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Introduction

by Pamela E. Mack

For really sci¢`ntists and sci¢`xw¢` and t¢`chtlologg, policy analysts, the canc¢,llation of'

the StLl)¢`l't:ondtlclil+lg Siq)¢`rcollider proj¢`ct ill 1994 s¢`vved as a symbol of a ftmdam¢`lltal

change in put)lie and congr¢,ssional attitud¢`s towaFds F¢`d¢`ral fttnding for large sole`nee` and
tcchtlolog T pr(!jccts. At minimum, govcrtm]cnt [tmd¢`d big scietlc¢` and big lcchnolog 3'

w¢`1"¢` tier lik¢`ly to Conlintl¢` to grow ;`it the pace Ill;it characlcciz¢`d the` (;old War era.

Politicians ill the` United States s¢`UiIl('d ll) h]tx.:(• ItllII('(I ilgliillsl [tmdinlg v¢`nT cxp¢`nsivc

r¢`s¢`arch and d¢`v¢`lopm¢,nt pro j¢`cls withotn cl¢`ar, practical goals, prol)ably b¢,catts¢` th¢`y

b¢`li¢,v¢`d such 1)rojc(ts t¢`nd<:d to take` ell a lift' of" the`it own and re`quire` more and more

|ttn(lillg. hi the` ¢`ycs of most l)olicvmakcts, ftmding for imlovation ill scicn((' atld I¢`chnol-

o gD;coidd no l(mg¢`r ¢`asily l)¢`.juslifi¢`d bv lhv promise` (if gr¢`at lithe`fits flOlll |he, |l¢`vv t¢`ch-
n()logy, l)oth b¢`catlse such promises we`re` vii'wed sk¢`pfically and l)¢`cails¢, poli(ynlak¢`rs

I)¢`li¢`v¢,d thai t)tt(lg¢,lat3: i)|('ssttrcs i)r('(hLd¢`d even w()rthwhil¢` tww ])Fogvams unl¢`ss th¢`y

dire`oily saved IlI()IIC'_; fk)l" th(: <_ov¢`l'lllll('llt.

l+',v('tl t)¢`l_)t_: Ihe trend slarl¢`d to tuFn, historialls (if s(i¢`llc¢, and I¢,ch|lol()g_' had mad("

iHq)orlant st('l)S in tmd¢`rstanding the` d¢`v¢`lol)m¢`nt of big sci¢`nc¢` and big t¢`chnoh)gQ; in a
tluIllt)¢`l" o| dill(.w¢`n! inslittltiona] .+,;¢`ltings, illl(t lilt' ('h;`|llgiIl_ CII1T¢,Ilt C]ilII_t.I¢`Cilll give` IICW

I)¢`rSl)cctiv¢`. Sch<)larlv inltev¢`st in "l)ig scielw¢," ares(' out (if the` p¢`vce])tion (if sci¢`ntisls in tlt('

I¢.)50s al_d l(.)(-_0slhat the exp¢`ri(mc(_ of doing sole`two had chang¢`d in a ftmdam¢`ntal way (at
[¢`ast in some` th'lds) lx,<:ausc of the, incr¢,asing preval¢`n('¢` (if ¢`xp¢`nsiv¢` itlstruments and Ireg('

¢`xtctnally ftmde(l r¢`s¢`;uch pr()j¢`cts. Engin¢`¢`rs did not ('xp¢`ri¢`nc¢` a parall¢`l shift <if similar

intensity; lh¢`y alr¢`ad}' had cxperi¢`n(¢` with latg¢` g()v(:vt/mt'nl-l+,m(l¢`d pr(!j¢`cls (such as dams).

But, at l¢`;`L'+tin some, []¢,lds, ¢`nginccrs wetking oil latgc-scah', govcrnmctlt-Itmd¢`d re`search

and d¢`v¢`loptncnt did ¢`xp¢`rience a shift It);t partictdav iww kind ()fl)ig t¢,(hnoh)g 7. For ¢`xlllll-

pl¢`, at tilt, National A¢`rt)nautics and Sl)aCc Administratitm this "l)ig l¢`chn()log3," inv()Iv¢,d

large pvoj¢,cts with a high p()liti('al i)r()lil¢`, (lttil¢` difi+¢`re)lt flom tit(' sysl¢`mati( t-¢`s¢,ar(h into

t+undam¢`ntal lie`sign p;`il'a|ll¢`l('ls that (']lar+,lctcrizcd the "'('tlgin¢,ccing sole`lice" al)pt'oach
typical of the` Nali(mal Advis()rv (]()mmitt¢`(' [or A¢`|-oHatni(-s lie`fore` the way.'

M()st hist()Fians sill(lying big s(i('n(¢` and t(*( h))()l()g T have` focttsc(l (glh¢`|- ()u] basic

scicHc¢` (parti(tflarly high-¢`tl(:t-g_' i)hysits) or on1 military r¢`s(.'avch alld d¢`v¢,lopmctlt."

()t)vh)usly, the, National A¢`l/)ni+.tlliCs itll(l Space A(lmilfistra/iotl (NASA) axld ils pr¢`d¢,c¢`s-

sot orgatfizati()tL the National Advis()ry (',omuliill(!¢` f()z" A¢`r()n_atttics (NACA), pr()vid¢`

a)lolh¢`r imp()vta)n ¢`xampl¢`. The` l¢`:td(,rs ()f NASA during the Apollo pt()gvatn t¢`,tlizt'd

t]llll lh(!v v¢('l'(' pit)nt,¢`lS ill ]ill',_¢` pl()_lilln lllltllilg(!lli(!lll ;.is well as in Sl)a('¢` tt'_lv¢`l, but l]ltW('

has I)¢`¢`n little` inH(!gnati()l_ of the larger l)ac:kgrt)und t() that st(ire ()r s.vst('tnali(: alt¢`tlli()n

t() the` r()l¢` of large pv(_j¢`(t ma])ag¢`m¢`n! in the issut's NASA has fac¢`d since` Apollo.

The` NACA and NASA provide` an ()l)p()rtttnilv t() study (l')ang¢`s in tlt(' ])ittl('x'nl <)1

major t¢`search and d¢,v¢,h)pm¢`t_l pr(!j¢`cls ov¢`r a significant span oftime i)) a govct+nm¢`nt

context qtuit¢, different from the` l)('partm¢`nt of l)¢,tk'ns¢,. The` chapt¢,rs of this book dis-

cuss a s¢`ri¢'s of case` stt,di¢,s of tt<ltat)h, I('chnoh)gical pr(!j(,('ts carri¢`d om at l(';`l,'.+!ill part by

the NA(_A and NASA. Th(' case sttt<ti¢`s (:host't) at-(" lhos¢` proj¢`(ls that w()n the` National

I. I have distiulguishcd I)ctwct'n "big n(i('twe" and "bi,_ technolog,',,," but NASA tls('s the term "hig sol-
('n(('" t_) it_(ltt(h' b()th.

_. Foe )('f,.'u't'llt t's to the big st ien( e lit('n:|tUlt', st't' lit.low; Ion :i dis( tnssi(m ()I how th(" sltl('l', of tang(' I('(h

)_()h)u._, lhs imo b)o:td('v hisloriographital t)(*Hds i)) hisl._,..f Ic(hnologv, s('(' .]_)hn M. Sta_ndcnnnaicr, "Rt*(t')_t

Ttct)ds iH the llistt,r', el Tt'( hn_(.h)g_,. '' A>m'_i_a>_ IIi_t.>q_al l¢:vi:_t,t)3 (JUl)t" I!)9(I): 71,")-26.
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AcrommticA.ssociation's (N_L,_.) (:oilier Trophy liar "llw greatest actxicvcmcnl in aviation

in America, the vahw of which has bccn Ihoroughly d(,monslrmed by use during the

ire'ceding ?,'car." l+ooking hack on the whole series of projects we can cxmninc both what
NIIiiI'_,y,i+y, 1,_.,i.l-i.s('/'ll ;IS illl])ort;tnl at various titheS, and how lhe goals and ,C)l-_illliZ;_llion o[

tilt+st ' nolablc Im!ieCtN changed over lime.;

The Collier Trophy provides a way of selecting a series of case studies ot projects

that can be compared over a t<tirl?,, long span of lime+ This volunw covers i:,roieclS Ihai

rectqv,ud their awards tiom 1929 to 1994. From lh,L' poinl of view ofsch<)lars who haw._ stud-

led g,t>v,urntncnt SUpl)ort li)r science an¢l techn<)h)g_.', this span of years covers three impof

tant periods. "l'h0 period after World War I saw limited experimentation with the role of

the g,overltlncnl ill supporting research most importantly in the tmm of engineering

science. The period during and after '_,k)rld War lI saw an explosion in the govt+rnmcnt

role in science and technohig):', with anoth¢'r burst alier Sputnik. Finally, a reevaluation of

stir>lice alid technolo_' as public goods started from one side of lhe political Sl+ectrunl in
the law 19(il)s and took on new motncntunt lr<>m the other side in lhe 1980s. Fi-oln Ilw

point olview of the rise of big science and tcchn<dog T, the prqjects in this book lake ns
throttgh a t)criod when t:,udgcls, the ntnnt+er of l_eoplt • and organizations involv,..d, and
Imrcaucracy dramatically increased t1_1+most NACA and NASA projects. Not all the later
tm+jecls covered in Ibis book were large by Ihe slandards of their own lime, bul cvcn lhc
smallcl ones, sttch as the Manned Maneuvering Unit (chaplt+r 13) or ltw Fucl-etlicicnl
+Iiutiol)t+Ol ) (chapter 14), look ti:>rln in an cnvironnl¢'nt of political and I)urcaucratic prcs-
stn+es that had developed in NASA because of its r<dc as a big-technol,_+g,_, agency.

Thc st.tics c>l case studies included he,t" Ire'sent some <ff lhc most successthl

i)r_._iects in thc hisl<lt T of the NA(:A and NASA. Each illuminates the ch'veh>lmlenl and lim-

itations of big tt,chnoh)gy at these agenci,us its an example of the larger l:,henometmn of

Ilw dcv,t'lolmWnl ,_ffengineering science and big science. The work of'Waher Vincent; and

James Ilanserl has made aeronatttical engineering in general and the NACA in particttlm'

lhc slandard example of engineering sci,_,nce.' While historians have used high-energ T

physics as the standard example ot +big science, NASA has some claim to the role of stan-

dard examplc [or big technology (using palterns thai to a considerable extent w_'rc sl'l by

the NA(L,\). ,,\[),c)lltK_ra NASA Administrat,m Janles _.kq)b certainly sought t,c+ makc that

,.laim ]:,y writing a I:,ook on .Space A,¢e MalTa_eme_H: The 1.argv-.Scale AlqmJach, and the iCh'a had

('lll)tlg|l lmblic I/'SOIlilllCt" IO ttll'II the lIhl+aSl'--+'|l'wt +/'_.lll SOlid a 11114.11 Ill thl" IllOOll wh%' (-;Ill'|

wt'... ?"--into a clMId.+ AI)<_II<+ did not provide lhc model |ilr lt'te thture that _,_,t+l+hhad
hot)ed. Iml NASA toni;lined lo graplJle in a vmT Imhlic way with the l>rohlcms of conduct-
ing large-scale tcchnoh)gT-deveh_lmlcnt Ira!jeers tllal rcquircd SUl+port fronl diverse inleresl

3. l hcsc [>mi<'cts d¢_ tml iClm+Sent simply a c<_lh'ction ol sncccss stori¢"+. Whih" some wt'tu m+!j_t tri-

unlphs lilt Ihc N..%-(:+'\ or NASA others did lll+i Ike lip to their initial promise+ represt'nlcd tCSl)_lilsl's to nlaiot

t;liliil_'_, or earned tl/l'il aWalds iiiiirl" till [liilllil al)l:lcal than li)r tel llii<llt_l_i(al _t_ hieveni('lii. Oilier l)i_iccl_, siich

;is lht' Viking Mars landing, niiThi liavc dt'nci _t'lt Ihc (:¢_llici I} ¢_llli:+ iliort' lhan _;o1111' inchilh'll hcl t'--Ilil" (:¢_lliei

"l'i<_ph', im_idc_ all illltqt'sting salnlll+<', iilll ii Iisl ot Iht' NA(:A and lh0 N,.\N,_t's liiOM su( _.csstlil pr¢!jccis, ltie lii<lM

Ihltl i_iti lit' nahl ot all lhcsl' t)i-<!icct+_ is Ihai IIw} <_ailied the ill'aisc ot Iht' acto_i)alc ioinntuilil}'; wiihin Iht'

i qlilll'xl ll| thl" lillll" and t|l_il ( OlnlllUllily Iht'}' ret)reSellt _;ll('(t!_,_l+"4.

i, St't' ( hilpl('l-_, 1, :_+,;tlld 4 +tll(1%_l'allt'l ( ',. Vill(l'llti. ll'hal/+.'.Kineer+ KmJn, am] #tow 'lh O' FmJw 1l: A.al;'l, rd

._l+uliP, in the Hi.',h_l) o[ .:li,+'lTslialili+al Ili,',hJ.+_ ' (BahilltlllC, MI): Jolul.s Hopkins [!nk¢'lsil)I>lC_,s. 11t911).

-I, J_ilnl':-, E. l_,i+l:_t), 5,1mceAt.,.eM_l_xgeme.t: I'hel,a_:l.fe ,ST ale .-llJtm_adl (Ne'e,'_i_v k, NY: M¢(;raw tlill. 19ti9).

Y;cc also> l,eonard b;a',lcs and Margaret Chundh,._; ,'!,l,,i;._,.,_i,,_/g I.au4_ ,",)'_/e,','l_: O'_a_lt:alioP+_ I_ tla'/"l,_/u:i' (Nt"0, Y<nk.

NY: tlarpcr and Row, 1971). TIw "If thcy can send a man m lhe M_oll" dichd eve.ritually t.,.._lvcdinto a i,,k_+:m
l>hiladelphia m the law 1970_a businesscall,.'d Ihml4 K<mgI::Nsmm"Ihitors advertised wilh the line: "1t the.",_an
st'nil a ili;ili I(i ihc Mooi+l why (;lil't Ihey lllllkt" ;t Stlil ill til lill+P "
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groups. '_The case studies ill lids book illuminate some of the key issues of big science and

big lcchnolog 7` including the role of polilics, the m;magemcnt of ]rage t.nterprises, lhe rela-

donship betwven basic research and research and development tot praclical ends, and lilt"

declining roh" of Ihe individual leader or invvntol:

The Collier Trophy

The (;oilier Trophy is th(' lll(()sl tires( igious award tot acrosltaCc achicvenlen! ill thc

l_!nil+,'(l Slalcs, antl the rccil)icnts of the trophy have long bc('n proud of the recognilion

the Collier Trophy brought their activities. While the proiccts covered in this vohmte wol,hl

deserve study wlielher or not they had won tilt+ (:oilier T,t+phy, a vohnne li_cused olt tlt<+"

winners <)fa particular award should give some attention l,ti lilt+ histol 7 and characlcr of

that award. Ill fact, the hislt)D+ ,t)l the (',ollicr Trophy and its parent <)rganization, thc

National Aeronaulic Associatitm, lm_vitlc a imiquc iwrspeclivc ,on prizes tor scicntilic and

technological achievement.

Tim United States has had and still has a numlmr of aviation and aerospace orga-

nizati<ms, ranging from l)tlostcr groul+S t<_proli,'ssional s_icictics. The National Acronauti<

:kssociation lits stmmwhere in thv middh' oI that rang('. In Ittrn, its prize is shaped by thc

(<mlposition of the connniltec ill;It awards it and by a series of rules, ill particular that lhc

prize ])e givt'n |ill- an a.chie'venlent in tilt" prccc'ding ycar. While the Nobel Prize is usually

givcn ti+r an acc,tmlplishntent wlmsc signilicancc has hccn l+roven by years of cxp<:ricncc,

the (:oilier Trophy represents an almost ,t,tmcurrcnl evaluation t/f an achicvctncnt (like

tilt' Pulitzcr Prize, it sonmlinms lacks the wisd<mt <ff hindsight).

In its early yvars, lilt' National Acrmtautic Associati<m and its prt.dcccssor ,t.gani-

zalion, tilt" Acro (:tub of +America, sought to li)stcr Amcrican aviation in ;ill its li>rms, attd

thcrcti.e l:.,oth servt,d as at t:ulostcr tit(l) and adv<+catcd an increasingly proti'ssi,mal

aplm>ach to aviiilion, r The Aero (]lub of America was li>rnlcd by nlcmbtq-s of lilt +

Autonn)hih" (]lub t)t :\tllt'l'it'a ill 19115, just two years allcr Iht' tit-st succ.pssftd flight by Iht'

\Vtighl hr,t_thcrs. ['|t(' ntodcl of lilt: Aut,t.nol+il,.' (]lub h'd tilt' :\or,t) (]lttb into such activi-

ties as training and lict'nsing pih,s atnt[ h_bl)ying lilt' l"cdcral g_)vcnnncnt to girt, nmrc

attention to nlilit;uy aviation (hnillg lilt + build-up 1o thc Unitcd Nlatt's" t'llll-} into WorM

tv%u !. '+ As avialion expanded dul+ing Ihc War and the club sutli+'rcd tl-olll divisixcncss, it

ten(ted to lost its cenlral rt:.lc. Its Ill{'llll:'t:t'S rcspond.pd I:.y no(oil;(ling a series of xnctgcrs

with other clubs, starling with a merger with lilt+ Amcrican Flying (ltll) ill 1920." hi 1!122,

a merger with the National Air Associati,tm (NAA) led to a new narne, thc National

/\(H'Ollatllit" Asst>ciation, atld lit"++( b)laws (hal tmq+hasizc<l l)r,tmloling aviation and h_l>by-

ing tilt-tltlitill+lll ti'tlcral regttl;tti,tm o1 lilt+ ;lVialit>li indilsll_,'. >

6. l:or a Sl>Ctill( discussion c,l th<" lailurt +q)l attClnpts to apl+l?,, AlJolhl <. D_'partm't'nl ,)I l)chcns+,' n;od

els t<', s(+,tial i)r()t)lems, see Bruc(" I,.R. Slnitll, ,+lPn++{+(l+l_+ir*+ce IWic_' 3;ime 14"mid 14'a+ II (Washingt(m. l)(:: Thc
I+_roc)kiNR:+,lnstilutic, n, 1990), pl). 76-77. F<}v an intm'thu'lion I,) lilt" s(}('ial ('onstlu,ttion analysis ()t tll,t + I()l,t' o|
inlmcst grottl)s in t('{ htlM()gi(al ,t hang(', xt'c 'Wiel),e E. I',!ik(q. Th(.mas I'. IhNh(+s, and l"revol Pin,t h, /7_.++_Mia/

(,',,*t+lP++,ti+m_47;'dlP#(,Io_,al .4;,'./e,,J,++,'_%r_d_l'IJiPecli,m+ i_ Ib*' .%+io1(_", a*M Itisl,+_y _,/ 7;,+l+P+olo&n((:anll)ii<lgc, MA: MIT
Ih ,.'ss, 1987).

7. William Krogm, "F_n {h<+:tl,t>sl A_hi,+".emt'n_: Tim Stt_rv P,chind Am,('it,tan A,.iali(m's Xh>sl Iqi],.'d

:\ward," .\'ali+_l+a/ .I,<';++,;,h'li+l/++,[),t'((t'nlt>t'r ] 9,t4, pp. 15, I 8, 26.
8. Bill R_>hie. /'b_ l/w (;#_'rlle_l :_ hi_'_tlc_ll: ,4 �tAlons, _4 Ill."<'_t_'_;(J/ub o/ Amo'i('a aP#d lhe Nal/o_al ,'+_'_,;l_,'l_//_

A_+iati.*l (\%'ashitlgl_m, DI;: Smilhs<mian Inslilution Pr¢'ss, 19<33), p. ix. lh,t+ h',th'ral g_l',.crnmcnt m<_k over t>ihll
licclising I}otn Iht' ((Itltl (at the ('tub's tir,,4in,_) in 192tL

9+ IBM.+p. I00.
10. Ibid., p, t03-115. l'he leadership _ll Ih((' no'+'. <nganization was domimttcd b; indtp+llialisls, th,.mgh

hi)St' 'w('rc ;It th< +litnc i_rimarib. ' emplo',ed in tl.' aviation iHduslt_<
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The (;oilier Trophy had been cstahlished by the Aero Cluh o[Anlerica in 1911, The

¢lul) had ,I new president al thal tithe, Robert[. Collier. (to[tier had inherited the Co//lefts pub-

lishing enterl:)rise and fortune in 1909 and also belonged to the commttnitv of upl+er-class

inert intcremled in eXl)ensive, dangeroum Sl)Olls, sttch as big game hunting, yacht racing, and

l)t)lo. Many nlenlbers o4 that connnlu+ity saw aviation as the next frontier fi)r sport, and

(:oilier owned two Wright biplanes hv 1111I, th<)ugh he did not learn to fl+vuntil the spring of

191E." Interested in improving aviation and in l)ronloting s'alk't+v, Rob<.'rt (;oilier decided to

mptmmor ,t trol)hy, not for another airplane race, but lot "the greatest achieventent in aviation

in America, the vahle of which hs+ heen th<)roughly demonstrated by use during the pre-

ceding yeat', ''[+ ('oilier limed his political ctmnections to give the trophy prestige, in ]+articular
arranging for it to bc presented by the President o[ +the United States (an arrangement that

has continued to tile present). In its early years, the trophy was usually awarded to inventors

for spccilic technologies such as hydroplanes developed by (;Icnn Curt[ms (in 1911 and 1912),

sill antomatic stabilizing device invented by ()re[lie Wright (1913), and a g%'r<)mc<)pictotnrt)l

invent('d by Ehner and Lawrence Sperry (19141. ':_

Because <ffchanges in tile parent organization, in the 1920s and 1930s tile Collier

Trt)phy came t<) be awarded more often to organizations rather than individltal invenl<:)rm.

The U.S. Air Mail system won the trophy in 11122 and 1927; for its safety record and till

night flying, the Army Air Service won in 1924 for the first [light around the world, and

the Aeronautics Branch of lhe Department of (:ommerce won in 1928 tot the develop-

nlent of airways and slit navigation. The NACA won its thst (:ollier Trophy in 1929 for

dcveh)lfing principles for the design of tint)roved engine cowlings. This new lmttern ot +

awards reflected lit(" merger of the Aero (:Inl) of America into a new <)rg;ini>',ititm, the

Natit)nal Aeronatttic ./_mmociation, which put a nIuch gl'e_+ttel" emphasis <)n l)romoting gov-

ernnlent st)onsormhi P and regulation ¢)f aviation. Between the tortnalion <H the National

Aeronautic Association in 1922 and 1944, eleven (:oilier trophiem listed government agen-

cies or corporations as the first or only recipient, and four more listed organizations along

with a key individual. '+ Orville Wright ol)iected to this pattern in a 1944 lettel + thai called

lot a l'eltll+ll 10 tile pattern of awarding the trophy to individuals [or specitic invetnit>ns."

1 I. (:ollicr was involvcd in promoting avi_ttion hi'lOt'( ' learning to lly hintself. Ill the +,Ill[tiM, _)1 1911 hi'

h)anc(I ;t l)lant . t(_ lilt + Arlnv l()r nlallt'U_.t'lS, tht'n ill lilt" [,dl ol 1911 hc stagctt a largc ai+ mcct on his cstatt +, al

+dfich his plant '+, wcrc lfih)It+d b_, 11:,cls html the WHghl 5t h_n)l, Kr<)gt+L "For (;n(';ttt'st ._._ hivtt'mt'in. ,' I ), 18,

12. Roll[c+ I'+_) the (;Peat+<+t A+l+ie_,+'me_+t, p. _3. qnoling liom the l+,ttllctin ol the At'to Clnh ol Amc]ica+

11112. Thc 1] i)t)hv was ()rig[redly named Ac]o Clnh o1 AIIR'I ka Tt()l)hy. It was called lilt" Collier "l'roph', ttmn 11122,

_,',ht'lt Iht ++\,Pro (:lub I)ccaml' Iht' Nalional AtTolt;ttllit Assot [alton, bul lht • tl;tlllt* was not officially changt'd until

It) tt. Tht _ bton.,'c Irollh _, was the work of sculpt(n Elt|t'sl Wist' KtTst'r, a [Ol+mt'l slutl('nl ill Atnguslus

Nainl-(ia, udt'ns /xh() had also scnll)lt*d lht' memorial ot Ri)bcll (:oil[it's I_tlht+r. Th(* lvsulling lrtq)hY rt.l)rt'st+nts

the nimnph .t man ()+t'wtlalmal lol(t.s: il x_t.ighs525 l),mnd++and is ncm' ,m I:.t'lmant'nl (lisl)l+_'+al I1_(.N_tli(n_al
L\il and ":,I);I(CMnscnm. Klog(m '*FI)I (;l(';ll('sl At hicxt'mt'nt," i). IN.

13, Sl)t+n) w.n two C()llicr 'li+ophics,in 11114ant11916. It] the ¢",csol hisbi()gra1>hct;tht+'a*did not (Oml);Uc in
itt'tlxnlat_cc to tin" l)nzc he won tot his aircndt intllll:,vclnellls ill an inlt+l]lzttionitl (;ontpctJtion tot N;tli*l:+ ill At'rOl)tant*s

held in F_itnt't + ill 1914 or to the John Ftilz Med;d awarded to Si)t'tt ) by the leading cnt,,incering slwi(.lit+s (_1 Amcti<a in

1926. Ihomas I_ I h+ghcs, I']m+'t Slur)y: In+,+.ut+,a+td 1.3+g'im_,'_ tie,all[more, Mll:Johns I lopkin++ Uni,,vrsitv I'm.ms, 1!171 ), PF'.

I_._.k-2l)O ;tnd 307_)N. In part, this is I>ccansc a'LCi;tliol_ lV;t", not Sl/Ctla,'s firm pHorit,,; but il _tls<) rctltTts _1_(' limilcd pnt'sliu,_'

ot the (:oliicr liot)hy at a timc when thc IY nitcd .";talcs had litllen I)chind olhcl ,_'otlntHcs ill axJ;llJon+

1 I. 1+'()t ;t (()ml)Ictc list ol (:ollicr "l't()l)It_ l,,innt'is '+('t' R()I)ic, l'b) th+' (h_at+'_t A,hic+_,t_ic_/, pp. L>29-?,(i.

