq. !l;~/;trdorl\. . i 1 ~ 1  ; I I N ~  i~ i~~x) r tan t  I t )  tht- <-cbiinrp's inlagt- ill 
ciir- u ,,rid. S c  \ t  t rttc.li.s\ rhctt. \\-ert. man\ \\-hcl kt-11 rli;it the ;\p,llo engintvfi 
il:ciitlgtxi ill rnt.:l.iii. rht-rr.t~\ :>rtr lulling ;I g t a t  t 1 ~ 1 l  ~d v;l:uablc u itark-c 
t l i . ~ ~  nlig!li c~!ht.r-cl.-- il.i.;c. In-4.1: rto!>r.. t::lqx-lx- Shirm;tker, ;I gtpcnlcx+t frcnit 
rhc I'.S. <.t..*:cigil ;!I C;~:!it.\. ;,!r~\ic.!c-d .ill t*x.rn-r~tc~ t.?i.:n~pit~ ~ r t  this ~ t y t c . t .  
For 1tt;trn vv.tr\ \:l~x.ttl.:hr-i I\-t-l,rkt.it inrin~;trc-lv ct r l  :he .-\lh>!lr, ~ ~ a j c x  I. hrlp- 



ing !o tcain astnwutrts a ~ n t  to /mhpw ftw ;~-itmtifit invc~t i~~t icn i s  during 
the :i;xd!o landings cm the nxxni. Yt- after thr  f im S C W ~ I ~ ~ I I I  l a d i n g  he 
It-ft in disgus! rt, spend IIMMV th.111 ;I FFJI t-xciuii~ti~ig S.-\S.\ IUT shortsight- 
~Y~IRSS with rqp13 tto .-\p~llo st-imlcr. 

- 1 -k  s~ritins bt~w~.rn y x ~ r  w ictit ists .i~ni the . \ pd  lo p x  y ~ l .  ~ v t w  CXU-- 

c-rb;ttd by rhc Im that .\p>llo was prim-iprllv an tm.*mzring pmja't. 
E t i g i t m  am1 sc-iaitisrs differ fr~~nrtnu.r~t;lll~ in their rn~tku* and approach 
to their j z h .  1-0 c-iiginturs. i ~ ~ i l w d  in hig:il! diuiplitmt t c a ~ n w l i .  t h e  
i t u i q x r d ~ r ~  rand irtdit-dtr;rliwn d tht. sunrs411l *I-ictitist I t m k i  like an- 
i~ r c -h~ .  1'0 owwc.rniw 15t-w IMSU t l i f k w ~ n c ~  r tqi l i r t~  erni~- icn~s mu1 ttniti~iit- 
irig attrniticwi Ircmi n\;atugetimit. In t k  Offitr td S~mr S<-iernu ; I I ~  Appli- 
C-:II~~HI+ an  c q ~ ~ i i w t i c ~ w l  th i t r  \rxr ustd for nl;iiiw !cars to t n .  to a l l t ~ b t e  
this p r t h l ~ n .  11istcKf tA  g.atkring t k  Y ~ 1 t i s t 3  iaito a single m a r t - h  
g r t i ~ l ~  ;i~ui the. c.tigi~ttur* into ;I -qxtr.~tt- wr\-ic-t* ~ ~ B I I C ) ,  whit-h is a tr.di- 
titn~al i~rn.it~gv~i~t*r~t. t m g i ~ w ~ s  i ~ ~ m i  M ~tvitiqs \ct-rtm i ~ l t i ~ i ~ i t ~ l ~  niixtd in :I 

~ r ~ r n ~ h c r  td s n ~ ~ l l c r  trnits. .\s kin1 oi IIH' dficr. t h  author. hinisclf a aim- 
tist. t l i tw ; I I ~  t.11gintr-r ;IS his c l t - l~~t \ .  In t t ~ t *  di\ isic~i for wyA?-?iics a r d  
; ~ s t r t ~ ~ o t n \ .  itiiti;~ll\ ;I ss ic'tltist .\-.IS it) c hilrgr. with ;in CII~IINYI ;IS deptliy. 
I ;II~-I when tlit- u-it-ti~ia \\-;ts prt~*iicrtxl. 11w c-tiginex-t inx;~~nc. the iicul ;IIHI 
t ~ i k w  .I e.itutist as rkputv. Scit?i11 t?r ; IXH~ t* t ig i~n t r~  \ \ X W  piiri'lf ;1t i1f1 Itrrls 
tttnwrghc~ttt tht- or~.at~ic~ric*ti. I-tlc. :.~t.ingt~r~wn~ U M ~ M - I ~ I I M -  cxotitrl tht. c-riti- 
c is111 t1~1t i t  ~nc-~i i t tx l  .I ct~lltx tic111 v! littit* * ' l ~ ~ ~ t ~ ~ i i c \ . -  in tlic tdfict-. \cat thc 
org~a:~i~.atio~i . I ~ B ~ W ' R I ~ X ~  t o  ~ > r t ~ i l r ~ c .  it\ intt-nrkd trhjtx.~i\ C. Enginzt.rs a t d  
xt ir.rrti\is c.1111c- t o  app~tx  iirtc t=k h c ~ f l t = r ' \  pt-c~t>lc.r~~s .tad to shart. t.at11u- 
\i;is~ii Ct~r <-.I(. h cwher's tr iump!~~. SY.ectl ti~nt- in  he c rwru- of the tltx-arlc 
\p.utS w ic.9~1~ I ~ ~ ; ; I I . I ~ ~ I ~ I C I I I  (r~~isicit.~cxf ;llrs jxn\ll)~iit\ t A  Ir'ttlrtllllg to t t ~ '  
tiicbrt. tr,nfiticw~.~l ;irr;ailgevtic.nr. tnil! it) l'c-.ilfi1111 ttn. c~igiti.al c.hc)itt-. 

I'hc. c - f i c b i !  io u~l \ t .  tlic. ~~rol~lt.,irs that tllc. Offict. t ~ l  S p , ~ c c '  Sc ic*~lcc.  ;111il 
.\pplic arions .rnci t l i ~  ()flit t. oi 1l.11it)txl Spn- r  Fligl)~ h.rc1 in \\.en hing 
rt~c-rl~c-r b\ r.ttt:ig I I ~  .I qx-  i,ti 11.1nr1c-rl Sjxro r. .S ic.tic t. I)i\ isiotl \\..la Iris 
\~~c~-t\sfttl.  For oiiz tlli11~. t l u '  prtd)Ic.~n\ \\.c~t. 111c1n. w\c.~c. 11.11111crl Syxtc.c* 
Fligl~t I1;tci the. pric~r:~\, ; t~~ci c\t-~i \,.Is .lr\igit'd 1 1 1 ~  ft111;!\ It11 1111' 1ii;11111cd 
~ I L I C ;  Y icrlct. !or it.hic ii rfit. Offtc-t. Of Stria I' !it i i - t ~ - r .  .IIJ .\pplic .ttio~is \<.IS 

~ l \ t . t i  thr ~ ~ t * \ ~ x ~ ~ ~ s i l ~ i l i t \ .  1 - h ~ -  t \vo  f:*~icL~~iic~~t;tl tn;t~~,i~rtilt*t>t t-rlcw% stewti 
it1 thr \v.tv. l l ~ t *  11;1111atxI Spatr S - , t - ~ ~ c - t -  lli\-isio~i II:ICI I \ V ~ B  b ~ \ w \  t o  try 
xtttd\. w i t i t , t ~  I\ ~t~ii\.c*r~t!l\ rt-atyt~i~txl -13 1111wtisf;~t t a m .  %\,c)II(~. the. Offitx- 
r ~ l  51.1i1nc.ci Slxlc-c. l - l ~ ~ l r t  h;tci illc. II~OIII'\ l o r  tI~t.ut c. in itr;ictic.c- coritrc~l of) 
t~lmintrl slxrc-r. *c i e ~ ~ r .  .\s .I ct)~lw.cjla.~ite. tlic Oliicc. . ~ f  Slxtw St ic*r~tr. ;tnd 
.-\j)plit.tticvt+. itrllg It'll f ~ t t s t ~ ; t t c ' c I  11) 1~otti11g ~ tx t . , i ~ r r  tht- Litici o f  ~ i l ;~~l t~txf  
yk~t t -  w itatioc. I ' ~ I ~ S I . I ~ I  tht. u ic.iitiIic t c ~ ~ ~ t ~ i i \ ~ t ~ i t \  iio-siltxi. Sot utttil tllcb 
i1:1ti.11 I I I I L I ~  1;1ncIi11g 11;1tl ti~kcti p l i~tr  :11ie1 the. p1ii11.11\ ~ t * ~ l l . ~ i t i i t l i ~  ~ i l o t i v c ~  
fit! ;III\ t t~rt t~ct  . i i ~ 4 l o  I I ; I \ \ ~ ~ # I I \  st it-ttt t . -10  ty111:~~:. . I I I ~  i ~n r s t  ig;ttt- thr 
~n~w)n--cIicl chcw ~~ t - t~ l ) l t . ~~ i s  tx.gitl 14, rr.w)ivt. t l~t*t~~u.l\t.\ .  .\I rh;~t ! n ~ i ~ l t  Itriinr 



u-ientists, in a tret~urdoits surge o f  interest. working for the mcwt part 
directly with the j o h n s ~ ~  Sprwp <.miter. genrr,ttcd the k i d  of s c i e t ~ ~  pro- 
gratll ttley Imd Imlg srwght. 

In the course of I ~ C  sptcu s c i e ~ ~ u  pnw.in~ XiS.4 1nztnagt-m wlermwd a 
tlurirher ul tnrrnagmwnt lesslxls othtm 1mt l t ~ r t d  Wm. such ;IS ncw 
assigning two bosses to the u n w  .qmirp arwl trot assigning the mnwy for 
c#w l u ~ a a n  t o  t h e  control cd rtntwher dficr .  It aught aimmt 1c1 be axio- 
nxttic that chjcxtives shol~ld be clctr ; t r d  w.tscxrrtble. yc.r with the  C~t l taur  
p o g ~ a m  S.4SA put itself through a p r i e d  cd mnlside~tble strain by tyil-ig 
to make the as-yet-unckvt-lc>trrl roc-ket st;tgc satisfy at It*;tst four different 
sets of quin*nwnts .  Only wlwn the c k l o p m e n t  \v;ts d i m t t d  totiani a 
single set of rquircnrtmts. thew (d the Sun-t-yc>r 11l1n;tr sptc+l;iaft. ciitl Carl- 
taur move sn~cxwhl~ to\%-;ant its first suc-c-tdul flights. <haw dtlrloped. 
Cmtaur icits ut~ratrd to sririsfv i d d i t i m i  n.cluin.mtnts. 

.%gain. it should be clt:tr that atttrllpirig ten, big rr step in a new h l -  
c p w n t  is uirwiw. Whik t h e  intcldert c&jtx-tit-es 11wy u i t i ~ l ~ ~ t e l y  be d r i m d .  
the c - c ~ t  c ~ i  overreitching c-an tw tecw great. This pjint  18.3s illustr.ttrd by the 
Orbit  in^ ;\strononlit-aI Ohscnatop in which snags \\-t.rc encc.rntered in 
dmeiopirtg thc gt~idittter i t t d  cxw~trc~l systenl t h t  t<x>k ilkme!' . t ~ t t e  ;tnu~unis 
of time and nloney to solve. hfort.c t\ cr. the wven-ye.rr-!;~tlg d m l o p m ~ l t  
tittle f o ~  the olw.r\-.ttcr! ;dvcr?iel\- ;tfftvttd e~~pt - r in~e~: i~~rs  \\'hi> haci to nurk 
tinw \cith their c*xpr.rimcntal prtXr;ttns \\-hilt* ,ne st);1c~wtaft \vas being 
tit.\-clotmi. 111 this connm-tian it shoultl tx. nottd th.tt a ilumhrr of u ientists 
h;tct ;~dvisc.d S:\S:\ to f l \  ;I  it^ c~om~)iic~;rtc.ct c,l~n-;~tot?- first. 

'I,  void sue-h har~nful t~vt*rt*stt~t~sic~~ and costl? o\-c~rittls, S:\S;\ nun-  
a.geaIent intnxtt~cxt the tfevic-<* id phascrt prc~jcvt pl;tnning. \\'hilt. its uu' 
\\*;IS r.tthc-r f:rtry it) S.iS.4. ~~evcrthelt-ss the pj1ic.v o f  rtquiri~lp; 3 c;trtbful 
revitw and a:-st'ssmrnt o f  the sire itnd ;tppropri;atcnrs? oi steps t o  be takcn 
in S.iS.4 proja-ts =;IS benefic-ial. 

'I'housrlnds of individuals and institutiot~s \\-me reglrircd to c a m  out 
the space program. S.iS.i's relations with these tcmk on mrtny forms. some 
of thcnl sinlple ;rrrd 1111c.oni j,lic;ttcct. sc)nltb vet.! c.o~i~l)lcs. :\I1 \\.rsrt. iinqw)r- 
t ; ~ t l t  na;~ti;igen~ent c on(xSrns. 

Hitsic- to ~li;~itit;tir~irlg 1 1 1 ~  nt'c.c*sstr\ ~n)lilic.;~l s~~plwwt for thc prc-q'lam 
;vrrt- thc often ticlit ate and subtle I - r la t io~~s \\.it11 thr ;ulministratio~~ ;tr~d tht. 
Ci,~tgrc-ss. nc.ithcr o f  \vhic.h hits kr*n de;tlt with in ;an\ dcpth in this hw,Ii. 
:\s for spti-e a.ient.t., on t h ~  1tyisl;ttivc' \itlc tlir progr;tnl 11;ul 1~3th tlie strong 
s t lpp~r t  .~nd c-ontit~t~inp; r-riticisn~ c ) f  thc S~rlx.otnmittcr~ on S1rnt.e .S icr~cr 
;tnd ;\pplic-ations ol tht. iiouwb <'A>nlntittcr. 011 S.ie11c.c itntl :\stro~l;tt~ti(.s. 
with morr gt-nrrirl suplnlrt ;tnd u,nie\vh:~t Itxs pcnctr;rting t ritic-ism from 
thc Scn;ttc (:ommitter. OII :\crc~n;tr~riial . ~ n d  Sp.~c.c. Sc ic*~~ccs. \\'ithill tl?t. 



atl~iii~iist~;at ic)n. p iaian at tent ion c-ame fro111 the ~ w c s i k ~ t ' s  xieicr  adviser 
;atid thc Pr,ri&~it's .%-ienc~ ;\cIvimy Cbrn11tittt.e. tym-i;rlly from the Spat? 
Sc ic11c.e ilnei I'tu-h~ioloog! Pant-l of YS.-\<:. ,ilthough ;I nu~.rbet of the PS.K 
aic~iiht-rs Iwtl dcr.t~rci cotisidt.r.~itle tinw ; ~ r d  rffc~n helpi.:g to establish 
S.AS.4 with :I strong s.itqi~ific- fI;~vor. they did 11or c - h c y ~ ~  to thole their 
o\\.ai pt-rw~ia I c;~~-tvrs 1 0  sj);ltv mr;r n.b. lht* s t - i r l ~ ~  p ~ w l  did. however. 
ktup a \\-;.;ltc.hfu! t.1-t. oti the aseitcy. cslx*.ially for rliz first few years. 
.\ttli~ugh tilt. %ic-ienct* .\dviu,r8 <i>~iimittw and its p11w1 had IN, direct 
;tutIiority o\cr S.\S:\, thcir phition in the \\'hire tioust. c-onsitkrablc 
\\-t'ight to their views, .~nd at tililt-s the! st.t~tr1 as t4fmtivz sifet! valves ftx 
the st-icntifi:. c-cmiait~~~ity \*.heti SIXI~Y ~(.irntists felt that their ~wrds wenD 
not m.eivitig the proper ;~ttt.ntieos. .Ike letter 11) )iisti;tka~~.sky front I.Io~d 
&rLacr. c.h;ti~ n\;tti of the S p ~ r  k-it-IM-e kxtrd, in So~vt.~iilx~r l9.W eslwpss- 
ing c-one-t-I 11 t hilt S .\S:\ 111igIi t ~it-glevt grcounti-b.11st-cI scientific n?*r,arc-h 
rel;~ttrI to spat-r ill faterr cof only flight csperialtrits. and ; ~ l w  nright IBcM 

ptblisti ~.ientilic rc-sults it1 the t ) p r ~ i  li~er,tttlrt-. illu.itrntt's the point. As a 
w.c.iond t.s;c~iilolc-. ;tsttoncviit.rs qrtlght s i~~i i l ;~r  help fro111 rht. slx~cv u-irnctb 
ln111t-l wht.11 tht-! \\.en. dissttiditd \vith h c ~  work en1 a11 orbiting astrc,twnl- 
ic-al s;~tt.ilitc' wits p~c~r txs i~ ig .  111 IH,III c:1st5 the u-ience r;d\ixr and the 
pi11it.1 astxt their g tnJ  offic-t.?i \r.ith X;\S:l 1,) ht.lp c.lrar the air. Xiore sub- 
stantivc' \v;I% #ratw sc-icncr. iwr's ;tssist;tnc~r in brt-itking tht. rkrrtllcx-k over 
(~l:~ssific:itiewi ttxrt thrt*ittt~ntxi t o  tLt~ii.~gt- ;I Iong-pl;i~i~itd program1 t)f inter- 
~r;~tion.~l e.~ropcr;~tioti in gc~xlt3y. 

.\fttLl tht- iiist ftw- \\-c.:i~s tht* u itl~ic-t. ~xltit-1 \\.its niorr or Ifis cluitsc~nt 
t i ~ i t i l  \\.idt>pic:~ci ~lis~itisf;~~-tico~i o\er .\;.AS.-\'s ~)I;II~IIIIISJ (d the . \p i lo  Appli- 
t.itiot13 1orc~1.1111 stiff-txi the ix111t.I to rt*~icwtxi .rt.~ivity. Its t.<)iicYrtl and 
rtx ~ t i l ~ i ~ t ~ ~ ~ c i i ~ t i ~ ~ i ~  tlicl riitrc-h to help stcur the th~~ ik ing  on .\p,lk> .Applica- 
lions out cd its prtxx-rupttiotl with mt~ely kt~~pitlg Stturn a ~ n i  .- \p~llo alivt- 
to\r,;trct tht. more ac-c-t.ptablt- Sh! lab plrxraol. 