15. Vqight's lcttcr is qtt()lcd at Icnglh t)', Ah'× Re)land, ),to_b'l I_eanh: The A?ztio)trzl Ad_,iso)) (._m_m+lt+','/,_

A,'_m_z_fl_. 1915 19.tN, 2 Vols. (Washingt(nL 1)( :: NASA SP-4107,, 19851, 1::11.51 (nott. 3_)). Wright c_)mm('tns Ih;ll "All

cxaminali(m t)t Iht* list ()f ]c¢ipict_ts sin,:t" that time _++ill itwt*al Ihal attcr the N.A.A. tame inlo F,()ss('ssion (>1 il the

_l_,_,'k|ltlS havt+ hi'tell IIIOMIY It) U._. g()Velllntent blllt'_ltlS _t1"1(| Io iIl_tlttltilt lllrillg t'l)lllp_tllie_, illSlead ot h) in(lividu;tls.

['his, t_o (ll)tll)l. is (hit' to tht' litct th_ll intlividttals haft' nlort' modestly IsicJ ll|;tll blll_('_ttts ;tll_l t Ol t)l)laliOltS, _ltt(l Ih_tl

individuals (Io n<)t ha'it fltc "bntss' to s_'(+k the award, whih' btneatts and cOral)attics ha'+c n<) t;t( k in nhat rvsl)CCt."

Roland t (n)tm(*t_ts lhat "Wrig]n was st"_ ('III_+Hw(+ WIll+ll hi' '¢,:I( 1111111111 Icttet;.iust li)ttr :+t'_-irn li<)m (h'alh, I1111 h(' w;ts ii<)I

n('l_ilt' ;in(l hi' '+',';is lll)l ;i 1)ill(.r (lid man. I [c was simply th(" p_llriat(h o| +iv[alton, |it't' Ill call a _l)_t<Ic ;t spa(Ic,"
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I [ow(",er, Wright's pr<_tcst c<)uld n<)t rev<?rsc tilt + cl,_+clining role oF th(' inclivichml inv<.ntoi +

ot +i+cdclh|c the trophy. The Collier TroF, hy was an av.;at+(| f()r a(:hievcn+et+t, not l<)r inven-

tion. and cottld be _iVCll |0 pilots or orgaifizati<)ns as readily as to invcnt<)vs.

The NAA apl)oinled a new conunittt.e each year to select the (:<)llicr "li<)[)hy win-

nor. The I)rcsident of the Ass()ciati<)n n()minal('d lh(" ivit'lt/i)t'ts of the selection ((munhlt'e.

oftcri inchtding previ<nis winners. The ifinc ni('mt)(+rs ()t the U..)43 (+()nunitl(+( • giv(' a s('ns(.

of the il+lt(+iests involved: (,rover l,()('nig, advisor on aircraft <)t the War Prodtuction B<)ard

(WPB) ((hair), l)r. (,eorge W. I+ewis, l)itt+(t<)l- <)f Aer<)nautical Research ti)r the NACA;

Willianl R. Enyart, Pt(+sidcnl ot +the N+,L,k (c× ()tilt+it)); (;ill Rol)t)Wilson, aviati<)n ('(tit<)l-<)t +

the +\½v )brk tterald ?77bz+t+_ M@)r lx'sl('i + I). (;ar(tnt'l; chairnlan ()|+ 111(+ c<)un(+il ()| th('

hisliltli(, <if A(tr()llauti<-a] _ci('ilc('s; R()g('i W()lli + Kahil, _i t{iiil()liS l)rival(, f)il<)i; I.atlr('n('(' P.

Sharpies, ('hailill,ill of th(" b<)ar(l <)J th(! Air<i-at) ()will,l-y, and Pih)ls Ass()('iali()n; Wiliianl It

Ma('(]ra(k('ii, Jr, g(_lit!ial (ounstt], and '141rillialii It Ri,ddiilg, lit(" Iicastlr(,i + (l| lh(" N+,\A. _" By

the l(.)9()s, <hi' si'h'(ii()n c()lllilliltt'(" had <_r()vVll I() ihhlv t<) It)<+iv ni(_llll)i,lS, but (:()llliiiil('(l 1(')

ri+Dies('iil i('a(lcrs o| all I_t(i'lS <if lit(! ai'i(isi)ac(' iii(hlSll_;, k7 Tile val+yiil<g tvi)(,s <)f i)r(!jc(-t+
rcctqving awai+(ts ('<)V(+lt,(| in this vohilii(, ,'+tlg_>l,sls lhal lht' ('haraet('r ()t the s('l('(ti()n coin-

iniil<_(" l(+ll(lt'(l to val)' sornt'whal Ol+i lhc t)asis <if th(" inl('rl'sts <)1 lhc NAA Prt'sident and lilt"

Asso(iati()n. The (]<)lliei +Trot)by sh<)ul(l ihcrel+ort_ tic tindttrsiood as a rt'||('('tion ofattilu(it's

aiid t)ri<)rith'_ in lh(' (Oliiniunily ()t aviali<)li t'iilhlisiasls ali(I Ihosi" ('nil)to.v(,(| in ael+<)sl)a<'( ,-

r(!lal('(t w<)rk ill indtl,'.;ll) +and g<)verllillt'ill. It did il<)t hay(, as illll(h buill-in i)r()lt'cli()n fr<)nl

bias and _h()rl-l('rni fads as lilt Nobel Prize, I)ut llios(, inv()ivcd ill lh(" (]<)liit'i +awar(l [)r()ct'ss

vahlc(l v('l 5, highly lilt" [)re,stig(, (if the trol)hy mid sottgilt It) pr('s('l+Vt • thai [)r('stigt" 1)y ctl<)os-

ing al)i)r()l)rial(t awar(l(+l,s. The trophy had little t() back tip its signiti(an(c cx(t,i)t ti)i hs

I()n<g hist()ry and th(' Iradition Illal ii was awar<h'd tiy Ih(' Pi+('sidcni (if ih(' t_iiil('d Slalt's; its

illli)Ollali((t i('sl(+(| (ill ihc liist(,i- of lh(' wiiiii<qs. _+

The NA(_, NASA, and Government Research

Thc pr<>jcctswh()sl" stot+ics ;_t1"1'toM in lhis I)o()k l)i+()vi(Ic a set+its of case siti(lics <)t

([l_l]l<_(,s ill lh(" i+('si'itF(|l and d(!v(+lo])lll(!l/l [)l()(('ss ill _i govt!llllllt!lll s('lliilg over I]i(_ l)cri<)<l

t}-oin lilt' l(.)<.)0s l<) Ill+c" li)9()s. "[+iley tit iilt() a sl()l+y ()t' ill(T('aSillg, gliVCrlllll('l/l Slll)porl t()l st'i-

t'<It'(! ;:ili([ It'('hliolot.,_, lhroilg>h on(' i)arli(tllar ,_liv('riiiii(qil a<_i_n(y, which Ilk(" all Ol-g>_tiiizali()liS

;ill(I l)e()l)h • lias 1)(It'll shai)ed b v its own uiii(lU(' hislorv. :\ 1)lief siirv(,y ()t lhal hisli)ry ])r(tvi(li,s

ilii])()rlani t)ack<grolind |()1 _tiiy alleiiil)l 1() draw lm)a(icr ('Oli('hisiOliS.

Tit(' National -\dvis(iry (]()lilliiill('(" i()r A<'r()ll;iiili(s (NAt]A) h('li)('d s('l Ill(" i)rc(( '-

(l<.'lil It)i <_()v('rliill('iil [tlil(till<g (.it rt's(tar(h 4lid d(w('l()])lli('lll ill P,V(tllli('lh t('liliil',,' Aiii<'lJ(ii, il

[)r('(('(l('lil llial r('i)r(,si,nl(!(l a viii)' sigilitic_lill (h;ill<_(! fr()iil llinl'll'('nlii ((,llltll_/' assuiill)liOliS.

_),'tql ill lh(' llill('l('('lllh ('('111111)' the Pcd('ral ,g()V(!l-iiill(,l/l hacl i)rovid(xl sttpp()rt ti)l i('st'_ir(h

I(L Krligcl, +'tq)i (;icatcsl :\1 hit"_r(,lll(,lll, '' 11. I_. '['hcic is no i)ailictll;ll sil4iiilittiil(¢, I(> 19.13: it in +,iiilt>l_
Ihc (inl} l)l£1)li_ht.(I Iiq ()1 sch'llil)ll tl>ninliilcc liil'lll|)l,l_, th;ll I h;ivc cn( (>unlcl('(l+ "I'll<' liWilid thai v(,ilr '¢_('111I()

(];illl_tini l,uin I)('l:loit'] ill lht' I r_. N;i'o, RI'M'I%i' li)r his (()nlrilnlli<)n tii IIic ,,:lti" lind ral)hl ll;iinili+_ _l| (i)llil)_ll
t)ih>ts azld ( I('Wh.

17. 'l'lnc t Ulil'iil i)ra(li(c is that th(" Prt'nidcnt ¢1t the Nati[>n;ll Acionmlli( Assoriati(m cxlcild++ ;ll)_ltii sixl_

ili'_italions ll) i);iili(il)alt , ill IIw _t'h'cli(iui ((>lnlniitl'(', lit't(| ih(' clininiill('(" i_+([)lli])<)_t'l'l (l| wtiat(,V('l llllllll)t'l _1((('pt
Ihc ili,,ilaii(>n. M(_si ot Ihll+.l • hlvitc(I _11('ilit'ilibl'l "_,(d tli_' A+++4ociaiion;[)i c'_id('iil_, ()1 Ih(' ,".it( ]llntl_ _lttTlilltt.(I _itli the

N_ilhlnal +\('l(in_ilili( ,\_;,+_)(ialion _lll' alil()inalh_illx in_ite(l. The ili('lllt)('l'++ i)1 Ih(' s_']l'cii()ii i liililllill(.(, liil..i,l in i)ci
_+_lli,_lll(I ;ili('i di++(u++sin_• Ihc r('(l)llilii_'lidali(lil_, told (_iiliit'_ _,olc I)x st'( i('1 I);ilhll llii Ihal y('al'++ ;iw_ird. lt']('l)l_l>nc
inl('i;ic'+_ _itli Iill I_,_ltil()ili. ,\dlliillisir_iliV(' ,'%s_,i_lalil,Nnli<>niill ACl(>nalilil ..\'+'+o(i;lliOn+ I)('¢'('lnl)t'i l_'l. I<.t{t_-i.

IN+ .L\ I;ll_(' 111()II1'1111"%;1%%11(t 01" ;I nl(ill' ili1[)1)11{1111 "411( >li'_ ll ill _ i)lf2,41iizali(lll W()illd ll_t'+t' _i%'('tl lht' ll<iph} ;t

Ilillit' <)itic(tiU" _.(lili((' I)l i)rcstil4t ,. hist('ad. Iht' (;_lllici li(_t)ll_ iti_iiill_iiti(.d it.+,+4t;illl_,_i++ih(' ++lnliMi)ri]cd tit ;ill 4_.i_t-

lit)it hoii(>i _,in ilic I 'nilcd _llttt._,'' I)'+ ti_i(tilillii ;ih)llC (th(" it<it)it, in ti(ml R+,I)i_,. I+h_th+ (;_,"ah_! ,l_ha'+,_m+..I, i I, x).

XV



incertainkeyareaswhereaconsensuscouldticreachedabouthowtosci-vcthepublic
good,suchasIhc'(]oaslStlrveyandtIleDcpaFlnl_'xllofAgrhafllure.ButacolistittHional

pvinciph" that such functions belonged to the slates except in limes of national ctnttlg(_ncy

continued after the Civil War, and laisse_ Ji.re economic theories actually h'd to an cv<'n

mort limited deihlition of the proper role of ,_OV¢'l'llllll'lll in areas that might b<" c(msid-

crcd competition with induslry?" The new govcrnmcnl sponsorship of research and devcl-

Oplllt'llt l]lill il;Id its Fools ill World War I FC])l-t_;,l'llll_l.i ;I signil]canl cllallgt' in tilt" roh' of

lilt" state, silid st cliallgc that nict significant resistance.

The NACA was only one of a ntunt)<'r ¢)1 organizalions crcated as a rcsuh of lob-

bying by scicnlists and engineers fi_r st new govcrlilli('nl rolc in rcsearch and dcvch/pnwnl

in World War I?' The NACA gol off Io an early slatl; Prcsidcnl Wilson signed lilt" NavM

Appropriati<ms Bill that created the National Advisory (]<)nlmittcc for Aeronautics in

March 1915. "Flit: scientists, engineers, and cnthusiasls who had lol)bied fiir tilt' bill tot

lilOlu lhsill t_tll %'t,;llS wanlt'd g()Vt'llitllClll [trading of stcron,ttilical it_scaFch to allow the

1.!nitt, d States to catch up with rapid devclopnlcnis in Eraopt, whcre the possillilitics of

tilt" "_Vrighi h,voihers' invention had sparked mort in\crest than in the [!nitcd Sllilt!_,. The

legislation did not pass until tilt" outbreak of WSll provided _111additional [illS]l, and the bill

did nothing inorc than create an advisol.y connnince and provide it with a small appropri-

ation. Tht" NA(]A then set out to invent its own role.-" In ius first fit,w years, the new

( ;onnnittct" played a significant role in the wartime coordination of industry and used sonic

o| its sniall budget to sponsor research at private institutions. Its leaders made the building

of a new lat)oratolw their higlwst priority, (tt'sl)ilc consideratlle ol)position. _-' The tat)orato-

ry sit l,anglcy Field, in Virginia, established the NA(]A ;is a Ft, dcral research agency dcspitc

its title as an advisory committcc. After the war ended, th,I)sttt's ovl.,l Iht" rolt_ of the Fcdcrat

g<_vt, rnnlcnt in supporting and rtrgulslling aviation created considerable unct'll,lilltv alloul

the tlitulc of tht' NA(]A. hi tht" end, other aviation related functions--regulation ,uid the

sponsorshi l) of iill'l'st.Sll'ilt'ltirl'--wt'i'tt assigned to ttll' l)t!pSillliiellt of( ;onlilll'lxx', leaving thl"

(]Oliilililtl't" with r/.st.sli(h sis its ct-nllStl ioh'. -'_

AI the l_uit41cy Menlorial At.ronaulical l_llloralOl_/, dedicated in Jilll(' 19'2(I, NAil&

scil'nlisis Silid eli_,iii¢'t'rg st'l oUl IO establisli the place of liil" Federal govt'FliliR'iil in pl';tceliin_'

as,4ation r0scarch. The laboralol,-y prosAded tairly up-ic_tltie facilities: a wind iunnt'l, till t'nginc-

dvIlalliOlll(!teF labol_atoi) ', all¢l a general l-t'sc;li-ch ]_tbol?ltOl), lluilding. A series of conilicls

b_'twccn pt_lSOllllt'] ;il the laborato O' and tilt' NAIL& lit'Stdttil_ti'ltq'S in ti¥:usliiliglOli, lit;, tend-

i'd Io dlltliiiiait" ihc tont't'rns (if tilt' lcadc'i,ship, lilil technical pcrsoilnt'l had l]lc i.qllipiii(!lil

itlcv needed i_ do worthwhile rt'st'arch. _ "tilt' lal)orsilol]' devclopcd a t_>cii_; Oll sit!iOll_tiilical

i)rindplcs ill order to take atlv_tlil;tgt _of it.s wind llllinl'l thcilities aiid Io avoid COlii])l'liliOli wilh

lilt" lilililal] St'la,'ict's (which w;tnlt'd to iiiaililltiii conlrol of It'siing ;tlid selling spccilhations |_)1

lit'w airt'rali dr.signs ti)i niilitaiy nii_sioris), ihc Nalional Biiit'ittl of _tandai-ds, and indn,sl O'

(which had |acitilics |oi t.n_iilt" rescarch).<'>-'Thc NAt 5% t_ltllld si nicilc liOl only ill iL_ ctloice o|

rt'st!;irch plO_ialli bill also ill how il allploatiit_d it'_;t_;irch protileins: "The slrt'iiglh of the

NAt _\ .%\'t-illS Io lit' lhat ii had tht" hlxnry of plli-Silill_ hicrtqncnlally oVt'l sl long pcriod of linlc

19. tgir :l ttl()illilT, ll stir'el'v, st'l' A. I tuliit'r l)ttplt't', S+ieme m the 1,7"dem!(;ovvrume.#: A Ili_u.)' o/I'oluie_ a.d
.-tHivitW_ t+Jl<_4tJ ((;dlll|liidgl', MA: Ill'lkn_lll Prl'ss llf tlarv;n'd {'ni_cisil)Press, 1957L

211. hit _l Sill _t'): ill lhc iinlmCl of W_nhl Wai I on st i_.'llll', St'L' l)anicl.I. K<.vlcs, 7hr t'tn, sUi_ls: IDa, Ilistm_

_,] a ,_ U.ullii¢ (;_l:u.lu.l['l' ill Jlodeiu ,llme_Tfrl (N_<'t__t'lll k, NY: Allied :%. Knopt, l t.17bl), lip. 102-54
71. R<,land, Almh'l I¢rsrruvh, 1:24-25.

22. lluring tht' war ",cars the NACA spent more than half ils total ])lldgcl oll blfitding its la|lo_au_r_
i_ilhUl" l|lilll l ili inlnit'di_lit' ;_al-rt'lalt'd pr<!iccis. Rlllanlt, Model I{eseat_Jl, I;?,1)-31, 4G.

2:t. llmL, ch. 3.
24. Ibid.. 1 : _O-g7.

25. IBM., 1:_7 1"19.
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answers to l)rol)h'n_sthal wcrc of great inIcr(!slto lht"commercial and millime' worhls."_"'In

()lhcl" W()ldS, Ihc NA(;A could imrsuc cnginccring scicnce: sySIClllalic invcstigali<m of the

])aramcters needed t0r cnghm,_'ring design. Thc h'aders of lht, NACA initially thought that

tile (]t)mmiltcc had to establish ils rcln,tation It?,'scicnlilic (n<_l engineering) atchicvenwnt.

and hil+cd Max Munk t}oln (;t'rmany bccausc _>t his lht'orctical rct)tllaliOll, er The nccessitv

of practical rcsuhs lo.justit}' Fcdcral limding, a,ul Ihc dominanl roh: of cnginccrs on lilt'

NAt2\ main cotmnitl{+c gradually rcvcrscd lhal allitttdc, cslablishing tilt" rclationship

between theoretical and practical research as a ccntr,d tension within tilt' laboratory and for

tht! agency as a wh<dc.e_(]halltt'rs 2, 3, and 4 of this voltlmc show tilt: central role of lht'sc

issues ill the NA(;A ht the vcm* betbrc and mcn c<mlimfing during and atR'r \k_+rld V_+ar II.

:v+ aviation Icchnoh>RT tu'cmnc mort comillcx in tht, lale inlt'rwar period, Ihc NAt ;,,\

I_>Im(l ilself sl)onsov'hl R not only rcscm+ch on conlponcnls and (Icsign paranlclcrs, btll large-

scale rcsearch ,utd devch>lnnent ImWCtS. World War II I)rot,ghl a rclttrn to Ill(>l'C t),aclical

conccnls (scc chapter 2, [ill examph!}, I)ut with thc greater Cml)hasis <m government-f traded

tcchnolot.,_: t:hal+aClcrislic of lilt' war ycalrs, it also provided lilt! NAt A with bfoadcr cxpcricnce

in lmgc dcvch)lmmnt progrmns and somc push to lake bigger risks/' Perhaps nlost notably,

mcmbcrs of tilt' aviation conmnmity saw SUl)Crsonic t]ight as the next step, but making thai

slop required both thcorctical restart h (chaptcr 5), wind tttnncl testing (chaptcr 4), and aclu-

al l)uilding of cxpcrimcntal aircraft (chaplcrs 3 and 6). "l'h<Isc cxpcrinwntal airtTali wcrc n<)

hmgcr prototypes of new militm T aircraft, bul wcrc designed s<dcly lot research pUFl)<)scs. Thc

NA(L,\ IhcrctblC I<+Ulld itself in tilt' tmsincss of contracting with industl T tor the design and

matlttfacttne ot radically new vehMcs. Thc X-15 project in pautit:tdar (chapter 6) ditti'rcd

littlc in scale and scopc tiotn sl)acc pt<+jccls of a [i:_v years latcL The increasing sophisticatiou

o[" tilt" technological chalh'ngcs chosvn by the NA(A waLs h';tding the agcncy It)ward a pmjccl

t_rgani/alion typical of big technology+ CVCll bcl0rc Ira/din R bccamc politicizcd.

NA(;A leadcrs li..h SOlnC ttltCCrlainly abotll Ibis tFaIIsilioll [rt)lll a r<llt" lhat ccnlcrcd

tm basic rcscaFch allld prol)lenl soMng to one CClltCi-t'd ()it taking responsibility tbr largc

projects, and they did not pttsh to take at majt+r role in space research in the period bcti)rc

Sl)utnik. :_''The agency's budget had not grown with ils role; it depended on partncrshil)s

with tile Delmrttnent of Defense tilt tilt: [unding td lalgt + i)mjccts, such as the X-15. I+Vhilt"

the NACA did not initially move to seize tilt' new opportunities open¢'d by the launch of

Splttnik in October 1957, those opportlmilies provcd significant and a unique contlucncc

of cirt:tunstanccs soon I]lrtlst tile NASA into lilt" center of the Sputnik iesponsc. _' If the

American people demanded that tilt+ United Slates tricot aggressively tilt+ challenges of lilt"

Soviet tTnion, President l)wight 1). Eisenhower al Icast hopcd to keep that eflort ottl tlf tilt'

hands of the Department tlF Dct;ense. whosc mission ht +wanted Io keep aimed at national

sccurity. `+ lit' assigncd lilt" problenl of what t<_ d_ a|l)t:,lll Sl)alCt+ to his scicncc advis<_r and

Killian immedialcly Ittrnt+d to lilt" NAt ]A as a I)ossil)h' ahcrnativc to [)epartnlcnl <+1"l}cl_'nsc

2(:,, Rogcl D. l+atnfius, iniv;m ' _ommunicali,m to mulhot\ Ma,, _9, 199(i.
27. Munk had cann Ira> PILl). degrees tiom the l_hd',:c_sh_ ot( ;/_ttingen. one in cnginccuin g and anothcn

in physics.
28. Roland, Modd ICe,earth, 1:89-9b;.

29. In patti_ ular, the NA(IA was ( rititizcd l)ctilll_;C tlnt+lYnitcd Stall's h>st lilt' wartinlt" fact' to dcxchq+ a
jet aircrMt, ,q('c Edward W. (]onstanl 11, 7'/*+' (h'i_6.+ ,/I/.' T._boj+'l IPe_.d.tio. ([_,ahimorc, MD: l,)hns th)pkins
[hm'crsitv Press, 198()).

30. Roland, M.d_'l I_e_eanh, th. 12, parli¢ ularl_ t:28_.
31, Ibid., 1: 290. Roland nClmnts that Ihc subj,..,_t _ffSImtnik dM not _uise at the NA(:A ammal nit,piing

held lt"-,s Ihltll |D,I) W('cks latcl',

++2. Scc Wallcr ,\. Mcl)ougall .... Ihe/lea+,c.s a.d lh+'l'2a+lh:,1 I+dili+al/li_h._+ +4 the ,S_+a++'.'l£,r (New _i_t k,
NY: P,asit Books, 1985), oh. li, tot at discusP,ior_ ot Eiscnho;+,,:'t's In<_li',ations.
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comrol of the space progranl..Mcamvhile, by December 1957, NA(_A leaders began uying

Io dctine and lobby for a new role Ibr the NACA in space research?;

In February 1958, the President's Science Advisol T Committee recommended that

the NA(3A be expanded into a new civilian space agency. NACA leaders found thcmsck'cs

and their vision of how a research agency should operate given second place in the new

organization. This nmrginalization started when Eisenhower assigned an executive branch

team m write l|w necessary legislation. The Bmeau of Ihc Btidget had long wanted to reof

g,,mize the NACA's committee Mrt|cttlrc, and insisted that the new agency be organized

hi<'r;uchicallv with an a(hninistrat<)r appointed t)y the President. _* NA(L-_, leaders had

assumed thal the new agcn,c} would continue a Iradilional NACA pattern by scckit+g

rcseatxh assignments and ftmding tbr cooperative projects front the military services, but

(]ongrcss wanted space projects to bc dclincd by NASA, not the l)cpartment of l)ctbnsc.;:'
Eiscnhower and his advisors had simihtr interests and insisted on a division of space activi-

ties between NASA and the Dcparmwnt ¢)1 Defimse instead oF cooperative pr<)jects on the

model t>t the X- 15. The President's Science Advisor, James R. Killian,Jr., finally stepped inlo

a deadlocked discussion in which the NA(:A and lhc l)clmvtment of Defense's Advanced

Research Pr_+jctls Agency wct+e trying to divide tht" space l)vogram. Killian insisted that all

space activities without a oh'at militm T ntissi<m be assigned solely to the new National

Acron,nttics and Space Administration. `'+This decision committed the new agency to a

tb<us on large lm!jects rathcr than rcsc;trch into basic l>rinciF, Ics, suddcnly completing a

transition that had been in its early stages with prt!jects like the X-15.

Not all of the new agcncy took <m the new style, but most ot +the attention ol +its h'ad-

c,ship and the imblic went to the space race in the 1960s. [h'sitantly trader the Eiscnhowcr

administrali<m, and thcn with a Sill'gP of confidence ;flier Kennedy's decision to go to the

Moon, NASA leaders shaped the agency tuwards the pttrsuit o[ ]atgo research and <lcwh>l)-

mcnt l)mjccls whose justitication lay as much in national prestige :rod a bclicf that space was

the new tronticr as in specific scitmiific and practical objectives. +:The Mercury project (chal)-

It'r 7) rt,prt,sentcd a mix of old ancl new c<mslraints and ol)porttmities, bul lhe decision to go

It> tiw Moon g, tve NASA a li'w years of high priority, generous lhnding, and public sttpp<>rt

(chapter 8). 'File flush year.',; o| the early 1960s depended _in (<)ilgltlCilCC bctweell Ihe space

pvogr, m_ and perceptions of national nccds; they dM not represent sttpp<m [br ;t space

program for its own sake. That congriwnce nlade possible the success of Apollo under the

itlsl)irt+d Icadt'lMfip of NASA AdministratorJmncs E. Wt.I)b, a line manager mid a lllaSlCl" OI

the delicate mancttvcring necessary 1o exert leadetMfil) li-otn an administrative position. ++But

il It'll NASA in mt trustable position, idcnlilicd with a relatively shorl-livcd national agenda

il<'tn r;tlhcr ttuttl wilh a pcl'lll;+tllCllt nfission."'