.4lw nor trrattui in ciepth in this n;trr.rtivt- t\-tw S.\S.\'s vital rclation- 
>hips \\.itl~ c>rht-r gcSovcrliait.nr ;agrncit3. .A p.arti<.irlarl! intiniatt* partnership 
\cith the i)c.partn\r~~t o f  Ikftsnu. and tht- ii~ilitan sc.rvicrs was essential. 
111dtr.d. mtltt~;tl ;tssist;~nc-r Iwt\r.tt'~i thtb t\\.o ;~genc.ics \v;as rtquiml in the 
Sr\S.\ Act. But XI\ ,other arras ticu spccifirally acictrmxtl in the %.AS..\ iqis-  
1;ttion. h:\S.A .ilm t i t~ i l t~ t  ti)  work c.loscwly with sistt-r gt,vernment a ~ n c i e s .  
I'hc uw iof ~;ttt*llitcs for rnonitcorinp, the \\..cather. of rnajor inlporratlm to 
thc \\'c;t~lic'r Httrt..~~~ of tht. I k ' p t r ~ ~ i ~ c ~ ~ t  crf < i ) ~ ~ l ~ l l ~ ~ - c - t ' .  \\.;IS one ex;t!~iple. 
Othrrs \\.t-rc thc. use of slrc-llirc\ tor m;~l;it\g ;a \vcor:dwitic gt~ok~it-.iI survev 
.11te1 f e ~  ~ii~o~tiraoritig c.ti.~~igi~ig 1;i11el ttw ixlrrrrns. h>th of cirnt-ern 10 the 
I k p ~ r t ~ ~ i t ~ ~ ~ t  o f  rht- 11itc.1-ior. 11 MNNI IHX~;IIII~* . q ) i ~ t ~ t ~ ~ ~ t  t!l.tt ~itt4Iitty c-ot11d bt. 
of ;tssistitncx- in st~rveyittg ;~nd nlonitori~ig ;~gric.t~lrt~ral crops. fort-sts, itnci 
g~;~ri~i!: 1.11ids. bririgi~~!: S;\S;\ ;ttid t l~c  Ik.jnrtn~ct~t cd ;\gric-t~ltt~rv rcy,rtIicr. 
111 s i ~ n i l ; ~ ~  fitshier11 the ~n)tc.nti;tl tontril)t~tions of sttt*llitt~s to c~o~nniririic-;~- 
titws. .~ir  ;and !~;tritie n.t\ i ~ i t r i o ~ i .  .tnti ;tir rr;~ffit co11trol irnittxl still crthcr 



asmcirrtions t ~ . t ~ - t ~ ~ i  S;\S:\ ;lad the rtst of the goverlrrtwrrt ertahlish~rwrrt. 
;\%ux-iatio~is with private in-tivi1it.s wtre Ityjcni. as iadu\iry tk-sigltri. built. 
ark1 op~r.rttx1 most o f  the h;~rtlwart. ttut niinle s1mc.e wiener. s p e r  applies- 
tions. ;and a p i ~ ~ :  t-sl~lc~r:rrion p ~ s i b l e .  

S.\SA's rciatii?r;\irip with thc N;~t~cnr;~l ;L-&ny (A Scit.tw-t.s. thrcnrgh [lw. 
S~xtc-t' .St-ietic-t- &:.~I-L! cynr -i;r li y . it.as ttr heritcr: irt)111 :he In[t.r~l;rt ionai (;trb 
phy~ic;il Yt..ir illc~ng \\.rill the I(;\' sou~lrling rcrlie ; t ~ d  wtc~l i i t~  prcqplrls 
that gave the :tge:elrc y its l~t-.reistart in u-itmi-e. :\s the n;rtion's triost l~rt'?iti- 
g iot~s  x-ientific. hcd!-. the xdt-ary 's  ad\-icy c.irrritd esrra weight a r d  i a  
strp1x);r to the s lum 1)nW;irn spr-i;rl sign ificxacr. \\'h ilc there were rough 
s ~ ~ > t s i i r  the iisuw-iat ion. on the \*-hole tlrc rel.rt ionship \%as intinx~te a t d  
prcdirc.ti\e. ;ind throagh the ?-c-.lrs Slmc-t. Scitc-icr Bollid re%-o~ri~r.e~drctions. 
inc.lutling thew l~:)ni ir  Ic~tg  list cd s~rn.i;tl sunHrw1r st~nlit.~. \cei.ghmi hc';rvily 
it1 S.lS.\'s pbnning ;tnd prcwr~nming. 

Rttt  S:\S:\ wnnt Ic;.;tr~rtd thi~t the sc it.tttific- c-o~nniunit) \\.;is n<n mc)nc+ 
lithic. ;tnd thitt o f  ten i~~i~u~rt ic i l t  groups of rt?i(:~rc-ht.rs took t~scrption to 
stnvifir. n~-ortl~nt.ncIatio~~s o f  t in ;IC;I&~II~~. I 'hi~s.  \*-hile still id;u-itlg hi.* 
\slue t b f l  ad\-ice trom t!lc Slxtcr .%-itsncr bar t i .  S.qS:\ mrrr1;rgt~s cdmr lo 
ft.r.1 the rrrrrl for ;a r-lowr ;rsu~-i;~tiotl with it brcxid segment of the scientific- 
c-c.rnaltr~iit\. I'c) this c11t1 the agent? 111;tde IIW of 3 writ3 of idvisor?. ~ I - O L I ~ S .  

\\.hie-h tllroughotrt the l!MiOa 1)rovtxi t o  tw. ;I juost-rful ~lrc-.~ns c f i  involving 
c~t~tsicle M ic.trtiats ~ I I I ~ I I I ; I ~ I \  111 the pliinni~rg ;11ic1 c x ) ~ d t ~ c ~  o f  the slue-e 
s<.icncr. I)rt)graal. :\I ti11ic.s a r o ~ e  rh;rn LXKl of the It-itding ivorkt.rs in slx~c-e 
wit-nc-r \\-err 0x1 S.\S.\ ~ ~ o n r t ~ l i ~ ~ t ~ ' a  ; ~ n d  is-orkilig grotrps. :\1w. b\ ~wricdi- 
call! replire in# ;I portion of [hew aciviwrs ts-ith ncti- re.. uits. S;\Sr\ was 
able t o  k t ~ p  infusing c:ntX\\- thinking into the systrm. 

-I'he first ;ah iw~r? gtoul)s \\.ere air&-o~rtrttittcc's of tltc S1x1c.e Sc-ietr<~s 
( 1.rtrr the Sprc r Sc-irlic e ;~nci :\pplic;~tions) S t t ~ r i n g  Ckrnmittt~. which coa 
siittui o f  kc! in;itl;tgc.ra o f  t ht. S;\S;\ I,rog;rm. ' Ihcw st~ln-om~rt it tcw iv-ere 
highl) ym-i.rlittut. firrtiishing ;dvict- in c?iwnti;rlly a aingle cliu-il>lint-, stlc-il 

1 ~ 1 1 t i c . k ~  i i ~ l c l  iiclcls. -l.irtb\ ;rtlviwul OII 1)rgKr;irn ( -OII I~I I I ,  air the wltvtio~r 
O[ t . s p r r i ~ ~ i e ~ ~ t s  ia~ici t-xi~~ri~rietltrrs for flight ~liissio~ls, ;lnd on wflat I;rtx>ra- 
tor!. \\.ark to stq)lx?rt to cllslrrt. ;I pro1w.r grc)utrcl\\.ork for ftrt~rre slx~c-c tilis- 
sic~ns. I'hc disc. iplinar)- s~thomtnitttu.s \ctLre very t.fftr-rive. t>ut in time sc-ien- 
tisti 1wg;rn to c otn~~lai r l  th;~t thtw was ;I rit-cd for less slxr i;rlinxl ;dvisor! 
Iwnlies and ;I t ~ ~ c ~ r d c r  [,nrtic.ipirtior~ c,( the c-ommunit?-. I'he :\atronorn?. hlis- 
sions Box~rd ;ind rile 1-t~nar ;ind P i i ~ n e ~ ; ~ r ~  hlissions Bo;trcl were tst;~hIish(d 
r o  rni.~~t this c.ritii i311i. \\.tiilc retailling the suInommi~tt.r.s of tilt. Sic~ririg 
( bmnl i t t t~ .  \\'ht.n t hc- nirssiorrs tw~ircla c-;rme to ftel t hiit e\-en they dici ilot 
al\v;i\s h;tvc. rrlokigll ~w'rslwc [ivc OI\ the* SASh plirn~iing and prc~ritmming. 
tht- Sp;rr.e Yrogr;irtl ;itlvisor\ (i>irllc-11. with strt>sidi;rr\ comririttrm to the 
c-oirtlcil. ;tnd siihsitliiir\ 1xirit.l~ r o  thc c.onrrnittm-s. was hrouy,ht into Iwing. 

Sinc-ts pl;i!is ant1 pr.)gr;ilns Iwgan to tiike sh ;~ jx  in thc tlivision irncl 
lower Icvels o f  tht. organiti4tio1r, that strggt>sttd ;icl\.iw)r)- 3roi1i)s \Go:~ld be 



most effectit? if t h e  worked d i m l y  with h e  divisions-ad this was dme. 
.at the same rime a d v i w  puup trddrticrlaiiy feel that th- ought to tab. 

their views k11own directly to try, managtmlent. 4ccdingly. while actvi- 
sov groups H-ere established to work with the di\-isia~s. t b  w m  also 
asked to report findings and recom~rwndations dirpcil? to associate admin- 
istx-ator a d  d ~ ~ t i ~ l i ~ t r a t o r  levels. 

-1h1s nlultiprongcd c u r r ~ t i o n  with S.4S.l r1mira.gentent worked well 
with the missic>ns hrx~rds. b r t  ncw so \%-ell \\.ith tht. S w - e  P n ~ r a m  .\dviso-x 
Ci~urw-il. In the ;tcivi-- C-~NLIW~I ~ g a ~ l i m t i ~ l l  r h  was tw nw-h layt-rirlg. 
and tht* di\isions Icwt tolrch with t k  c-oum-il. feeling little kinship with the 
c -ou~~ i l ' s  cw~ltni t t t~s  a d  p ~ w l s .  -lu the c!i\isions dw c-c~r~r-il app-ard too 
~n?rch as a spec-ial grt~up k ~ r  the administrator. s c ~  that the dit~isions began 
to wt up advisor? groups tof their awtl with which the?- could \cork with 
the rm-n i n t i ~ n x ~ .  Even fcw those who had close cimctct \%-i~h the 
c-ourx il. the pmdt-rous. ~n~rl t i t ierd strtuture wa\ burdensome. r ryui r i~~g 
mo~u  labor to make tItw nrrrhnisnl work than c ~ g h t  to bC true with it 

propi !  fu~n-ticn~ing ntl~isop arratrgenmlt. 
.-liter w r r a l  ymrs of c~per.ation it apj.ward, IO ihc author II least. that 

the .ttlviw>~y stnu-lure should be strt.antlind. p r t i ru l a r l~  to reestablish its 
usAtilncss t o  the division It--els ;IS \*.ell as to tht- aciniinistr~ttw. 

1.0 work efftx-ti\el\ with the a.irntific c~ommu~~ity S-iS.4 matmgrtnent 
c-c,esictt.n~i ir t-w-nri.al t t r  hate. wit-erists hot11 in h~dcltrclrtt-rs and in the 
cunwrs. writer sc-ient ists also twing eaprin~eritrrs in the program. I'nder 
the c-~rr~utnst;~nc-t outsidc u.it.ntist3 founcl thcmwl\n both allies to S.1S.4. 
ht-lping to plat1 thr qmcr wiener p r t ~ r a m  anci \vriting and spaking in its 
tkfrnw. and c-on~;r.titors t o  tht- .lgrrk.\ 3s the\ \itd with st-ientists in rht* 
c-cntrrs f o r  s ~ ~ c . e  wit-~l(r CioII;~rs ;rnd for ridc3 for theit t~s!xrinie~its on the 
\;~tcllittr ;lnct s1~1(.r prc~ht-. I'o ;~\oid such ;I .;it:~.rtion. reprt~ntati\t-s of :he 
Spiat e- St icnc-c Ehc~rci had origin.tll\ urgt~i S:\S;\ t o  st ic k to r~lgi:tt'c'ting 
irnci c>p.r;ations, 1c.n ing the- x i e~~ t t ,  t-ntirtsl\ to tht- i~~li\t~rsitit's ~ n c i  other 
outside rrv.~rc h gritrrp3. -1.0 .I nu~nht-r of pcru,lts in S.4S.4 that propbsi- 
tion appeartd too simp:isric. and it did not sem~ that engineers k n t  pri- 
maril!- on prcntucirtg and operating sptce hardware t-ould alwavs be toun- 
t-1  or^ t o  \*.ot k t*:icx ti\el\ \sith tt;r ..t ierl:i%tx \~- i thc~u~ SBIIIC ititer~~al u-it-11- 
~iiic gtliti:111c tb. :\* :I C - ~ B I ~ X ~ I I ~ - I U  r t ~ t t *  : I ~ v I I ~ . \  pr(n.etdtd 10 htrilci up ;I stni~ll 
colltx-tion of xienrists in the centers and in headqu;~rrers. ro avoid wver  
rnnflict tlf interest for center sc~entists. twiiutrarters w35 g i v n  the task o f  
w!tu ling csp-rintrtirs .tnd t~a~~~r i r t~en tc r s  to In' srrplw~rtcui in [he spta-e 
M it~ritr progt,itjt. t : ~  III~V>IT. ~ I I  lcsi131. tht* <rtti:I- t,xprra:nentt>rs \vouIci h.rve tt! 

c.otn1wtc o t t  ct(tr.i! ier;l~+ with t h t ~ c ~ ~ ~ ~ s i ~ l : ~  u ic.~lti%ts for strp:n)rt. 
Fqn-rient r- suggc-sts t11;rt the* S.\S:\ cfcx.c-isio~~ in titis milttrt \*.;is t11t. 

I 1x111 ant-. I-ttc, ciiIfi( i r l t t  lwt\vc-t 11 u i t - ~ \ r i % t ~  i11tc1 ctigi~~c-t~rs in ttir t ~ i : ~ t ~ t t t ~ l  

yuc rfligh~ progr.rm ti111 i:tp the I r l  itni oi Il;l~ctt\.are dt~\elopmc~~t .rnd [:.st 

i l~shts  ~hc~\vcul the, i~~~lw~rt:tnc-t .)I I;.~\irlg .I w it.nti\r's e;rr \v i t l l i r i  the org;~;~i- 



zation, to which outside scia~tists could turn. Struggles with Jet Propul- 
sion Laborator). engineen made the same point. On a more positive note. 
scientists within S.4S-4 working full-time on the task of furthering space 
science began to conceiw and bring into being highly useful s p p m f t -  
like the Interplanetary Monitoring Plation13 and th? Radio rttronorny 
Erplorer. These were also a h n  to the outside scientists. who put their 
experiments aboard such spcerrdft but could r i o t  have affortfed the  time t o  

mnrei\r or ~ m t e  them. 
In mating the outside xientii~c cornmunit! such an imporcant part of 

:he s p a n  scialce program. S.iS.4 nutiagers tlad to mognize certain fun- 
damental facts. Fat one t!~ing. continui:>- of support to a researcher was 
essential. Most iyvestigations in the x-ience Frogam wew long term. Xfost 
~xperitr,-ntcrs had in mild an important problem oi- .group of prr~hlems to 
sI\e-conc~ming the t~p't;t'l- atn~sphcre,  ox interp2aimiin s p - e .  or the 
suri, for cwrnple-awl this would u.;imll\ q u i r e  nun? )-ears and many 
sets of merlsuremen:s. It brr;?rne in. i~mbet~r on S.4S.4 10 provide c-onrinu- 
ing supper: 10 :htw i::\c?itig:~;ltors and .heir g r c u p  in or&r rhar the!- cni*t 
cArF th :i wmk t t r  .t p r c ~ p r  conclusion. Sirce many of the expcrinlentrrs 
%.ere in uni\xrsi*~-. i: was ~t'i:s?r;lry t o  :rcc-crmn~obre fu.-rdi;lg to the uni- 
\prsity': sptcial situ;?t~on. .A sudden witliu,awal of X.4S.A dollars from a 
univcrsir)- rrseanh grou-,, itlrdtd otil?- bv S.-\S;\ could he c.iatastrophic. par- 
ticulal:? for uudents working tc\\.:rrd a dtxrv. The stry-funding approach 
devised by SAS.4.s univcrsit~- i~llic-e \v;ts ;I 1~ ighl~-  ~ccf-ptable \v;ty of fund- 
ins research in the univers;tics. allowing 2s it did at ie;.;(;t t \ m  full year5 to 
phase down ;i rest--rzh prisr;an? t5st S:\S;\ tu~ttld no longer support. 

C~niinuit? of .t;p.tw,rt t t  i!ivt"ct~gators aiw tatltd for X.4S.A to follow 
through on prcduzti\x. pr~>,;tu.is. \Vhen tht, agt-1x-y haci c.re;itd rrn t?ipc~iiill! 
effective tool-like Ranger or Sr~n-ryorr-?ic.it*i~;ists a s u i n d  that SASX 
s\.ould ni;tke that tcwd ;i\ailable Icmg enotrgh for a reason;vhiy romplett. 
wries of irt\.estig;atit>ns. I'fris i. .. ill [,it I. \vtkcre S.-\S:\ had some o f  its rnos~ 
serious ci>nfront;rtions with ~ic*titi.\ts. In thc x-ter~tists' vie\\- R ~ t ~ g e r ,  I.lrn,ir 
Orbiter. and Sur\.e\r>r \\.t.rt. ,111 ~~~~-tnitr.srtrl n1uc.h tcw, wx~ii. \vhen the inves- 
tigators stili had in ~nitld ;I long list o f  irnpor-t;irit prc,blenis on \\.hich rcr 
use them. 

Th.: anlot iizlitics!~ c)i :in rspensivc~ dcvclop~nc~it o\er a long pericxi of 
continitfii ow m;ikc?i gcwml ty-onomic- wnw. .I-hts fi~Il(ns-throi~gh tli i  the 
wirntifit inr-t-srig-lrir>ris lor \\.hi(-h the txlrri;~rnc.nt \\.a$ prcwltrc-td in itit. first 
pi;ace makei gtxxi scicntif~t wnw. .1'11;11 \\.;IS tlre 1-erv rt.;rsor~irig that S;\S.-\ 
later applitxi t o  rht. j~~stiiiiatioti ( i f  ,Ite >l);~(.t- Stltlttle. 

Reiarcd to c.ontir;uit v ot slippart w;is *hc u.ierit isrs' pr~*lcrrric.e f o r  
sniallcr sp.icvt  nit ; t n c i  ptojec-tlc. .t pretrrt.ntc. rhar c.ontirliic.d in evidrtict. 
throtigho~ir :t~t, lYti!)s. \ \ - it l l  \ir1;11! spii;tc.t.c.r,tfr o f  rrintiveiy shori Iran-tiinc.~. 
expenn~etltv~r i-oulti wort- e.t>ily foils\\. u p  o r \  new disro\-crit.s than rhc; 
cotrld \\.ith 1;trgc;. c (i~~~i>li\;jttJ \~,.rct'c.r.afr tihic h tcx~li in,in: \c.;lr.; n I  prrp:i 



r i r t i i ~ l  ;r11c1 wll ic.t i  t o  ;I I;IIW tbx te~ t t  f t i r l r  ;III i~tvc-s t ig ;~ t i i r~~ i n t o  :I specif ic l i t w  
f o r  ;I cr~ai tk.~;r t ) l t -  til:rch. h io~ rwve r .  l a ~ p  1,rojcu.t~-like A p ~ l l o  ;IIUI \'iking-- 
were ve~ !  c.ulw~nsive ;rlwl in tir11t-s cri t i g l i t  l ~ t rdge ts  r t t ~ c a t c ~ l t r l .  u r~ i l e t i ~nc -s  
;u.rt~;rlly [ m u  lutlcxl. s ta ;~ l lc~-  ~ r r i r j t x  IS. Y r t  u r ~ n c  i ~ i v c r t i ~ r t i c ~ a s  r t r l t r i n d  t t w  
r ~ ~ o r r r  c.otntrlc.x. n\cr~r. e s p e ~ l s i \ e  slut-cx.lalt-like I)I;IIH*~;II~- la~nk- t -s  ;r~rci astrcb 
t lomic  ;rl ~IBWI-\;ttcrrics. \ \ 'hc~l  I~trt lgcvs 1r.1 ~ n i t t c u l  In rtll. t l w  x ic.titific. c.os1- 
t ~ l t i a i t !  trsu;rll! was gI;rcI t o  h;lvr theb Itlore* \-c~~ss;rtilc s l~tct~. i ; t f t .  ;IS IOIIR as 
s i r l r t n r~  I was ; i I ~ r  j~ rov ic l tu l  f o r  t he* sn~;rl l c r  1,rtrjtu IS.   la-^^ tnbrh c~ould ttcrt 
In. sul) lwwtt~1. i t  i s  wftb t o  s t y  th;rt r ~ t o s t  SIXIC~C ?i(. ir~lt ists \\.otrlcl o p t  for ;I 
var i tx l  ~I-~XI;IIII of sl~l;iller. ctlc;rfr.r- p~urjtr.ts. 

On the  whole. S ;\SA c k r l t  rnost c . l i t v t i vc l~  \vit lr  o t~ t s id t .  ~ ~ i r n t i s t s  ill 
the i r  O ~ I I  ttni\-et-si1ic.s. .I'ht-re the  r tw i r r - i  h r t s  i o a t i n t i t r l  t h c i r  tt*;rc.hing. pro- 
d u t i ~ ~ g  II~*W t ;~ Ie~r i  a t t d  ilr;rwir~~;. t11ii113 o f  ttiebit s t i t c l e~~ ts  JI~ICB t11t~ spaex* 
M irriexb l r ~ i ~ r i i r r i .  Frc-111 ~ i r i w  t o  ti111e the  ;rgc*~ti.y t - i r ~ ~ s i t l t ~ r t x l  sctti11g i r p  spe- 
c-i;rl i ~ i s t i t t t r c ~  t o  ilt-a\v i~ivt%tig;ttors rrtore c I t r ~ ' 1 y  i l l t o  t he  prce,.;tm. B t l t  
t t ic~t t*  were- c l i f f i c ~ i t l t i i ~  \sit11 ittstitt1it3. :\la i t~s t i t ta tc  \s+;~s ;it1 ;1cIc~1tJi~ti~11 s ) i~ rc~  
crf ovc.rlic-;re1 ;r~rct c-irulcl c..rsil! tic. 11)) c)~it~-h;rIf t o  w\cr;rI t r ~ i l l i o ~ ~  c lcr l la~s ;I 
ye;rr. Mcrrtwrvet- i~ ist i t t r t t -s  cirti lcl c re;ttcb t r ~ ~ c I t ~ i ~ ; i b I t ~  i - i ~ ~ ~ ~ p e t i t i c > ~ ~  \v i th  the* 
uni\.t.rsitit?i for top-rtotc.11 sc-ic.t)tists. WIBO t r ~ i g t ~ t  ln'ttt-r tm' Id1 in t h r  txliic-;I- 
I ion;tl s? stern :cr tr;rc li 1111' 11~x1 . ~ ~ l c ~ ~ - . t t i o ~ ~ .  Ht i t  t l t t ~ t c  \\.cr-t* i i l so  .rdv;1111;1gt?(. 
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the USSR felt it could deal with the lrnited States on more or less equal 
tams  and that it had something substantive to gain-as in the Apollo- 
Soyuz mission--did the difficulties abate somewhat. In the mid-1970s it 
remained to see how much more cooperation with the Soviet Union would 
be possible in the approaching em d space shuttles and orbiting space 
stat ions. 

The evolution of the space science proyram furnished a good example 
of the scientific process in operation. Out of advancing technology came 
rmkets and spacecraft which,  ever^ beforz they w m  developed. were cnvi- 
sioned as powerful scientific tools. As soon as large enough rockets were 
available, they were put to work in high-altitude research. When the space 
program was formally established. rcxarchcn working on problems 4 the 
atmosphere and space naturally gravitated to the new tools. Tire phase 
space sc~mce came to mean scientific ~esearch made possible or significantly 
aided by rockets and spacecraft. 

The rapid growth of research stemmed from the remarkable range of 
scientific disciplines to which rockets. x*tcrllitm. and space probes could 
contribute. .Although many space science results would have practical 
importance in such arras ;as meteorology. geodesy, aircraft and spacecriaft 
design. cmmmunications. navigaticn. and carth-mourc~ surveys, still the 
field was largely pure science. pursired primarily to advance man's knowl- 
edge and understanding of his universe. It is pertinent. then. to ask how 
space science affected science, particulai ;y the disciplines to which it could 
hest contribute. 

Particulat ly noteworthy was tlie pr~xrcss made in the earth and plane- 
tary sciences. Here the impact of $pace science was profound, generating a 
fruitful partnership among astronomers. physicists. and earth scientists. 
S o  lon.ger was the geophysicist confined to a studs of only one b o d y  of the 
solar svstem. So longer was the study of the planets salcly a venture of the 
astronomers. 'The dearth of net\. cats that had led planetary studies into the 
doldrums and even disrepute aniotig astronomers. gave way to a sudden 
f l d  of new inforniation that reawakened tkc astronomer's interest. Gtw 
physical. geochemical. arid geologic ditta on the nioon and planets that 
poured in from astronauts and instrumented spacecraft-Explorers. Mari- 
ners, Pioneers. Rangers. Surveyon. and Lunar Orbiters-afforded earth scien- 
tists the opportunity to begin the serious development of a science of coni- 
ixarative planetolop. 

Equally exciting was progrtsss in space. astronomy, where rc~kets and 
satellites niade possiblc the observation of the sun and the cosnios in wave- 
leri~ths not observable at the ground. 1nasmuc:h as current thmries of the 
origin. evolution. ;tnd derniw of celestial objects indicattd that most of the 



information on these objects would be manifested in the hitherto hidden 
wavelengths, rockets and satellites were in a position to make a tremen- 
dous contribution to astronomy, particularly in a period when there were 
many fundamental questions to answer in connection with phenomena 
such as radio and Seyfert galaxies, galactic nuclei. quasars, pulsars, neutron 
stars, and black holes in space. The expectations were borne out in the 
ultraviolet and x-ray measurements of the sun, and in the discovery and 
investigation of hundreds of x-ray sources in the sky. The solar observa- 
tions produced a number of surprises, particularly the x-ray pictures show- 
ing considerable structure in the solar corona. As for celestial x-ray sources, 
they introduced a new field of high-energy astronomy which no one 
doubted would be intimately involvd in answering important questions 
about fundamental processes it1 the universe. 

As for the life sciences, the most significant results came from the 
manned spaceflight program. from biomedical studies that have not been 
dealt with in this book. With increasing prodwtivitv. Ciemini. Apollo, and 
Skylab all contributed to an understanding of the effects of prolonged 
exposure to the space environment, particularly weightlessness, on human 
physiology and performance. In contrast, during the 1960s exobiology 
remained earthbound. No indigenous life was found on the moon, nor was 
any chemical evolution toward the formation of life found. Even in the 
mid-1970s. dfter two Viking landers failed to detect any evidence of life on 
Mars, the question of life or? the Red Planet remain4 open. 

Surveying what was accomplished in space science in its first decade 
and a half. it is clear that the rocket and spacecraft were re\~olutionary 
tools. making possible researches that could not have been carried out 
without them. Grcat quantities of valuable data flowed from space-borne 
instrumentation. and innumerable discoveries were made, greatly extend- 
ing and enriching scientific par : d i p s  in earth and planetary sciences and 
in astronomy. In the broadest terms, however, the paradigms of spacr. 
science in the mid-1970s were compatible with those of the 193s. in that 
no change in fundamental physical concepts and laws had been forced by 
the discoveries. From this point of view, then, the first decade and a half of 
space science was normal science. 

But a more restrictive view is perhaps more appropriate. Within indi- 
viduai disciplines many scientists regarded space science as revolutionary. 
A case in point was the abandonment of what had previously been accepted 
as the basic hypothesis of geodesy, and the rise in importance of spherical 
harmonic techniques in ttie study of the earth's gravitational field. There 
were other minirevolution;. One was from the discovery of the earth's 
magnetosphere, not suspected beforehand, and the emergence of a new dis- 
cipline d magnetospheric physics. Knowledge of the extensive evolution of 
the lunar surface after its formation produced a revolutionary change in 
the lunar paradigm. Perhaps. too, the discovery and characterization of 



celestial x-ray sources, which had been m i d  in previoirs astrophysical 
theory. presaged a revolutiot~ary change in astrophysical paradigms. 

I'annevar Birstl characterized science as the "endless frontier." Science 
shotved space to br another endless frontier. The allure of these two in 
cotnbiriation imparted a natural impetus to space science in its early years. 
Benefiting froni the powerfui political forces of the C ~ l d  War and the con- 
cern genetittect in the I :nited States by the Soviet launching of Sputnik in 
0ctobt.r 1957, scientists in the I1nited States were given resources by the 
nation sufficient to tackle an impressive array of problems not previously 
tractable. By the time of the A p l l o  missions the number of space scientists 
around the world had risen into the thousands. 

But so vast a subject as science in space and the science of space could 
hardly be niore than touched upon in onc or two dwades. i+'tiile tnag- 
aetospheric physicists might speak of their results in the investigation of 
Earth's magnetosphere as comprehensive, not one would think of the sub- 
ject as clo?ie<i. -1'llere still remained in the early 1970s the probletn of under- 
standing the pr~uesses anci conlplex interrelationships. Also there wete the 
magnetospheres of tht. sirn and Jupiter, and perhaps of other planets. to 
investigate. the study of which would itlevitably turn attention to tile tiiag- 
tietospheres of stars and planets beyond the solar system. 

\Vhile comparative planetolc~y had quickly revolutionized the earth 
sciences, expanding their scope from Earth to the solar system, here amin 
the new discipline had hardly reached its adolescence as unmanned space- 
c ~ a l t  oI the 1950s began their probing of the tnajor planets and their satel- 
lites. Ottler dcr-ades would haw to juss before comparative pla:letology 
c-ould be said to have matured. 

.\lthoirgh the frtilure fo find life on Mars in the f i~s t  l'iking missions 
wits dis;tpp,inting, t t  seenled clear that intercst in exobiology would con- 
t inire. For onr thing. rnariy scientists believed that the processes leading to 
tlir for~nation of life are inexorable, anti thitt there rnust be innumerable 
ex.iniples of rstr;rterrestrial life to be discovered if only one knew Iio\v to 
find them. -I'lris kliaf \\-otild le;id to various schemes to communic;itc by 
electromagnetic- tlieans ivith living beings beyond the solar system. Within 
thz solar s!-stem. evcn if o t i ly  Earth had living kings.  still the chemicitl 
e\.olution of 1 1 1 t h  other planets and s;itellites woitld tx inipwtant in study- 
ing evolutionary stt.ps tow;irct life. 

\\'irh rtrc disc-over! o f  x-r;ty sources. slxrcC, science riiacte a uniqutX c-on- 
tribution to the ne\vly cmerging field of high-energ). iIstranorn\. \Vhile 
sonic ~iiigtit I r i h l  the cvolu~ion of s-ra! astronomy it1 the IWis ;IS revolu- 
ticjli;rr!. othcrs woiild ity[ tlliit tht* iiic~st signifir-;int c-ot~tribi~tions of sp;rre 
asrronotily \ t i l l  Iiry ;the;rd. 



Thus, space science in the 1970s retained a cotlsidctiible momentunI. 
with the prospect of challenging and important problems to work on for 
the foreseciible future. For a few Jrars the din~inishirig urgency of the space 
program appeared to pose a threat to space science. But. with the decision 
to proc.wx1 with the development of the S p c e  Shuttle. a retle\\*~i commit- 
ment to space science w m t d  ensured. It would not be an easy rcx~d, anci all 
the signs ~ndicatt~l that in the future the tlecul for specific space projru-ts 
would be carefully weighed by both adminiairation and Congress. But few 
doubt& that the ptqriam. including spare science. ~vnulii conti~it~e at some 
pace. Indeed. there seemed little doubt that at some time men would land 
on the planers. as they had oncr landed on the moon. 
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Appendix C: $ - 
Meerings o f  R(x.ket and Satellite Research Panel -,- N - 

4 -- - 
7 

\I1 t 1 1 1 1 1 :  I ) . l t t  1'1.lt I ul~lll.llL.\ 
r: 

S K I .  
PI '  
S K I .  
S K I .  

d\iJl, 
(,k. 
\VI. 
k.SI. 
NRI. 
YF 
:\PI, 
\vsY(; 
O F  

28 I ; I I I .  18 NRI. 
I I .  I k:RI. 
L'H ;\I);. In tS1. 
I 11 , j  trot. In :\PI. 
2 I I \vspc; 

'J  1.i11. ,leJ CJ.1' 
21 :\pt.,I!) I1,M 

'3 1 1 IICX) 
2 0 I I NRI. 
I4 kcsh. 50 APL. 

Sow c,illecl \ '-2 I 'p(wr :\~rncnphere Per1c.l. Panel begin% practlce of hrartng repmb on f l r~ngs 
.~nd rtwdrc t~ rc?tlltr. 

S o w  callcd 1'-2 I ' lqxr ,\trntnphrrca Rtwarc h Parlcl. 

JKIIH rt~ptt-tr I ~ > ~ ~ g - r a n ~ c  planr from pane.). 

i\r.rotwu. ttw firirllr;r have started. Panel prorncms s y m p ~ i u m  on  hiuh-altitude physical re- 
+c;rrch b y  rc rke~r ,  to tx hrld at American Physical k w l e ~ y  mee~ings in Chicago, 29-31 
1h.c. 1947. 
Kratru. rc.%ig11\; \'an i\llen elirted chairman. Office o f  Chief of Ordnance prop- r,ancl 
corlritlc-r broadminu its u o l r .  

Same c h a n ~ t d  lo I 'plx*r Almtnphu7r Rex k e ~  R-arrh Panel 

\'an Allen har brcm using r\erobet.s fired from shiyh)ard to exlend g c w a p h i c  coverage of his 
rrwdrc-h. 
t'iking dcvrlopnien~ is undet rrsay, and a. first firing has  heen ma&. 
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Appendix D 
RSRP Proposals for ii National Space Program 

;I N.\ I IOS.\I. XII\\IOS I c r  i..:i?:.; I K ~ .  Ot ! I K SI'.\(:F 
A Proposal by the Hcw-ktbt ;111d S;rtt.llitr Rtast.:trc !I Pirnt.1 

In the interest of human progress and our national welfare, it is propod that a na- 
tional project be established with the mission ttl c-al.t\ ing 011i the wirntific c~.plor;ltion and 
eventual habitation of outer spa=. It is imperative that tlie nation do so rt ittcrease its 
scientific and technolqic;~l ctrcc~gth. 

T h e  present state of rocket technology makes it possible to initiate such a prctji.1.t First 
steps in  this direction are already being taken in the form of rocket sounding. the Jevtl- 
o p m n t  of long range missiles, and the launching of artificial earth satellites. These first 
steps will inevitably be followed by attempts to place nlan in space. It is only proper for this 
country to esnblish its leadership in this direction. 

'To carry out the objectives of the stated mission it i :  rcy'c>mmended that a National 
Space Establishment lx created. This Establishment in carn ins uut its mission shall have 
the authority. responsibility. and accountability to mndurt the theoretical, experimental. 
developmental and operational work necessary. making best use of the arademic. industrial 
and militam r w u r m  of the nation. 

Srgn~jicancr and Naturr o j  the Xfission 

The  proposed mission is of the broadest significance to our people. Both the perfor- 
mance and the accomplishments will produce a benefic-ial i~npar t  on the life of the nation. 
The  mission encompasses the most advanmi aspects of research and engineering on  the one 
hand and a pea t  promise of practical betidit on the other. Sorne of the fields of research 
and engineering involved are: materbls. propulsion, electro~lic-s and communicatior~s. 
meteorology, the life scienms. psychology, physics. chemist?, geo-physics. astronomy. 
astrophysics. astronautics. and cosmology. In fact. virtually .~ll aspects of our technolc>m 
and ricnc-e will contribute to and profit from the effort requ~red to carry out the mission. 