33. R<dmltl. Mo+b'l Ib_s+'arch. 1:291-93. Rt+land ,cp,tnts that within the NA(:A "Olfiniot+ _r_IS divided, t_nlghly

ah,ng _t'nt'i;ltitmM Imc+,. bt.twccn the V{illllg lllCll "whl) w:mt<+d lilt + NA(L,\ to Caml)aign Ibl :t l)mad new +_>Ic in ,,p:it t+

at;d lilt' t,ld h:mds ++lit> prclt+rtcd a iilOlC cattliot+s CXl)ansi_m ot tilt' NA( _m_'S CIIITCIII lit tixitics +' (p. 292).

3 t. Ibid.. 1:2':) I-tlS.

33. M_l)otigall. lh'.'tveP+s aPid lhc l'.'aHh, ;lt_ilt'S that this senlliunt+nt wan stn<mgcst in. lhc l[ou,,c o[

Rcl).C+,CNtatixc,+, and that Nt'n_itol l,_,Ndc,n .l<dms.u SUl)p_wtcd lilt' Pt+Ntagon ,+, tlaim vdlilc Imhli_ Ix ;irgmng lOl

the pcat chd uses _lt _;pat c (p. 173).

'36. Rtdavltt> Almh'l l'l.,_',.,'az,'h, 1:'29_99. St.t. ;ds,) ];ml,t's R. Killia,,, Jl., .'_],ut.ik, .";riettlisl',, attd l(t',,,..h+m,e_: .'t

Al+moi_ ,+/the t'tlxt g/.'+ial lssi+ta.t t. the I%wdc.t ]+. gH+,nru a.d "li'+hm,h+g, _ (( ;aml>ridgc, MA: MIT I)tcss. 1977).

37. Scc ti,, cxantl>lc. _r. I Ic'H'. l.aml>riuht, I'+m,c_m¢ Xp./hc/.mes I'. It;,bD +4 NA,'s.I (t++:dtim_lc. Mll:.itdms

Ihqlkinn I nixc,sit,, Ihx'ss. 1995) and Mcl)otigall, Ihavc.+ a.d Ill+" Earth.

3F,. l,ambt ight, 15m,eH.g Ap.lh,, pp. 8-9. l+ambright's inllotluclilln is a ,._mdcl lill Cxl>lmlmi<m _1 the lim-

d,lliit'lit+d iSnilt'n _ll Icadct_,hip Ihal aliSt' in exe(utivc agt+ticies, whith in Iht><li'+ air' supp<_scd <nil', to cail_, _itll

liMi< i<'_ st'i ll'+ Iht' Ptt'Pddt'ill,

3¶t. [ ;linl)li_hl _iil_lit'_, ihal llit' t oiiglt'_'+ional ( <)li'+CllMl+_ hi '>tlppoil of ,\p<dh_ Icp;tt'd "l)alclx I;_l _,t'itl'_,"

Ibt,l., p. 9.
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TheApolloperi()dgavetheagrncyasenseol+nlotttentutn,butbvthel,tle1960spub-
ticandpoliticalSUl)l)Ofthadshilt<.'dandthe.igencyfi)un(lit could t+l_t gel the lhnding it
needed to sustaitl that in<)mctltum. _"Public su])l)<>t-t declhwd once it was clear that tilt" U.S.

we+lid +'+,+illthe I+l('e It) tile M()<)ll _-llICI,ill _td(liti<)ll, the V+CllKttll Well" led both to a budget

crunc]l and to +lip dcv(_l(:,pmetH ola new h'It-wing (Till(lilt ol.'+ciellc¢+ aIld tcchnoh>gy. +' In this

increasitlgly hostile environment, NASA l('a(hws slruggled to maintain tile ag('n(v's tradition

of large pr<+jects to put people in Sl)aCc mid Io adapl Io the new realities of maintaining a +)re-

gram without _i.national cons<:,tsus _ll)Otlt tlt(+ iml)Oftatlce of lit(+ space race. Ill the 1970s, the

space agency and its supporters tried a variety of appr<_aches to rel)uild the l)td)lic support
that had mad+" .'+onm(h possible in lhe Al)olli+ l)r.grant. Skvlal) (chapter 9) rel)resentcd an

eflort Io ])rove bolh tile value of htmtan beings in space andt<) hang an cxp+llisivc SI)_IC("pr<)-

gl'_illl ell t}]c lit+ilk c,f scietwe. Landsat (chapter I0) sought to bring tile benefits of the space
progl-mn back to Earth, an ell+(tt-t lhat tlid not get atlcqttate sttl)i)orl eith<:f in NASA or in the

re.st of ._,ovcl'lllnellt, but which looked enough like tlt(' wave of the lhttuc to get ;_,Collier
Tr<+l)hy in 1974. The Space Slmttle (chal)tcr 12) l)cc,un(: i(lenlified with a new vision of rou-

tine, relatively ec<)tlomical at:tess to space, a p,'ontisr wlli(+h tilt' v<.'hicle c<)l,ld never qtfitr

l+l+IC+e't.+:-'The goal of the agency lhrotL_h most of this period was to lind a way to ('<)ntinue s])ace
exploration in an era of diminishing fun(ling.

The old models b(tcalne increa,,+ingl?, problenmtic in the 1(.)80,,+.Starting with Pre.sident

Jitnnly Carter's elt(>rLs to cut back big goxz'rntnenl, N:LSA leaders Iound themselvcs trader ptes-

sure t(> (:onmwr(ialize ot +l)fiv+ttizc more ol)et,lli<)ns. At first thes(' ])rem,;tu-cs had liltle ell_+..(t;an

enq)ha.'+is on the rot+tint (>+)el+at+oil (if the Spa(e Shullle eL,;a "Sl)ace tru(k" l)erhal)S r(+l)t+esentc(l
a new w_W (if thitlking Ibr tile +lgellC)+ bttt the shuttle a((i(h'nl made it (lear that the v('hich,

c<)uld n()t thlly till that role. B<+lh Ihc Challenffera(ci(tet+t and Ill(" ])r<)bletns of the thd)l)le Si)ace

Teles(:ol)e led It> sigtdticmlt (:riticisms of NASA nmnagemenl, and to changes in nmnagt'ment

.stt'twltue to address tilt, l)re.,+sing f)rot/lems that had t)('('n i(lentifird (('hal)term 17)and 16). Thesr

imlnr(liate (hanges li'(t into a ])ush tot I)roa(ter (:lmnges; .starting it( the early 1990s l]le lra(lers

of N,'LSA begml I<)Cxl)h)rc alter(mr|yes Io the big s('ien(e mt+(h'l. N:LSA A(hninistrat()r I)aniel S.

(;<)l(titl's (:all for a "t_t,+tt'l, 1)elt('I; quicker" way of (Ioing I)usiness involvc(I not only (viti(istn of
the (+I(I large-l)r(+ject nto(lel but also an _lllel|lI)l t<) (h'veh) I) an alterllativc.

Big Science, Big Technology

The chanw.+s that look ilia('( +it+ the NA(]A and the NASA forln earl <}fa larger pat-

tcfn lhal historians call the ris(, of big '+('ien(e. The case studies covered in this t)o(>k give

a sample of [)r(!je(+ts <)vet lit(" key l)crio(l fi>r the (leveh)t)ment of big st+once. They (lo not

+el)rest, hi classic (ames--the classic case For big scien(e is usually high-(,nrr_, T i)hvsi(-s--l)ul

they wi(h'n our tm(lerstan(litlg of how ,g()v('rnmetlt stq)l)()rl and in(l+e_lsing i)r(!ject size
affe(te(l the research and (levehq)men! (+()mmtmitv well t)ev(+t+d the I)or(lers <)f t)hvsics.
These cases show b<)lh the sttengths and the litnitatitms of tl+w "l)ig s(irn('e" al)l)roa(:h; in

Imt NASA may l)e <)he of lit(' first agen(ies where peoph' have begun to l)e aware <)f el+('
limits of I)igger and l)igger l)r(+j(,(-ts and It) exl)l(>r(' ah('rt+atives.

4<). The ntomcutm+t el trchn(dogital (h';<'hq)tnr+;t is m'trssatil,, mot,.' a tn:alt('l of ittstittlti(ms than <_I

any inltclciH linc o[ tlcxch)l)ttict+t el tltr It'(hnoloh_. itsrll. %rr l'homa:+, I', llughrs, ,\'el++u, rkx o/Prm,et." l'.Ic,'l,'i/ir.lir,.

it+ Wr+h'Pn .%, b'l+, 18,+¢(_1q_0 (t_,allim()lc, Ml):LlOht+s Ih)pkins I.?lti'.,rrsity Press, 1983), tit. VI.

41. lSftt¢+.' I+.R+ Smilh at'_iv..s dtat a l:,road (onsrnstts iu stq>l)(.t (:+f Irtl+.'ral broiling o! rr.+rafth and

drvrhqtnwnt di++inlctUatc(l it+ the s¢'¢ (+nil hall el the' 1960s tin(Ice (riti(ism |_ont l)ofl_ tlt(' l('ll and lht' _ighl..%cc

Smith. Amet'tc,,,'.,+ ._','+'ct."e l%li+y Si,.e Wm4d t'l?+r II, oh. 4, l)atfi<-ularlv i)I ). 73-76.

12, flt<' classit ct itigur ()l the sitar r shutlle fi>r not lixitL, 4 u F, Io llic rxagg<'tatrd lit omi>,c "+,lhat had It+:rn

ttsctl to _aiu al)l>roxa110f the pt(+ir(t is Atrx Roland, ""I hr %htttth'. 'l]mtnl)h ,+t Turkey?" l)_,,+.t.,r6 (N(w('mlt¢._
l ':)_,r') ): _(+)-+l9.
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Evcr since DerekJ. De Solla Price t>ublished Little ,'_'rience, Big,'_'c.;ence ill 1963, his-

torians have used various concepts of big science as one basis for trying to understand how

tile practice and thala(tel' of science have changed ill the twentieth CellttlFy. *_()Ill" Illldel'-

standing of big science has deveh)ped significantly in illOle than thirty years, and, in

addition, we have begun It) exph)re qualitative as well as quantitative t.tl<.'cts of scale on

lethno]t)b, _, as well as on science. Sorer" historians ()f technoh)gy object to hlml)ing big

technolog, 3' will) big selenite, arguing that big technolog D' has its own independent histt)t T,

with close tit's to big business. BIll ill tilt: case ofgovernnlent Sltl)pOl'| t()l" l-esealC]l, |lie Coil-

fusion between science and Icchnolot,_' slal'lS not ill tile nlinds of historians writing _lbollt

tilt" projects but ill tile minds of the ])olicynlakers and scientists wilt) sha|)ed and advised

these projects. NASA leaders regularly referred to the agency's success ill tile condtl(t of

"big science" even when the pr(_jects involved aimed at technological rather than scientil-

it ends, and in many NACA and NASA projects, technological and scientific ends were

irrevocably intermixed. Tile NACA and NASA research projects stories told in this book

show SOlnt' of tile cotnplcxilies of this relalionship between science and technolo,t,n,'.

l.ooking at st'icnce first, the simplest argument nlakes World War II a turning

point in tile rise of big science. The developnlent of large teles(opes and a t_._w other large
scientilic instrutnents belbre World War II trained some leaders of the scientific (onllnu-

nile in adn)inistr;ation of large scientific projects. They, in turn, l)ut their experience to use

it) _t series of vet)' successful weapot)s-development projects (huing the war By tilt' en(I of

tilt" wal, the military servit:es had come to believe that llley needed to continue to SUpllort

basic scientilic rese_uch, and significant progress }lad been made towards a (onsensus that

tile Federal government should support large research prt!jt'cts for civilian purposes.

Scientists who had beeu involved in wartime pro leCts hoped for continued govel-lllllclll

funding, and while they h)l)|)icd lklr civilian funding agencies Sllch as tilt' AEC and NSF,

they also worked oul a compmnfise of inleresks with tilt' military servk:es to gel funding

froln tile Deparllnenl of DetL'nse on lernls Ihat mosl scientists t]_und agreeal)le. *' Once new

funding tnechanisnls had been worked (lilt and the stall of the (',old War had restored a

sense t)t ulgency, governnlent funding for scientilk research moved int(i another growth

I)hase. This gave a significant ntllnbcl-o| st:ientists (at least ill certain fields) an oppt)rttlni-

Ix' It) w()rk ()n a new scah', matiaging large 1)udgets and ta(kling scientific prt)l)lenls with

expensive illSlllllllelltS and ieanls of investigatt)rs who might all t)e listed as FC.,,-aIIIII(H-S 1111

a single stten(trio paper: These changes affected not.just tile conduct of scientific research

on certain (ttlestiolls, but also what questions scientists asked; st)me th'lds t)f s(ietlte (':lille

to t_)t'us t)n (luesli()us that tould only be answered with big histlunients. These changes in

science tlansfornied univeIsities; Ill(,}' t:,c(anie (lependent on Federal glanls alld (()llIl-a(ls

as tilt' major sources t)f research funding lot basic science. _'

More detaih'd studies (if+ post-'+_>rld War Ii science and technoloD_ ha_e revealed

a more complex picltne, g'++'tql ill physics, big s(ience I+epleSCllled ;.I choice of styh's and

organi/ational al)l)rt)achcs, not an inevilal)le ,-esptmse to l)avticuhtr discoveries in high-

t.nerg) physics.'" ()(her fiehls of science felt the etR'cts of big science h'ss. and snlall stir'nee

43. For the early hisloFV of the term "big s<it+hi t'." whith a<mall', dales I)a(k to Ihc lair 195()s. _vt'.lanlt+s

I I. (;apshew and l,Lut'n A. Rad,:r, "'Big S(iencc, l'ri( e to lh(" Pr,t+s,mit, '' (),,it++ (st'( onll ,,+.'tics) 7 (1992):I-I S.
-t4. St'f, lot cxaml>h'. I)aniH (;t't't'lil)t'r_, 1'7l+'I'OIilD_ r4 I'+m" 3,'firm," (Nt'w Y,+rk, NY: Nt'+_ Amvii, an

l.ibHt}, 1967) and Kt'vh's, Ihel'h+'+i+ist+.lh. XX|I.
IB, Ig_t the uni,+t'tsit'+ siih' ol tht + sio+'+ g(iod pla<.t's to star( are Stuart W. l.eslw, "17,+"(,M,q t+'+.ua.d

Imr'+++an '_+ieme: 7he .Xldi/ru'¢ h+du+l_+M-A, ademi+ r.omple.x ttl MIT ++rid .S'la,pml (New "tq_rk, NY: (;_+luml)ia

tlmClnit,+ Prt_sn, ]993) and R0nald I+. (,t'igt'I, "S_ iutl_'l'. Ulfixcrsitics, and National l)+.'10nst', 19.t5-1970," O_i,i_

(b,t'('oIId series) 7 (1997i: 26-,t8.
.Iti. Pt'lt'i (;alison ;uid |trti(t' Ih>vl'< _'ds., lJtg .";_mr.,,. The (;nm,th o] Im_e .%ra/+'l?e_+'rmh(StaniOld, (:.4:

_ianl_id ('ni_t.lsh_ Plcns, 199<2), I)p. 3-_.
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attitudes survived even itl some areas where t)i,_ instrtLn/('nls w++!r+: tu,,+t_d. _ Bi_ l)rojccts no1

dependent o11 a single instrmnent took on differen( (har_tcleristics than th,c.s(" <_rgani/ed

around one piece of hardware, and the dcgn'e to which tlw r<.'scarch was focused on science or

technology, mid was goal-ori(,nt(.d or (mio,'+it+v._hiv,ml re;tel(' a Ir(,mendotus dift(,rence in tht" char-

ac:ter ofl)ig projects. NASA ('onld not l)c c()ml)an,d dirt'(tly to a f¢'(l('ral pl+lysics lah, oralolT: the

scale may have l)et'n similar l)nt th¢" mix of _()als was (lifl_.'rcnt. ++'Btlt most kinds of l)i_ science

and tcclm(>lol,,_' shared (erlairn (omm<)n th('mcs involving the vchtti<mship t:>etween s(ience and

t('chnolog_' and the prot)k+ms of ptfl)li( rc'lations, administ,;tli<)n, ;tnd timding. '_+

In the case of th<' NA(_A and NASA wt" can identifY,' (¢'rtain (haractcrislics of l)i_

science and big t¢'chn<)l<+_+' thal Ibrm (lear, though bv no ni('ans tmilbrm, tr('ndm. First, NA( ',A

and then NASA I)ecatn(' h+crt'asingly canghl in a wel-J of ht,rt'atwralic and p<)litic+tl obli+_-

tions. The kinds ol poptflar proiects that might bt'come (;oilier Tr<)phy winners had t.

l)rovi(I( ' p(:,litical or |)tu(.an(+ratic capital I() the a<_cn( 7 <)r it.,; stq)l)ort('v.+s, not .jtnsl rt+sear¢h

results. Whhottt lhat not(', thcy stood little clmncc of bcht_ recognized 10r "<)tHstan(lhi,_

+whiev('m(+nt." Se(<)nd, lat+_cr pr(+je(ls rt'qt,irc,:l more COml>h,x Ibrmal org, aniz;tlion l(> kccp

control of the details, hldivi(hutl leaders and hm<)vators l)(+cam< ' It.ss hn|)<)t+la1+t, and the pl,m-

ning l)r()ct+ss l)ecat+nc mort + iml+,mlm+it. Third, rest,arch and development prqjects bccanw

mort+ c(mtl)li('altPd in lni+dan+enta.] ways ov(,r this period. More and more (lill+rctn kinds of

,.+xl+)ertist +went into a singh' FU<+ject, ;tild the dt."v,.'lopcrs of Ic(hnoloh++ were ()ft<.'n n() ]on_t'r

ill close COlnllltllli('aliotl with the tlSt'l'S. Founlh, the eXl)Cricnce of t+cs(+;trcht'lS ;lll(| lilt"

al)l_ioa(hes th%v took to their research c]+lang('d _).s ])r(+it'(ts grcw lalg_'r and rn<)rt, l),nt+att-

cratic. Fifth, attitudes towards l+unding research chan_c(t, ll+otngh not jttsl in c, llt+ dirt-oil(re.

Bcl6re WorM War II the clnphasis was ,+i+ practical r('sltlls, whih' after the war t)asi( r(.s,t,ar(]l

1)ecame more acceptable. A shift away from willingness to siq)l)<)rl basic research for ils own

sa.kc occurr<;'d around the timt + of At:,<fllo, with a new emphasis on co.st-t),eilefit calculations

but also more willin_nt'ss to fund ]:,roiccls on the basis of pOl)uhtr SUpl)ort.

Ally gov(+rllnl,en! ag(+tl(+'¢ must cnltiv:lle t)t_re;ulcratic and political stlpport in order

to stnvive, t)nt as pr(!ittcts ,_()1 larger and nlor<. +CXl)cnsivc {or h,ttd_cts got tighter) Ihat l)r(>t('ss

shaped thor(' and more of what tht' NA(]A ;rod NASA did. The NA(3X had served its c()n-

stituencies careftllly (mostly I:,y l)r<_viding F,ractical r<.'sults) t<+ mainlain political supp<)rt, and

the vet 7 crcatic, n of NASA st, t-veal political ends ;tl lt,ast as liltlth ;is science and lechnoh)h,_'.

N,,LSA did very well in the 19(;0s 1)e<:ausc a growing t,tnl)h:tsis ()n the space r;+.cc eXlmnded thc

agency's p<+lilic_tl mid polmlar SuF, porl, t)tll thai support F,Ut th(" agen(:y into the +_¥ashinglon

F,ower gmne to a greater cxtcnl than the NA(]A had t_sually' experienced. This trend at+tcl<.'r -

ated with the end <ff Apollo, I:,ecause the wilming of the race t<) the Moon br<.)ught not a

rcdu(ti()t_ in political [)rcsstu-t's, 1)ut a tnoi(' comph'x wel) of (onslituencies ;ts NASA leaders

sought t<) coil)l( + tog('thcr enough sup])ort t<) continut+ ;t largt'-scale space program. In the

197()s and lG)80s, NASA had lo play I)urcmlcrati,t 1)olhics and look tbr nt'w ways to scrv(, polit-

ical agendas in order to maintain a program on anything like the scale established for Apollo.

47. For son,<, examples ol othc_ fields of s(icn(c scc A_nohl That kH'+:, cd., ,_;rW.,+r+'.4/'b',, '-ILLO_nf, (sct-
ond scri,t's) 7 (19t.)2). For a dis(nssi(+n <_fhc>w big st i(.t+ct, was n<,t in,_'vilal>h' ux('ll il1 high-cncrh, 7 ph,,si( s st'cJ(,hn

Kri_c, "l+h,.` lnst;fllation ot I ligh-Encrg T A_(clcralors in Brit;+,in Atlci fl+.' W;u: Big Eqtdl>mcnt hut n_t +'Big
Sticncc,+' it_ Mi(hcl;tn_t'l(_ l)_'.",|aria, M;,.ria (;rillia, and l;ahi,_ Sct:,_lstiani, (_tls., l_oce+,di_tt,_ r!/the" I_lle_ml¢/ona!
(km[i,n'_ue rm lhe l¢_l_u_lt_n_( u[ I'h_'wral .'_ciemr i_ /'.'h'n.,p,+'arm th*' I )lil+'d .+_'lai++_.19.t5-1961) (Sing;q>orc: A,%.rOl-[d
Scientiti(. 19_,_).

4_. For a conq:,arison between high-ett_erg 3 physics and sl)a,:e progr3ms (not <rely h+ the U.S. I)111also ill
other c,mn+mies) set" John Krigc. cd., Choo_inA_ Bi_ "l_+rh_l_loA_+'_((;cn_.'_.a, Swhzt_rland: ttnrwo<_(t Atadcnli(
Ptdflishct s. 1993).

49. (:aF,,;hcw and Radcr +'Big S(ictH c" pro,,id<" one t_sc[nl them;flit inltodn( ti<m; I lake in:: themes p:ut-
Iv l]om lhcir dis(tlS'_i()l+ ol Alvin %,+_;(+iill)+.'i'_'_; Wilt'llill,_ thal thc thrc(" diseases ,>Ibig science arc ':j()llilil;Llili% tll()ll+
e',iti,,, and admit+i,,tralitis" (i), 5),
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NASA's human space tlight programs also represented signilicanl challenges in

tile deveh)pment of large-scale management. _" Apollo was all overwhehningly large and

complex program, but tile Space Shuttle introduced further challenges hy requiring hoth

technological innowuion and rouline, long-term management control. Not all NASA pro-

,jecIs in this period were large (see chapter 14 on the tuel-efficient turboprop), but the space

program hecame increasingly identitied with large, spectacular projects that go! public
attention. The agency and its contractors hecame accustomed to a technoh)gical styh, that

Ihey SOl+left+lies called big scieme, though it had more to do with technolog O' than science.

In particular, they preferred progranls to tmild one or two large satellites, or a large plattimn

carlTing many sensors, over projecus that would hmnch many snml] satellites, each carrying

one or two sensors (prohahly s_mlewhat h,ss capable than those a large platli)rm could

support). Even when astronauts were m)t inw)lved, these relatively large and c<mq)lex

programs required many layers otmanagen+enl, paperwork, and checks and cotmtcrchccks,

to control it system that was too complex tor a small gronp of pe<)ple to keep tn+ck o1 and

which needed extremely careful risk management because of the publie eml)arrassment of
large [allures. '_ Individual Icadership was harder to exert on pmicccs of this scalc, and thc

plmming process tcndcd to beconw an increasingly political negotiation.

l.arge, involved projects dependent on outside political and bmeaucratic SUl)port

;list) hecame thndamentally more complex hecause they had to serve many masters.

Researchers in space science complained particularly vocally ahout this change, hecause

they assmned that space science projects should be conducted ill whatever manner would

best serve the interests of scientisls. A proiect like the ttubble Space 'Ik.lescope servicing

mission served tile scientists using the instrument bnt, in addition, NASA achieved impor-

tant political ends through its success (chapter 16). The inevitable contlicus of imerest
son+etimes irked the science community, especially as Congress sel the agenda Ik)r space

science in such missions as the (;rand Tour (chapter I1). Projects with practical goals

raised even more lhndamental problems, particularly lot an agency as tocused on

research and tlevelopnlent liar its owtl sake as NASA. In the cases of l,amlsat (chapter 10),

and lhe fuel-eiticient turhoprop (chapter 14), NASA successfully developed technoh)gy to

do the job, only t<_ lind that the intended users were not as interested as had heen pre-

dicted. Ill the tirst case, tile problem lay in part ill NASA's technology, transfi'r effiwts, but

in the second case changes in economic paran+eters and issues relating to lmhlic _l)inion

kept the new technology' from heing put it) efii_ctive use.

Within these pmiects, the experiences of scientists and engineers had also under-

gone a fundamental change. The individual inventor had almost disappeared fiom view,

fltough individuals might still invent small parts of large, complex systems. '_ Teamwork

and the ability to provide intellectual leadership while not having control over the entire

project becanw critical skills. Government funding ntade possible projects that would

prohal)ly ncvcr have received funding in a corporate research and development lallora-

tory hecattse the total cost was tt_o high or the llayoff too unccrtain or too far it+ tilt+ lilture.

Pressme ti>r quick restths, whih" very real, could be less intense titan in other settings.

51h [,amlnight, l'ou,eriP+_ AJmllo, is a g<_od ])lace m start iiw lifts instr'.

_+t. In the 19911s a new gt'nct alton ot adv<_c;-ttes [i+r small satellites developed this cliliqut+ ot what Iht+y i_e_ _

ct'ivcd as a NASA t ulturc <d bureaucratic c qml ml and large-scale programs. lht+ impact <_f this chalh'nge I<_ thc old

_,vilv _ffdoing Ihings is n_t '_'t't ¢h-;itr, bill it h;ts ah'cady had some ilnpact ,un the congressional ('fHnlnittt'l'N Ihltl IlVPI _

St't' NASA's lmdgt.t and on tht + h+adt+rship of the agency itself. For a go<M t'xamph' oF Ihc criti<lnC, set' Jo]ln R.

l.lmdtln Ill. I,I'+'() /l.+m+/(ar, th Od, it] (it+ the Cheap: Melhml.s /0, Achieving l._i,,ri<+ti+l&'d.HioPi', i#i ,N/J0+," l,aumh (+'+xst's,

Rest'arch Rcport No. AU-ARI-93-_ (Maxwt+ll Air Force Base, AI,: Air University l'lt'ss. ()t I_,l)t'l HI!H).