The  project will It-ad to both foreseeable and unpredictable applications. For ex~mple.  
weather patrol satei:i% pro\idirtg 2 basis for 6,astly improved lortg and short range weather 
foretasting H 111 be im!.ortaiit to agriculture, conimerce. industry, military operations. and 
the saving of life and property. Satellite radio relay- stations hill  make possible corltintroirs 
dependable global cornmunirations networks. I t  is to be expwtrd that new and improved 
energy sources will be developed. One of !he most important prarticxl contributions will be 
the stim~~lation of science education in our country and throughot~t the free world. 

Organrratron of thr .\frs.r~ot~ 

It is essential that the National Space Establish~ncnt bc scientific in ~iature and in 
concept and b under c-ivilian leadership and direction. It should be orppnird within the 
Exec.utivr branch of the C.overnment taking It111 account of tht- rc.c~trirrrrlrnts of the Ilr- 
partmellt of Defense in tlle f~eld of s p a e  rrscarrh and e ~ ~ g i n t ~ r i n g  to insure that the Na- 
tional Space Establishnirnt contributes its nlaximu~n t o  rhr national wuri ty .  'The Estab 



liihrnrrit rhould be staffed and operated on the basis of a salary and w a g  scale suitable to 
its nt~xia. 

I'he N;rtional Space Establishment must have within its own structure a strong, mpe- 
rit-~~trui st;rff with the necessary facilities for the research, development, and operations 
ntu.esban to maintain competency in the full range of tasks to accomplish its mission. At 
rhr same titne. the National S ~ a r e  Esvablishment ,nust have substantial contractual assist- 
C I I : ~ ~ ,  tlr:rwiug rwtrnsively upon universities, research organizations, industry, and upon the 
tnilit;ir-y for basic science, terhnological know how, production. logistic support, and 
I t t  riities. 

.I'11e tost of the enterprise will be mmparable to the governmental expenditure in  the 
field of atomic rrlrrgy and should be funded on a long-term basis, not d e p b t  upon 
1iirt'c.t  nili it an appropriations nor upon any one of the armed wntices. 

I'hr p r o p o d  mission for the National Space Esvablishment has two different but 
r oi~~plt~lt~t.rit.~rv p h a m .  On the one hand there is s p a c ~  research, per se. which is conmned 
\\.it h ~ c - h  questions as the properties of the upper atmosphere. the nature an ' ;rtmsity of 
clrctromagnetic and corpuscular radiations from the sun. the character an s ,  , i t  1 .ion of 
m.ittcr in ~ p r e ,  and the electric. n~agnetic. and gra\itational fields urithin . . =m. 
0 1 1  the c111it.r hand there is the exploration of space by manned expeditior- .ii : t .  . i .  .of 
tht. ~ilisriort the Establishment will be concerned with the problems of p l i  $19 rilz .? +:ce 
with .ldequair provisions for his survival and safe return. This  will i n v ~  $ 1  ..ations 
into \uc h ;art-;IS as the creation and mainteiiance of viable atmospheres. p r ~  .. IO:~ of pa+- 
wt>qcl\ .ig;ri~t\t the \trt5st3 of htgh ;~c~ccIcriitio~~~ ; I I I ~  ~irdii~tio~is in s~xicr. ps)( ho1(~ic.;rl sttid- 

I I I  -arcit. .tncl ;~strc~iairtic.\. ;\ltlrc,i~gtt thr two pltax*s h;ivr thtsi~ tlifferci~t 
I .  t i  I .  - . i l  ; irliI  c,fftx-live .~ccor~tplisI~tiir~~t o f  tttr tcnal i~ii\siot~ rtrluirn that t h t ~  Iw 
ri lw 11.rr.1h1~ . I I I ~  : ~)r!dircted in clew cnntact with rornplete u~iity of purpose. 

I l~ct t -  .tic \pr ific- stcja that the Sational Space Esrablishmmt should undertake tmme- 
di.itc.l\. I'hcrr shotrld be a strong re-enforcement df the upper-air rocket sounding program. 
Itili~tt.tli.~tc attrrition should be grven to a continuing p r w a m  involving tinmanned earth 
\rit4lttt.s. Pl.tnning m d  preparition should be initiated with r w r d  to vehicles and other 
p~c~l ) lc~ns  of nl~nrted rocket flights as a first step towards manned satellite stations. T h e  
cit~\c.lo~)ll~c.r~t oi instriirnentation for physical and lift sc-ienm experiments in rorkcu and 
s.itellitt3 choirld be extended, r n a k i n ~  full use of what has already bern accomplished. Stud- 
ies o f  nlan himself rrhtive to the project& expeditions into span. should be strengthened. 
I 11c stirtfit-s of problc~ns rrlativc to iunar flight should be taken up  by the National Spa= 
F~t'i~~listli11t~llt. 

I hc Ktn Lct ,tud :...vIlitr Rewiarch Plnel is a h  '.rteiy convinced that there are cornpell- 
in?: rcs.iu)li\ for our nation lo undertake the scientific exploration and habitation of outer 
\ ILI(C.  0111  1)ilst efforts have brought us to this new and challenging r ien t~r ic  frontier. A 
N lrt~lct~e.~~tc.ti .inti imaginative a c e p a n c r  of this challenge will strengthen our national 
u II-III I*. pics~ige, and defenw It will inevitably lead to a wide variety 01 practical bendits in 
(otilrnrrcr .and industry. The Satiortal Sparp Establishment will unify the efforts and con- 
t ~ i I ~ i i t i c ~ ~ t \  of science. industry. and the military 10 spare research, and will help to draw thc 
\ o u ~ h  of c)ur cc)iintn. into sc-ienm. 

1'ttt- rrt.ipnitude of the venture *+ill rn~i i i re  a strong dedication of purpose on the part of 
our 1~o111c.. I'hc (.r)ut:.ry must provide the nerrcsar). resotirces and money to accoinplish the 
~l i iss~on.  I'his means. among other things. an expenditure of some 10 billion dollars over 
thc nest cicr adr. 



The R& ad - c d l i u  Rrmrch P a d  has d r v d  i ~ d f  lor :hz h 1;txin ro 
pionering rhc nation's effort in the research aplomion of the rhmhdd d spae. The 
Panel is dcdicarcd to ron~inuing these aairi~iti md his f a w a d  to partkipaling in iht- 
mud mnnplbh-d the swcd miosion. 

The Rocfuc and !kdlipr RCVych Panel 

.army Ballinics RLWVch Lab. 
&Itistics Rcrcarch L b .  

t?&li\mi~ d M i i h i g n  
h v a i r  Corp 
F d  Research Laborat- 
GcnmlEkcuirCa 
AF Gmbridgt Rcwarch Gntcu  
Cniwmity d Maigan 
Linirrnity d Cdilomia 
Rand Corp. 
K * ~ l  Rmeadt lAmmoa?. 
I'nivnsity d Uimigan 
.AF Chmbri&e Research Gntcr 
Jet Rop;ls;m ll- 
L'nivusiry d Michigan 
S a d  R d  L;rba&g- 
Is~RoplbionL;lbmcorF. .- S i p 1  Enginming tab. 
R;uduiph -4F-B 
.-\nny Baliivk Missile ..\gem? 
Sa\i.l Rcwarch :~borarorv 
I-nircruty d low 



S\tlc)x\t *4c, E\I \MPN*I~SI 

.I Y r q w n l  t d  tht  Rtn-kt? drricl S~tcll.tc Kh~;lr:h Pr(rw1 

I t  I. ~ n t y x d  th.11 thtw tr trrrtnl J i a n ~ f d  Sattonal S-r Lstabltskmmr fw the 
( W I I ~ R K  t d  LJI: \SII~ t r r t  rhr Y w ~ ~ t ~ f n  m t ) / t w ~ t w n ~  ami ~ m t t s a l  batnt.unmt C N ~ ~ C I  w v  

t r  18 t tnywi .*urc  I ~ A I  t k  I ' n t t d  Sucrr m u W r s h  and I I ~ I I I I ~ I I I  s t ~ m t I i c  and t~lnhth-JI'~1 
,.I: Ic.nk~\h~p t n  a n t r ,  yucr t f s ~ r c t ~  *II rhe t e r t m s  t d  kmg-trrm h z n r ~ l  pugmsi uri 
1 1 - 1 1 1 ~ ~ ~ 1 ~  81tI\ I\ Ji 

I Raw;. 

3 .I) 11 I \  ~ I I ~ I I I K I \  ~ k - w t . ~ h b  th.18 11w \ \ k b. ~ I ~ ? I I  \~.tttt:.x\ \i.attts .I\ JII I ~ & - + W I ~ ~ I I I  

. ~ g r t h *  i n  < r t s l c ~  t h . ~ f  tt- - * n h  <.III hr trt* I \  t i ~ t ~ ~ t t x i  10~.1id l ~ t u t t  t r t i t ~ t r a l .  U I ~ T I I I ~ I .  

.,it<! c ~ * m r l w r t  1.81 t d r j t r  11\r \  \tit h adqn-tiin IJI II.I~IURIM~ 11n. ~ N W I  1t-r:~. I ~ W I ~ I I  
r ll.iil\ I IIIIXqt 1111. tal1It1.lt\ I r k  LC( lllll\\W~ll\ t ~ !  i k ~  ~)Cjh l r I l l l t ' l l t  t>f Ikf t - lw.  

t b: I f  t t w  JIICY*.~ t I ~ . I I I  at1 a t 4  .it1 ~ t n k ' l t  I H ~ ! I I  . t ~ e - r . t ~  I* jlidgcT! t t r  r cc l t t tn .  J ~ I  ~nrc r lc . . ib I r  

t k - l a \ .  ll:c-n I I  t r  I rfar%cxi 1h.11 *I.a!cic*r\ c- l \ rcr t t r  ilr,*icr t k  %~r.t.it* td [)c.fnlcr i t r t t  





Dow. W. C. 
Ehriclrt.L 
F a r m .  M. 
Gvea c F. 
G- M. 
Jom. L. IY. 
w. J. 
liclbgg. W. W. 
k l l .  H. E. 
Nkhok U. H. 
WRq. M. D. 
Picknng. W. H. 
spmu!r. N. W. 
Sarhllng, Y 
*#t H. J. 
Srroud W.G. - H- 
Sluh!*. E. 
Tcnnnmd, J. W. 
Van Mkn. J. A. 

Van B a n .  W. 
Whippk. F. L. 
Wyad i .  P. H. 
r n M .  M. 
M e .  C .  K. 

-r?i 

Ihivmicy d Michigan 
Gnvai r  ihpwat iun 
F o r d R ~ ~ ~  
cknaalUccuiccocapu\.l 
Air Forct C h k i &  RacYch Ccntcr 
t?nivcni1y d Michigan 
tl&mity d C m  
RandCorpoMioD 
N m l  Rcrtlrch Labmtor). 
Univcnity d M i c b i g n  
Air Fora Cambridge R e  Gnla 
J c c P r q w b m ~ ~  
trniswsity d Midrigur 
Nlld R d  U m a K I q  

J~Ropubiar--=V 
Anny Signal Fhginruing L;rLoma'y 
Ruddph .4ir Forct llac 
Arm). Btlliric Masik &ency 
N l n l  Rmcasdl ld0mm-y 
t'niwnity d h a  

Air F- C?m& ~eocurh k c r  
Ai FONT Cunhidg R d  Center 



Apptndix E 
Original Membership of United Stom National Commitree 

for the International Geophysical Year 

\ S a i k r  \V. 1 1 w d .  Jr. 
t.knd V. M n e r  
\Vi l tbnr G .  RttbP) 
\V.:l~*r RLKWL* 
)i. SIqblnllun 

t'ni\.rrsiq d <ilibmia. Chain- 
National &uta d .Sun&&. Vim C ; h r i m u n  
Air F<mr Chn- RCY& C-. 

R m r d i ~ S m a r r ) .  



Appendix F 
Membership of the Space Science 

b r d ,  1958- 1972 

1970s 
M e ~ ~ b r r  

1.brttl \'. fk i  ~ I I ~ T  

.\$UN i.~tt-1 ~ . I I I \CT\ I~IC-  

f l a t ~ i u n ~  S R~.~\\-II  
<:-I. IIIM. 1.eth 

1 rr I < ;c ~ l t l t ~ - t g  
1.. 111s ~ I ~ I I I  

I I. lirlfti t i.~rtlitw 
KCU Lrk.llcr Iri\~. 

lhut.~lt! k-. tf(b1111~ 
1'1 111s CIIBII  t '. 

\v. .\ s < r \ < x  

: ' . Kt N t~twcr 

Klc t ~ t t d  \\'. P ~ B I  ICI 

(.oI. k It* 11 14 

Bitttkt R K'I-I 
\i.ns 111\t. 1-tx 11 

.\\.Ill I t  \ll.lth!:3 
5.3: Ul11 \ l .~~l ' i l~li .  

J,Bllll .\. sll1~}wul 
t .  ( : h ~ (  ICII 

S. \ \ tc l r11\  

I h i t  .ird t .. 

t l.lr<~lcl c :. t.rt* 
i. ( i l l  . 1 ..I $dl.* 

1950r 

C: c: 

11 11 

11 11 

11 Xi 

\I M 

1 f  

\I 11 

\I \I 

\I 11 

1960s 

H g o I ? J 4 i t i i Y 9 O I ?  

<: c i  hi  &I XI 

&I 11 11 &I 

hl hi &I 11 

XI 

lI 

\I 11 11 11 11 kl 11 11 11 hl 

!.I 11 hl \I 

\I 

\I \I 

11 11 

\I XI 
1 

\i \I hl 11 XI 11 
I 

\I 

~ . I I I M \  .\ \..Ill .\Ilc1t 
St.11r 1. I I ~  .a I 1, \I 

0. (. \ ' lll.llll. l r .  
\l.ll*~lBlli 1. 1 \I \t 

11.1in \\ C \ ~ C I  
! 

t..S X\'~-,i.\lt~r ~ I I I  !M M 

\I \I 11 \I \I \I \I \I \I 11 

11 

\I  



hfrmbcrship of the Spoct Science Bwrd.  1958-1972 (Continued) 

1 Y i U  IWh 
McmlxT 

1- 

8 Y O I ~ i 3 j 6 7 n Y O l 2  

I 
X i  X I  Y X I  X I  .\I U X I  X I  

.\t X I  

<;errs P. \\'tfil;t~d. 
I ' .  \ \ ' iwudn 

Jcditw I ~ r k r h r ~  
S1.ltlf~rnl I '. 

Xt Xf 

X I  

\Villktn \\'. t i t . l l c =  
I'. <it . .  I ra .\s~ff"ks at hi  %I M X I  

M 

Si %i M 

, Sf 

< h~ tri.tti J . I -tmin'nrn~ 

( id in  S. Pirtcrniriffh 
Pritn-eccu~ I '. 

Jcrh~i Fio.fh? 
Silt. R d i o  . l ~ r ~ w n ~ n \  
()llu.c\ attw) 

£ lcriwrt F~ICX~IILIII 
S.IV. Rcc. Lab. 

(iwckw~ J. F. 5l.w-l)twi.~lcl 
1'. Cbl.. lrh .\IIVI~% 

14. 18. lit\\ 
Pri~ictwti 1'. 

.\11:11i t#. Brown 
I -. P~T~II\\ I\.IIII.I 

hl.lrli11 .\. Pt~l~7.111lf 
Barrol Rmrc-h  Founda~ion. 
Franklin Inu. 

5 IS h>I.t-+ 1' . hI.t\ .tll 

kilt Pt;A X.II. ( > k - n . ~ t t w \  

I.III\ \V. .\l\.~rrt 
t . .  ("11.. &TL<.I<~ 

I A U ~ W  n. ( ~ I ~ I M M ~  

I .. (-ti. 
( AN~I~I.IIICI 11. Prrl.1115 

t ' r~t t t r to~~ 1 .. 

I.t~ni.trd 1. h l i ~ f f  
st,tl~~twci t . . 

Jtd\ll s. ii.111 
1 .owrIl () lwr\ .tt(w, 

Fr.tt~t I\ \. J<B~I~MBI~ 

h i  hl 

I i X I  51 X I  

M M at at a1 xr a1 at at 

bi  >I 11 11 X I  X I  X i  M X i  

\I X i  M M M X I  U X I  X I  

C: (: (1 C: i: C i  (1 

~i XI XI XI at h~ a1 31 

hi* SI' XI, al* XI, 11, at, 

X I  ,I1 X I  X I  \I X I  

X I  X I  X I  11 X I  

11 XI M 51 a1 

\i Sf \I \I &I 

51 at \I \I 11 

\ I  \I \! 
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1910s 

M 

M M M  

M h f M M  

M hf 

c: c: c: 

$1 H M 

M M M 

XI hf ?I 

M AM M 

M M M 

&? 

M hi 

M M 

iU M 

M M 

M, M, 

Boord, 1958-1 972 (Cont ind)  

1960s 

8 9 0 1 4 9 4 5 6 7 8 9 0 1 2  

M M M 

M M 

hf M 

M 

Membership of the Space 

Mcmbn 

William M. )i;nrb 
1'. GI.. :ns Anflcks 

Donald I'. it'k 
Franklin k Marshall Call. 

Ikwtald R Lidsky 
I!. CaI. 

\\'iliiam \\'. Ruby 
I?. Cal.. ReM 

Roman S r n d e r k i  
Primton I?. 

W d l  Vishniv 
I?. Rorhcs4t7 

<harks H. 'I-'ownrs 
M;as. Inu. 'Tcrh.. 
l h  IT. chi.. k k c l r y  

James R. . 4 d  
IT. CAI. 

H a m  h& 
Albm Einstein Colkgc 
d Mcdicinc 

William -1. h k r  
(3. Im. Tmh. 

Richard M. C;ocxt? 
Harva~l  I'. 

Brian O'Bricn 

R a y d  I.. Bisplinghoff 
Mass. Ins. Tech. 

ti. Marprct Burbid- 
I?. Cal. 

N m n  H. Horowir~ 
<hi. Inst. 'r'ech. 

Edw;trd H. 
Hitn-ad 1 ?. 

Philip M m i m  
Mass. Inst. 'Tech. 

\\'illis M. Hawhi~~s  
L . c ~ k h d  .4irrrdft 

Science 

I!x& - 



Membership of the Sport Science Board, 1958-1 972 (Continued) 

Member 
19505 1960s 
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Apuendix G 
Reports from Space ~:knce  Board Sumrner Studies 

Reptesenrati- e Reports. 1962-1956 

.f H n . r m  of Spccr Rrsrawh 

Sparr Rrsrarck  Directcons for the  Futurr 

Planrtow Erplcratcon: 1 W - I 9 ; ~  

T h r  Orctrr Solar S v s t n :  .i Pro-gram lor Exploratron 

Lunar Exploratrore: .i Strategy for Rrsmrc.h 1%9-1975 

I 'rtrlu Stratr-gy for F~.xploratcon 

Prcorrtrr~ for Sporr H m r i h  1971-1980 

O ~ c t o  Planrts Exploratron /Qi,3-lQRs 

Sc.crntc,ftc- i 'ws of t h r  S p r r  Shuttle 

"Future Expl~wi~ticm of Mars" ill Op/n)rttrnitrr.c and i:/iot< r.s t n  S /M~ .C  .St trnc C. 

1 '+'Ti 

"lnfrard and St~bmillimrtcr .\stronom?" in Rrport o n  Spacr Scrrnir. 197' 

"Solar Phvsicr" in Report o n  Spocc Sctmcr.  1975 

Instrtttttonal .f warrgrtnrttts for  t he  Spat-e Trlrsc+ 



Appendix H 
Advisers Attending NASA's 

First University program Conference 
14 August 1961 

(Notlgo\.ernmental Participants) 

Preston Bassett. president (retired). Sperq Corporation 
Fr;tncis S. Bradlq. Jr., research rtdministritor. Notre D-atne 
Ckorgr E. Cmmran. Ikpt. d Electriral Enginming. l'nivcrsity of Maryland 
H t n n  Eyring. dean of Graditate .School. I!nivmity d Iltah 
1.. E. Grinter, d r ~ n  of Gradi~ttr School. I'niversity of Florida 
Jatnes ;4arlow. dean of College of Education. 17niversit\ of Oklahoma 
John C. Honev. mecittivc asso(-iatr, Carnelpe Corporation ol New York 
Ralph Knutti. assmiate director for extramurdl pr-ms. National institute d Arthritis 

and Metabolic Diseases. Sational Institutes of Health 
Charles R. Offim. president. hlarinr Gk0physic-s !+mice Cnrporation. Houston, Texas 
Richard LV. Poole. &pi. of Ecr>nositirs. Oklahoma State l'nivmity 
. i I n  S. Pow. director for Cbntratl and Grant Dn.elopment. t'ni\crsity of Alabama 
Gttcntrr .%hwan. k p t .  td Physics. F1orid.i Statr I'niversity 
hlartin Schwanxhild. professor of Astronomy. Prinmon l'niversity 
John Simpson. profnsor of Physics. Enrico Fermi Institute for Suc-lear Studies. I'nivrrsity 

i>f <:hicago 
Sr;lfford I.. \Varrt*n. dt.;111 o f  11rdic;ll Schcml. I-ni\-ersitv of Chltfor~tia, L.A. 
Xlanh \V. \\'hitr. Ikpt. of Physic-s. Pennsylva~tia State I'nivrnity 
Emen \\'ine. hf unicipal Sfanpnvrr C~xnmission 



Appendix I 
Meeting of Physicists at Airlie House, Warrenton, Virginia, 

20,21 June 1963 

(As a result of this meeting the attendtes agmd to smv as N U A ' s  first Physics Cjmmittcc.) 

Dr. Lais W. Alvam. University d California. Berkeley 
*Dr. Roben H. Dicke. Princeton Clniversity 
Professor Freeman J. Dyson. Prinmon LTnivcrsity 
Dr. William M. Fairbank. Stanford Clniversity 

*Dr. William A. Fowler. California Indtute d Technology 
Dr. Murray Cell-Mann, California Institute of Tcrhnology 
Dr. R o k t  Hofstadter. Stanford L1niversity 
Dr. Polpkarp Kusch, Columbia LTniversity 
Dr. Willis E. Lamb, Jr.. Yale Clniversity 
Dr. Robert B. Leighton. California Institute d 'Terhnolw 
Dr. Willard F. Libby. trniversicy of California, L05 Angrlcs 

*Dr. Catdon J. F. hbcDonald. C:niversity of California. Los Angeles 
Dr. Eujpe Parker. L'niversity of Chicago 
Dr. Nomran F. Ramsey. Jr.. Hanlrd I:niversity 

*Dr. Bruno B. Rossi. Massachus~tts Institute of Technolw 
Dr. Emelio Gino Segrr, C'niwrsiry of California, Berkeley 

*Dr. Lyman Spiuer. Jr.. Princeton I1nivmity 
Dr. James A. Van Allen. State I'niwrsity of Iowa 

Xlr. James Webb, Headquarters 
Dr. Hugh L. Iiryden. Hrachjuarters 
Dr. tiomcr Newell, Headquar~ers 
Dr. John Clark. Headquarters 
Dr. Rokrt Jastrow, Cddard  Institu~t of Spare St ud~es. N .t' 
Dr. C'mer Liddel. Headquarters 
Dr. Harq Goect. Godhrd Spa<? Flight Canter 



Appendix J 
Statement by President Nixon on the Space Program 

7 March i970 

Released from the Office of the White House 
Press Secretary, Key Biscayne, Florida 

Over the last decade, the principal goal of our nation's space program has been the 
Moon. By the end of that decade men from our planet had travckd to the Moon on four 
occasions and twice they had walked on  its surf-. With thcv  unforgettable experienm. 
we have gained a new perspective of oumlvrs  and our world. 

I believe these accomplishments should help us galn a new p p e a i v e  of our space 
program as well. Having completed that long stride into the future which has been our 
objective fa rhc past deradc. we must now define new goals which make sense for the 
Seventies. We must build o n  the successes of the past. always reaching out for new 
achievements. But we must also recognize that many critical problems here on this p lana  
make high priority demands o n  w r  attention and our resources. By n o  means should we 
allow our spacc program to stagnate. But-with the entire future and the entire universe 
before us-we should not try to d o  everything at once. Our approach to space must con- 
tinue to k bold-but it must also be balanced. 

Whrn this Administration came into offioe, there were n o  clear, comprehensive plans 
for our spa- program after the first Apollo landing. To help remedy this situation, I 
established in February of 1%9 a Space Task Croup. headed by the Vice President, to study 
possibilities for the future of that program. Their report was presented to me in September. 
After reviewing that report and mnsidering w ~ r  national priorities. I have reached a num- 
ber ol conclusions concerning the future pae and direction of the natim's space efforts. 
T h e  budget recommendations which I have sent to the Congress for Fiscal Year 1971 are 
based on these conclusions. 

Three Gmrral Purposes 

In my judgment. three general purposes should guidc our space program. 
One purpose is exploration. From time immemorial. man has insisted on venturing 

into the unknown despite his inability to predict precisely the value of any given ex- 
ploration. He has been willing to take risks, willing to be surprised, willing to adapt to new 
experiwces. hti111 Iiias (.omtt t o  fwl that such quests are worthwhile in and of themselves- 
for they represent one way in which he expiinds his vision and expresses the human spirit. 
A g r a t  nation must always an exploring nation if it wishes to remain great. 

A second purpose of our space program is xientific knowledge-a prater  systematic 
understanding a b o u ~  ourselves and our univtrse. With each of our spare ventures, man's 
total information about nature has been dramatically expanded: the human race was able *- 
Iwrn more about the Moon dnd Mars in a few hours last summer than had been learned in 
all the centuries that had gone before. The  people who perform this important work are not 
only those who walk in spatmuits while millions watch or those who launch powerful 
rockets in a burst of flame. .Much of our scientific progress comes in laboratories and 
o l f im,  where citrlic.;~~cul, i i lclr~iri~~g 1iic.n ; ~ n d  aonit.11 dcr 11hc.r I I ~ W  Ii~c-ts ; I I I ~  adcl them to old 
ones in ways which revr;?' llew truths. The  abilities of these scientists constitute one of our 



most valuable national resources. I believe that our space o-*.gram should help these people 
in their work and shoulJ be attentive to their suggestic.. 

A third purpose of the I1nited S:ates sp.m effo hat of prsctical application- 
turning the lessons we :earn in spam to the early benefit b, life on Earth. Examples of such 
lessons are manifold: they range from new ntedical insights to nrv methods of conl- 
municaticn, from better weather forcca:ts to new nlanagPment techniqum and new ways of 
providing energy. But these lessons will not apply themselves; we must :nake a c"nturttd 
effort to see that the results of our space r m .  :h are u s 4  to the maximum advantage of the 
human community. 

A Continuing Process 

We must see our space effort, therl. not only as an advet~ture of todii;. but also as an 
investment in tomorrow. We did not go to the Moon merely :or the s p r t  of it. To be surr. 
those undertakings have provided an exciting adventure fcr all mankind and we are proud 
that it was our nation that met this challenge. But the importan: thing about man's 
first footsteps on the Moon is what t h ;  promise for the future. 

We must realize that space activities will be a part of our lives for the rest of time. IVc 
must think of them as part of a continuing process-one which will go on day in and day 
out, yea* in and year out.-and not as a series of separate leap. rach requiring a massivt 
concmtrrttion of energy arid will and accomplished on a crash timetable. Our space 
program should not be planned in a rigid manner, d r a d e  by decade. but on a continuinq 
flexible basis. one which takes into arcount our changing n e d s  and our expanding 
knowledge. 

We must also realir that space expenditure .lust take their proper plare within a 
rigorous system of nw: .rta; priorities. \\'hat we do in space from here on  in must k m e  a 
normal and regular +rt of our national life and must therefore be planned in conjunrtion 
with all of the ott.<r undertakings which are also important to us. 'The space budget which 
I have sent t~ C~ngress  for Fiscal Year 1971 is lower than the budget for Fi-I Year 1970. a 
ror i l~t ion which reflects thC f i m l  mnstraints under which we presently operate and the 
competing demands of othzr prcjgrams. 1 am confident, however, that the funding I have 
proposed will allow our space program to make steady and impressive y~ogress. 

With these general considerations in rnind. I have concluded that our space program 
should work toward the fo!lowing sperific objertivr 

1. We should continue to rxplorr 1;:r .\foot. r ~lture Apollo manned lunar landings 
will be spared so as to maximize our scientif~r retui.. from each mission. alwa;s providing. 
of coirrsr. for the safely ,A those who undvrtakr these ventures. Our decisions about manned 
and unmanned lunar i.oyages beyond the .'.p,llo program will be b a d  on the results of 
thew missions. 

2. IVe should move ahead with bold exploration of the !,lanets and the universe. In 
the next few yrars, scientific wtellitc.~ of niitn! I \ IXS  \< I I I  tx- launched into Earth orbit to 
bring us new information about the univ~:rsc. the solar system, arid even our own planet. 
During the next Jcx-ade. we will also launch unmanned sparecraft to all the planets of our 
solar system, inrlzding an utimanned veflicle which will be sent to land on Mars and to 
investigate its surface. In the late 1970s. the "Grand Tour" niissions will study the 
mysterious outer planets of the solar systt,m-Jupiter. Saturn. I'ranus, Neptune, and Pluto. 
The  p i l i o n s  of the planets at that time wil! give us a unique ~pportuni ty to launch 
missions which ran visit several of them on a single flight of over three billion ~niles. 
Preparations for this program will begin in 1972. 



T k i s o n c m a j m b t  ~ ~ ~ I w c J h a J d k m p i n r n i n d a w c f v n a c d v i r h  
a w ~ d c h r p l n r c s . A s a p ; ~ d t h i s p o g r a r w c w i l l ~ n c d l y  d r r w n m  
c l p l o r r k p i r n b  

3. H'c 3rould work to r&c dsla(ieIty the cost spur mirms. Our p c s m ~  
rocCvt tcdmdqv rill p i d r  a d b b k  Lunch capability br  mar t h e  But as we €wild 
for thr --ran= future. we mu* hiu k t-ly and kss c a n f i h r d  m-a~'~ of tram- 
poning payloods into space. Sum a apability-&s@d so that it w i l l  be s u i t a b k  for a 
wide nngc d uicati f ir .  drfrclu and canmemid racs--<;in hdp us d h r  important 
mnonrirsinatlrrprcodour~prrprogim. W c u r ~ ~ m g a ~ r r ~  
chrCr;aibil*drrJlsablrynrsh~~Iksi.a~cru;lt.d~~Lha~yc~ 

4. W c  should urk to extend mar's cepability to live e d  d br rpvr. The 
Experimmol Spn Stuion (=)-a targc orbiting yo~ksh+rili be an impmmna 
d chis rfkrr. H'c ae rm building such a station-usimg systmrs originally h d o p d  f a  
t h c ~ l o ~ a m - a n d ~ t o b r g b r u s i ~ i t ~ o p m t i c * u l m i s r i a r s ~ t h r l r ~ l f r r  
> r ; r i W c c r p m l h r n m m r i l I T r v a r l r i ~ i n y a r r h ~ a a t i m ~ I h r ~  
&a&. 

W c h t n m u c h m k u n ~ r h a t m n ~ p l a n d ~ n r Q i n s p p o r . O n c h r b a s i r d  
ow nrprricnr with t l r  XSS, m wi l l  drcidr vhrn a d  how to k r b p  w-lid space 
aa&ms. Fk ib le ,  h - l i v e d  y*wr a i m  d r k  rurM pidi- a mult i-pupme qmr 
pl;irtonn b *rhr longrr-range futurr a d  ul thnady bmm a building M Ca mamad 
intcrplar . mad. 

5- We rhuuiE haha d cxp.-ti t lu  prectic.1 e p p ~ t o n s  oj sprr (erhmhgy. m. - 
k l o p m n t  of c;tl t h  resour- sairllitcs-platforms which can hrfp in soch tarid tasks. 
sunvying sop:. h l i n g  m i m l  drpmiu and nwasuring waur rrsaurrs--will CIU& us 
to ssscss our m ~ i ~ m c n t  a d  uu our rmourm mom cffrnidy. We should cocltinuc to 
pursue 0th appliariocu of spacedacd tech -dog  in a r k k  varmv d frcbis. id* 
m t ~ ~ .  ca.mmunk;rtions. navigation. air d f i c  c o n d .  education and n a k l  
M-. The r-rry ax of reaching into space a n  hrfp man impnnr  the quality of lik m 
Eann. 

6. We should mcourage gmtm intmutnmul mapcrdion m space. In my iddrrrs to 
the i'nitec! Sstitwlr i a ~  Srprcmbrr. 1 indicated that *hr C'nitcd Stam wi l l  take p0ritit-r. 
.ancmc step "toward intcmatinnalizing man's epic \ m t m  into sprr-an adrrntutr that 
blonp nor to onc nation but to a l l  mankind." I M k c  that bah L+ h.cncum a d  the 
i p p i k t h  of s p u r  missions rhould br s h a d  by al l  pmpks Ow progres wi l l  be h e r  
and twtr a x i r  q,!ish~ii-*nrs rvill br .grrdtc ;! m t i c w l s  wll join t.mht~ in this d f m .  borh in 
cwuibur ing uh- resources and in No)-ing the Miti. I'nmanncd &tifir pa)-W from 
other nations akady  ncakc use d our spact hunrh capability on a m - s h a d  bpsis; we 
lodr f a ~ a r d  to  h e  day whcn these arrangemenu an br xtcn&d to  larger lvgrrkatiau 
uicllitcs ar.A ~ r r o n a u t  cmvs. Thc . 4 d m i n h t o r  of N.G.4 mxnt lg  met with the space 
author i rk d \ V a m  Europr. Canada. Japan and Australia in an c t f m  to find ways in 
which we can cooparc  ~m dfmiveJy in ipacr. 

I t  is impomant. I brlkv. that t h t  spare program of the I'nitcd S a t e  mrrr thrv six 
objmivcs. A program which ;#hie- these goals wi l l  br a kl;nced space program. o m  
u-hick. rill rxicnd our capahi l i tk  and linowkrigc an-i PIP which w i l l  put our ncvr. kun- 
ing to work for the immrdiare M i t  ol al l  Iropk. 

.Is we enter a I- ck ade. w r  are rmsrimr d the fwr that man is also n t c r i r g  a net*. 

hisioric era. For the first r i m .  he has rrachcd beyond his plane; f a  I& rcst oi r i m .  wc w i l l  
think of LL:XIVP< as men from the planer Earth. 11 is m)- h o p  rhrr as we gr, forward *r-ith 
cwr spur program. we rar. plan and work i n  a way which mat- IIS proud both d th t  
plaw f m n  chi& *r-c mmc and of orrr abilit?- to trawl b o n d  it. 



Appendix K 

'Ihir -ry mnronlaim ccnnr und in c h e  n a m i t r  t h r  may not br Camilk IO somr 
&rr. Frr .m tun in tiw *-. the wdrr mav tind thc Cdbving WpCul: William 
H. .a?. .r. rd.. Victioncq @ Ttvhnic-el 7- /or .4cras$ntur l i r .  N.k%r\ SP-7 (W.4- 
inpon. !*). 

ak+ms codkkm. A n-1 quantity that im'katcs Ihc w h i w  c f h i s - m r s s  ul a 
mttrrtil ~~bUame  such as a ga-i in a b b i n g  ckcxntnaffnrtic- radiation. 

&glow. 'Ihr qu;ai-uc+- radiant cmissim Qrm chr u- amoaphrrP ;a di+cil#uistrd 
fim the q m d k  mission d rhc aunn>. Src d i s t r d  p. 6647. 

rlplu e. T h r  nlvkus d the M i w n  am1. 'ik alpha praic-k h;cs a &;u& pni t i r r  
ch;irffr- 

aohoeqk \-wing with difCCIion. Radi;Hiun t h a  v l r i a  in inmsitv or m a t e  wib k- 
titm k wid to br antsdrop&. 

.aoaubia poplgirdoP of d ~ ' F ~ ~ A € ~ O I I  d stnand wa81-s that lakrs ionffn 
than thr ex+ c i m  to  wuh an dnrnw. pcsumaM? k d u u  t k  sound did not 
fdiow a d i rm pa~h fm the origin to I& o k r a = .  