52. The de+line _t thc individnal inventor and the rise ot complex systems in die c_wporaU' world has

bccn laid out by Th_mlas I: lhlghes in :'.Hworks o/P.wer and i. Am+whan (;er._+iw A Ce.htPy o/ ItlT:e.lzrm aPtd

I;', h..b_j..4ral I'mthu_ia_m (Nt'w _i_lk. NY: .Siln,_m and Sclmster, 1989).
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FinaIh', big _cienc¢, and tcchm>h>g>, shup<'d told were sh_qwd k,v thralling _tltittltt¢'s

t_w,ards tilt" reLtliv¢, roh.s _>[ l+_lsic mid app[it'd rvs<'arch. In the pt'riod })c'thrc World War II,

g<)vernment linlding r,,,(lttired practical Ljltslilicilti<'mS, l)tH tilt' NA(;A [i_tlnd il nicllc [iw lt'ss

goal-driven resea,-cll by i>ionvering work ill t'nginet,ring scicnct,, Cxl>loring s_mlc of tilt'

fin',+<[mnt'ntltl ]>al+_unvtcrs _:,t Ilight. World Wm II made thu Fcdt,Ht _ovcrnlnt,n m_>rv willing

1o fired basic rcst'arch ill s<+me fields, i)articulm-lv ill ph',sics where cxph>rltt_:'rv rescnrch had

pr<w,ed its milital_, +va]uc rnost dearly. NASA ct'rtninlv iimdt,d mort, Imsic sci'elWe than the

N':\(]A l)t'cm_st' it+'+ mission included Sl),:'cc scicn_c, l)ut that scit'ntilic rcst,,uth fiwnt<'d _:'

rulativelv small l>nrt t>l a hugt' ngcncy. Wht'n NASA took ill lilt' n:llion,d go_d <d +])tHlin_

l:,VOl:,Iv in spacc it c<)Innlillt,d itsclf to ,:' ,+'isi_n th_It was not ccntcrcd on basic rcst,art']l. '+

()ulsidc lhctors rcinI_>rc<.'d this tvndenc'+. Slartin_ ill lilt* hltt' 196<)s, critics ol tilt' SlmCV l)ro-

gr,un, sore<+' ,c:,f ll:'t'nl in lilt" l(xt'culive (+)IIict', l)e_ml It:, dt'nl_Ind c<_st-hcncIit ;.ul,dvscs [hr at

h'ilsl s<m+c Sl)aCt, missions (set" chal)l.<.,l I<)). This ch,mg,_' rt'stfltt,d from thc Sl)aCt. l)rog-ram's

h:'v, rvr I>oliticnl l>riorit_,, . ,Ind li'om a Im_cr trclvd l<wvln(ls dcmandiulg tighlt'rjtuslillca ,:> I [i:,r

<_,!:,vt'rnnlenl sl),!)ns,i)rt,d r<,:,,t,m+ch. [n l>arti<ular, tht' .Mansfield iunendmt,nt in 197()pr<dlihit-

i'd thu l)t,l)artnlt,nt <_I+ l)clensc from finlding h,asit rvsv;irch urith n<_ militmv l)Url>,C:,scs. '+

lhnvcvt,r, I)% r tilt' 1990s lhc lrvnd had split: (',t.ql,_l't'>,`+ St't'Hlt'(l tl) lilx<)U' IJrt+jt't_ts th,ll +.,vt'rt.

un:lh, usht,dl'+ h,:'si,r scitmc(, (:H lcasl il lilt',,. 'werv m+t t_>t> exl)t'nsivt') ,:>r lllosc lhat v, rt_nh-I clear-

l',,r>,if, t' tlIc goVt'l+lll]:'t'lll Hl()llt'_,' (t h,c:,:'Igh thvn tilt' ,qucsti,_:,n _tl ()st' <_lwhv l)riv:tlt • industrx could-

n't tl,:> lhv j+cd))." The lensi_m hctwt't'n basic antl ,ipl)licd rest'an h told l)t'tv,,t,t,n rt'sc_tl-ch and

dt'vt'h>Imlt'nt ;tnd l'<)lltillt' _>i:,.+.'r,tli<ms xvtts t'<:,nil)lit',tlt,d hv ;l <Oll`+tillll]v shifting CllVil<Hlllltqll.

'We Cml ,d+,_:, st'c' ill lh,_' l)r<+ic¢'t.`+ c<rvcretl ill tilt" h:'st Ibw chal)lers <+I this "<<:,limit' tilt'

l)eginnin_ ,:)l <l ch,dh'n<_u to tilt' hig sci<'nce modt,l. Thv return I() llight of tilt' Sl),ice Shutlh,

(chapter 15) iuld lllc ] hthhlc _Cl+Vi('illg " Mission (th,q>tcr l lh r<'l)rest,nl nucc,t'ssl]d l-t,coX<,l+it,s

from [ifi]m<:s cnusctl h,_, llhll:'ilg('IHt'llt l)r(d}It+ms, not just incvihfl)h, bad lurk. ]'hc iitiltlrt,s

showed sonw <d th<' limits ()f l)i_ scit'nc<,, told th<+' rtw<wcrv t,II_l+IS inv(%,'t,d at ]vast ill part

_lllt'lll])Is to ch,tngc lhv hig s,rivnce styh +,:>f c,l++tw,tti,_>n (liw extoll)h,, lilt" role ,_:,[individuul Ici:'d-

t'rshi F, in t]w :++,hulth' (+;:'st,, ch;t])tm 15)..Ninct' tilt' eraI,,; 199<)s NASA hits reel siglfilic;tnl trilicisvn

not just li)r hurt'aUtTitCV, but It)r n.`+snnfing thal lar_c l)rqjccls mc tilt' hi'st w;tv (>f ;tchit'vin_ iulv

end. Studi<,s of sttch ('()llt+t'l-HS it+J+,;h>wt'rin_ the ,r<_st +:,I Immch vchich.'s lmvt" ci:'nclu<h'd lhltl "t_+_

itchit'vc this goal, it "+,:ill l)t' nt'cvsmary to l:,rin_ .tl:,<>ttl mi!j_>r ctdturnl clmngt.s within tilt + +it't_-

sl)acc <+(>nlllltlllity. '',`+ That p+uticular sttldy l><:,intt.d out thil+t chclq)('r m'¢slelns ret' l:'_+l Ht'ccsSi|l'i-

]v snlallt,r, ])ill chltllgt,s ._ll('h its lllils+ l>r_dtl('li(_,n nn(l a grt+at,+0r loh'r+llwe li:,r litihlru rvl)rC,s,_,nt

ini!jor chmlgt's t<_ lhc big scienct', l)ig It'chn()log_, al>pr<)ach. A new NA+',;A Administr, ttt>r,

l)anit'l _. (i_>ldin, iq>l)ointvd in April 1992, <.'stld)lisht,d its onu of Iris illiliillix't's ":\ shift _I+%+_+r

from lilt + i>utsuil ol bi+_ scit'ncc and t'nginccring l)r<,grams loV,:ard 'lilslcr, bvttvr, and clwapcu'

_mcs. '''+ It is l_<_ so<m t<+ kn<>w wlwthe_ this l('])l<'_+,t'tHs lilt" ])<.'ginning _+)[lhc ('i:'d _dtlw d<nni-

nancc <_l+big s(ivn(-<. `` hill it+'+vnluvs arc (ertain]y flying qucsli<)ncd iH il nt'w x';itv within NASA.

53. Mnn', s<icnti+,t++ lla'+t' _titki.,'c,d NA_+\"-, t',nph+,sis _>n l)Uttinu p_.o1>lv in +,l)n_c as l>vin_ n '+',_r+,t_'_+I
n,m+e', lio,n ;t st icntili_ point o+ +it",+. l.'ot vXmnl)Ics o+ the l>t't'.,l:,t'i fix<' ++1_,<icnti+,t_,, set" It<m+<'_ ]r]k N_'V,t'II. l+e+_+md
t/w Alm++_/dt+.tv:I:+nt+ };+ns+!/5,_m,++_,+h,+ur (W:ls}lin_ll+IL l)(i: NAN.\ _I'-121I. 19,"4fl) and _tv'+t'n (;. I_,,tr, h, "Ni_ kvl
th, Y+_tn l'hmLqh,s: tht'; and thv <),i_in <d Ihc Nh,on,".'++ivn++ 21 {1!)<_2): 891-9_.nswt.ll;ts_h. II nnd 16nnd
IIH'i, rclvt+.+n_es.

51. ];()I ;ill nn+d+.,,i_ ol tht' Mansfichi _,Ili¢'iI(Iill(.ill +is pall _d ;t h,r_t'+ Itt'll(1. +,('(. _inith, .|ulrtu/H+ L_+irn++'
I'+,//,+ );m+r U+,_h/ +t3z+I/, pp. _ I-_.

5.5. (_,mHnitlt.t. on ](mth Sltt(li_'s. NF,a<_. Nltuli_'s B_+md. Nali_+,,nl Rt'st'_t,t h (;mint il, /'.a.,d+ ()hs,._v,at/.u_

/P+,m 5,/_mr /l++Im,,, 15+mUst', a++d/_'+v,'//l:"(\V_+shinqt_,n. I)( :: N+uh+nal A<adt'm; <fl .4_ient,vs, J_l_.+_)).pp. I<)_-I(I'.+.
3<+. l.<mdon, l+l+,{.++ut thv (.'k,"u/_. I). 119.

:++7. NA_,.\ l:('(i<']:,l l._th_,,:m_t,. Rv',i_'w. "l'_xt'( tlti'+c Su]ttnlm"+." I,)( :It('(l nl htt/_:/)/ww+v.hq.+++t_+_m,/'++]]i++./'
/ed-h+h,/+_v+,html, _kl;ttth 20. 19!IG.
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Chapter 1

Engineering Science and the
Development of the NACA
Low-Drag Engine Cowling

by James R. Hansen

Tile agency that preceded NASA, the National Advisory Committee for Aeronautics
(NACA), won its first ot +live Collier Trophies in 11129, and did so basically fi)r advancing
a counterintuitive idea. The idea, which flew in the lace of a conventional wisdom about

proper aircraft design, ventured the followitlg: coveri._ ul_--not leaving open to the air--

the cylinders of an air-cooled radial engine (<mid not only dramatically reduce aerody-

namic drag but actually improve engine cooling. The immediate product of this startling

engineering insight was the NACA's dewqopment ot + a low-drag engine "cowling," the

winne, + of the 1929 Collier Trophy.

Put simply, the NACA cowling was a metal shrottd |()F a radial air-cooled engine.

ltowever, the purpose of the shroud involved much more than hiding an ugly engine or

keeping the rain out; rather, its lnain function was to coola hot engine. This is what ran so

conlrat)' to what tht+ottghottt the 1920s had been the practical solution to the problem of

air-cooling an engine, that was, exposing the t+ed-hot engine cylinders to an <)ulsi(ie ill_,h

of cooling ain Besides iml)roving the cooling of the engine, the NACA cowling--designed

as it was it) be a .streamlined shroud--also worked to reduce drag. This allowed an airplane

to t]y faster and farther on less fuel, a signilicaul Icclmological accomplishment in lllc |all( +
1920s, and OllC thal deserved to win If+It: National eXt!ronauli( Association's (N;LVs) award

for the year's grealesl achievement in American aviation.'

Deserving the (Jollier Trophy is not to say, however, Ih:.ti l]le NACA's low-drag engitw

cowling was everylhillg that it was cracked up to 1)c. In the years [ollowing the (_olliet-

Trophy, American aviation.journalists generally exaggerated the significance of the cowl-

in R, and NACA publicists claimed more credit for lht" aircraft industtT's adoption of the

cowling than the govcrnlnent research organization ctcscrw,d. Almost everyone outside
tim aircraft industry i/self failed to apl)v('ciatc the true character of th(" NA(:A's cowlin_

W()l'k _tll([ (Ted|It'd _cience FaI]ICI- lhan #ll_ll,at'}'ill,_ ;IS Jls S,OIII't't', all itl]-to()-COllllllOll tllistak('

madc in modern American society. PaNly as a result of this misapprchcnsioll, spokesmen

t0v aviation i)rogress--most of them rabid technological enthusiasts--did not know

etlOtlgh to explain that the cowling was _ot really an i,_vention in lhc classic sensv, tot dif-

tk'renl crude cowlings were ahcady availabl(" and in limited use around the wovl(l. Nor did

lhey know enough to make clear that (+vet)' cowling had to be Ctlslotll fitted: that tilt' cowl-

ing was not a magical tin shal)e that could b(" aplfli<'d generically to just any airl)lanc (at

least not wilh gtcat stlccess), bc(ausc the cfl},'ctivcncss ot the cowl d¢'l)et+d('d signit]cantly

upon the shape of the air+plane behind it. It the NACA ¢mgineers at l+angh'y Mcmot-ial

Acronmtlical I+al)oratoD+ (I,MAI,), who were responsible for developing the original prize-

winning cowling, had I('slt!d it with certain <)ther aircraft of tilt" ela, such as a Bcllanca or

I. F,'n an t'xct'lh't'tt tct hni(al SIIIDIIIaiI+Y olhow ( ()'+++']illt_S functiot+, past and prt's_'nt, st'( + Petty (;art|sot+.

"( _c_wlings+" l'(_,i+++_I 13 (l_cln l ,at', 19Sli): ."+,q-(i I.
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Om _,/ the Iml_ f _dl,'s Ih_/_h_e_ w_,'Z_,_'d in' It. ,\'ali...I Ae.m:zu/i¢_ :_.d ,S/m_c _dmi.i_hrztim:'_ I.rzz_:Jzn I'_'w:.Ht (.)..le;,

I I.mpt... I"...'._ i. I V2(t/m flu' d,_'_'h_/mu'.t .//he _,,.,li.._ p. radial .i) :..b'd e_gTm'_. I_' th; ,'ml .I _/,l,'.d,,'_ 192h'. i_'_/_ ,!/

,,m,h.,_. \. IO i. tt.' I'_.prlh'_ I¢_'wanh lit I. 'l I _ , ! "w :h'. .? stmled rl d.lm.t, wdu_ti., i. :b.L,.. CNA.S _ I'h.t. X7 II 1250)

StinsolL ralhvr than wilh II_v (:Hrliss t ]awk XI'..-SA ;and l::,ckhc_.'d Air ExF, r,_'ssthai t]{'w v,,ilh

il :..:,_su,v,._:sshdly, _1_.' NA( :A cowling v,,touM no_ h;avc i)crf_wrm'd nc.arly s_:,wvll."
Bul lhvse lhings aboul Hw NACA cowling, were _wvvr well uHdcrslood oulsidc _)t llw

,l{'l'()ll;lllli(;.I] ¢'llgilH.'('l'illg ('[)ltllIlllllily, ;tlld I]l('y W('I'(" CVl|_till]y II()l ('Olllllllllli(;tl('l| V{'I'V

suc_.,vssfull', t,_:,Ih,v 1Ho;u_h'r a,,i;_tli,:)n_public ;_.1ll_" limv. hi lhv ,ma []_n_ l.indl_vrgh l,_) thv
g._,',v l)cal, lh,u [Iliil,..d ._lill('s' aviali(n_ pul)lici.,,,Is--dv,,oul I)_.liv',,vrs i_l a "',vi_L_vcl ,gc:,Sl)¢'l"

and in ;m ._dll)l:.m_.' svml)olic _t Ih_' b_:,u_vdl,.,ss ln,:n_fi:.-,_.':)1 Ih_.' Am_.'ricall fulurv--dM v_o!
_.md_.,rsl;md Hw _v,.lm_dogy v,,,.'ll vn_l._gh I_ sve any ad',,'am;._gc in making t)raclical qtw.liti-
(;lli_:,ll_, ,LI}oILI lilt.' cnginvc'ring oF c_:,vlings." I'._'rh;_.l)Ss,::,mv ol I]l_.'m rvaliz('d thal lilt' F,__',_P

ply ',',h,_:, l)llih ;drl)lan,_'s ah,:'ad_ h;ud lh{' ,_,ood _,,_'ll_,t' Io Hn,dvrst;H_,d Ih¢' subll_'li_;'s ,_)[ lh_'

_A( :,_k I¢'_,(',ll('h I)l'()_l;llll: 1]1;ti l]1{' c_)_vlillg _%t_ts I1()[ s{_ I1111('[1 ;111 ill\'¢lllioll or II{'w slilllfl;|l'{|

pi{',_',P of vquil)mvHI as il was a /_rcut'._g ,_}r invlhod, wilh ,recry ;dr]}l.aH,,' ;rod v_:_gim, ,_on-
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figuration requiring a special, customized cmvling tbr optinmm resuhs.' Perhaps some
considered the dislinclions too Icclmical t0r tlx,.' wider aviation public t¢) un<lcrslancl.

More likely, they were as nlisle<t as the rest of Anierican society by a heroic theory of

invention in which a few great gcniuscs like Thomas Edison and th'e Wright llrothers, +,rot

industtial teamw<lrk--and certainly not governmcni Inucaucracy----dcscrved most of the

crcclit for technological progress. If it was m,t heroic invention, then [lie NACA cowling
was not really original; it constituted "mere development" and did not deserve io win a

prestigious national award like the Collier Trophy." Better that the award bc prescnled to

an individual genius,just as the Collier Trophy itsclf had 1)con won ten of the last tourtcen

tiincs since the ilmugural award to Glenn H. (',urtiss lot development of the "hydroaero-
phme," or flying boat, in 1911.'+ But thc fact thai the National Aeronautic Association's

judges had awarded thc Collier to the NACA in 192{t was proof enough of heroic irlveii-

tion. Thus, with heroic inventors in mind, [hose explaining the significance of the

The NACA re<eived the Collier ?'rophy in 1929fi,r <leT,doping a _owli_tg to fit m,m the enL6t_e whi, h im u'a_ed Ihe _pec,I o] Ih,

le_l etiP_ ta[I /i_.ql 118 lo 137 mile_ pe_ hour; an imwa.se _![ wxtce_# pen e_tt. The +owlit_g wa_ [<lh't :Ma/)h'd h_ olhc_ ai_ _a/L

7"hi_ photo _hoTz_ NA (:A mecDanic_ in _tallint4 , in 1928, a cowling [m testing. (,\_4.SA Photo 90-tL 1#9)

4. 1 wish to) thank mv <'ollcaguc in the hislovy dcparmmul at Auhmtl Univcrsity. Slcphcn I+. M_ Farl;md.

fiiI <otm-ilmtin g vahml)le insighls into my tmderslanditxg o[ the NA( ]A c-owlit] g ;is at process rathcr than an imcltli_ m.

5. For a critique of lhc heroic theory of invcnti<m, scc (;e_>rge Basalla, The Evohllion o/"l_'_hnolog,_' (New

York, NY: Camblidgc Uni',cvsitv I'rc'.;s, 1988), F'P" 21, 26, 5"_9-60. Ncc also Ch. 2: "Emcrgin g Technoh_k_ and die

Mvstc,",, ol ( h,t'alivil,,," iw .Joll,, M. Staudcnmaicr, l'edtnolot, 3 "_ ._,'l¢*_rle[I,,'_:_:t¢:weaving tDe Human I+dn'i: (( ;aml)l idRc.

MA: MIT Prcss, 11185). cspc(iall_, pp. 40-45.

6. "['hc tilst v,:imlcr ot the Collier Trol)hv, 1911, was (;l,t'nn [1. (;urliss, |_)r the "h',dH)acr(_planc." ()lhcl

(;olli,.q "individual" v,'inncrs I>cti>rc 1999 included: Orville Wrighl , tbl dcvch_ping the mm:,ma.lic siabili/ct (1913);

Ehn,.'r A. SlWNT, fiw gg ros<opi,t" <'onm:d (I!114) and 0w <hifl itl,'lic;m_ { I!11 (i): (;rover I x),..nm,g, tbi ihc aerial xalhl

(19_1_; Syl',amtn All:,,..tt Reed, [hi <lc:cl<qfing 0w metal prol_clh.r (1923); and Charles W. l.av,,ranc,p, t<iv his

radial aii_'oolcd engine (1928). By tll(' lalc 192Os, the Collicn 'l'r¢q_hy was rccogni:cd as tll(' m¢_st t>rizcd ¢,l all

acrlllialilical h<lil<lrs l<l I>c accl)r(lcd in Itlc ['nilcd ,t_l;lll's; Ihc wiiiiit'! re( civcd the ilwaid liOili llic picsidcul ot the

Unilcd _l;ilcs. ()ll lhc history ot ihc Cotlicr Trophy. scc Flcdctit k J. Noel), "The Rol)crt J. (:ollicl "llol)li_: I1_

()ligin and Pulposc," I>_:t.asu_ (l)cccull)er 19",0): 1-16, and Bill Rol>ic, 1% lh+' (;#e:tle_l A<hitT,cmrnl: :| IIAIr._ O/lb.
.lem (.'/uh _1 Am.,'#J+,'t <tud Ih,; :\¢llitJ#l:ll Agl?Jll(lll[I¢' A',_mietlio#* (_,"i:aS]lill,_loll, l)( ;: SIIlithsolli;lll Illstitlliioll Pll:_,s, 1!i!)3).
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/'he Cmti_ Ihm,k u._ed in NACA 'l_'_l_, i_t Novemhe_ 1028, be]me Iabove) aml afie_ ¢hrhm,) .t_hdlat..t '4 ttw .m,lm,_,

(,\'A¢,',I tq.#. "1018)
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N/X(;A cmvling did so ill close accordance with popular t'xpetlalions, however naive.

about where valuat)h" new lechnol()gy (anl(" from and how il moved from concepli(nl to

])raclical re;lily, v

As the following essay intends Io show, lhc tcchuological process represenled in Ihc

NA(:A's (owling investigation was ofa i)arlictllar tylle Ihal tias t)flen proved tundanl('nlal

to progress not only in aviation bul in ;ill engineering fields. It was not the palh of

inspired genius Ihe public had come 1<) want, but neither was it mere deveh)l)ntent.

Rathel; the NA(D.\ cowling was somcthing more fundamental and hardcr to identit},, lel

ahme conq)rehcnd. It was the fruitful protltwl at a governmeul lat)tlt+atory of whal

historians of le(hnologm' have come to call engi,eering'.w'/ence: a solid combination of pilys-

ical understanding, intuition (and counlerinluilion), svsle,natic t'xl)erimenlation, and

applied malhematics. _ As suctl, the NA(;A cowling evolved during 111(" 193Os into the

mature type ot basil: leclulol<)gical atiiievcuncnt lha[ has bl't'n ('Xll('lnt'ly harlt for the

non-technical American public Io undmsland :lild apl)Feciatl" t_)r whal it is, bill which

iiltlSt be exphtint'd, understood, and appreciatcd in a litton)or;lie socicly if basic applied

i'est'al'(']i is It) be sUi)l)tll'led ;lid adcqualely Iunded.

Who Asked the Question?

As mosl successful research programs tic), Elll" NA(_A cowling investigation slatted wilh

a {[iit_slioil: "Is ii possible io extend a cowling (ttllWaid t)VCl the exposed cylinders era r, uli-

al all-cooled engillc witllout interii'ring 1oo lnucli with lllc cooling?" h is significant Ioi-

NA(;A hislory thai the question, which brought the breakthrough counterinluitive answer,
was asked at lhc N,-\CA's first annual inanufatlurers' conl__'rcnce, wlii(h was held at

l,angley Mcnmrial Aeronlaulical I,al)ocalorv on May 24, 1!126. This event became Ihc
N,.XCA's "rile of spring." A conlbincd te(lnii(al n/t'lqing and pulllic itqalions t:xlravagan-

za, tilt" annual clinic:fence gave ltw NACA rl'sear<]l stall an Ol)pctrlunity to ascertain lhe

tirol)Ictus decincd inost vilal by the aircrafl induslry so lhal it c_lti](I incorporate iticin ;is
far as possible inlo ils i-eSealth [)rograins. AI lhe saiiic iinie, lilt' conferenc(" _ave lhl' slalt
a chan(e It) tlublicize ils iecenl acconil)lisilincnts tlt'tbrc individuals who rarely ]lad llle
Iinic Io rcad lhe NA(TA's plibiislied lt't-tinical reports bill Wile needed, and wanted, to
kiiow wliat tile NAt ]A was doing. The (oii!fT<H-encc also gave lilt" it'st'ai(ll sial]" al l,angley a

cilance io bang a big druni bel7nt' congvessn/cn and o/ticr l)ublic ollTchtls who "had nci-

lhvF the linle nor the qualifications Io rt'ad the technical reports" t)ul who played crilical

rolcs in lilt" approi)rialions of govcrnnicnl illoiiey. The ('Velll started in 1976 as a illodusl

and relaxed onc-day atl{(ir, ])ui il soon grew inlo all ela])oralely sla<!gt!d pa<_eanl lhal look
weeks of preparalion t)y lilt! NACA slattk t)olh al ],angley and in li%'asllinglon. By 1936, Ihc
Sl)t't'laclt' hlslcd two days, lilt" []rsl day I()i- ('xetulives of the aircrafl industries alid ,_-()vt'ill-
nienl olI]cials, tile st'(()li(l "for |lt:isoniit'] o| the govt, innienl agelici('s usilig airclali,
rel)it,st, ntalives of eng, ineering societies, and Inellibels of ])rofessiona] sthelots." lit 1976,
only f()ri)'-six auendcd die t'olif('rence; It'll ytlai-s laler, inert: lllan _'_I)1)people wert" allClid-
illg i'acii ._e_io_l, including avialiOli wrilers wile rcp(ll-lt'd fully on Ihc ]aiIOl'aloF}'S pl-esen-
lalioiis in iiewspal)t'is and iournals. _'

7. ()tJlcr individu;ll winnl'Is wl'rl' (;ll'nn (]ultiss, again, in 1917: ()rvilh' Wright in 1913; l']hn_'r :\.

_,pelTy, in 1914; W. Slcrlhl I Ilurgcss in I(.il,_: Ehner ,,'%,,_,pt'lT}, agaiil, in 1916: (trover l,_ll'lihi_ ill 1971; 5;yl',aliU_

Albvrl R<'cd in I!i75; Major E. 1,. l lottman in 1976; and (:harles 1.. l.awrancc in 1977.

,% l;oi ;t rilh hisloii(al ll('_illliClll ill lht' lldl, lit i'ligineerhlg _,(i(-lUl " in Ain<'li(an n(,ll)lidllli(% _'1'

't4tlli('l" ('-. Vinccnti. 1171at I¢,_z,eo:s lx'rtmv a,d lhm: 17,'_ K,.,, II. A,al_'tiral .'_ltt:li¢:_ /#_m :le#_ma,{i<al Iti_tmy

(l_ahiln(lie. M1): ]l)hns I[opkins Ililiveisity Pl('ss, 1990).