@kd wiawc. .kimtifk rrsr?rrh I& is ima*M m furnish infomu~um ;md daia t h t  
will aid itr a h k i n g  yrrifn (uintita! .&iracims tw in &&ping a JrJmi tcxiuwkw-. 

-. Thr p i n t  in IIK a b i r  td a ~;ilCliite :*I rr-hu-h Lhr sstriI.tr is ai its .qrt.atr+l d h n c r  
fnxn rhr cmwr of rht .  cmh 

adticLI slaai~. .a man-nu& wtrllitc Ot the cmh.  t n u w i .  or @tm. as c*nitrasccrf r i rh  a 
mtunl saallitr l i k  r k  cmh's t w i n .  

-k d pcsam- Rtw&lr r h  i;rruurc th r  c&'s n~mqhm- at wa kd. By 
Mtnirkni. ewcti? 1.91325 x I@-. m teu t s  prr qwrr nwct-r. 

aurora Ihc mmkrs a . d  scnrth~rn iignir-aurcua h ~ d t i s  and 3tmrw.t australis-rh~h &e 
faint rdiatitmz chat at tin~t- are m at h id l  latit& iilmmminating the night A). Ihc 
aurwj  brrmt-s qm-iallv p t m u m d  at tits- (14 hi& utlar dnd nwgttqit mi\ it\. 

bads  in a sixcuua Etaisrim band, tfi mckuk.5. timibitirtim~ ck I--o or mure a t m  
radiating in tbractrtistic qou jn  td lit-. 111 tr~itrrrt.  rxiiating a r m s  emit d i m e  
wart-knqths. trlicd prnissicm lirws a! thc . ~ t c ~ i t .  

bask xkue. -1tK dfwi  r o  Wirw basit- % irsM al:iwnr invariably cxnnm t o  grid. .Khe first 
q t w i o n  t c )  dmick is k s t r  to ;;.hot? If hesir t o  WHBU tmltin~te ajq~licxtit~is. t h m  p u r r .  
applid.  and ntisikm-orirntnf e i m r  <.In JII  im ut& thc k a i i n g  ol basic. Rut. if 
ha i r  to wimtr itwlf is the int&i rnanitlg. t h  it brromrr a tnattri of --hat thr 
ulmtisr hit *If pmirivcs t o  br nKW f~ttd.1tm~-tita1. atHf ittdctd. I ~ C  phraw litn&nar*t- 
ral srlrncr is drm n u d  to t r w \ v  this ( l am.  

Black b d - .  .\ hxft thtt absorbs ail n-atr1t.n-qhs td dcrtnmagnoir r;niiat. DII. < i w . a m d v .  
~-hn heard .I bl.#-h h d y  onit\ in .all #-a\rlmphc. 

chrarosphcrr d the sun. .I thtn le!m cd reiatiwl\ 1rmsp3rmt gasm lhrnr t k  ;ht~:cmp!mt 
d thc sun. See p. Stit. 

dlision frequency. 1-ht. numbrr cd tiin,- p c ~  wxq~nd a gas pr t l t  lr tollidm with orhm 
pnmc It-.- d  as. 

control (of a rehick). .\ mr;rtls of ~~~~~~ittng. r!t.crirrg. cw c u h ~ ~ w i w  ~ i k d i f \ i n ~  the- mo\rmt-nt 
cd a \riiic It-. 



c o r r d ~ c r t i r I l w m r u r l ~ i o n d c h * c u r h . e r K n f i q l o a b a r t M I ; i l o m c t c r s b  
the crnta. Ttu rn is \n)- dmse. &sting primarily d iron ;Ind irun suifidr. Its ouccr 
pmiomaremdlm. 

comsr d rbr rerr, The outer visible rn\dnpe d thc sun. lying abow Ihr chr-. Sw 
p m-66. 

caaic my. .Smmu d high- sub-r#unic panicles that uatd &e sdu sysmu and 
bombid the earth fnwn all dircrtims. See pp. 67,768. 

amdowm. A ucphy-step prams Lading to a C~IIIXMTK m t  surh as thr firing of 3 s p a r  
launch whirk. 

tne* d cbr rab. -n# owmnust la?-- d the ranh. cunsisling d t k  rontinrars md the 
Ilm d *k aman basins. &nr;wh the rnwr is a mantk surrounding a drmr car. H'hik 
thr cmtral pan d the mrc appears to 'x u~!id. i u  nutmnar  m i o n  u&t)inp; thr 
m;uttle is ntdtcn. 

dilEvdrr npryiaa. Srpra t im  into id iv idwl  cumpmnt  parts as in air isn&nrul mix- 
turr d gaws in a grari luiaul  fie-id. when- the lighter parts c a n r  to  pmknninacc m the  
toy a d  tlrz hear k at Ihr batant-as cwam separates f ran  milk 

d@k. .+ s?*cm cumposed d ruo srpara td  q u a i .  rkrtric n c-harp;cs d o(jpmi~r 
sign. Dipdt f iekt uc chap 6. pp. 6jbi a d  f t ~ .  3. 

e k i p b c .  I\ scientific disripline is an arca d in\p.srigsion in whim thr i n s r u m  share 

tcrhniqur and oft- inuru&~l;r&. Src JisluJion p. 12. - - -  
d a ndrxak. Srpar;tliar d ;r r n h k  into mmpmmt  parts. If a mdcruk 

absorbs rt .#ugh met*-frem heating. irradi;rr;ani. tw an rlecrru-a1 diuhar-ge. for 
mame- i t  ma) split into o n n p m t  puts. l h r  mrrsc ptocru. in which thr indi- 
vidual par* inin it> rqwulmr the twi.+nal tritdtruk. is r a lM rrrumbtndton. 

cbppkr thik C h n p  in warekngh c x u d  [tie tncnim c J  a cldrsting sourrr or d the 
r-vivcr arc rallrd doppln .rhtfu in thc rdiatcd r-ar~thgths. \ V h  a radiating source. 
emitting &thm sound or rlcmrmm~gnrtk- warm. nwacr rithrr tuu-ard ur awa?- from ac 
r h - c r .  t tw mcnitm affcr~s t h e  w a r r k n ~ h *  as s ~ n ,  thr obul .m. I f  s r r t  c a m  4 ttw 
sotam is toward the b c r .  thr u;t\ttm.g~hs atr shmrned so that siitd IS i d  
in pit#-h and light shifted rancard thc hitw md c d  the spmtrutn. .\lotion aw;l) frnm ttn- 
c h c r  h - r e -  the pitrh ed uwmi :end shift* rk1rmnapmu radiations toward t h r  
Rd. 

+namial geodesy. - I k  uud\ of tbx= .gr~ritrtiona! ftcld td t k  cash and its mhtimship to 
t h e  udid struturn cd thr p l w .  .also c-alkd phrsrrul ~ . c o d r s ~ .  p. 1%. 

ckctnm. .\ hrnd;rrmtal fwniclr d m;ettrr camins  r sin+k rqat ivr  clcrtrk charge and 
haaine a mass I 1 8 4  that ,tr& a nrc~cm. . - 

ckcuoa +d~. I'hr mrrp;? quivairnt to that arquirrd b) an cltc-tron in falling throat* 2x1 

rlmric ;*~mti;tl d I roit. It is r lrwl t o  I .fWl0 .I iOn)mrlr. 
a d u t b  .in .acorn cm tmolt~ulc i s  wid t o  br nrircrf w h m  it ha* abuubPd sufficient m.q 

to mi* it ahnr thr tknmal cn cmrnd-krrl uatr. hilt m m g h  to tmim it. 
ex*. 'th sr~:ch fcr  and r r l m l )  111 m ; t r ; ~ t ~ r t ; t l  life. Sep pp. 274.132-53. 
crpnnarhl atnrosphm. .\n a t m ~  In whir-h an i m m u  in altitude a f i d  hright 

C f  rlkars drrrrasz\ thc prrsatrr and dmsirr bv a mnwant fwtor. !h p. 60. 
fabidan :im. :\rr mi*sicn~ linc c-cm~pnwting to a los  prtrbabk wa\-chgih than an\ 

gircn h\ the mzsuat wlm*!cni rttlm. in nnitting light .I rd ia t i~ tg  atom thr laws d 

.atom 1s mou lthrlr t o  rmtt t ' n h  cl-n.tin ccmditicm\. howr\cr .  m .atom m.a\ m a t  a I c u  
Iilclr watrlrn.gh 

galas+. I h r  ~(.lf-ca~ntdtnrd assrrg.itr nf *gars. nrhtrla*. 4am.  .and dub; cd whtth the 
*ttn . r t d  11% pl..net* .ttr m tvnkr~  I k  gala\\ I\ tmr t ~ f  b..l~'ms td h -.\strms. , a i ~ )  
c.11ld gaIarrr\. w hwh cdlrrttrrl\ cnrnpnc thr nwt~~aqa l~~ \  

wmma b1.1awitt flit\ (k l i* t t t  crf 10-1 S.III*\ t a t  I&' IC\I.~ 



smdq .  - l h  rcienrr h i t  rh7i i i  rnathxtatirall? with thr Gee ami shape ol I& ~ h .  thr 
cmh's rutenul -cavity f:rki. aid sun-qs ri pmiw ttui sitf and s h a p  d thr -nh must 
br uken inw ronddcratiim. Si* pp. tfati9ii. 
r)K ligurt. d & rash ;1. Mintxi b.; thc kd surfatr Out mw thr crrans c l n 1 ~  k h  

with m a n  sei bd. Src pp. 1B-%. 
Sroeargrtic cq9atm. l lw e i r t k  c l t  the r~r th  l>inr; m;ciua? t n r r m  the r w t h  a id  

irntth prkr cd *:re earth'* dip&- ~cl ; igr r~u fidd. 
W i  a d  bagit& .Anai~+uu to gcagraphr. iatittdc and kx~iruoic.  but 

rpfmni to the dipole rnaptetk pnles ;~ncf ermagmi i  q ~ l ; r t . x -  r n d  d to the gro- 
graphic- ~k and qwcx. 

gcommhl m. Stud?. gexnr1rti3i a d  asrr.imfral crwgu~mmr.~~. d the wise 
size= a d  d tk ~ a i J  a;d ;uciirAte tu-aticilr d jmints tm t k  ur&u d ~ h r  nrlh. 
!k. y l*. . . himnK k t  fwxitm whit h .at ca-h ;r~cttt i> r q w l  to ail arbittan C S I S ~ ~ I B ?  

minus t k  encre  t h t  would br xpuirtd it? 2 wli* :\WA in I a l l i t ~  fnwn ; ~ c  infinitv 
ttr iir point ijr qi..:siion. .l'k ~grdku  of ttit. .pcolmcntial fiurrion. ukd tan jr 
crtflainwd \TXICN cakulu, y i rkb  the t-.uth's ma-ir;r:ir*\~f fkU 

-h. Iincrr d rrnk. tth- . hr\c ?mi riilcd frcnn tht-ir nri~irmt kei-ml;ll sti4tiiir:- 
t i m  t o  k m  a h w  lusin w n  ' * h n ~  filis with sntinu;ns. 

gmdht. I h z  rate of t hatrgr su  atit\ it\ wish diuamr in a sgm-if4 d i r m i m  is t h t  

gradtr:;! IIW cltl;~tltrt\ i s  riwr t t l ~ n  titut. \ V h :  :h" term p d i r n t  is u d  withour 
~ - i l \ i n ! :  t h  di:rrlitn~. it i. i . r l i r ~ *  1 0  tlvaii t h .  ratr ~d r-k.gc qP t k  quantit? irr c p e +  
ticut it1 t h t  tiirtxticwr 111 g~c,tt:-8 war ~d c ~ I . I I I . ~ .  

.pidam. I ht. ~ I I : M : ~ \  cd cittc~tttrg rtw II~:*\:-zI~.~I~ *d 211 r r t t  rat*. ~XKFCTAII. tniisilc. t u  r u h  
\chitir.. In .q~trr.rt \uc h ~tJric!t> ;arc c-.luilyxd ut t h t  t b  t sn  C ta~tfrullzd 1%) fcdla~w- 
thc grr~rttncc- \ttpplicxi itt, t:r-trr. 

hrdnrcd rompopnd. A t i i n j r ~ r r d  I r a  s h:c h rhr mrvh~rkr  trmtarrr \-..ate 1iIf3, c,: h\titox\l 
i .~l~t . i l \  . i d  ~PI~*CHII  , O I i  .IIW: t3 I 

intqration. \ ~n.rt;;c-m.t~rc.rl pw.e-s\ truxf ai r  r h t  c . ~ l t t ~ l ~ r ~  kg der:\~.i!: : titr~cirtxr tnwt rt\ 

\Icqx. 1 he re-tt-ru t w : ~  t-.. lt~e h \ rrtrh rix- s i i ~ w  td .I p t n  frirrtlmn 13 d t f ln~~ t t s rxm 
lntrrnttiolul Ccoph*xicaI F t u  <hG\'). i n  ~trttrntttrm.all\ igml cn  ~ r n r r t .  i r~ l \  1 5 7  

thrcwgh h t - t r ~ h r r  i'Zi$. ctttrrrr~ \\hit 11 c~hw.c\.rcror~ \\culd\\ I* ~)ldr\lrta,71 J ~ I ~ Y I I I I -  

t~1.t -.I% -CII!I rrrc rc.1-1 ht a~.~~p-r. t t~tc-  tdkur sd prtritrp(iitq n.rttcn~\ h t r ~ r r r -  w r c  
a:w~trr~~nd thttn~gh Ihxtnrh-r 19i!l .I\ Intrrn.~tr~unI (.o~ph\\rr.al < u q m a t ~ c ~ n  'k 
W' -*-PI 

ion. .I thtrgtd arenn tw I I IOICX:I~~I \  tnnir~i 4~(nrp trl .-tlrtr~\. uutwtnm- .rlw .8 Inr , . h r n r ~  
clr 1~hc-r ch.arvd * I I ~ I ~ C ~ I I I I I  p ~ t t ~ t l c  lit the fi-I.III.II 81.t1cb .I& B I ~ I \  mti Z I I ~ - I C X I I ~  arc 
1 x t r 1 t . 1  1c1 t .1  \II  .rtorn c v t  tr~titr trk thdt .kal:.lic- 1H1t' r W  rr~vtt cltx ZCIMI* &X<BIIW\ 
II<-~.III \c .~\  i h.~rmxi ,rr:ci 18 c .tllni .I * w < ~ : I :  .- rtm It tlre p.~rtrt lc- law- tule .ar nxuc elm - 

cd .i rri.trr!:lc. .inti a. 8. 7 .I:. 111:- .an&- ~tpp*\rtc 11, ti. h. .ailti 1. ~t.r~xx*rrcl\. iltcn 
n \111 a = h ~ I I I  B - . srr t  y 

level sudm. .\ \trrf.tie 1 4 1  mhtc h rhr force I* <r.i\rr\ I* c t t r \ w ! ~ ~ c  iu-r/*.rxliti*il.rr k~ 
/>is I!NJ-!r? 



1- - Ihr  rising d a space bunch whk-te from its hundrittg e n d  immdiatdy ;u[rcr 
[iring. 

I--m. Iht. distance light uawls in one \-car, quai  IO 9.iWZi * I@' nvtcrs 
linr in a rprctnur Light emitted or rbsrrbrd a~ a diYme rawkngth t.p a radiating or 

abmbiltg  om. 
L y e w  dplu t i  The h y d r q p ~  atom is capable d mnitting ior ahthing) 

nair  radiation in s r r l  diffrtrnr st~ics of linrs. <kw d rtwY is k m n  as thc Lynan 
zcri*s. .lhr kmgcs~ n-ade~mh d thr Lym;~r 6 is a 1216 A in thr ui.rrl\ioh 
r+trn. a14 is k m - n  as Lpmun alpha. 'W next longra ravekngth d itw w r k  is 
I-! 11- h. thcn L ~ m a n  gamma. m. 

n u p c t k  som~ .a diuurbirntr in rhr rarrh's majputic firkl ; r w d  to b r a d  b) v t ~ ~ m s  
d panick, at& ~iugnt-ti fields fmn the sun. 

rmlSrwcospbac. I h r r ~ ~ o n d s p x r ~ n d i n g t h r ~ h  whtwthrmagne~uf i r ldy l rysa  
prominmt. nitem ~tmrrdling. rdc Rtaiirt to panick r r l i a a h s  found  he^. .Se pp. 
1734-4. 

main -'Ih;u s q g r  d a bu~Kh whi-&-usually thr I;trgcrr  ha^ is uwd 1.3 lift thr 
Iaulwh wrhn-k ;.td its p a ? W  to a high moqh altitude that t!u mnaining slagrs 
of t i e  :x+n.k can pmjcxt the pa) bad into orbit or imr) a S ~ T *  tmjmory. 

rrlrcioar R r l a r d  t i w a n  man a d  a machine-such a m r inrdt  or 
spcrrrrtt. ' I h c  nurching d hu-nm chararwrkics to a mr-hint zo as to obuin maxi- 
rnunr &+- trr cq#imum nmditiuns ku cqxmtion is callmi man-rnuk~nr integre- 
t~on.  - 1 % ~  imcgrawd mnbimtion d man and tn;n hinc in an q x m i n g  unit is ralkd r 
man-machine systrtn 

man& d r h t  anb I h r  intmol of the rrnh knrrn ahwt  kiknnccerr--ck a r m  
bmrt&~  4 tiw. cow-and the crust. 

aruc (ld. IDS&). Xh- , i u~ ia  arc- thr cbrh rcmons d the nioon. rw#t tkwght to k' SC.& 

tx-nrp t k  trmi mav frrm~ ~k Latin for -. & term is a l n  applmf to dark r@s on 
%lab. 

mtan I r e  pnh. 'lhc ~ t w . ~ e  (figattt~ it g a  particle trawls b a m r n ~  s u c m s i r r  collisions 
with r r k  plnh-k-s 

.In r l t n m t i . t n  partit-k id tnau itirrnlrdiatr hami the m h ~ m  d thc rledrcm and 
pul*m. 

mcrosphac. Svlwciizm I I . .  to &mu: :k 111&k atmusphrrc. k \ ; c m  the stratoqhir and 
t h r  ~ O I U X ~ ~ .  

nwmgdaxy. Ik s\.stcm ca all ~ ~ i a x i r ~ .  17K :dr?-cntl unirmr.  
memar. .4 fa,t i tw*~t t rp :  ~ L I U  btwa w w  r r a t n i u g  xhr atmosphrrr. 

memcitr- :\ ;~~'tfix I ~ I I  *ur t~ \<d  i~s \~gt-  ~t~rtxtsi: t k  atmmpht-rr to rriirc r1.r gnmtd. 

mhmvtm-; mi-&*. t ~ u - r ~ n  tr mrrcwitr that is r fm hutdrrds ol nzic~.nmcr- 
o r  lo\ irt  tii,~vcmcr. 

mbbukmtrd dcoct -\pplid s c K m  mid out in wppon d a sprrilirally staud n-is- 
ria\, such as porirLing t h  w - m  rr;rpmr). krr nard wadam. mainuining dr- 
quatc air power. improving agriculture. cbdctping ~ t w l l -  or pmtiaing the 
w u i h e r .  

a b P o c h a e a i r b r a m A b r v n d r a d i a t i o n d a s i ~ r a ~ ~ k n g t h  
gCbO&.+hugccbddgasddwinywrc. 
m. .in c t m r i ~ l i y  r m t n i  panick cd mass &Hy quai  to that d thr pmon A 
k ncutmm b umrbk. decaying ( w i ~ h  a half litt d &ow 14 miriutest lo an rkruo .a 
and a prym. (To say t t a  Ihr hall l ik  d ;? nruurn is $2 inl~u- IWZSIS rb# d a goui, 
of S namcns, S 2 d them a-111 &a!- Wore I? minurr*. and S. 2 d k r n  a l a  12 
rninlffcr.1 

obbc e l l ipdl  d rrrdwlocl Iht surfac (or so!id) h i n d  by r~vdv ing  an dlipsc a b u t  
its minor axis. Rcvd'cing the t l l i p r  a h r  tu ma+ ink produrn a pro* dlipvlld d 
.~dlJtic*1. 



odic The closed path d a moving body or pvtidr around mother objec~. See a b  
h ~ o r y .  