_.). _-or a diS¢llSSi_m ot lh(" _A(]:Vs {lllllll;ll nh(latl ('llt_ili('l'lhi _ i (nil('lCll('cs, st'(' Italinl>li, I-#l£,llle,_>l #tl
(:D.L_4e, pp. ] 18-38, aiid R_d;llld, M.&'I Ib:s_v/_vh, l:l 1 I 13.
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The identity of tile person who askt`d tile pivotal question about engine cowlings is

lillt'l'llitili, bill tile sub.jeer is woi'ttl SOlllt` sl)ecllialioll be(:allSe of what it says about tilt` ;lvi-

alioll conillillnil)' _iiid iis ])lotess of distovt'ry in tlle latt` 1070s. No one allendin_ lilt" i'Oli-

ference evei Wt'lll on letord _i])Olll wile tii_i asked itlt` question about cowlings, _uld illose

wile lived loilg 0ilOU_il to be iilleiviewt`d lly tliStOlians (and reineillber llie question 1)t`iill_

ilskt'd) do ilol reill0illbef wile il wa_ Ill,it did tile aSkill_. ()ill" likely t_lndidale is (]hav]es

101. l._iwrilnte, who I)v 1¶t71i wa_ i)_lil of the Wii_lli A.eioilalilila[ (]Oil)Oi_lliOn in l_alelSOll,

New ]ersey. Ill lilt" early 1970,_, |_iWlilllte ilad built hi_ own small ell_ille (llllll)_llly iil-Olllld

ii i)iolleerill_ aii-cooled radial eii_ille klloWn _ts tilt` Wtliflwiild J-l. Tile N_tv)' loved tile

eli_,ilit`, I)ul l_awiailft`'s coiiil)_lll )' ilevellhl'le,_,_ strtl_10d to remain sol_,'t'ili _liid cotild ilol

_lvoid a bl.lV-O{ll I)%' lilt' lltlge Wright CoIll]){Inv. _¢'i'itll tile l'eSOUl'/'es ill" tilt" {4/riglll

(;ortlof_ilion betlind tiilll, 1.1tWlali(t" kellt iilil)foviil _ Ills elll_ine _tlid, l)y 1977, llad ii liillt`-

t)'lillder, 2711-HP Wiliriwiiltt.l-:'> ill lll_lS_; illeduction. ]'ills oulstandint4 radi_tl aii_<ooled

eil_ine l)oweled IAildllei-t411 _t/-io_ llle Alianlic ill 1977, Sii (iharles l'_in,_slilid-_lnilil a_lO_s

liie Pacitlt iii 1921_, 1.P.._. Alllly [lilol,_ I it'_elil)eil_el and Maitland t]'llili ()akiand to 1 t_lwaii

in 1927, itlld (]Olllllllllldt`l Richard E. Byrd ovt`r till" Sollltl Pole in I _.tTI.t. So iin]lfessive was

liie eli_ille's I)¢-i'(_tiiliiilit'/', wilil]l was tli/4tliy pul)lici_t`d t)t`t'_ilise el liil'_;t` 1)t`li<illiiltrk

tlil4-his--t`st)et'ially l,illdllt'r_ll's--llial lilt" NAA awardt'd I.awlali<e its (]oilier TVOl)]ly for

1_.177 ill fet'o_llilioll o[" his in_ilX't'lolls ell,_ille, i" (ik,en lilt _ f{tl'l _i <_i)el'l) ' Mt`SSell_t'l ail't)laile

elllliililed willl till ilif4"ooled l=_lwi'_ilil'e eli<_ille w;is (leliionSll-_tled ill a I._tllt_lt" )' wind lUillie] _ll

Ihe N/\( ]:\ Collli,len/t"s lll(ll-ilill_ _l's_illll ill M_iy l{)Tti, olle Illi<_]ll illl_l<_ille tll_ll l=_iWfallt;e asked

lilt' lluestioll _lbOUt l'owlillgS, lilii ltll'le is 11o real l'_,4dellte tie did.

ileiliatls till evell lllOlt' likely clilididale _;_ls (]ili)laili t leiden ('.. ("l)itk") Ricil_ll'dsoll,

till ot]]cef in till" Na_5"s Bilre_ltl ill Al'fllllilllliC.% _tlld Ollt" of" tile oril4inal Illelllbt_l-S of lilt'

NA(]A'_ ll/:lill I_Ollllllillt't" (floln 1915-1917). RicilalXtson, wile tlad colilt)leted a ill;iSlt'r's

de<_fee ill t'li_ineeliil_ froln llie M_issattlil._ells Illstiliilt` of"li'cllnolog)' (l]_t_s of 191i7), was

one of tile N_tv)"._ leadin_ ilirciafl desil_ners. Having{ "lloned his _kill,_ iti lht` tit`lds of liydlo-

d),ilaliii/s and aerodyliiiiilil's" itl tile Ptliladelpllia aild likira_tliil_lOli ii_lv 7 yafd,_ (al the lallt'l-

workiii_ wilil (]a|liaiiis l)_lvid _,4,_. "l'a)'lof and %_t'asllill<_ton I. (]limlll)l!l_; Oll tilt` wiiid lunnt`t

ill lilt" exi)eiiillenlal lilodt`l ll_l_ill), f])'in<_ t)oat.s t)eeaille Ills exi)eiiise. _ i\]oil<_ wiill

l)i-.]erollle (]. ihili_ikl'l (a flilure NI\(]A cli_lifnian, 1941-1956) alid (]ai)lain (;eoi'_e (].

ll#l'e.%lelxell, Ritllaid_oll Wil._ iiIll., ill" lilt" de_igilt'rs o1" tile Na_<)"s f]llllOll_ N(]-,| (N(] t_)l" _t'_5'-

(;Ulli,_._) tl)'hl_ boats, _t 7_'),00(i-I)otiild iiirtraft l]iai sutcessfu]l)' flew ltil' All_liili( in 1919. hi

lilt' iliid-l{iT()s, _is tit`_ld of lilt' dt'si,_n set_lion of lilt` N;t_5"s Biii-t'_til ot At`rollCililic,_'

(PiliAt'f'_) lil_ileli_tl divi_,ioil, lie w_l_ olie o| tile Na_, 5, leaders workint_ llardest 1o t)liil_ iil)Olll

liie de_i_li of iiiel_ll tl',iil_ I)o;tls, liot_lt)iy file I_N t_lass, whith were ori_ina]l)' eqUil)t)ed wiih

Iiquid-/oolt`d Patkald t`llgines. \'illlolls ])rot)lelllS with tilt" lit`a'Q, engines plXllll|llt'd ihe

Na_ ill 1{t77 Io inert' to aif-/oolt`d t'ligilles (two r)25-HP Wright l-1750 (]),clone radials)

(4t1 ltle PN-10, llll! IllSt ill lilt" Na_5"s _ll]-llll'tal se_llilallOS, r-' ,,\l lhe time of tile NA(]A's lilSl

lliaiiuf]ltlurels" t(llll]t'lt!lllt! ill M_iy ll.tTti, whictl Ricllardsoii allelided, ltlis tOllVelsitln 1o

lhe i_tdia] w_is ,_till ]leill_ t)olideled. '['liil_;, lhe sub.jeer ill lilis eli_ille _liid ils llol_'lllia] f'of

['llilhef iilil)roveinelils--aeiod)'ii_ililit _llid oi]ierwise--liifoli_h aii _t(lv_tii<ed t'_lwiiill4-W_tS

hi<_h llll lilt' lisl Ill" Ri(']l;il'ds_lll's COlllel'llS.

10, ()n Iht' t';lil) ill-flit.{hl _llllil'_t'llit'lll_ lit lh(" {¥ii1411( %Vhirlwiltd /'iil_iliC, sl't' 'l{'ri) (;W_,liil_Jlllil'%

"1_'arllit'r; Tht" (_)lit'_l till l)islaillx'," in tht' _Jlllilh_(lllian Ili_;lilutioii's Mi/_/<_m'_ _!/,,tviation (N_'w Y_)Ik, NY: Ihit4h

I,aillt'f [.t'_in :{_,o,. iait'_, in('.. 19_l.ql, ]l. ,rl4.

I I. 1_7_r• int_wnullh_n on Ihe naval (;tft't'r oft Ioldeil (',. Richardson, _x.e William E Tvhnllh.. ll7_,_/in lh," 3,7_5v A

IIz_t<, 0 .] IDa' X)#_,<d Ai_'_a/I l'TiHo#'L 171"7105t_ (Allll;ll_)li_, _,ll).: Naval hi_iiltllt_ lqt'_s, 10{t0) _ill(t William i'] li]illl)]c,

Admiud 1171/ram A. Moi/_,lt: A##/til+lt <q ,\7/val Aoialmtl (_i_l'il._tlillgloii, [)( ;: ,%nlith_oliicul histiilliioli l>ll'Sx, 10{I.t).

17. "l_iiluble. 1lT_,t,_/,_ #h,' ,\'m_', tip. 97-09.
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from Dick

• , ' /u" orob|vnls of naval aviation.not be at all surprishlg it tilt: cowling question came
it wolfld lib c' dcsl_llCrs O[ 11

"|'llt'l'e|ol't', . t'l (lt'si_llel" totall')' ill)sol bt(l. III I _t

!" IOIIl a (IOlll)t> lille O[ tht .... Ill" (i _-'l_ Of I'adilil t, ll_lllCS _'l .... with

i_'t_l_e l{tTlis was ho,, tl, lt ,ul(t , _ liglite, ah-cooled engu,e,

ing. Durhlg the early 19_(is, tilt" na_w had decided thai the
its short crankshaftsand Cl-illlkC_tst's'_tlld l/i) i-Tl(/i_lfiols o[[twt'd a illOlC |)l-_tclical soltllioll It)

illosi Of its aircraft powcr-plant pl'ol)lt'ills lhall did lilt: heavier liquid-cooled ell_illt" wittl

its Walt'f i itt'kt'i` rildialol', alld _allollS Of Coolalll f_lvOlt:d tl%] lilt" al'llIV. Tile .iarrin_ coll-

[ronlatioils of naval aircraft with al-rt'sfiill_ _t,_tr Oll aifflati t-al-riers l-t(sllltt:d ill too lllal/y

t'oolill_ 5,VSlt!lll ll/{lil/tCllilllCt: |)robll'lns ill sea, h/chidilil Ioos(" .i °hIlt' leaks> and cra.l,'kt'd

radiatolsi llowtwcr, subsequent experience also n/ade it clear to the l_ureau of

;\t:rollilUti('s (esiablist/t'd under the (Ih-t.clioil of iXdlliilal \'ltTillialll A. _.totteil ill 19'21) that.. ..... ,, -. " Ill' t'llilIc(l Qylilldt'!'s lit" the iadial
,. ste(l (OllSl(i( lill)lt l)Ol't7 I.[<l, ,fh->/," Na_W ell_ll/eers allt'lllpl-

%_+<1. " ' _tl't"llll ("I/ISI'(I lll_l/ ..... z'5"
t.xisthl<_ ail.-cooled designs ...... . ,. ; -/luldt!d cover) over tile hub alld

proiecfiedii,iotiiccxlcrilalaliv'' ' Ii switilanl<.t]dlackci, butihisi<ltCl,ginc. ,t,i< dlmz b_ p/ittlng a plopl lit I sll>/."il_l { "tl 7

.... <, ', "
Ollfit'l" I'll(IS Of lilt" cvlindc'rs i tlttiilg illto till' {lll-Stl C:_Illl. S

tilt: With fihis pc,sistcl_l dcslgl{ p,-{>bl_',n ,,/.n,,"d; ,t _,l

t'otlld dt.tt'llllillt: how lll/icll coWlin._ ('Otlld lit, t,xtcllllt'd otll_'_ll'd over tilt, cylinders of
i'.lt.dllc- t, all'Jig wilh()tlfi t,x('t'ssivt" h/fierferenCe wittl cooling. The

(]al)fiahl Rit hardson to ask al lilt: _A(7 '\ t'olllt'|t>l//I *,_,,filt" ' t'lglli-

lilt! radi:,tl t.li_illt' ill ordt'l rio
till s_'4r('l" l)l.()llli$1.(I si_nititanfi {itl%'{lllt{l<_t'_ fill {ill sOl'IS of aircra[l, csiil, tiallv shiplloar(t

el'S, as well as fihc Nax_"s PN-10 tlyhlg boafis.

I Didn't Want People to Expect too Much

•., , ch-cunlSfianct'S prompfiing tilt" cowling question ill May l_-t_6 was a
• " It: illll/lt all,lit ,> . _.u,.,- l{t.st:artll Tuuncl, a lllOllster tacilitv whose kiilkS

il_llStl'illlOl1111 l.nlglt ) s lllx_ fiIOp ...... l.Otltillt• Opt'l'atiOll %_"klS still alnloSl a_&tl'il)l IS

dt'lll
were still bt!iil_ workt'd o/li ill _.lav 197t] and whose

yt'al a%_'ay. Dtllill_ thc ill(ll-llill_ SI'SSiIIII O[" tilt: t.ollft!rt:lICC, ;is part of a totll- Of

l,an,R II'y facililics, tilt" N:\(L& t/il-ilCd oil lilt" big tullntg so t.vt-rvol/t" could wiUlcss its opt:r-
{lliOll. "l'_lll/lllllt'(l OII fillt' If'St I)_tl{llltt' ill tilt" %_,:illd Sfil't!_Illl %%:iIs _t Slll;tll _p t'rl_',' t_lt'Sst'llgt'l

airplane, Willi its radial ah--tooled l.awral_cc t.llgil/t" l'Ullllillg" "i'ht: proptqlcr l_,cscarth

Ttlllllt'l, ()1 PRT as it calnc rio bc known, wcis only tilt' SA(:A's third wind tUllllt'l, tilt: largt!st' /lliilt fi r`) thllt tilllt" itll%_Vllert" ill lilt" world.
I_T wits it sl)iici°llS

id till/litI[.till_st.ktlt. at l,al/gicY,
bulb. 1"he PIT was ill lact the largest fitlllll/'lOllt" propt'llt'r, tilt, throafi of tilt:

Dcsigl'cd (tilt tilt l l,_<st _il any tunnt'l
to ;it-t, lill/lllO(/{ltt: {I , . ,, , ." , " • ; " ".' "

t,wt•lltV tt t t ill di iiIIt'it'l- 'l_llis \_&ts torn tllllts fillt sl . tO bt" pl-{/l-fii(ill, fill(• illll-
ail(l it iilt'aili lhal lhl' pRT stl-tlttllrt" It:(/tilit'd sixp,-tolll llili(s lilt \(lhlil/t" _tt

t)/lili fihcl(' bchirc. _'lil'lht'l-lll(/l(', t(If tull-scalc tcsis of propcllcrs llP -it'll

ncFs airthlw had to 1-citcll :it It, aSt 100 MPII, and to a(-hit'vt" fihat il took <)000

lhl/t's fillt" powcr it took I(t (h "i\tl! N'<\(;i\ %_Jill(I "!'tlllllt'l NO. | (opcralional Juilt' 1920) anditll (I PR'I_

t!i_llt tilllt's whal il look io dl'ivc tilt: N '_\(]A's st'colld whirl tunnel, tilt' r t:x,°ltili°l/aryAs I/either tilt"

\ariabic-Dcnsit_ "l'lnnlt:l (or VDT, operational ()ctObt!r 192_)- Both tilt" VDT
%%'t'l't: lltl'gt' t, ll()ll_ll 10

_q(!l'l: ( "Oll('t•iV('d t/%' _)l-, L_']_IX _'l, _'_llll_, It/l: ,_ ,_(',_'S briliianfi (_cl-n/ai/ import-

oily oil lampton iIOl lilt! nearby Newport Nt'ws <gcnerath/_ plants
sli|)plv lilt: iIt'Ct?S,_{ll')' clectricity to powei lhl" pP,T, the NA(;A had obtained IWo slirpltls

' " ,lili I(I]t I'isl t t ]';tlgr//Irs; I;rolli lira' ,,%lfllll)' llalu'_ l_l lhe (;olllilll'lflrll lima ( New 'l'ox k,

13. Sec fi h,l-s_ hcl tl. Smllh.

NY: Mt (;law-I fiifiI. 19Sl ), I)f >. 97-11 <3.
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1 O00--ttl) di "
• ". " - (L'i(+l t';tlblll;dl'Jlle ,Pll ,. ". -

+lldllOIl ()J tiff.,+ hu+,e b ....... k[m¢ s hom m+ IHeJicl,+ :.....

* ,', -.':,t o_ a machine nad ..... _( t .,'t. Navv, Tiros, a.v demon__'_,hal made flw PRT demon_lrali(m , ., (t po_(_tul m_t_res,sioa ,,

May 1926, had not vel been abh, (o _el file lumlel',+ <-li<:'sel en ,-" ,,even more cxcitin_ was the tact 0ml the
ttlc big submarine ('ngines to Iu ' " m N'A(b_, by
('xp|c,_i()li . : ill <)_.{'1 't t) ' , • _ ( _ FLIIIIIIll )- , +

,] ..... thal slarlh.<l lh(, u_]ipi+i ..... _ i.' last ot (om_ressed .,,.. ,. . ,Rl)J°l:'erly. +lb _('l
t_,t [[11111('1 OII tl. .... "-u_,-,.X,L roF Ir]](+ _h.,,-,.: " , _ r_,_ Hkl_ IO I)(+ I1_,¢'+'1 .... • _'

""" ' °mln'cs:'+e<l air t6r abo .... -.,..,-rag '+'_.'+Hors, the l.a_<,_ .... , - _" "_ minor

plato, up in the l(+,sl s('(iioH wilh it.,; enk[inu rtmnin_ also. The demo]_slralJo_

t,[[ <t I|111111{(, Wl|h Ill,' I;.,1 , ,, ._t,_ ( II_II]c('I'S I'illI

memorable__very no s;,, and a liI _ . ; -,_ , . .... u( apcr_,, M('s.sel_<_(,]. '_h
(lUe';li<m ln(>v<>ki_g Whetl .... . lit s( u', but als(), a,+;thv kT+x,,,,, Wa.s r}(:,l on|v

• ,t _ ]I was ('h.,.b,_ z '",,,,* tbund out flint ath'rnoonl

else who a,'+ked die crili<'al <lllCSli¢)li _ll)()lll cowl/rigs ¢'arly in the _1[I{'1"11OOI1 seSSiOlL we (|o
• ' ........ ilWl-_tll('¢. (_kl,l+)l,tizl J'_i('}l_tl'dSOll, Of SOll|("O/]l{,

Ih(, interest, p,y the end of lhe ;-Itlclllooll, it was (lear lo the NA(:A Ih;_l airl)lane
k_l<_w hom the hislorical re< (nd thai .'+everal olht,r people imn]c<tial(qv .spoke up lo ._c(on<l

wc_<: zalh(,r (h'spcrale 1() know more at)otn the t)<)temial olcnl_ij_e (owling,+ <lesigne_s

!he PRT might I)e just the right place to m;_ke

mau,gural NACA (onfereace [hus .'+er_(,d it.,+ lmrl)O,s e well rant ,'+el th(, sla/e t_')r po_+ilivu

t , . a sy.";l(*lllalJc (!xo(,..;--. , . , , I1(1 lJllt!
LNA(,A_mdu.,+lry_n.]ililaz+v services ira(, - _ ""'( real sll.zdy. The

"I'll(' + '4(';_'- '_,* , '. llt('liOll ti)l" %'4,!_t1"S IO ('Oli1(..

• N__ +,,,, v_,t,+mzL+..[ion <)th<'c (il wa,s hardly ever (alhxl "lh+a(hluarzers, , tmlilW(wl<l War II) reSlj<)n<h, d immediazeh, by at_tho'rizin__)- dth,r

_nve,';li_atiot] _t tht, t.tl(,<+t_ ()f variol_s forn]s of ¢++)wlin_()P('r;tlrh-'n ofa tWrj_h I & )a + .. l.anglcy Io ('(m<hwl a ti-<,e_lliRiH

,_ram otrowlin,_ . ! (h( (I)(>_rox_(<t fi-om m. (m the l_ert_)rma_ce and enRine

+4 ,_'_._ m the PRT, a th<'ilitv fir- ,- "';(_avr) and preparu a _+Y_temalic pro-
Io _e+q lull-size prot)elh.r s and ()[h<,_ air(_-afl <xm]pon(m_ i • ,+........ a(w. i)o,s_;it)h, tot Ih(. th+sl lime anvwher(,The orga_fizing thinke.an ._ _ t

l+,m,L_h?,, was Fre<l E xA'.,;_], d t( un Ica<h.r oF die r,,;;w,,,' _!_.d lmmel +, '

|()IV O[ ttLlll,Pr;,+ .... "" --'- _tk, O11C O[ {Jle lllot,;l rP+,h-- _1. ,'_"-t+"t s o1"1_111;|] <owlh_ ,- ) ,.
...... ill ;t(:+l-ol|lllllJ(,,4 1+, D , * "'"(llk;tl)l(" ;i('l'O]_,_,,*; , _ . ,_ I I()RI';JlI1]I _l

deveh)l)ed an avid interest in ;tVialion t)v Ilk, arc,' ........ , v_en'l_ (l_rom)tmced Wyke)
...... o_ n near (;hicavo i_ _r-(_ ._,),ff;u (nguwers m lhe his-

irer(j Field and en_a_4inl z _l +" _ . . ..
(i of hv('lve, _oJzl_ to air I;II,{PC|,_ _tl _learbv

I( t a short .,+lty with the Ya(kev Ahcralt (:oral)alp., ((Itiz-i_]+_
tim< h( t+.o_k(d m ,I t(>nvertet.i I)e(*r hall i_+ Mavwood llliaoi++ tran_+tm-mit_ war-

1L 1+(" flit' (h,sign details ot tin+ l)rol)elh.r Renear_h
|tlllZl¢*l <)I lilt' '%*;lli<)]l;+]l Adq_+or,,* (_Ol11111ill4b(+ TIIlIII(,], see "Fhe "l_,vcntx_l+.<_ot

and l)onahl II. _+_,'()_+(For hti_+l . , liar-"_('rl)tlatlli(-s; " ?;'cl+,hc/l_orl Pr°la'llrr Rt'Sear(h
7)lllllt'/I ,+] _ "1+ I I'_4,' +, " IIS|1)11, N('(" +XTIII _;, +<. (77i)) _()O

,- '+ ,--,_+,nlti_t<m l)(" N '_,'- .._ " .... ""II,_+PIDeI'P lip (71ttl-_,* h,. o+ • ' 1!12_, I)%' Jl"l(, d _i. Wt'it k
_:)+ NA(_A +'e_.,_ r(] . I "_. '_"_,4 ;"st'-4+|O, J()FI ),I)D _--" " 'vv"w-"'_'andl)p. 111- r: . ,

m_d tn_.'a_.m (R;%) no 7J [... 6 I),, lhmald 1) B" *; a_ -_". ,,.4.L and I/+e Wind
21"),EnKin<'()l)t'fali)_)tAr-('o II(tP .stir a. pla_¢' *''' ' ..... " _+' m_mR.c<).lb,+

It" Ill Cl <Jl _ tl l(}ll_, _O1 111N Ol ( _<)wli n_ oa P('t li_l In n'n( (
++'e:tl¢(-t ot (:o( ling and |.'tt_,(.la_t/_Shal)e oz+ lh(. at)pr°v(*d I)+, the k:x('(uli:,e C )t mi . * , ,

|'in_il_(+s," ;Ippzo.,(.d ]1111(. ")9 1927. The P,c:';I.Shlll(¢ and (:o< linjE Ch_,,- z._ (,.,}(),]till(1!}21+), R._

(IliA), t"h_d 1. 'l'h<_ nf)so a " " ' tih*s my in thu l.,_ln_l,{,x tli',loai(al Ar(hjv<,+,
+" "" NA(],,_ t-<.++ear(h aizthozizatjot]

]( ( hnwal l,nb_ar,,, NASA l,az]glev - ...1( I( Ii_;tl(-,_<)j *'_Jl-( ;()(JJ('(I

1"11(' ,%_lS?, I(+llt lht+ '_.D;l£]lt' _tJf('r;l/l: R('s(';t]-( |1 (;enh,r, | lanll)lo_n ' _,_,_..

|'/1<)tl_] lhc' I<,*(';IIIli)lt(,d lhe to NACA l.anRh. ) in the -+'um/ller <)t 192 ; I)II| %O1)11 l+(+('_||l(+d j[.
172 _as kt'pt <)pen tmti/ 1(,)32 l,ang/e-+. (,m.rit+d out m<_slotits

'" " " :" '"' _ • " "" , <'n_i.c,l,b%'; I{) I+_(d 1+. +,++.(( k I;d)()_atorv I_) _,t_,+l)<.nd('_wliag work (m Ih(* Ai)ache aa(t il,. %Yhidwind
later (()wlin_ te_+t_under R+,,215.

t[_+d.Junrs R: llanse l'n.n d. (;_.+*ul l 'p: 77++.'ha+d.. ,+++d_

(()11%('111i()11;11 I._t' tF IIX('(i I<)<1;t;. (,_,(.i) ,' _l('('r;tbl(, llJ('_,,(.J(. [';t11(IJ11_

(_" Imflnl1_,lol] j)( Nllllhi1_,<)lll In lllSlllllhol+ Pl(ss |()_i'_) (),,tit lh+_ _,< lls 1_(l(k ! t I I I " _I11('

* _ I ', _ + I_*(' , _ r . fi)r the Spa((-Shtutlle. l li ....... I ,vid<,Ix ,t,(.i)R,liz(,d a(hi('vemet,l,

:I:: _t,(,(z)lnil+),</,I)_;; '/t Is( I:'(; +| L...... I ..... ,,,rltt, S(+lhtesa,+.jZlff_+,l,,, I ..... ,t,'"'!u(l'<)z' '"')'h+l )f I

II I )1111. ,111[)],111( + ()t [_|O _; Ida; )_ j_ + .