-The ga vhav molccuk nnrsh d thrrc oxygen atoms cwnbinrd: 6. 
oarrapbac. The region d the arrnasphcrr in the uppi s t r a t q h r r c  and h ' c 1  mMsphcrt 

whtw r h t .  arc alym-kbk r i u n t i t k  d wmw. .See pp. tit. 63. fig. 1. 
m. Ftu a sa*rllic *Air. thr twarrjt m i n t  to the c t~ t i r r  d thr  a n h .  
pbocosphcrr d dK sun. - I k  i isibk disk d tk s~rn.  .See pp. .W&. 

m. ihc itlid\ td thr .gr~vit;ttitxl;ll tick' of thc carrh a td  i=a rchticmship 16) the 
wdd sirtu-tlirr o l  ilw p h t w .  . i ls l~ ta lkd  dynamtiel grudrsv. Stf p. 1%. 
M g w g c  .a pwsure  g ~ u g r  in which the raw ol t-iny: of a fiiamen~ b) t k  

amhwnt gas is usPd to measure the prrzsiur d thc gas. 
pbsm .% hot gas rmsiuiirg d equal n u m h  d pos;ti\r and nqgatiw ions 
pdrirrd !ight. 'Thr waw thcuv nf lighr piaffirs !i&t as e ~ ~ ~ c  vitnations in 

s p r .  wirh e k r k  and magnetic \.--tors \ibrating i w r p n d i m h l g  to r v h  other. Sor- 
mall! in a k a r n  ol light the orientations d ihr electric and magnetic \mas arr nn- 
b. But if the rlrrtric (or q n c r i c t  \-mi at1 t ibnic  parallel to a cnmmon plaru, t k  
light i n  I& h a m  is said to t phnr planzrd. 

progrtnautk w h u e .  Scienrz cam4 out as p t t  I d a spr i f i r  prw-m-sly.  I!X atomic 
ct\cly\ prc-m. or the SAS.4 spar s - i m t  program as ill~lurdtims-and cwlurainrd 
(lurjrly perhaps. bur c-imslrai~teti l u l e n h t k w  11- fit within the .gwial cunfines ol c h .  
PrCFPm. 

p u b . r ; .  Ih* ntw-lrur of thr htdrcwm atom. I h c  p c ~ o t t  c-arritj a ~ i n g k  posiriw elertric 
cturgc. and ha\ J n u s  d I .tiis 1 0 ~  iiilog~ams. 

ppka. A s o r  that emits r i i a r b ~ n  in cq:~111\ siu.td JWII*. 
pure xknct. !+e utrict.. iritrd .\i-:rnt r. 
quantum *. r h r  thcxx? [ha; all zlcrtronl;~gtwtic radiatimi is nnittrd and absorbed in 

~~II ; I I I~ . I  csi r r u - r ~  * Y ~ I L I I  10 hw. \vhctc h I-. .I strrl\t;.nr t.~litx: the Pl.cltt L crrllsr;rn~ ~ f t x  th r  
~ ~ r u p w & r  of c~twnti:ni the. . r t d  v i\ thr  inowno (4 :he rdlqtitw. 

-I. .an e x c n d i n ~ l ?  m e  istrotto~mital objcur whicb a p r a r s  like a blue itar but 
which k - a r ~ w  of the p c k i ~ ~ ~ o t ~ r  qll.~ntitin of C I I C I ~  I; ~;#fi;a:rs mat  turn 0.11 to  br a 
gahu>-. - .  

rrdubol, belt. Thr p ~ r t i c n ~  cd .a piarwr.rn tn;iu::t-cc~pfwre that ccmtains c b r &  par-tide 
raciittinti\ irn;tblc r 3 --ape hec-;rurr cd thr atnbirrtt m i ~ t i r  fie!d. 

rdio ga!. \\. A gi11;tctic. svstmi t h ; a ~  rmitc pctminmtl\ in r&o wa\ckn#ychs. 
rrrombirution. I~hc  t - r u  o I  :!i\ulr i.81 I* )n. r\.ith tht. u . ~ ~ I ; I I ~  l u r h  cd ;I tnclt t-lllr rrjoin- 

lng 10 ~~.}?tcwf~tst. !he a .  :i11.$1 :114rIov ult. Is-)::. ss hit h the\ citnlc. For c u n i p l ~ - .  ,in cicv - 

tron mar. rcrr~mbinr H - a i i i  .a ~ m i t i \ r  ion to ftwn~ a naurral atom or motmule; 3 positive 
ion ma% join with a n ~ ; t r i \ - r  ion1 to ftxm 1 nr i~ tml  rnolnx~le: clr two nrurra! atoms 
nlighr rmomhrw to fcm: .I mt~lcr-olc. . . 

rcarmbratua, dd .\ qumt ior iw rmxsurr d the affinir? d panicles lor rpmmbining. 
dkah d i n t .  .\ numeric-a1 qrl;antir\ that gi\rs thc prttlxrritn~s Jnd manner in which 

a r d i u m  rdlc.ts incidmtt raduriom. 
rrhrcim. lhr tunding cd cintrr*nw.gnctic- nFs  b+ ptcyrrtics of the mcdium ttarrrsrd. 
rdad*i~ic pick. .i p~rrio-lc mot ing stlfficinttlv clew to t h t  sprai of lighr t h ~ t  dfrcts of 

rrlacii.it?. swh as an I M M ~  in mass en a slnwing cd time. bemmr si.gnilitant. 
m n < t  line. The kn~gt-sr wavrkngth that an atom can emit or ahsorb. 

.i rocket so mnrn:d  c:n a vt:iic-lr or >.p ..-;-r;tft :hat II  fires in the dirt.c!ion 
opposite to the motion cd the vehicle or c p c m a l t .  Rrrrmcxkets arlr ~iszd to slow down 
riw \chit fm on !\-hit h r t d  art. tln,uc.rd. 

rmLn stage. .i ~ ~ 1 f - p t c ) p l l d  wpr3hl r  ~ : ~ m t . n t  0 1  .I I ( X ~ C I  \rhitlc.. 111 J ,~~ulrirtage r r r k r ~ .  
r.sa h nx hrr tillit ftrc* .tltcr the arw Iwh~rrei i t  11.15 r t a t  lip i t3  proiwllat~t .ntci tt~o:rn.~ll\ i 
hrrn diu .rrtCd %t* ihcq 1). :.I.;. 



sateliiw. An attendant body that revolves *round a m h a  h d y  mlkd the sadlite's 
By custom. the bodies d v i n g  around the sun are c a M  planets, not sarllius. d the 
sun. 

rimtiFi discipline. .\n area d scientific inrrsliga~im in which the inwaigtors shvr a 
mmmon puadigm or group d paradigms-emhraring a common baIy d thmt)--and 
trchniqucs and often instrttmrniation h a t  wem from the undrrtyinp: tlm#rt#al hsis d 
the dripline.  

d l  lmmmnk Om of a srrics d tmns repmrnting the gravitational pocemlial d thr 
earth, in which thr tmns exhibit prcunwrtn-trt \-;triatunt with I tn t~ t td r .  .'ic.e .rphmc-a1 
herrnotrrc a ~ d  p. 192. 

! k v h  g l u v .  .4 spiral galaxy with a very compm. highly luminous nucleus 
solar wind. .a cmtinuctus wind of c h a r d  particle from #he sun. Mowing through inta-  

p~lmcar, S F .  

qmcraah. Device, manned or unmanned. that rim intmdrd to br placrd in an orbit a h t  
the earth in S-. M on a tra*c#?. to armher wlcztial body. 

spm I.d vehick. .\ fombinaticm d mckcl sup. with the nechssry guidantr and 
c-onuol equipnrnt. t lvd to pmjcct a spaaxraft into spar. 

space ymbr. Spurtraft r r t t  aw-r? fro:n tsarth ic~ro spur. Srr. p. 153. 
spay srknm. S irntific invcsti~ations n1;tctr i~nsihlr  or significantl? didmi b\ rockets. satel- 

I t t o .  a ~ t d  spue  prc4n-s. Sr. c hrp. I .  cyxxi.tll\-. p1). 11-15. 
s p c a n u h  Elcc-ircm~tgtrtic rxtia~itm ctispL?ni c r  \isurlut.rt as a f t t t~ti tm cd wa\rkn#h. 

1-itus. t h e  minhnt is part cd thc s p t r t r m  cd sttnli~ht. 
sphrriol hamonk. 01w of urics cd ttnss r r i x c ~ ~ i n g  thc gt~qn*ntti;~l f i t~~ t i tn l  in sit- 

.IIIC~ ccni~w <& I~ttttinlr . I I I ~  I ~ I I I ~ ~ ~ I x ~ c * .  Sty pp. lY2-93. 
stage. %Y rtn krt t tnyr .  
stratasphem. I'ht. I.r\c.r c t f  IIIV c..trth'\ .ttn~c~\l~hc.rt I*.twr~rt .tlntu~ I t i  .ntd 50-3.; L~IC~IIU-IC~S 

.tlt~tttde.. hing .ttn~\t. thr trr~i~~sphc-rt .tnd r\ic.nc!ing to thf. \t~.ttol);tttw: ~ c ~ n t ~ x ~ r ~ t t t r ~  
~r~n.r.tll\  tnc rr.tu- with . t l t t~ t~ t i~  in ttlr \~r;ttc~\l)ilt.tr.. G.r- I))I. tilt-ti2. 

sunspol qck.  :\ c\clc of \.triat~r*n in the tc~.rl ~tuntlwr ;t~td .trc.a oi 5 p ~ s  ott the SIIII'S 

-ttrf.tc.r. frtnn ;I ~ n . ~ r i ~ n t t ~ n  to .I tni~lir~tun~ witlt ;an .tr.cr;tgi. lxriori cd 1 1  ?ears. Sit- 
nt;tgn?ic fitlch cnl thr \XJII rc\cmt with r;wh \ttc h c-\c lr. tfw IN-ricxf cd ;I c cnnplelr ~ c l c  
(4  sp~~cd~u~~-~~l~is-~~~g~wtic-cxntclitiin~ is T2 ?c-ars. 

supmwduaing cavity. \Vhtm c t-rt;~i~l nt;~tc~i;~/\ ;err bran~ght \itffic intti\ c l t ~  to absolute 
r i ~ o  tc~nlxiartrn.. rhtr t n r t ~ n t ~  prfcr-t tlcr tr~c-.tl crnnlut~c~s c.~pthlr cd \ttst;~ini~tg c-ir- 
cttI.11111g ~1cr 1lic;tl c~itrm~ls ittckfinitc~l\ ~ i t h c n : ~  rc~isl.11~1' ~~~. .\ ~ 3 \  it? in \shic!t s t ~ h  
cc~tditions of \u~x.rto~rf , t~ titi!\ .trr tn;tir:i.ti~~crl i\ .I ~ I I I X - I . - ~ ~ I C ~ I I ~  tirtg ca\it\. I'hc rt~cb 

~ t . t r t c t  ~:n)lx"~c- cC \ttc h .;ttlr.rcr)~ul~~c !111s t-.c\itit.r 1x.111lit tht. cc~tlrt~ucticm <d highl? 
.MC ~ I~ . I IC*  CBU iIl;ttwr\. or c Icx ks. 

svnchronouc orbit. 1'11~ orhit o \ r r  tttc r.t~til.\ c q t t . ~ t ( - :  .I# ;II. .tlt~tttdc* of 46000 km, in which 
tht 1.11t e l f  ~crolttricnr cd tilt. \trrllitc .trr~ttnd tht. c-~rtlt c-clu.tl\ r.ttc cd ~cu;~tiort id IIIC 
t.~tth. u) th.ct ~ h t  \1tt.I111r .11\s.t\\ \i,t\\ e ~ r r  tltt \ t r t ~ t .  \;MM ,tn 111t .gv)t~ttcl. 

technolop. I'cx hnic.~l Ir~trt\t.-tlo\\-: ~ h t .  Ll~o\t-lrrlpc- .tn:i .thilil\ 141 (lo tiling\ of ;I tcx Iirl~c.~l c* 
c.ttgitrcx.rirt~ tt;tturc. ins l t ~ c l l ~ t ~  1!1c fteld of ~nclt.\rr 1.11 .trt\. 

tckmacrins. Mt.~\ttring ,111 ol>jtr t or i)l~tt~ornc.~~c~n .II .I cl.\~;tt~r. R.tclio I\ tdieti 11ux1 t o  
tr.t~tsntit tltc rnr.~\~trtxl cLtt.t ~ I O I I I   ti^ ~ M ) I I I I  c t f  I I ~ ~ . I \ I I I ~ I I I ~ I I I  to .I t t l l l i H c '  o tnc*~\~r .  

trajec~g.. In st-11rr.11. t i l t  1~1th 111 I h r c ~  cli.nnt\icwir (i.t.. p u t . )  o t f  .I  no\ ittg I~xi!. I'hc \r.cwd 
tr;tjtre tn I \  ctfrc.11 IIUT? 10 o ..tn f l i ~ h t  pa;/.. 1: rtlc tr.tjcx :or\  i\ .I c lowtl jrlth ;trotirld 
.t~ttrIar cthjtr t 1iL.c. t!tc- ::trtl~. tI?r tr.tjcx rrtn I, c.r:fcr' .tn orbi t .  \\'lwr~ tltr ~ L I I I I  i~ tttn 
c Ichxl. rhr wiwtl tr.tjct tcBn IS rtrti.tll\ uu.cl. 

t-e. i ttr lo\ctst Irtrttttn of thc. .tt ncnphor. :-trnl~rtg from the ground to the bax 
of IIIC str.ttcn!)hrre-. 



ruraol.rictcd ar prm rdeea. SCiClUv carried cmt sililV/y to pmw *.ha1 ihc m r i i r d m  
mmidcrr to br tmpmatti probkms. the dut i rns to  which show apmnise trl m ~ i l i ~ t g  
rirmifuam infmnaticwr ahnus nattrrr ;md the univvm. t 7 r m : i . i t ~ d  SYT ~WIW x k m  is 
&U c r n w r ~ i r m l ~  mamtnatic.  appl#;ttims rn nlission objectives 

- 
ronidn. 'lhe acurunl d rruliticrd mnnm m s s e d  hv ;t fluid is cdhd i ts wmkitv. 

rond hama&. One ~d a r r rk  d ~mns r e p r r m i t i ~  the ~r.t\-iution;rt pntn~tial of the 
earth. T~wl;rl hmmw~ks mrrqmwi to m e l f i c i u  1, for which rn = 9 a id  which 
dqxtd rnlly CHI Iatit~dr. .See sphrnrsl ksrmontr 3rd also pp. 1'92-93. 



Bibliographic Essay 

The reader has seen that the narrative of this book consists of two 
interwoven themes: space science itself and the activities of institutions and 
individuals who created and carried out the space science program. For 
space science the most important sources are professional papers in scien- 
tific journals. published proceedings of technical meetings, and treatises 
and texts dealing with space science. For the other theme a mast important 
source is the i~cords and files of organizations and individuals working in 
the program. 

I naturally drew heavily on NASA records and publications. In partic- 
ular I examined in detail 43 boxes of notes. letters, memoranda, reports. 
and formal papers that formed part of the files I had used in the Office of 
Space Science and Applications in managing the space science program. 
These records are now in the National Archives, Federal Record Center, 
Suitland, Xlaryland. accession 255-79-W9. Running sequentially through 
the 43 boxes is a series of numbered folders each devoted to a specific s u b  
ject or time. The NASA History Office has a catalog showing the organiza- 
tion of these records. 

In references for this b m k  I have used notations as in the following 
example: NF13(193). N F  is short for "Newel1 Files." The IS is the box 
number, and the number in parentheses is that of the folder in the desig- 
nated box. 

!+cretarit5 in the Office of Space Science and Applications maintained 
a rather coinplete set of files. Thus, in addition to papers originating with- 
in :he office, there were also copies of key documents the originals of 
which would naturally be kept in other offices of the a g w q  or in other 
agencies. such as the Kational Academy of Sciences, Officr of Science and 
Technolog).. and Ii.S. Weather Services. Indeed, one of the great values in 
this set of records proved to lie in the leads it g.:ve to many different 
m u r m  of space science material. 

.At t i m t r .  of coursc, paptw irnport.int t o  the space r< iencc ria~raci\e were 
not to be found In the NF collection. If such a document was both of 
spxial interest and like], to he difficult to reacquire. a copy was placed in 
3dditional boxes (NF4O. SF4 I ,  VF42, NF43) of the same accessior w m h .  