, - t . hl (J]_IJ'_+',_+Ir- ,,+D., ,, P ,t( fb(zs_nce he/n.:+, )

the agt (ulttn_al airplane and general avialio_+ int-h_slrie,+. It + at tobi()Rra P x tel s his vnlh( J t(* ++,to% ill i _+( ill;! +
m_ (h*lail. ti_)m hb, t)ione(,ring work ........ ,u++<n i,l_,htiR b('n('tit I_) b<)th

NA(;,\ x(,; ,+ t(_ I_i_+_nanv "+ear++in mantfl_Wturing tiw +I"]R(;o and
_ h Ic L S Ad_ Mul SePdr( m th( (,l_l_ 1920_,. d_f<._g h hb+ Navv rodPiper.
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Fwd E. i'_Hck, head _!] tll_ I'n_]*eller l_.$earch 7 itn nel wcticm, 192 5-192 9. (N,45,'A photo )
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surphls Breguet louxteexl biplanes into "Yackey Transports"), he started a job with the U.S.
Navv Bureau of Aeronautics ill Washington, I).C., where, within a nlaller of months, the

NA(_L-\'s director for research, George W. I,ewis (1882-1948), personally recruited hiln for

important work to be done at Langley, some 120 nliles to the southeast. (The NACA's

Washington otfice was located in an adjacent wing of the Nax_' huildiilg, thus lacilitating
close relations between tile NACA and tile Navy.) Weick arrived at I,angley ill November

1925just ill time to takc over the design and construction of tile new Propeller Research

Tunnel, thejoh I,ewis had specifically picked him to do) z
Ill the weeks following tile May 1926 conference, Weick and a small team of engineers

and technicians laid otil a program for tile cowling tests that was tailor-made for the capa-

bilities of l,angley's big new tunnel. The prinlary method Weick chose to employ was

sonlethingjust becoming known to engineers as expe_4mental parameter variation, which has

since been defined as "the procedure of rel>eatedly detcrmining the performance of some

inatcrial, process, or device while systematically vaITing tile parameters that define tilt"
ohject or its conditions of ol)eraticm. "b_ Although just heing fully articulated ill the 1920s,
tilt" method itself was allcient. (;reek lnilitary ellgiileels had varied the paranletels of tilll-

scale lllachilleS It) filial tilt' IllOSt eftcwtivc dimensions for their catapults hundreds of years

before tile tilue of Christ."' Dtlring the hldtlstrial Revolution, engineers had used thc

lllelho(l to exph)l'e tile pelforln_lnce o[ llew COllStl'rtl('li()ll lnaterials and steam Cllgines. _"

The SIICCeSS Of the first powered airplalle ill 1903 tbllowed application of tilt? ftlllrlalllell-

tals of tile inethod used hy tile Wrigh! brothers while testing airfoils ill their homemade
wind tunnel.-" Over tile centuries, many different types of engineers used parameter vari-

ation precisely because it pernlittcd sohltion of a cotnplex prohleln without a complete

tindersl;inding o1" all aspects of the prohh'in. Wheli .1 complex research prohieill needed

practical sohiliOll, alld hypotheses were lllore scallersh<)t th;tll pinpoint hec;itlse colnph'x

tlllderstandillg was still it distant genii, lhe tecillliqtle s,VStelnali/cd the pragmatic
reseltrcher's oillv real choice for a (:otirso of aclioil: a COlllhinatioll of hraiilwolk, _,lleSS-

work, alld trial a'nd elTOl'. By ohservillg tilt' elleels tit slight changes lllade one al it lillle iI1

planned, orderly sequence, aii eilgineer like Fred Weick could add progressively io his

knowicdge aholi[ the aclual i)erlorinance of whatever w_ts heing invesiigale(l..%eekin_

eftk-(ts IIOlV alld saving callses for lalel, he could list' what he did kllow, circlllnvelll whal

lit" did ii()l know, aiid discover what Wotlld work.

Per %%tqck, lhe advantages of using such a l)roveli illethod, though intuitively clear aiid

logical, were a rather retelll revelation. !t4rhile at BllAer ill 1 924 he learned, fronl propeller

work (arri('d out hv William P. l)liranti ;tlld EVt:lt't[ i,. [x:sley at Stanford Ulliversity, wh;tt lit"

called "lilt" ;ldViUlt[Iges o| tlSillg a systeiliilli( selies of illdependelll variahles ill experilnell-

lal rese;ir(h.'-'-' (Even emliei; as a sellior elig-ineel-illg Slildelll at lhe University of liliilois, he

had hased ;i paper Oil variahle-l)ilch prol)clh'rs ell ttaia [rein the Durand-l.esh'y

prop('iler tests in Ihe Stallt()rd willd Itlliilt'l.) :_ _l) it w;ts a liielhod lhal had provell ilniiit!llse-

ly praclical it) hiiil ill his owIi work, which g;ive him coi)fidt_nce to It): ii it<_aill.

17. "_%t('i(k alld It;ulsen, 1'7_,n the (h_,tml 1'7_, lip. 49-59.

I_, Wahcl (;. Vill(eilti, ""l'ht' Air-I'ropcllei Tests _d W. F. Durand and E. P. l,csh'): A ('.:lsc Study ill

l_.t hllol u.it; Me hodoh>gv," 'lT'di,olok"v a,d Cultuw 2_1 (()ctobcr 1979): 743-44.

1{I. BitltOll C. 1 lal kt'l. "(;l('ck Cai_q)illls lind (]aulpult "li'l lillldokr_: N( i(.ll(l'. It"< hlloh>l_). :iiid "_Val hi Ihl"

,\ll(R'til WoihL" "l;'¢h,,l,&'_' a.d (.'ult.m9 _llilltilll$ 196#4): 34-51t.
7(). For l(.fi.ttqi(l's. _('..' Vill_ ('111i. ":\ir-I'it_pt'll0r "li'sis." pp. 71 I-t3.

2 l, _t'c Pctt'l .]ak:lh, t i_irm_ O/" 1,7)i.,_r ,llmhim': 17: llrlTL "/It I£,lolht'rs a,d t/.' I>i_r_'ss o/Ini,c.lio. ('tV_islihi_loll.

1)(]: _iliitilsl)lli_til IliMiltlliOll I)lt'ss. I':tgOL pp. 1<38-32.

'2<2. \%'oil k anll 1lltllSt'll. I').m t/,' (;,m,d I 7_. I ). i_O.

_,, Viii( Cllli, ".\i_-l'i_l_clh'i "]i,sl,,," p. "7111.
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Recognizing that he should extend the cowling investigation well beyond tile range of

inune(tiate interest, _k_ick pinpoinled Ill(" extrenles. ()l)_4ousl}; one extrenl¢ _was a I)are engdne
with no cowling at all; evelTone who knew anything about aerodynamics axsumed that it would

have maxinmnl cooling, but maximum drag ;Lswell. The value of lhe other extreme---enclosing

the engine compleleb_no one had mllicipated because !hal torm _'enled U) exclude all possi-

bilio' of air cooling. For smooth tlow around the exterior of lhe cowl, Weick modeled an engnne
nacelle on 1tle besl available ail.ship lotto, widl dw idea of bringdng in cooling air at the center

of the nose. Then the anloun! o[cowling wits systematically _aried from one extreme to the other

tmtil he had produced ten difli, rent cowling shapes, reatiy tot testing in tile PR'I7 _"After 1 had

completed the outline of a telmltive cowling lest progranl," Weick remembered in his aumbiog-
laphy (published ill 1(.)88, when _Ak'ick w_ts 8(.)), "the NACA Sell[ i! to tile military air selxices and

1o variotts manul:,tcturel.x that had shown interest at Ihe May 1.926 eonti'rt"nce, and it was

approved by all of them. Formnatel}, gelling iheir okay took some time, because the propeller

resemch tunnel was at this point in no sense ready to openue. '':5 The PRT w:ts no! ,-eady Ibr

actual testing until early 1927, at which lime the sysR'malic exl)eriments began.

The tilst round of tests in the PKI' inilia!ed a process of cowling development thai last-

ed at l.angley tot more than a decade, inlo the late 1930s. With tilt: process came signitieanl

design rethwnlenl and a Par deeper underslanding of all the beneticial things properly

cowled engines could do fi)r an airplane in tlighl. Most importantl> tionl the viewpoint of

expanding engineering knowledge, the process t'venlually resulted in a t_r belier under-

standing of how cowlings do what tile}, do. In retrospect, the process was divided into [illtl

stages: (1) 1(.)26 to 1929, definition of the c<Jwling's parameters, a stage which ended with

the NA(SVs public: amlouneenlent of a successtiH low-drag design that won the Collier

Trophy; (2) 1(.)29 to 1931, an important series of engine placement and tiee-llight cowling

tests that resulted in a strong idenlification throughout the NA(k_k with tilt' empirical

method; (3) 1931 to 1934, when tilt' htboratol T 1)egan by oudining a new !hree-pro,|ged

experitnental attack <m cowling and cooling problems, but ended in an impasse when that

attack stalled; and (4) 1934 to 1936 and beyond, when a nlore analytical approach to cowl-

ing research began to emerge out of Ibis stalemate to answer Sllllle ilf l]l,t" basic questions

that the empirical approach of Ihe preceding |hree SlilgCS had left IIIl;:ll/swered.

Experinlental parameter variation led to resuhs in each of the tirst three stages; praclical use

was made of observed perfiwmance etlk.'cts. By the tourth and tinal stage, il was tinle Io

search beneath tile effects for causes, h was time to go after that distant goal of COml)h,x
underslanding. By the st:.ll-! of World \%tr II, which in some respecls saw the tinal, cuhninat-

ins evtlhtlion of the propeller-driven airplane, this ultimate goal had been largely achieved.:"'
In 1!127, Weick's team at l,angley slood at squa,e one. According Io Weick:

The Koal that we had set /br our_ehu,s was a cowled e_grit, e that would be cooled a* well

as one with no cowling whatsoever Thi_ program proceeded easily enouffh until the

complete cowlb,,_,, cove74ng the eta!ire engrine, was.first tried. At this pob_l, some o/the
o, limter lemperatures proved to be much too hiKh. A/let several mod(fications Io the tool-

ing air ittM and exit.|inms, and the use of internal Kuide _,at_e_ or ba[]le_ , we /bmlly
ohtab_ed ._ali._/actory coolin_ with a complete cmvlinLr.

2't. Wci,:k and 1lanscn,/:ram the (;round ['p, p. 60.

25. Ibid.. pp. 60-61.

26. St'<" Quell fin I%ji_tmamr: The l"volufiem o! M_ule_u ,lin_q/i (Washingt<m, 1)('.: NASA SI'-.16S, 1985), by

l.aurcn¢c K. I,_liin,Jr. l.otlin was an aeronaHlical engineer who worked al l.angle} h'mn 1944 umil his i'clilt i-

ment hom NASA in 1!)71. Much <d tny analysis of the tinlr slagcs ,)1 l+anglcv's cowling work that !i_lh)ws in this

essay, is based (m Wcick's aumlfiographicat account. See also "The N.A.( :.A. Cowling," Aviation 25 (Nov<'mber 17,

19281:1556-57 alld 158t;,-90, hv Fled E. Weick; and "Notes on d_e l)csign ol Ihe N.A.C.A. (:owlmg," Avialion 27

(Selm'lnbC_ 21, I !12{)) : 636-38, by William It..McAvox.
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Donald H. Wood, a 1920 graduate in mechanical engineering from Rensselaer

Polytechnic Institute who had been working at Langley since 1924, was in charge of the

actual operation of the testing, anti the first of these modifications was made while Weick

was away on a vacation. When Weick returned to work, it was obvious to him that "the boys

were on to something, and from that time on we all worked vel T hard on the program.":

The airplane that the engineers worked with in the PRT was a Wright Apache, a small

airplane, which was equipped with a J-5 Whirlwind air-cooled engine. They measured the

cooling effectiveness of each of the ten cowlings, investigating their different ettects on

proptdsive efficiency. Each experimental shape underwent numerous, systematically

planned variations. With the help of Elliott G. Reid (a 1923 master's graduate in aeronau-

tical engineering from the University of Michigan), the head of Langley's atmospheric
wind tunnel ("NACA No. 1") who had been studying the effects of Handley-Page wing slots,

Weick designed a cowl that brought ouLside air in and around the engine via a slot at the

center of the nose. The potential of a complete cowl then began to look more enticing.
The researchers had to modify the cooling air inlet several times, and install guide vanes

or baffles to control the air in its passage for a more efficient heat transfer. They also had

to design an exit slot that released the air at a slightly higher velocity and lower pressure
than it entered the cowling with, but they finally obtained satisfactory cooling with a com-

plete cowl, which they called "No. 10." This cowling covered tile engine entirely and used
slots and baffles to direct air over the hottest portions of the cylinders and crankcase.

To everyone's suq)rise, the No. 10 cowling reduced drag by a factor of ahnost three. /ks
Weick reme_nbered, "The results of this first portion of cowling tesls were so remarkable that

we decided to make them known to indtLstry at once. In November i 928, I _wote up Technical

Note 301, 'Dl_g and Cooling with Variotts Forms of Cowling tot a Whirlwind Engine in a Cabin

Fuselage,' which tile NACA published immediately." The summal'y of the report was _.s follo_.'s:

The N_ttional Advi.w)), Committee for Aeronautics has undertaken an investigation in

the 20Jbot Propellm- Research Tunnel at Langley Field on the cowling of radial ai),

cooled eng'ines. A portion _( the investigation has been completed in which several fi,)_n._

and degrees 0[ cowling were tested on a Wright _q_i)twind J-5 engine mounted in the

nose of a cabin ]uselage. 7"he cowlings varied fiom the one extreme of an entirely" exposed

en_ne to the other in whieh the engine was entirely enclosed. (Jooling tests were made

and each cowling modified if nece.ssa D, until the engine cooled approximately, as .salis-

.[itctoril_ as when it zoas entirely exposed. Drag tests were then made with each.form 0[

cowling and the effect of the cowling on the propulsive efficiency determined with a

nwtal pn_peller. 7"he propu£sive efficienQ was Jbund to be practieallv the same with all

.[b_vns t?[cowling. 7"he drag qthe cabin fuselage with uneowled engine was Jound to be

more than three times as gveat as the drag (_[the Juselage with the en_ne removed and

nose rounded. The conventionalJbrms ofcowling in zohieh at least the tops of the o, lin-

der heads and vahJe gear are exposed, reduced the drag .sonu'what, but the cowling

emtiret), covering the engine reduced it 2.6 times as much as the best conventional one.

7"he decrea.w in dra E due to the u.se ¢?[.spinne):s pn>ved to be almost negligible.

In concluding the summary, Weick argued that use of the form completely covering the

engine was "entirely practical" under service conditions, but warned that "it must be care-

fully designed t() cool properly. "'" In conjunction with ille appearance of this report, the

27. Wt'ick and Hansen, I")om the (;round I:]), t). 66.

28. ,VA(-_I Technical Note 501, quoted ill Wei(k and Hansen, l')om lhe (;round I;_), p. 66. See also Weick's,

"Drag and (]()()ling with Various Forms ()f Cowling ti)r a 'Whirlwind' Radial Air-(k)oled Engine, I," NA(:A 7"1/ 3'13,

1929, and "11," 7'/¢ _14, 1929.
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NA(2&'s Washington office announced to the press that aircraft manufacturers could

install the NACA's low-drag cowling as an airplane's standard equipment tor about $25
and tha! tile possible annual savings from indnstry's use of the invention was in excess of

$5 million--more than the total of all NA(_. appropriations through 1928.:"'

With the initial round of wind tunnel investigations completed, I,angley borrowed a

Curtiss Hawk AT-5A airplane fiom the Army Air Service, that w;_s already fitted with a

Wright Whirlwind J-5 engine, and applied cowling No. 10 for flight research. "These tests

showed that the airplane's speed increased from 118 to 137 miles per hour with the new

cowling, all increase of nineteen MPH," Weick wrote in his autobiography. "The results of

the instrtunented flight tests had a little scattel, and we could have been justified in claim-

ing that the increase in speed was twenty MPH instead of 19, but I wanted to be conserv-

ative. I didn't want people to expect too much from this cowling, so we called it 19. ":_'_

Godsend

But the lid on the cowling breakthrough was about to be lifted. On Februa_' 4-5, 1929,

Frank Hawks, who was already famous for his barnstorming and stunt flying, established a

new l_os Angeles to New York nonstop record (eighteen hours, thirteen minutes) flying a
Lockheed Air Express equipped with a NACA low-drag cowling that increased the aircraft's

maximum speed from 157 to 177 miles per hot,r. The day after the t¢'at, the (]t)tnmiltee

received the following telegram:

COOI,IN(; CAREFUl,IN CHECKED AND OK. RECORD 1MPOSSIBI,E

WITttOUT NEW COWl,IN(;. AI,I, CREI)IT DUE NAGA FOR PAINSTAK-

IN(; AND AC(,UILgFE RESEARCI I. [signed] (;ERRY'_XJLTEE. I,OCKt IEE[)
AI RCI_.FT (:().:"

In the tollowing months, as tile NA(;A reported in its annual report to file Presidenl

of tile United States at thc etld of 1929, "all the high-speed records in this count D, in the

past year were made with airplanes powered with radial air-cooled engines using lhe

N.A.C.A. type cowling.":'-'Anlid a bursi of publicity--some of it exaggerated--abollt the

benelits of the NACA cowling, tilt" National Aeronautic +,Scssociation announced inJanualy

1930 that the NA( ;A had won tile (]oilier Trophy tot tilt' grealesl achievenlent in American
aviation in 1929.

The NAA presenled lhe award to the NACA at a brief ceremony on the grounds of

the White I louse on June 3, 1930, "before a small hut distinguished galhcring of aero-

nautical atnhorities. ''':_ President Herbert itoover presented the trophy lo Dr. Joseph S.

Ames, the NA(L& chairman (1927-1939). Significantly, none of the speakers said anylhing

29. Regarding the NA(]A's public annotmcenlent of the cowling, see (;eorge W. IA'wi_,'s, '+Cowling and

(]ooling o| Radial Ail-('ooled Engines," transcript of spe<+_ h befolt _Ihe S_wiety otAutomotive Engineers, Detroit.

April 11"}. 1929, Accession 61 A It15 (Box 25), Rec<Hds of the National Advisory (_ommittee fill Aeu<_mttttics,

Natiomfl Archives and Records Administration, Washington, DC.

30. Weick and llansen's I+'n_m the Ground I_J, p. 67. See also Thomacs ('arr_dl, "Flight '['esls ot N<_. I0

(;<nvling, +' in E. E Warner and S. I'attlJohnston, Aviali+m Ilandbo+Jk (New _}lk, 1931), p. 145.

31. "Ik'leglam dated Fel>ru;try 6, 1929, NA('+A I.anglcv (]orrespondcnte Files+ (]odc A171_1 l, Langley

Ct'ntrat Fih+s (I+(;F). NASA l.angley Research Cenwr, tlaml>tOtl, VA.

32. I"qle*'nth A.nual ICeport of the Nrttional ,'trh,iso_ U.mmilh,e f.t Ae_.taulics, 192_3 (Washingt_m, D(:: II.N,

(;overnmcnt Prinling ()1lice, 193f)), p. 63.

33. Ibid., p. 2.
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t

Ih: ]._e[dt ._. AMP,, Diw, t¢. t,] Ilr_ra_Ht /._ Ihe ,",.'ACA, wa_ ,.m,a_d.,'d Ihr _,'+,lh+'_"li_;Hn'.tn I _.GO,/m NA(L.V', wink tt+'_,."l¢,[_i_tk_
Ihr /,m, ,_lt,t_ ¢m+,lin_. Pwsidr.I I I,.d..t l I I.,n,e;, A makinK the aw,'mL (,VA,_,.t I'hol,'_ qt) t 74,_')

m qualify' the significance of dw design l)rcakthrough or to locus lhe attenti_m on engi-

n<'eritzg rath¢'r than on science--in tirol.just lh¢" opposite:

Senator ttiram BinL, ham, president of the _\)ttional Aeronautic As_miation, opened the

<e_vnumy by explainin,t_ the histmy and statu._ _?/ the Collier trophy a_td read the award

citation. 15e_ident ttm_ve_; in pre_enting the trophy to lh: .Joseph S. Ames, chairma_ _![

the National Adviso O' Committee/_r Aer_mautir_, <omme_ded the commillee on the s<i-

+,ut!/h [attth<w's _'tnl)hasis] _,s+,ttt+'lt which had deveh_ped the cm_,lint_, l)m't_,r A mr_.

in a<cepti_ the tn_phy _,n beha!/+!/ the rommittee, said in part: "/1 ._Henti._t _w'eive_ hi.s

rea,atd [r_m hA m+,n wink in believi_tg that he ha._ added to humatz knowledffe; hat he

i.+ alway+ .t?al!fied whe++ his work i.+ recot_nized a.s g+md IO' [hOL_l' +ompetent t, jud_,_e. " +'

()m" +_(>ttl(l hopt+ that Ames, an acCOml)lished physics proti.ssor at (and later lwcsident of)

lht" Johns ttot)kins Utfi_¢,rsily. understood that the NACA cowling was pr.ducittg solid,

but not t:mlastic, r_+sulls and that lhere was no magic in the lin shal)C. As a meml>et +of Ihe

NA(:A .Main (:t_mmiflee since the NACA's establishment in 1915, he cerlaittly should have

31. lhut., p. 3.
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known enough about tile research process at l.angh'y to appreciate the systematic character

of the laboratol3, work thai made the tweakthrough possible. He should also have known that

tile genuine achievement of the NAt2,%. cowling was part of an experiniental process more

natural to engineering than to any of Ihe sciences per se; that the cowling certainly was not

die product of inspired genius; and thai there was still a lot of work 1o be done to make any

great use of it, mostly by industl 7. But if lh: Ames knew these things, he did not announce

them at the White House; and why shotdd he have done so? The NA(2a_ w_cs still a fledgling

agency uncertain of its political support; Wall Street had just crashed months betore; and the

Hoover administration's support for on-going aeronautical research and development

(R&D) was so tellHt)llS that lilt" NA(_.\ was going to need all the boosterism it could gel just

to survive. (In Decemt)er 1932, as part of his plan to reduce expenditures and increase e[ti-

ciency in government by eliminating or consolidating unnecessary or overlapping Federal

offices, l toover signed an executive order to abolish the NA(]Aisomething that lie had

recommended doing in the mid-1920s when scrving as secretil.ry of comnierce. The election

of Franklin D. Rooseveh <:ancelled President ! Ioover's nlcrgers and lefl the NACA intact.):'"

The 1929 Collier Trophy thus seemed a godsend to the NACA; certainly Ames anti tilt"

other leaders of the NA(;A saw it Ihal way. (It is more than coincidental that John E

Victory, the executive SeCletar}, of the NACA, was serving as Iieaslller c,f the National

Aeronautic Association in tile year thai the NACA first won tile Collier. No NACA o[ticial

had served on the NAA executive committee betore 1929.) The pleasant recognition not

onlyjttstitied the timding levels the NACA had gotten ill 1929 and 1930--$836,700 and

$1.3 million, respectively, which seems modesl hut was in tact nearly $'_00,000 more than

it had ever received--t)ut was also timely support tor the NACA's request for nlore money
(the I,Y 1931 appropriation would turn out it) lie $1.3ti million) to continue construction

of a large, new, full-scale wind ttmnel at I.angle b one even larger than the PRT. It was not

the time to be dirtying the water with complex thoughts al)out the ;tulhentic llattlrc of

engineering breakthroughs; rather, it was the time to give the aviation ptd)lic what it walll-

ed. Great science. 1leroic thottghts to match the ti.'al of 1.indbergh. Magical lechnohLkn,_.

Tin shapes that produced miracuh)us results. That is the sort of "right sluft" that "flew"

with the aviation public in the 1930s, as it still does today. The "honest stutF' about the

details of the NA(:A research program was too down-to-earth and technically conlplical-
ed. Better just to call :tll of your achievements "science."

Alter all, in 1930, no one yet was absohltely sure whether the NA(:A was an organiza-

lion t_)r science or tor engineering. Congress had created the NA(:A in 1915 "to supervise

and direct the scientific and technical prol)lems of tlight with a view to their practical solu-

tion.""; The leaders of Anlerica's embryonic aviation establishment, however, had been in

sharp disagreement over how to interpret this mandate. Some had tiqt t]lat the NA(:A

should remain sniall and continue to serve as merely an advisoty hod?,, devoted to F,ure

scientific research. (_Vith qualifications, Dr. Ames had tended to support this view.)
Others had argued that the NACA should grow larger and combine basic research with

engineering and technolo_' development. This second group, led by the NACA's ambi-

tious director of research George I.ewis (M.S. in mechanical engineering, C<_rnell

University, 1910), wanted the NACA to attack the most pressing problems obstructing the

immediate progress otAmerican aviation, particularly those that were vexing the fledgling

lnilitai T air services and aircraft illailttfacttlring and operating indilstties. :+r

35. l tanscn, linKim,er i_ (;haq4e.p. 145.
36. The tiill tt'xl ot the law estalilishing Ihe NAf:A in 1915 (Pulilit l,aw 271, I_!/ld (]Ol/grl'ss, ;tpproved

March 3, 1915) is r/!prinlcd in I';ngim,erin (;/larLre,p, 399, appt'ndix A.
37. ,lamcsR. t lluisen. "(k'ol).Ic 14i l.evdsand ihc Managcnit'nl of Acronaulical Research,"in William M. I x';u'y;

I',:t., AvJalioni_(;oltb.tiAge. l'or/mit_pom llu"1920_and /_)7(1_(h >v,.;t(;it),, IA:t lniversity of hm_t Press, 19;";9),pp. 93-112.
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U nder Lewis's carefltl direction (he served as director of research from 1919 to 1947),

the NAC#_. moved slowly but surely along the second course. By the mid-1920s, engineers,

not scientists, were in charge at Langley, and the keystone of the NA(_'s charter rested

securely in their notion of "practical solutions." Over the next twenty years, the NA(_

conducted research into basic aerodynamic, structural, and propulsion problems whose

solutions led to the design of sail-r, faster, higheF-flying, and generally more versatile and

dependable aircraft. With these aircraft, the United States became a world p(iwer in
conunercial aviation and Allied victory in World War It was _tssured. In the opinion of

many experts, the NACA did "at least as much t_.)r aeronautical prllgress as any organiza-
lion in the world." ....

Engineering or Science?

Much of the credit fl)r thin impressive record rests with the NACA's eng_'ineering

approach to the technological problems. Scientific principles undergirded aeronauti-

cal devclolmwnt, of course, aud hasic discoveries in the physics o1 airllows definitely

played a major role in loci,sing tilt" effoFt. Bnl it was engineering lesearch and (level-
Ol)ment that really l_ronght the progress. When l+angley lalloralot T slarletl flight

testing in 1919 (the first I+MAI, wind tnnnel did not begin operaling nntil.]unv 1920),

frail wooden hiphtnes covered with fabric, braced by wit-es, powered I)y heavy water-

cooled engines, and driven by hand-carved wooden ptopellers still ruled the airways.

The princit+les of aeronautical engineering had yet to he fully discovered, and only a

[krw programs at major schools like MIT and the University of Michigan existed to find
them and teach thetn to students. The design of aircraft retnained a largely intuitive

and elnpirical practice requiring bl)ld specuhttion and daring, ill both at financial and

technological sense.
In terms of engit|ecring+ there wele slill ,i nulnllet _+1 hothevs<>ttle and potentially

dangerous itnktlowns. As evidenced in lilt' qllesli<)II asked <>I tilt + NA(;A all tilt" 1926 con-
[}?lellCe, tl,tl t)llt' kilew [f>l Sill+<.+htIv.; [(> ic'dnce engitlt' drag wilh<+tll degrading co<ding.