Several portions r b f  the NF collection were especially F-rtinti.i to this 
hook. In box hF28 arc stored notebooks ! kept during my government 
selv*ice, mth with the Naval Research Laboratory and with NASA. '41- 
though these are like]) to be nrore crseful to me than to someone cis- 



anyone should find them helpful in tracing the course of space science 
activities-particularly as seen from NiSSA Headquarters. Many of the 
notes were records of problems and issues, statements of NASA policy, 
decisions of NASA's top management, work assignments, and remindets of 
actions to be taken. As a record of such items the notes are quite compre- 
hensive, but they are incomplete in that the follow-through on the m l u -  
tion of problems and issues, the completion of work assieiments, and the 
effectuation of requested actions are not recorded. The missing information 
must come from other documents, particularly the official film of NASA 
and other agencies. 

'I'he chronological files (In,str I I - 12, 2-1-27) of the collection reveal 
the actions emanating from the office of the associate administrator for 
space science and applications. These reflect a large number of the difficul- 
ties and challenges fxed by the science atid applications programs, but the 
reader is cautioned thzt they rest upon a niuch greater wealth of detail to 
be found in the division files of those who managed the programs in lunar 
and planetary sciences. .geophysics. astronomy. the life scicncm, etc. The 
bias of the Nt; files is, of course, toward the ovaall offire level. 

The correspondence between NASA Headquarters and its centers, in- 
cluding the Jet Propulsion Laboratory. shows the mixture of cooperation 
and tension internal to the a-genc). that characterized the space science 
program-indeed the whole space progmm. 'T'he same sort of cooperation 
and tension is seen in exchanges with other agencies such as the Space 
Scienrr Borrrd, the Ir.S. C'lru~logical Survey, the Department of Defense, and 
the Department of Cammerce. 

51uch of my responsibility in N:\S.4 c-or~cernrd external scientific rela- 
tions ol N.4S.4-with the Satio~lal hcndcmy of Scienm. the international 
Cmmmittee for Space Research, the ;Imerican Geophysical I'nion, and the 
Spam .%.ienctx iind ~I'echnolo,q Panel of the President's Science Advisoly 
Coninlittee, for example. -4s 3 resillt the NF collection is quite coniprehen- 
sive with regard to thew relations, and tny notebooks contain a g u t  deal 
on them. One exeption \+.as the file on the Rocket and Satellite Research 
Panel. where for sonie reason milch of the record was lost. Because of the 
central role the panel played in the early history of space science, as de- 
scribed in chapter 4. I borrowed the official files of the panel from the 
executive secretary. George Xlegt,ii.it~, who kindly granted permission to 
copy them for N.4S.A's files. Thew copies, with copies of additional panel 
papers from the personal files of William Stroud arid Nelson Spenc-er, both 
members of the panel. provide a comprehensive record of the panel's activ- 
ities from its founding in 1946 through its last ter.~nical xrsion in 1960. 
S:lS;I's c.opic.s o f  thc. pancI filcs ;trc stored in tw>ses SF40 and SF4I. .\I- 
though I dre\+. a ~~itderittelv detailed oven-iew of the panel's activities from 
thee records, a comprehensi\.e history of the Rmkec arid Satellite Research 
Pawl is still to k written. 



Many secondary references are frequently cited in the text. Quite useful 
for background is the NASA Special Publication (SP) series. Considerdble 
detail on NASA's budget. manpower, organization, and facilities is given 
in NASA SP-4012, NASA Historical Data B m k ,  1957-1968, vol. 1 ,  NASA 
Rcsourccs, by Jane Van Nimmen and Leonard C. Bruno with Robert L. 
Rosholt (Washington, 1976). Additional details on NASA's first years can 
be found in Robert L. Rosholt, An Administratttle History of NASA, 
1958-1963, NAS.4 SP-4101 (Washington. 1966). Some of NASA's activities 
as reflected in public announcen~ents. the news media, and other similar 
sources nlay be traced with the aid of a series of annual chronologies, 
Astronauttcs and Ac~onautirs, issued by NASA's History Office (SP-4004 
through -1008.4010.4014-4019) starting in 1963. Similar ctlronological data 
for years before 1963 can be found in Eugene M. Emme, Aeronautics and 
Astronautics: An Atnnican Chronology of Scimce and Technology in the 
Exploration of Space, 1915-1960 (Washington: NASA. 1961); Aeronautical 
and Astrotiatrtical Etwnts of 1961, Report of the National .Aeronautics and 
Sp;rce Administi;trion to the Zlouse (:omniittec on Sc-iencr and Astronautics, 
87th Cong., 2d sess.. 7 June 1962; and =istro?lautical and Aeronautical 
Evrnts of 1962. Report of the National .4eronautin and Space Xdministra- 
tion to the I-Iorrse Cfin1mittc.e on Science and Astronautics. 68th C ~ n g . ,  I st 
sess., 12 June 1963. KASA's "Pocket Statistics." issued monthly by Head- 
quarters, provides a variety of statistical data, ir~rluding a record of NMA 
and Soviet launchings, the characteristics of space launch vehicles, and 
general budgetary information. The International Programs series. pub- 
lished by NASA's Office of Interriational Affairs, gives details of NASA's 
international program. 

An aln~ost overwhelming wealth of det;?il can he found in the records 
of NASA's hearing before the agency's authorizing coii~mittecs in the 
Hoiise and Senate. The hearing cover ever) aspect of the NASA program, 
both technical and administrative. Investigative hearings such as those into 
the Ranger faillires and Centaur troubles bring out not only the kinds of 
difficulties hXSA had to overcome in the space science program, but also 
the sr -rhing mutiny under which the work had to be done. 

the space science theme. as stated, the principal sources are the 
technical literature. Many of these sources are cited in the chapter refer- 
ences, particularly those for chapters 4, 5, 6, 1 1. and 20. Because of its great 
breadth, space science finds its way into a wide variets of publications. 
Some, howevcr. stand out and should he of special interest to anyone who 
wishes to delve into the subject. The Annals of the International Geophys- 
rc-nl Y~clr. 48 ~01s. (London: Pergamon Press, 1957-1970) give much of the 
early space science work. Especially informative is volume 12, which has 
the papers presented at an internationd symposium held in &loscow under 
the aicspict-s of C S r \ ( ; l .  the intcmational Corn1nittt.t. for the International 
Geophysical Year. 



Because so much of space science dealt with investigation of the earth. 
the Journal of Geophysical Research quickly became a favored medium for 
many space researchers, as did the Jounaal of iltmosphtric and Terrestrial 
Physics. Many papers appeared in the Physical Review, particularly papers 
dealing with cosmic rays. The Journal of the Optical Society of America 
and the Astrophysical Journal were natural outlets for asuonomial topics 
such as solar specuoxopy. 

For quick publication of results. Mattire- was often used. NASA also 
worked out an arrangement with the editor of Sctence for publishing pre- 
liminary results from especially significant missions rapidly, within a week 
or so. At particularly productive periods, as during Apollo lunar missions, 
a significant proportion of Scimce was devoted to space science topics. 
One can trace a great deal of the space science program in its pages. Later. 
when Geophysical Research Letters was begun by the American Geophysi- 
cal Union, it was also used for brief comm~~nications on early results of 
space science investigations. 

Space Science Reviews (Dordrecht-Holland: D. Reidel Publishing Co.) 
and the references cittul therein provide an excellent means of developing a 
detailed picture of virtually any space science discipline one might want to 
pursue. Books of the Astrophysics ;ind Space Science Library series, also 
pub1 ished by Reidel, give extensive treatnlents of specific areas of space 
science. such as the magnetosphere, solar physics. or x-ray astronomy. An 
eriorinous amount of information is contained in the published proceed- 
ings of the Apollo lunar science conferences sponsored annually by the 
Johnson Space Center. the first it1 Janirary 1970. For space life sciences. 
one can get a good start with Bto1o.e): nttd the Evploratton of ,4lars, edited 
by Colin S. Pittendrigh, \Volf \'ishniac, and J. P. T. Pearman, Nation;il 
Academy of .Sciences-National Research Council publication 1296 (Wash- 
ington, 1%); Elie A. Shnmur and EI ic .A. Ottesen, compilers, Ewtrat~rr~s- 
trial Life: An Anthology and B~bliography, ibid.. publication 1296A 
( 1966); and a compendium prepared jointly by Soviet and U.S. scientists: 
Melvin Calvin and Oleg G. Gazenko. eds., Foundations of Space Biology 
and Medicine, NASA SP-374.3 vols. (English version. Washington, 1975). 

The specific sources indicated above are bur a small sampling of the 
available literature. One does not want for detz.1 and indepth treatmefits 
of individual areas. But the kind of overview of the whole field of space 
science that asks the broader questions of how existing paradigms were 
affected by the research and whether any scientific rwolutions were forced 
by space science results is another matter. As an aid in preparing chapters 
6, 11, and 20, in which I have addressed myself to such questions, I sent out 
a questionnaire to more than a hundred leading space science investiga- 
tors. I hoped to learn how the scientists themselves felt their fields of re- 
search had been affected by space methods, and whether in their view any 
scientific revolutions had occurred. More than CO responded, in varying 



detail. Their answers provided considerable additional insight into the 
subject and were helpful in the writing of chapters 6, 11, and 20. But there 
was more in the responses than could be included in only a few chapters of 
this book. My treatment must be considered sketchy. The answers to the 
questionnaires are filed in box NF43 under the following headings: atmos- 
pheric research, ionospheric physics, particles and fields, geodesy, lunar 
science, planetary science, meteors and cosmic rdys, solar physics, astron- 
omy. and exobiology. 

Finally, the NF collectio~l contains most of my articles and talks from 
the beginning of the sounding rocket program in 1946 through the 1960s. I 
did not usually cite these papers, preferring to use other sources. But one 
can trace in them the growing knowledge produced by the space science 
program, and also many of the major issues encounterd in the spare 
program. 



Source Notes 

Chapter 1 

I .  Homer E. Newell, ",VAS,4's Specc Science and Applicat~ons Programs, NASA EP-47 
(Washington. 20 A;x. 1967). especially app. 9, "What Is Science?" pp. 252-54. T h e  
publication is a rcf~rint of statements made to the House Committee on Science and 
.\stronrutits. 28 Frt'.-9 Blsr. 1967. and to the Senate Conimitt~c~ on Aeronautical atid 
Spare Science, 20 hp:. 1967. in support of NASA's FY 1968 authorizatton requests. The mate- 
rial also appran in the Govt. Printing Offim prints d the hearing. 

2. E-g.. Karl R. Popprr. ?'he Logic of Scirtllific Discmmy (New York: Basic Books. 1959); J a m  B. 
C m t i t .  Scimcr and Co,mmon Snru (New Havm: Yale tlniv. Press. 1951); Thomas S. Kuhn, The 
Sfructurc of Scimlific Rc~olutionr. 2d cd. (Chi-. Zlriv. d Chicago Prcu. 1970). 

9. Cimanr. Scamcc and Common .%me. p. 25. 
4. Ibid.. p. 45. 
5. Francis Bron. The A&mconmf of Laming  (1605). Karl Pupper presents on malnn v k w  d the 

role ol induction in science; ur. for example, Popper, 1.ogic o/ Scrmfific Drsc,.:*cry. pp. n-50. 
40-42.315. Popprr poinu out that induction is rn an ekmcnt in the logic d uim. T o  illusuau. 
from Newton's law of gravita~ion (and t k  acrpprcd t h c q  d mechanics) o w  can dducr Kepkr's 
laws of planetary o mion. .a particular that in clos ! orbits the plancts must move in e l l i p t i ~ l  
orbits about the <un. But. even when a planct is obrned to move In an elliptical orbi~. ocr cannot 
ronrlu& that Newton's inverse square taw d gravitation holds. Another possibility would b that 
the plane is attracted to the run by a force taping d i m l y  7 :  the dislanrc. Givrn swh a form field 
it can be Mured that a planet in a c l o d  orbit woua move in an elliptical path. Additional 
mnsidcrations must be app!icd to c h m  between the two candidates. Thus. the inductive ucp 
from the partirular to the general is n.>l unique, f o r d  by the logic of the situation, but rarhcr 
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The Author 

Homer Edward Newell was born in HoIyoke. Massachkrsetts, 11 March 
1915. During the years of his primary and secondary eduation in Holyoke's 
public schooi system, the city was undergoing a substantial 
Formerly known as "Paper City," Elolvoke was losing its foremoat position 
in paper manufacture to the Midwest, while its considerable textile indus- 
try was similarly losing out to mills in the South. Newetl's early interest in 
x i e m  W ~ S  fostered by his paternal grandfather's extensive technical library, 
by competent and interested teachers in Holyoke High School, and by a 
home chemistry laboratory, the nucleus of which had been contributed by a 
local sulfite wood pulp mill. 

Ac Harvard Newel1 studied science courses including mineralogy, 
physics, and astronomy and pursued a major in mathematics to an A.B. 
and an A.M.T. from H a ~ d  and a Ph.D. from the University of Wisconsin 
in 1940. He then taught mathematics at the University of Maryland until 
1944, when he joined the U.S. Naval Research Laboratory. From 1946,zs a 
mathematician-tuned-physicist, he was one of a group of scientists and 
engineers who used their World War 11 experience with missiles and radio 
communications to instrument rci kets for high-altitude research and then 
to launch them at White Sands, New Mexico. In the fall of 1947 he became 
head of the Rocket Sonde Research Seaion , Branch). In September 
1955, when the Naval Research Laboratory was assigned the task of devel- 
oping the Vanguard launch vehicle for the International Geophysical Year 
satellite program, he became Vanguard Science Program Coordinator. The 
National Aeronautics and Space Admin~stration opened for business in 
October 1958; Newel1 joined its headquarters the same month and remained 
for 15 years. He guided the space science program through much of the 
1960s and was NAfA's Associate Administrator from 1967 until his retire- 
ment at the end of 1973. 

In 1953 his baok High Altitude Rocket Research was published. Six 
more books followed, as well as h~ndreds of articles on such subjects as 
spacc science, vector analysis, sounding rockets, missiles, sad astronomy. 
Several of the books were directed specifically to young people. Since leav- 
ing NASA, Newel1 has retained this interest and is prepaxing a book for 
the young reader on minerdlogy and rock-hounding. 



The NASA History Series 

k a m a F d W ,  J r , ~ # ~ A H ~ Q I N A ~ d X f l , ~ l M # N A s A  
m6.CIO: 

l e a o r ~ D , a l W ~ ~ F ~ . ~ A H ~ a f A ) d b U F a i b -  
r * l r d ~ N A S A S ? 4 % .  i9l8.CIO. 

Irmb.C-iG,Irr~GrirrPodmsSc~laApalh-AH* 
a f 1 y . r w J L * l u r ~ ~ s t ~ m 9 . ~ -  

~ ~ L ~ l Y s o u A H ~ # ~ L Y U c ) . l i c . ~ N ~ ~ X - ~ .  
1977. h i t  

Wilt i rr  R. NASR -It& I99S-I%&A H h r r r i r r l w .  IY-ASAW-WI. 
1971. &S- 

Ear& Ed-rud C r d L i r r h N . .  T k - A  H ~ a f d v A p l k S o p T ~ ~  
NAsA SP-fm. I n  cm- 

G c m s . ~ ~ . d Y h ~ ~  I ' ~ A H ~ , X A S A S I - C P . l ~ G ~ .  
*w-Smd - . . hcr. m l .  

H r t a . h o a C r d J r r a M L C & t & I * r a f T f i r a r r : A H f r c a T a f ~  
Gnum. N.W S?-. I=. C3'0- 

H . a R ~ ~ I ~ A H ~ o f A q r a ~ . N . S 4 W - ( Z I L  1953.GPO. 
HrnspaEdriaP,Aimhrpam RaesuiLrA H ~ e f t l c A n r s R c x m ~ c k ~ . I ~ 1 % F .  

S.W %'a 1970. hTIS. 
Bdu& U&SI L Am AlbaPh.tit*  H- o~SASA. I--1953, PIAS& S P - 4 l 9 1 . 1 ~  h'RE. 
Skmp. fobn L. H* as a -9wpdsmm F d  I*)-1999. N.S.4 IYB. GPO. 
Srcram. Lqd S.. J- Y. Grimwxd. d h k s  C .-. T h  .Vew Or- A  Hissorp 

oj  Prqra Mmmy. S-UA SP,-gBI. 1966. GPO. 

A ~ l a r v h a  a d  S p e  Rcpar 4 tk f 4 r d t ~ .  d whnm 6.1975-19;% GPO. 
T k  .+polto S-Jt A C-. X . W  SP-4OU9, d 1.1388. h i :  ad t 1973. GPO. 

sd3.1916.GPO.d t197bCPO. 
ml ACT- -4 CLnwobdy of Scunm. Trrhlqy.  ad Pdur.  amad d u m a  

l%l-IWJ. mh an crrlrr tdumr, A m n u n h a  a d  Astvmautys 1912-1960. E;rrt) 
\ d m  asa8Lblr ball ?rm. rmn ar, boa, GPO. 

mi. RGugdLcb. ~ a r k H ~ o J R a ~ a r l A ~ ~ P r a r r l n y p o f t k T h n l  
f k h  c k  S I X ~ L  H r r ( q  Symptru of f l k  I w m w d  ArJnnT of . ~ ~ u r  S . W  
CP-2014 - mb. 1m. GPO. 

lloLnd . F . .+ Cwdr to Ratwrh in X.4S.A Hammy. H H R - 5 0 . 4 i h  ed. im9. nailah& baa 
S . U A  H. .an OH-. 

S b h k  A Chmobgy. S.+SA S P 4 I  I, 1977, GPO. 
Van Nunam. Jam. and k m d  C hum, SASA H&aual Dy. h u h .  1058-IW. S.S.4 

SP-4012. td. i. XdSA RCIOMCCS 1976. %XIS. 
Wdk. H r h  T.. Susan H. Wh+. a d  G m e  E Karqpnm. Ongtr> of .\'AS+ .rVanus. SASA 

SP-C((B 1976, G W 

.GPO: Ordm from S.qmimcmkm d Dorumrna Chwunnnw Rim% Office. W a s h i m  DC 
awcm. 

tS?fs.. Ordm ban Snimd Tduriul Inkmurion Smim. S+ngfirld VA TL161. 