Bnt there were so malts t>t+these quesli</ns still needing to be asked. No ()lie klleXV with

certainly how to shal)e wings to increase lift <_r Io ililninish the ell<.'cls of turllulence.

No <)ne knew how and when flaps, ailerons, and other contr_d stuTaces wl)rked besl. N_

tlne knew if it wits even worlhwhile to lelracl landing geals (according to various i)un -

dits, the added weight and conlF, lexily of a ,etracutble undercalTiage w<mld lt,[:,t I)e

worth tilt" saving lit :lit resistance). Subslanllial liltteases in aerodvnatnic efl]ciency

inight I<dhlw <)ii the heels oF C()lTec[ allswers to jnst a few ol+ these technical concerns,
but no lille kllcw exactly how, _l- evell whether to try, to get at [heln.

It was, thl'lel_re, unfortunalc--and trclnenltonslv nlisleading to thl + aviation

pl,blic--f<_r l)l-. ,XllleS, ,It tilt" While ]l<lnse tel+elllOllV, Io l'Ollllllelld the NA{:A on the
"st'ielllil]c i'est'alch which had developed the cowling," I'ol il was nttl scienne, hut engi-

neering--,utd nt>l Slienlists. bit engilleels like Fred Weick and his PR'I" lealn--wh<>
aclttallx desclxed the eledit. Engineeling deserved lilt' crellil not only [_v the NA(_A

cowling but for ntost of the design t-evoh,tion then begilnting lu take place ill

,\inetican aeronatttics. Aines's acceptance speech was thus like cot_gratulating tilt"

WviglH bl_ltlt'Ys [<_l- being scientists rathel than engineers, therehv Inissing the essen-
tial points ol whal Iht"., had :.tctnally achieved and hmv tilt',,' ;tchieved it. ()t c<lttl-se, t]te

V_'lights h;ld/,'+'n [iortFaxed all t<_o oflen :is scientists, lit Ihis sense, Aint,s's ;itllihntion

38. (L (;. (;tat',,"'lb. (;. W. I.cwis," Tt,' .lemphme, Au_tP_t 27. 1918.
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for the cowling was ill keeping with file American tradition of co-opting engineering
achievements fi)r science.

The faihne Io distinguish between scientific and engineering achievement haunted the

NA(_ throughout its histol3, but never more so than in the eaHy 1930s. The most outspoken

critic of" the NA(_ at that time, Frank Tichenol, the editor of the journal Aero Digest, misla-

beled the NA(_ cowling "a development rather than an original work" and misjudged it as

being tar less et|(_ctive than the +l'ownend ring, a rival cowling concept developed simultane-

ously by t lubert C. Townend at the British National Physical l.abot_ltorv. :+`'Tichener did so

largely because he took the NACA at ils owl_ wotds about being a scient!fic organization and

because he tailed to appreciate that aviali<_n i)rogress during the era really depended on engi-

heeling being in chai+ge, as il W_:L'__t! l,angley laboratory, nol science. In his regular monthly

colutnn, "Ail_l lot and Olherwise," +l'ichenor attacked the NA( _\ in late 1930 and early 1931.

In the Febtajal y 1931 issue, he stated the gisl of his ct+ilicism:

In these column._ in I)ecember, 1 leviewed the condition_ prevailing in the National

Adviso O' ('ommitteeJbr Aemnaulics which pnqJe_t it/mmfunctiopling in a manner u._¢,-

[ul to the be_t inteTe_ts o[lhe industly it purport._ to _err,e. . . . 7he importam'e o]a wise

and honest e.x'pendituo, O[public /ulul_ ap/m_[n'iated _pec(/ically jor scie_tific [author's

emphasis] re._emrh a_d nol ]m- a cheap _uh_lilule /or it, is g'e_lerally wcog'nized.

hi his column, subtitled "The NA(:A (:_)unlers," 'i'ichel/or Ihell look on a "deli'nder of

NA(:A nl;ln;tgemelll," l)r. Edward P. _A,trm,r, t'dilox of Ihe ri_al lra(le jotunal Aviation a_(I

a Iot_g-time member of the NA(:,,Vs (:(:,t_H_ill,t,e ()l'_ Aerody_ami(s a_d (:omr_iltee ,()l_
Malerials liw Air(r,dl (_,Varner had served teml)or,_rily i_ 1920 _s l,angley lal)oralorv's

chief physicisl), who h_(l prepare(l a tesl:,o_se to Tichenov's l)eceml)er 1930 column "V','i_¥
lhe NA(_A? ''_'' I_ Iris e(lilorial resl)O_se, l)ul)lished i]_ Avialirm in .Jatmarv 19"41, W,_,rnet

"skirled Ihe (lel]_fili()_ _t 'scientific research'"" _n(l I)y i_d_q('lwe, seeme((I() (once(le (as

I.angley chief ()f aerodynamics Elton W. Miller also did in al_ u_qml)lishe(I resl)()nsc he

[)rel)are(l liw Ihe NACA Waslfinglol_ ()tlice, which W,u-ner r('ceivcd t)efiwe wtiling his _w_

39. ]q:mk "l'i(hcno_, "+Ai_--Ih_l a_d ()thc_wist','" A,._++ D+g+'+t (lq'l)r_m_,, 1931): 24. 'l'hu historx _t Hw

Amt'ri(an N.\(_\ ;ll)l)(.;_i Ii) ]l;t_(' I)(.(,ll await _t Ih(' (_lh_'l"s (owlmg _wk. The' NPI, I)uhlish('(I lh(' icsultr, _1 its

lin_ I,:',,('m,: h jnst I)(.fi_rc Ih(' N,\(_A',, (_v, li_g _,t.i)(,ll_, al:.l)Ca_.d. 1",_ irtq)_'s,, \tn,_'_i_ ,_ nlantdi_(lHl(.rn v, ilh Ih('

;:t]lt(' ()| ils (()',_lill_. Iht _ N'A( '.\ (]i(| t)lil_ (' il'_ (l('sigl_ inl() ( ()llll)t'lili()ll wilh Ih(' l_l_.nd _ing. (;(',ng(' l.c_is I,_t(I

(;l_'nn 1. Ma_ti_, |_ _'Xaml)lc. that Martin's l_.-II} I)_)llll:.(q _uld nol onl_ 413 signili_anll,, ti_st('r than ils i)l('s('nl

m_xi_llum _,1)_._1 _d 195 mih's ])_'r ]_tl_, Iii11 _1_1 _ds_> land slo_c_ _md i_(' s:H_q_, it the ('l_i_H"s "l_)_ulld _i_L_

_fi_l)ln_c's lll_tximlllll n])('('(I I)_ 30 MPI I I,_ 22F) _m(I als_ rcdu( i_g ils lan(litlg Sl)(.cd si_4_fifiCal_Hy. Ill 193: _,al/d 1931.

Ill(' itllll _, pill( has_'d nH)le thrill lilt) |_-II}.,. I_".( tlill,_ NI:IIIJII t1o1|1 Ill{" _,',l)l_,l i_| th<' l)el)l('ssil_. \'(hat Ihl' (,_:_1i11!_

did ti_ Ill_' I_, 10's p_wti_H_aIw_' Ina_ w_']l h_<. b(.(.ii ',_h'_ Ma_lil_ _l_ th(' I)l_)dll( ti_l_ _ _l_t_ ¢ :llld uh_ I_._('illg's

I_-!t. il_ _<_q)utifio_ with tlw \|;util_ :ill( i_dl. I_sl. Ttw 1_.-!) _s('d the lb_wlld _i_R. _,_,_. 1.1_,)(I _;..l_..'s, /'._,.

II_)mh¢'_, 1_2,_'/_ IgStI_. 3_(I ('(I. (l::dl_H_k. (_,\: Ac_ l_,_k_. 1981 ), l)p. 311-?,2. lh_' _,_',;_11 _mq)t'tifi_. sil_u_ti_l_

|_'(I the lit(' _d the' ll:l_satl:t,_ti( disptll_, ;H_(I it'sllll_.d ill ;I l_llg s_qi('s i)l i):tlt.tll s_til_,. I"_l NA(]A I_an_,lcs's I_':l(li()H

.\IIillld(' with R_'fi'_'nc_' Io "Ibuncnll Ring (:,_lizv,4.'" '_I:_11 3, 1931. I-ilc \lTtk-I 1. l,(:t'; (;t'_l'_' _,_', I.c_is to

I.MAI.. "NA(I.\ (:owli_lg ;n_d (;l:tiln _l "lb_xnc_d PatclJl " \tlgust I') 1931, ibld.; *'R_.I)_II of M_"cli_l,q I)_'lx_t'_'ll

R('l)l_*s_'_li_li'_'s _1 NA( ;A ;_t_(I _)1 lht _;\l m_ atH1 Nasv 1(_ l)is_ _sn IIw (:_ling I';lt('lll Silualio_C'.lunr 21. 1932, _hid,

()_ fl_t' li_w.'_d _i_g spccificatl,,, st't' It. (:. I1. lbw_Jcnd. ""1 hc "l_)w_'nd Rin¢."]_m_._d ./the I¢_'al.l_'_maul_.l

_.ui_l'_ 3t (()( l_b('i 19311): ,'ql!t,- l,q. F_)t ;t ( _)ntcmporar 3 analssis _l (_wlmg d_'xul_q)m_q_t, ncc.I. 1). N_ ih, "1, _gi_.

( :__ lin_,," |ore _lul t!/Ihr I_mal, |c_ouattli_et/._o_iet_' 38 (lulv 1931 ): 3(i(_-Ii 12.

40. Ii( h(_ll()l; "\_'h_' lh(' N.\( ]\." _I'ID Dig'_t (I)('( _'mtW_ 19301: -17|1: _"I hc N.A,( _.,\. ( ;I)lllll['l_., '' ,Iv'to I)i_'sl.

.JatHlar'_ 1931. pI ). 501|: Edward IL Wa_m'_. t'(til_)li_ll. ,_t,/uli¢_?/"_(1 ([_|Jltl;H "_ I!131 ): ?;--t.
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r@finder) '_ that very little NA(:A work "could he classilied as tmlclanlental, according to

general acceptance of the term." Slill, the NACA research program was scientitic, as it
involved (in Miller's words) "accumulated and accepted knowledge, systematized and for-

mulated with relerence to lhe (liscove_ T of general truths on the operation of general laws."

lake Miller, Warner argued that Tichenor was looking at aeronaulical R&D at Langley lab-

oratolw (a place Tichenor apparently had never visited) in the wrong way: just hecause

resear(-h at l_angley had a practical object, it did not mean that it was no! scientific. _:'

But Tichenor did no! grasp the poim, largely because he saw an all-lo_hamatic

dvopofl flom science to whatever else came, in his view, below it. (NA(;A leaders believed
that Tichenor's anti-NACA colunlns were in filet being flmled--and perhaps even drafted--

lw Aero l)(¢est COtlstthanl, Dr. Max Munk, the eccentric (;erman aerodynamicis! who had

conceptualized the \T)T and PRT at l,angley but who had been fiwced to resign as I,MAI,
chief of aerodynamics in early 1927 afler a revolt of all the sections heads in the aerody-

namics division against his autocratic style of supervision. Elton Miller was Munk's sttcces-

sor and had played a major l)art in the rew)lt.)" If it was not science at the NACA, then

for the Aer0 l)ig,_t editm (and for file disgnmlled Dr. Munk, who really should have known

heller), il was _'a cheap suhstitute." There was nothing in helween, and certainly nothing

on l)ar, with science.
Thtts, l'ichenor look Warner's response--which did not make a lerrihly clear case tk)r

the requirenlents of an engineering approach to haste applied research hut tried instead

only to claim the values of science t,)r the NACA--and he turned them against the gov-

ermnent organization. (Warner had earned a master's degree in physics at MIT in 1919

and, tollowing his brief hiatus at LMAI,, taught in the school's pioneering aeronautical

engineering program into the mid-1920s, when he hecame a consultant in Washington,
DC, to the President's Aircraft Board, bener known as the Morrow Board, after its chair-

man Dwight Morrow.)'" ResF, onding to Warner, Tichenor wrote:

It almost Iook_ a_ though the de]ender o]the N.A.(LA. management in his own heart

aA, ee,s with us; attd although he ]iad_ it expedient to de[neciale our criticism, he writes

as though he himsd[ wouht like to see re[orm e[]ected, lie does not call attention to one

sucr'es._]id research, nor one _cientific advancerru'nt which can be credited to the
N.A.C.A ..... Vor doe_ he _u_est that surh advances can be expected in the Jittu_v.

• . . Our p74ncipal criticism, the absence ¢_[seient!fie research, is tacitly' admitted. Sueh

research, he contends, is the proper sphrq'e oJ univer_ities, not r_the ,\\A. C.A.

Tichenor bolstered his case with references to the NACA's own language, its own execu-

tive policy decisions, and to the NA(_ charter itself:

Now, u,e have not, merely as the _e_ult O]our own judffment, ._pecified scientific research

as the task 0] the N.A.(LA.; we quoted thi._ as the NACA's task ]hJm the Committee's

ou,n annual reports. 7"he r&[_'nder O[ the N.A.C.A. cannot loffically ignore this point

altogether; as he does, for it is the most important consideration, the k_note _] the

42. ,.'ks Roland points out in Modal Ilztearch (1:356, n. 18), Eh_ln W Millcr's ,ommenls appeared in a

19 l)ecembcr 1930 menl_,randum to I.M_M. engineelqn<harge Hem?,' Reid, who then tilra,arded it (o (;eorge l.ewis

in tilt' NA(2_ Washington ,_ttic c as _( :ommcnts on tile Article in the I)ccembcr 1930 |_;Slll" lit At,ro DiAlect, Entided

"Wh; lilt' N.A.(LA.?" dated Januap,, 2, 1931, Atct'ssion 55 A 312, Records ol the NA(iA, N;lliimal Aiwhivcs.

43. Elton W, Miller memorandum, December 19, 1930, cited in ibid.

-14. See Roland, Model I¢,eseanh, 1:132-35.

t5. ()n E.P. Warner's career in ;It+roIl;ltltit s, :.;ee Roger E. Bilstcm, "'E(twald Pearson Warner and tilt' New

Ai_ Ag.c," in l_earv, e<t., Avmtion "_Gold+,P+ Age, [;,p. 113-2G.
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N.A.(,'.A. [_shorteomil_ _. 7'hu._ is not a q,lu,stion ¢?[ opinion onlw ratheT; it i_ Jar mole

a que._tion O/keepin/,_/aith, _] loyally to duties d_fined @ the supervising body 0] the

N.A.C.A. 7'he poll 0' O[ eonducting ._Her_t![ie reseanh was ad@ted ten year:_ ago by the

pre_idinLr /Main] Committee, made up o[ the [mvmo._t experts 0] the country. In all

anJtual re/sorts ._ince thel_, it has beel_ recorrh,d a_ the accepted polity (?/this bod_,, l/ha.s

been pleaded]Dr it1 hear/i,lq:s b(Jim _ (;¢m.fftv_i(mal com,lnittees. It has fi_rmed the ha_is

[or public appropriations.

Tichenor then asked the key question, one much more insightful than the Aero lYige._t

edilor ever realized at the ill,lie: "Does tilt! deft'rider of the N.A.C.A. mean to imply that

there is one policy lilt obtaining appropriations and lot general advertising and public-

ily plH'post:s and qllite another one |t)l tilt actual service and aclivily within tile walls of
the N.A.C.A.? ''_'

The answer, lloncstly, was, yes; there wtwc two practice_, if not policies. Not (lilt the

NA(;A was consciously involved in any deception; it was just that th(" NA(:A as an org;J.lliZa-

lion was not ycl sellZconscious CIIOllgh ill 1930 about till' ",,'_lhl(" (1t engineering al (is

research laboralory Io extricate ilsclf from the public rclalions dilemma. The Amcwican

pet>pie expected scientific ;u'hi<+wetnenl ;Ind did not really ttnd('rst;tnd engineering. The

NAt '.A charter said it was lhc.jot) o[ Ihc NAt ],,\ "to sttpervisc and direcl tilt" scienlitic sl u(l}

of the problcms of tlighl with a view Io their practical sohtlion;" Tichenov thus ih(nlghl he

was calling lhe NAt2,\ 1(i task wtu'n hc asked, "If moncLv is appropriated tilr scientitic

research, can we considcr it <)t no consequence thai Ihosc fimds arc spent till- something

else?"; while Warner thotlght the NA(:A rest'arch staff was dOill<g, exactly what it was sup-

posed to (to in st'eking practical s_h.tions, no II,l;tttt'r exactly what one called it. In

Tichenor's purist opinion, "Eithvr thml+e is scienlitic research or there is not," and Congress
in 1915 had "decreed that the N.A.C.A+ shouM condttct scienlitic rest'arch." In the NACA's

more utilitarian view, "Rcsemch nccd not n('(cssarily Iw aimlvss to t)v scientific. "_:
The two sides weft' talking past one _.tllt)thul. _,Vhal Tich/cnor m'eded to llll(tt'l',++,t:.ln(t,

and what the NA(:A itself nccdcd to grasp more fully and commtmicate tin" bcttc'r and

]lit)t+( +oflCll At) the aviali(m lnfl)lic, was that a n)clh()d(_h_gically sophisticated approach to

s(llving technological proi)lelns, latt'r 1<)t)t! called e_lt(ilu'erillt_'.w'ietlre, was devehiphlg in lhc
Alnt'rican engiileeriil<g profe,ssi(m ill tile first decades of ihe Iwt'niiclh (enlllrv--an(I lhal

il, not plire scici,lce, hehl ihv key to ilnlot_king aviHlhln progrcs,s alid igniiing (tit' airpi;int'

design revohllion o| (he 193(is. The faci thai ('llt_,ilit!t!liil_ had ('(ill(i- to doniinaic th(" (]lar-

;l(tCl ()f lilt- work at NACA I,angley was nol SOll,lt, thliilg to b(!lllOitn :411(1C(lll(t('lilll, ity;
Ticht!i,lor was doing; it was solnctiiing 1o praise, expl;tili, and fully exphlit.

BcCailSe Ti(llenlir did liol iliidt'rstand tilt" many Hdvaii[ag('s o| t'il<gineering st'i('ll('(',
lit" dismissc'd (he NA(]A cowling work as Cltl-alld-li-y clew-lop(non(. Wilh Ihe aCttl_il iiivcn-
lion of the c(_wling, lile editor charged, "lhe N.A.C.A. had nolhing wilalSot'ver to do."

Nl!vcrtht'h'ss, according Io Tichenor, lhle NA(]A was claiming that, "|,lad il not been for lhe
NACA," the ilidllstry would 11ol ])t' adopting it. t it" Wi'(ltl':

7he indu._t O' is alleged to be so timid that the in[re'mat(on about improvemet_ts avail-

abh_ is not _U[ficient to induce it to adopt them; the industl), need._ the Kuiding hand O/

the N.A.C.A.; the il_du_tr_, does mJt trust a_rl has no eo_!fide_ue in its ou,l,l ,speed te._t._

minD,/_y it_ own pilots. "/'/,le implication i,s that, i_istead, it wait._ u_til the N.A.C.A.

46. Ticheiior, "The N.A.C.A. (]olinlcrs," p. ,')11.

47. l/ml., pp. 50 Hlld 122: Elion %%'. Miller incilioiandiiln ill IMAt, engin_'/'r-ill-(hHrge, alt;t_ltl'd il)
"(](inllllt_'nls Oll l]lC Arliclc ill I}IC [)('('t'lllb(:i 1930 ]S_illt' (ll At>to Diire_[, Entitled 'Why Ihe N.A.(].A.?'," daicd

Jaliiiary 2, I{121I, Att _'ssilill FiJ'l :\ 2l I 2, Nalional Art tiives.
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measures in p¢mnd_ and ounces the diminishmem_t _ the &ag in consequence of some

impr(nJement and then computes the intvetLw in the speed. The industry, it is seriously

alleged, ha, s more confidence in such ¢vmputed speed gain than in speed directly

observed. How grotesque! _#,_ really have calL_e to admire the courage O[ one who

advances such opinions� _

Edward P. Warner, in turn, reassured the NACA privately that Tichenor's indictment

was without force in the aircraft industry. OnJannary 5, 1931 he wrote to George Lewis:

"One thing you never need to worry about in any year is the worth-whileness of

the work that you are guiding. I have never overheard so much comment on anything

that appeared in Aero Digest as on Frank Tichenor's altack on the Committee, and the

comment has been about ninety-eight percent unfavorable--and I have already been

receiving congratulations.""'

By the time this debate hroke out, NACA I,angley's cowling program had already

ewflw'd into a distinct second stage, one still rooted in the engineering approach to solv-

ing the outstanding technological problems, hi Fred Weick's formulation, "The second

part of the cowling program covered tests with several forms of cowling, including indi-

vidual fairings behind and individual hoods over the cylinders, and a smaller version of

the new complete cowling, all mounted in a snlaller, open-cockpit fuselage. We also per-

fi)rmed drag tests with a conventional engine nacelle and with a nacelle having the new

complete design.""' Though the individual fairings and hoods proved ineffective in reduc-

ing drag, Weick and his colleagues fotmd that the reduction with the complete cowling

over that with the conventional cowling was in fact over twice as great _l_swith the larger

cahin filselage. Data from the Curtiss Hawk A'FSA tlight tests contirmed this conchtsion. _"

In early 1929, Langley's flight research division mounted NACA Iow-<lrag cowlings on

the engines of a Fokker trimotor. Although Weick did not super-vise these tesus, he tol-

lowed their results closely.

The comparative speed trials prm,ed extremely disat_pointing. Separate tests tm the indi-

vidual nacelles shtnved Ihat cmvling tf_ Fokker's nose engine gave approximately the

improved pvrjbrmance we expected. ('mvling the wing nacelles, howev_ gave no impnnm-

ment in p_'forvrumce at all. 7hi_ was strange, because the wind-tunnel tests had alwady

demnonstrated convincingly that one couht obtain much g'reater int[rrmJemnent with a

c_nvled naceUe than with a cowled enl,hm" in Jnmt _[ a large fusehtge. Some O] u_ ._tarted

to wtmder hmv the position o[ the norelle with wspect to the wing miffht affi,ct drag.'-'

This was a critical design issue, especially fi)r nitllti-engine aircraft, as hig commercial and

milita O aircraft were bound to he. In the case of the Fokker (as well as the Ford) triino-

tot, the original design location of the wing engines was slightly below the surface of the

wing. A.s the air tlowed hack between the wing and nacelle, and the distance between them

increased toward the rear of the nacelle, the expansion required was too great fiw the air

to flow over the contour smoothly. The LMAL flight research group, in asso(iation with

the PRT team, tricd tairing-in this space, hut achieved only a small improvemcnC '_

48. "l'ichcno_, "The NA(]A Counters," p. 124.

4% QmJted in Roland's Mod, el Re._earch, 1:3511. n. 22.
50. 1'Stunthe (hound I]¢_,I). fi7, by Wcick and tlanscn.
5 I. "Tht' ElTect on Airplane Per|brmancc o[ the Factors That Must Bc (kmsidercd in Applying la)w-Drag

Cowling to Radial Engines," TR 414, 1932, by Wiliam 11. McAw W, Oscar W. ,_'k-hey. and Alfred W. Young.
52. Weick alld tlanscn, From the (;r_mml I'p, p. 72.
53. Ibid.
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Nevertheless, the lab's systematic, empirical approach soon yielded its dividend. With
the help of his assistants, Weick laid out a series of model tests in the PRT with

NACA-cowled nacelles placed in twenty-one di[fiwent positions with respect to the wing

above it, below it, and within its leading edge. "Where it appeared pertinent, extra fairing
was put between them," Weick recalled?' The resuhing data on the effect of the nacelle

on the lift, drag, and propulsive efficiency of the big Fokker trimotor made it clear that the

optimum location of the nacelle was directly in line with the wing, and with the propeller

fiairly well ahead. Alth<,ugll their primary emphasis was on drag and improved cooling, the
tests at I.angley also conlirmed that a cowling No. 10 of the radial engine, if situated in the

optimum position, could in some cases actually increase the lilt of the airplane's wing.""

"Without the complete ct)wling," Weick and the ofllers learned, "the radial engine in this

position spt)iled the tnaxitnttm-lift coefT'lcient of the wing. With the cowling, and the
smouth airflow that resldted fioln it, the maximum-lift ctwtt]cient was actually increased. '''_

In transmitting this important information confidentially to the artny, navy,'and industl%

tile NACA helped build a several-months lead for American aircraft designers over rival

European companies. Alter 1932, nearly all American transport and hombing airplanes--
including the I)ouglas DC-3, Boeing 11-17, and many other famous aircraft of tile era that

followed--employed radial wing-mounted engines with the NACA-cowled nacelles located

approximately in what Weick and his associates had identified as the optimunl position.

Weick and his colleagues remained extremely proud t,f this contribution for the rest of

their lives. In his autolfiography, Fred wrote: "This combination, according to st)me histo-

rians, w_s one of tile important advances t|l;|l enahled airliners to become tinancially sell:
supporting, that is, without the need fi)r government sul)sidv.'"7 As such, it fillfilled tile

NACA's public mandate, put another feather in the cap of the still fledgling govertunent

research organization, and demonstrated again, for hetter reasons than even the original
ones, that the NA(__'s winning of the Collier Trophy in 1929 was well deserved.

The cowling was winning so much respect in the late 1920s and early 1930s that the
NACA came to identi[!¢ it+self more and more with the systematic experimental approach
that had been the basis of the successftfl cowlillg research. In 1930, tile head of tile

Langley aerodynamics division, Elton W. Miller (B.S. in mechanical engineering from

George Washington University, class of '08) reported to engineer-in-charge Henry' J. E.

Reid (B.S. in electrical engineering from Worcester Polytechnic Institute, class of'19) thai

"an effort is being made throught)ttt the I.aboratory to conduct ever T investigation in as

thorough and systematic a manner" as the cowling progtzml. '" The fi)llowing year, (;eorge
Lewis told Reid to hang, in his otfice or along the corridt)r ()f the LMAL administration

btfilding, a copy of the following quotation fr,)m a speech by President Hoover in praise
of Tlaomas Edison:

Scientific discove_ and its practical al6Olications are the products of long and arduou.s

research. Discovery and invention do not spring fidl-bhmm from the brains of men. The

labor of a ha_t of men, Lweat laboratorie.s, long, patient, scient!fic experiments build _@

the structure r?/knowledffe, not stone t_, ._tone, but particle by particle. This adding Of

J?u:t to fi_et some day b_4nff_ fl_rth a re_,olutiona D, di._cover),, an illuminating h_'pothe-
_is, a great generalization of practical invention. _

54. lind.

55. Donald t|. Wtx)d, '+Tesls of Nacclle-I_ropellcr Comhinati(ms in Various Positiotls with Rct('rences to

Wings, I--Thick Wing--NACA Cowled Nacelle--Tract_)r Propeller," "17¢ 436, 19'32.

56. Weick and Hanson, l+om the (;round _,_+, pp. 72-73.

57. Ibid., p. 73.

58. Ehon W, Miller to I_MAI_ enqitletq-in-charge, l)ecemher 19, 1930, tilt' Al7li---1 I, I,CE

59. ,_ks quol*,xt in Rol;md's Model I_ewanh, 1:1 (15.
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Although this quotation Rql short of tile whole truth about how progress was made in sci-

ence and technology, it was closer to the realities of the cowling achievement than was the
lnvtit of heroic invention; I.ewis's request for it to be displayed at Langley indicates thai

stone NACA leaders certainly possessed a more mature understanding of the'nature of

technological change than they were willing m grant fol, or explain to, the Imhlic at large.

Clearly tile pattern of work behind tile cowling--the NA(Lh's greatest pul)lic success to
date---2contritmted to a clearer sense of institutional identity and mission, even if the

agency as a whole was not doing much to enilance the public's understanding of the tech-

nological process at work.

Experimental Impasse

llowever, given wilat was to take place during the third stage of cowling research at

i.angley, fronl 193i to 1934, one cannot be too sure even whetimr this clearer identity for
tile NACA was an altogether good thing--that is, whetiler i.angley's c<mfidence in sys-

tematic parameter variation would continue to signit}' tecimological momentum or turn

into technological inertia.
A distinct third stage of coming researcit hegan at I.angley when many more aircraft

manuthcttu'ers decided m adopt the NACA design as standard high-l)erformance equil>

merit. A few companies <lid ratiler well witit ttleir applications oF the NA(;A No. i0 cowl-

ing, especially those that put a series of a_!justahle tlaps around the circumference of the

metal jacket in the hope of better regulating the release of used air. (Those that tried to

encottrage Ill(ire cooling tlow by empl<)ying larger exit openings Ltiled, however, some-

times to the point of nulli_'ing the external drag advantage.) Wittl the development of

twin-row engines such as the Pratt & Whilney R-183(t of 1933-34_with one row of cylin-

ders hehind tile other--whole new problems arose. '"' This situation challenged Langley to

ohtain more trustworthy data on tile general aerodynamic properties of the proven NACA

design. Practical resuhs had heen obtained fronl experimental parameter variation, and

they ilad been used profitably. Now it was time lot a clearer understanding of them, so

lhat still more results could eventually be achieved.

Three major hranches of the laboratoQ' became inw)lved in tile amhiti<ms program.

The power plants division worked to improve the eiticiency of radial-engine cooling hy

wuving such engine paralneters as pitctl, width, thickness, and shape of the fins. Tile
7 x 10-tOot wind tunnel secti<m, using small models, sought the best possible cmvling

arrangemen! tor necessary cooling with minimum drag by streamlining the fi-ont and rear

openings, changing the size of the nacelle, and ahering the camber of the cowling's lead-

ing edge. The PRT team was tilen to verify the results of the tests made by the ()tiler two

groups. Full scale propeller-cowling-nacelle units were to he tested under condilions of
taxiing, takeoff, and level tlight."' Don Wood was now the ilead of the PRT section. In April

1929. Fred '_k'ick took a position with the tlmnihon Aero Mantffacturing (]ompany in

I;I}, John V. Ih,_ kcr, The Ihgb-,gpeed k)*mtier: (Ja_e .gtudie_ O[ l'bu_ NA(2A /%Lnam_, 1920-1950 (Washington,

1)1',: NASA SP--t45, 1981t), pp. I,II)--tl.

61. Nineteenlh ,Dt...I Report o/ the Natio.al ,4dvAory (#nnmiltee [i. ,,l_q.nautu_ (Washington, 1)(2 I.S.

(;{)vt'rlllllt'lll Plinfing ()ttitc, [934). p. 10; Arnold E. Bim'mann and Bel_ia]nin Pinkcl, '1 lea1 lranstier trom

Finnt*d Metal Cylinders in an Air Sift'am," 7'/? 488, 1934: Donald H. Wood, "Tests ot Nacelle-Propeller

( ;ombinafions in 'Various Positions with Rt't_'rence 1o Wi ngs, II--Thick Wing--Various Radial-Engine (;owlings--

"l'ractor Propel|el,'" 7"1? 436, 1932; ibid., "IIIiClark Y Wing--Various Radial-Engine Cowlings--Tractor

t']oi)cllt'r." 77? -t62. 1933: James {;. McHugh. ibid., "IV--Thick Wings--Various Radial-Engine (:owlings--

"timd¢'m thopclhqs," 77? 505, 1934; E. Floyd Valentine, ibid., "\_--Clalk Y Biplane CelItdc--NA(;A Cowled

Nact'lh'-- llactoK Proptqh'r," TI? 506. 1934; I)onahl H. Wood and Carhon Biolctti, ibid., "VI--Wings and Nacclh's

with Pusht't t'mpellcr,'" TI? _(IZ 1934.
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Milwaukee. Wisconsin, a subsidiary of Ihe Untied Aircraft and Transport (:orp<wation. th"

returned to [,anghry in less than a year as assislanl chiel<)f life I.MAI. aetodynantics divi-

sion, a position fiom which he could work with any of the wind ntnnels its well as the t]ighl

section, ht this capacity, Weick slayed in touch with the cowling program but it did not
tn_nopolize his time and energies as beti_re. "_

Though lhe first two parts of the program advanced wilhoul much ditficuhy, flw PRT
lesls II+t(|el" +)Oil Wood--the final and most intportanl i)art--ran inlo mai_+r prol)lems
soon ;lfter starting in 1933: the 100-mile-1)er-hour ltmnel could sinlulatc _ _mlv lhe climh

speeds of Ihe cowled engine being used (a b<wrowed Pratt & Whitney _Vasl)i; the ol)so-
lete shell-type battles eml)hLvt.d to dellect cooling air Ioward the hl)tlesl parls of lht"
ellgil+(!Welt. [oo loose l()lthe NA(:A leseltltllcrsto work wilh eITectivelv;":_and, more

importantly, certain anomalies that no one al the lab could explain phtgtWd lhe cowling

drag nlt+ast+re+nents. "l+ogethtw thest, l)rol)l<..ms c<_ntril)ttted to a gr(v+ving "n+inze <)[ con-

Iradicl<wy data" about cowlings, l)cspile five years oF NA(:A experimentati<.t and three

ye_+rs o|+ general industrial l]ight 10sl exllerie.ce. :\l+n+el'i(-_tll acronaulica] engitleers li'lt a

"general stlspicion" thai lhere was "sotnething ntysterious or unprediclal)h' deltu-mining
the efficiency of engine cowling. ''+"

T<_ move bew)nd this experinlental itnpassc, I+angley's cowling research needed s<.nt +

analytical help. It was ewmtttally proxided hy lit<_' head of the laboratory's small Iqvesical
Research Division, Tht,<)dore Tlte<_tl+)rsen (Dr. Ing+, I.Tnivet'silclet I ])-mldheim, '22). A

Norwegian-l)orn engineer-F,]+ysit-ist with a trigger + mind and llentendolts powt'r <)l con-

(eltlrali<)ll, l)r. Thee(torten had aht+a(ly seen+ in l+angl('y's pattern of airlbil it+slit+g ill the
v.triabh,-density tunnel (VI)T). lilt+ need liw exF,(qitnentnl +()++lille to l)e l('rlilized with a

str_>nger dose of theory. It+ lilt" cttriotts inlr<)dtwtion to his seminal 1931 report on the

'"I'heorv <4+Wing S,t,ctiolls of Arbitrary Shape"--ct+riotls at least in an NACA report Ibr slal-

ing a heM personal ()pini<)n and implicitly taking parl oi the parent organization to task--
Theodorsen had asserted that

a scieme can d+_Hop on a pure(+' empirical hasi.s It ,tdy a certai++ time. Them), i_ a

proce._,s +![.sy_tematic arrattgeme+_t and +impl(]hatim+ ff[kmmm /art.+. A+ hmt._ as the

/hr-t,+are./i'w atilt obvious 1trJtheot'y i.+tleee+sat),, hut wheel the" become man_' tepid h'As

._imple theory is needed. Althoug_h ihe experimen/itq_ il._e([ mrO, reqtmv little el]oPT, it i_.

however; o[ie_+exceedinL_lv d([]icull to atml),se the result_ +4 wen simple experimet_t_.

7"fwPeexists, ther(J+.'e, alway,+ a hmeh'tl O' I¢_pr.d.ce mmv le+l re.+u/l+ lha. cap/be, d{ffttsl-

ed tO' the. O" or ap[died bv iP+du+t+),.

What Tht'odorsen believed the NAt :A needed in order +or it to move l)e+'¢(_tld the impasse

now blot+king the pr(>grttss of +is exl)eritnenta] cowling l)r<_grant was more ,tll('ntion t(i
the "pencil-anti-paper" work el+:t_ c<)uld lead lo a oomph're mathentali(-al nnd phvsical

tm(h't-sianding of tilt" t)asic inlernal and exlcrmt] acr()(lynnn|ics <)t lhe dilJerenl (+o_ding

62. Wcick and ttanscn. /'},+,m Ih, + (;mum/ / _. l)p. 85-111.

(;:_;. Ih dn,:+ct <<,+ling ;tit ;ttc, ttHd th+.' h,>_ t'ngin(. _',IiHdcus+ I.M,\I. t'nginct.rs had ttit'd :t Htunh,.._ _+1di+:

Ik'It'lll <h'lhwt_.rs. ()no o[ lht' ,:<)t+t t'ptttall ,+ in,)ic tcfincd oHt's tried iH th,d t'aH'+ l!):+,Os was lh_' h._,,ch l]llin_ "qwll"

l)alllc. (:\I ah<+tH this san;t' liltlt' l'ratt & l++hilt+t.x and \"Ollghl x]rt"l( • finding this type ,+)I l)alll( +infi'tii_i to thc tighl-

I_, fitting ill(,sstn (- Imllh..) Though I.MAI. It'slt+(l thc doul:+h.-H.v, l"+-l+:+,l) cnginc inslalhui_.t+ '.+,ilh ;l l)_Cs+,tnt ' h;dlh.

s',stcm iH the l"ulI-Stal(' Ttlllllt'l it+ 1!134 (77¢ +St'l, "(',<.fling (:hal;ttlt'tinli<:+. <fla 2-I_<i'.,: Radial End+t++.','" 193:"), hx

( )star W. Schc,, and Vt'nn<m (;. Rdlin), th<_t<mgh inxt'sti_:ui_++n (';tlllU ()III)inl I !)'.+W_[ 7_".,'03¢), "_ll('l'_m, [.I)S_.. V('[I)( iP,

l)isltit)uti_,n. ;tnd "]+ctnpc_;tttnc Distribtflion li)r a H.alth'd (:diudc_ Model," 1!t:+7. I)}' [_|_llltit (' [. Bt<'x_)(_HL I.'o_

;umlvsis <_t the c_mH>anUi,,c xalu_' ol flw tw_ t:+pcs <4 halfk.s, st-c l+,c_ kc_: Ili¢,h-._,pced I:mt_ti_'_, pp. 1t 1-13,

li.L Rux l_.ciscl, "The (:<,wlinu; and (:_.,lint_ ot Ra+lial Ait-(:_oh'd Engint's,'" %_h'll,_[,|ut_ml_lh,_,l+,t_im,er/t_L_
I,m,_Hd:_4 {Ma,, 193 t): 17_9.
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shapes."' And what this meant in terms of the history of Langley's method of cowling

research was a turning away from experimental parameter wlriatiou, and toward that dis-

tant goal of complex understanding.
Thcodorsen first perceived new cream to be skimmed off the top of the old cowling

and cooling investigation while serving on the LMAL editorial committee that reviewed

the draft report on the tests of the full-scale propeller-cowling-nacelle units in the PRT.

,aJter pointing to the bhmt afterbody of the nacelle as the probable source of the anoin-
alies that had heen observed in the drag data, he suggested to his colleagues that the

stalled cowling program could be completed as planned (and his resolution of the drag

anomalies veritied) by a new, mote comprehensive and analytical fifll-scale investigation.

Its aim, underscored Theodorsen, would be both to improve basic understanding of the

obscure cooling mechanisms of the cowled engine and to put the understanding of the

relationship between internal tlow and drag on a more rational basis. The provocative sug-

gestion was adopted; engineer-in-charge Henry Reid transferred most of the cowling work

and many of its key personnel to Theodorsen's division. '_
The PRT team had previously tocused almost entirely on the net ettect of the cowling

on drag and engine temperatures. What Theodorsen now proposed was to investigate the
fundamental flow inw)lved. In part, the approach of Theodorsen's new cowling research

team still tollowed that of experimental w_riation. The Wasp engine having proved inade-

quate as part of the test bed, they built a fifll-scale wiud tunnel model with a dummy

engine, which had one cylinder heated electrically. Numerous combinations of more than

a dozen nose shapes, about a dozen skirts, six propellers, two sizes of nacelles, and various

spinners were tested. But hoping to produce a detailed handbook by which designers
could better understand the actual functioning of the NACA cowl, they also included

extensive measurements of pressure in both the external and internal tlows.

Langley's revised cowling program thus remaiued primarily experimental, but it now

also allowed quantitative analysis and computation of these flow pressures. This quanti-

tative analysis, which had been lacking in the PRT's previous work, eventually produced

some new NACA cowling designs, but more importantly it provided solid answers to vir-

tually all the remaining questions about the fundamental principles of the cowling and

cooling of radial engines. '_7It demonstrated conclusively that the early NACA designs had

been "quite haphazard and often aerodynamically poor," and had cooled the engine suc-

cessfully only by a crude excess of internal flow and internal drag--a conclusion that

engineers in the aircraft industry, notably at Vought, had already arrived at on their own,

on behalf of Pratt & Whitney and its R-183(1 engine. '_ Designers of fimue cowlings, like

airfoil designers, would have to be much more sensitive to such subtleties as the ideal

angle of the cowling's leading edge attack oll the local airflow. The tourtb stage of

cowling work at Langley even demonstrated as l_act something that everyone had uncon-

sciously assumed to be physically impossible when the cowling rcsearch began in 1926: a

proper engine cowling could, by making the enclosed baffled engine act in essence as a
dttctcd radiator for cooling, lower operating temperatures more than could full expo-
sure of cvlinders in the airstream. With this counterintuitive reality conlirme(l, the

national aer(mautical establishment could now I)egin to focus (m more specific,

65. Thcotlore Theodorseil. "Theor) of Wing Sections," TR 41 l, printed in the NACA ammal repor! ot

1932, p. "_3.

66. Theo(hwsen to IMAI. engineer-in-charge,June 28. 1935, tile RI600-1, LCF; tcleph(me interview,

_lames (;. McHugh, Ilamplon, VA, with au(hor, ]ttne 13, 1983.

67. The<_dorsell, MauriceJ. Brew)oft, George Stickle, and Melvin (;(mgh, "Full-Scale Tcsts o|a New Type

NA(L-k Nose-Slot (k)wling," TR 595, 1937; Theod<_rsen, Bl'eVt)Ol't, and Stickle, "Full-Stale "Ik'sls o[ NACA

Cowlings," TR 592, 1937, and TIC 662, 19"_9.

_. Becker's ttigh ,Speed Frontier, pp. 142-43.
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higher-speed applications of cowlings, work that would prove essential to the design of
military aircraft used by tile United States and her allies in World War I1.

Demystifying the Cowling

The history of the cowling research from 1926 to 1936 celebrates the _ictory of the

NACA's winning the National Aeronautic gLssociafion's prestigious Collier Trophy for 1929,

but it illustrates a more fimdamental point about applied basic research. No matter how prac-

tical or otherwise ad_-antageous any one research method may be, it always has some

disadvantages. Systematic parameter variation had enahled the researchers at langley to
delineate a cowling that significantly reduced the drag of a radial engine widlout degrading

its cooling, but because initial success came rather quickly and easily, they did not have to

nnderstand exactly why the cowling worked. When questions and doubts arose, and data

seemed contradictol 7 and mysterious, the original empirical me_hod was tmable to proceed.

Only then did Theodorsen design the research program whose goal was an understanding

that went far beyond the mere collection of ovcndl performance data on a variety of promis-

ing but arbitrary shapes. The cowlings that resulted from the Theodorsen program did not

beat the earlier shapes a.s regards external drag (which is only a weak fimction of cowl shape),

but with the tight battles, small exit area_s, and low internal drag made possible by the NACA's

new criteria of understanding, the total drag of Theod<>rsen's shapes was dnimatically less.

Three-quarters of a century after the initial cowling breakthrough, historians of

aeronautics still tend to treat the NACA cowling as a magical piece of tin wrapped

around an engine, and they still tend to misinterpret the NACA for its failure to be

scientific. As a rest, h, they fail not only to appreciate the systematic character of the lab-

oratory work that made the initial design hreakthrough possible, but also to pick up on

the later work by Theodorsen and engineering groups in the aircraft industry that made

the important final breakthrough in understanding possible. The success of the cowling

was not due to magic. Nor was it the resuh of simple cut-and-try or advanced theory
demonstrating its uhimate superiority over empiricism. Rather, the cowling was the
product of fruitful engineering science.

Ultimate success in research is never inevitable, however. Without the hel i) of
Theodorsen or someone else with comparable analytical and mathematical talents, the cowl-

ing research at Langley might have remained indetinitely at the point of impasse. Much of

the responsibility for misunderstanding the tree achievement of the NACA cowling program

belongs to the NACA, whose leaders and publicists of the late 1920s and early 1930s, in seek-

ing to gain respect and additional flmding for the honestly meritorious operations (and

timlre wind-ttmnel building projects) of their struggling research agency, exaggerated the

mysterious wonders of the NA(_. cowling and continued to stress the scientific character of

all NA(2A research when they should have been advancing a more utilitarian _4ew of basic

research methodologT--and of technolngical progress. In doing so, they condoned the ntis-

casting of the cowling _Lsa heroic invention--which, in some key respect.s, represented it as
something less than it was.

With its winning of the Collier Trophy for 1929, the NACA missed an excellent

opportunity to explain to the aviation public, which was growing ever larger and gener-

ally more intormed during the post-Lindbergh era, what successful applied research

done by the government was really all about. Even if the NACA had provided brilliant

explanations, of course, the public might not have cared to listen. But tor the general
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lechnt)logical lileracy of lilt' c¢)unlry, il would have been worlh lhe try, And al 1he very
least, lh¢" NACA would not have lef! itself so open to crilicism from Frank Ti(henor and

other critics, as well as later historians, li)r overselling whal really did _un()tllll I¢) olle ()f

the mosl signific,ull t_,pe._o[acc_mplishnlents wilhin Ihe NACA's capabilily.

The original cotmterinttdli¢m lha! won the NACA ils first Collier Trophy was remark-

able enough lo meril winning the award, because il laid open to public view the inany

potential advantages of a low-drag engine cowling. But that strange opening idea, which

was hard enough f_)r l|lc public to understand, represcnlcd only the Jh:_l step in a much

more complicaled "learning for design" process. Beyond the conceptual brcaklhrough

Ihel'e wil.%Ill/Ich lnOle [O I)t" fh)lle I)y American cngiueers before lruly remarkable resuhs

in aircrafl pcrlormance could be achieved. The NACA's l,angley hlhoralory in Virginia,
where a t:uhttre of "the engineer in charge" look hold in lhe 1930s, slill had to carry Otll

a rigorous cxperilnt'nlal program and aualysis. It was then up to lhe aircraft induslry, ilol
lilt" NACA itscll_which, after all, was not in the business of desiLrni,!y , ;tircr;lll--h)

in('orporate lilt" cowling developnlent into the larger revolution just taking wing ill 1929.

Ill jtlst a. tk_w years lhis revo]ulion would lead to such advanced airphules as Iht" Douglas

l)(;-3 and Boeing B-I 7, wilh cantilever wings, rclraclable landing gear, eFli(iently cowle(I

radial engines, controllable-pitch propellers, and all-metal, stressed-skin c()nslruction.

Withoul its integration inlo this larger lechnoh)gical devcl(ipmcn[, moving t]om Ihe vari-

ous shapes of tulgainly wooden biplanes to sleek nlel;.tl monoplanes, the singular exislence

of a low-drag NA(;A cowling would have been almost meaningless.

Engineering science is nol easy tor Ihe layperson lo undersland. Parlly lilt lids reason,
back in lhe early 1930s, lhe NAt b\ had ()ulspoken critics. Some of lhe criticisms were valid.

l'he NA(',A's plfl)licisls did exaggerate lilt" cowling's significance and look I_._ much cred-

it for the aircraft industry's adoption of lilt' cowling. They could have done a lar better job

_t explaining what +rally had I)ccn accomplished and how inlportant it all was: that is,, how
systematic research was moving things along nicely and how l,angley's Propeller Research

I'unllel, a ntodcstlv-priced and brand new public l_tcility was already paying off in spades

by [)erndlling a team of engineers Io work in a wind tunnel with full-scale airl)lanes. Better

t, xl)erimenlal equipnlent was leading Io more comprehensive and more ttseful data. Tilt'
aircralt induslry was t)enefilling from tile govtwnment's help--and was very Ihankfld fiw

il. h _v;is lhat simple.
This is whal Ille NA( ],,\ could have said, and perhaps sh_uld have said, to tilt' aviation

public ralher Ihatl leave mos! pt,(_l)h' wilh lhe impression that a magical piece ot equip-
tllelll had bcen imenled and I]l;tl science was responsit)h' tbr it. I,ike tilt' cngint'ering ¢)t

cowlings itselF, whi(h was w_wk honeslly (tone and honestly explaitled in NA(',A's techIli-

cat rcp<wts bx talented cllginecrs like Fred Wcick, Ill,we ac(:urate pul)lic expressions oul (>1
the NA(;A's Washington office, alth(_ugh re(Ittiring tnttch more understaIIding [r(ml those
who both articulated and received Ihem, could perhaps have served the cause of the

NA(b\ better. They cotLId have done s<> I)v explaining t<_ the paying public how basic

al)plied resear(h gct.s done in a labt+ratory selling all(I how painstaking research fuels

tcchnical progress.
,,ks hyperl)ole and illvlh, NACA _,[_tlelllelllS ['l'Oll/ which people inR,rred a ht'r_Jic invert-

lion of the c_wli_Ig seem, indeed, l_) have had some _,]101l-lel'lll polilical value. Bill Olle (Jill
wonder i[ such exaggcr;lli_ns have, in the lon_ run, made il harder lo jusli[_' public fund-

lug fi)r sh_w-bul-st_re lechno[ogic,ll endcaVOlS. (;ranled, il mighl have been chm_t y public
relations [br lhe NA(]A, especially in the middle of lhe (;rt'al Depression, Io lake lhe high
r_ad ,uM dislinguish ils research from pure scic_ice and llcr_ic invenlion" il very well
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could have backlircd. But in histmical perspective, a more h_nlcst and fiullv intbrmative

approach I)y lhe NACA Io llae importance o1" its basic aclivilv seems worlh 'lhe risk. The

cowled engines of American airplanes probal)lv w()uld 11()1 h:l(ic l)Crli)rmed any beltel, bill

the public (Ollle×l ti)I government R&I) may hlvce matured a 1)il--and in the long rim, led

to a more intormcd public, wiser political (it'cisions, :rod nlolC logical nexl steps.





Chapter 2

Lew Rodert, Epistemological Liaison,
and Thermal De-Icing at Ames

by Glenn E. Bugos

A paradox ill aircraft icing research took the National Advisory ('ommittee for

Aeronautics (NACA) thrther into actual aircraft design than it had ever before ventured.

To gather data on new de-icing eqtfipment under natural icing conditions, and do so sate-

ly, NACA needed an aircraft aheady invtflnerable Io lhe dangers of icing. So Lewis A.

Rodert, leader of NACA icing research ti-om 1936 to 1945, huih his own de-icing system

on two aircraft--first a small l,ockheed 12A and nexl a (]tntiss (3-46 transport that would

become flying laboratories tot further research. "Seldom before," wrote Edwin Hartman,

NA(L_'s representative ill southern Caliti)rnia and Rodert's liaison to aircraft manufactur-

ers, "had NACA.'s research work been carried st) tar into the hardware stage or so far in

achieving a complete and satist},ing solution to a major operational problem. TM

Yet when Roderl received his Collier Trophy in December 1947, the practicality of his

innovation had hardly been established. As evidence of practicality, the press release

noted only that his specially-modified ('-46 flew through the weather that grounded other

aircrafl. Manufa.cturers had begun building similar de-icing systems, though few fifllowed

Rodert's suggestions. Still, despite the narrow practicali|y of Rodert's work, he was indeed

largely responsible fi)r getting industl y ott+ its duff. The Collier Trophy, given annually in

recognition of outstanding achievenumt in aeronautics, testified to lhe peculiar and fruit-

lift synergism of his personality with the NACA advisol T committee form of research.

Rodert was a short, intense man, just lorry years old when he won the award. Born in

Kansas Ci_' and raised on a t_trm ill Kansas, Rodert studied at the Kansas (]itv Junior College

before transterring and graduating with a Bachelor's degree ill 1930 tioln t'l_e University of

Milmesota. _ He instrncted in aeronautical engineering a! l)ulnlh Junior Colh'ge ill

Minneapolis betore moving brietly to Curliss Aeroplane & Motor (_,onlpany ill Bnltah), New

York. He joined NACA's I,angley laboratol y in 1936 to do de-icing work, transti'rred to tile

new Ames laboratoD_ in California in 1941, quit briefly to join industry in 1946, fllen

returned to NACA as chief of the flight research branch tot the new Cleveland laborato U.

The Flight Safety Foundation cited Rodert in 1953 fi)r his "aircrait fire prevention research

work" while at the Cleveland cenlel; and his alma mater gave him the 1954 University of

Minnesota Outstanding Achievement Medal. In 1956 Rodertjoined Lockheed in Burbank,

California, as a special assistant on research management, then quickly disappeared fi-om

tile aviation scene. Former co-workers passed nnnors of his decline into mental illness.

Rodert put evelTone on edge with his show-me attitude. Rodert encountered many

philosophies of de-icing, and accepted none easily. In the aeronautical research communit)_

rife with epistemological insecurities, where unequivocal proofs were the most exasperat-

ing part of any researcher's daily life--work moved R)rward because peers conferred upon

each other the initial benefit of the doubt. Rodert broke that unspoken rule by calling

I. Edwin P. Hartman. Advemures in Ifesem+h: A Ili+tmy of Ames Re+ermh Center, 1940-1965 (Washington,
I)(:: NASA St'-4302, 1970). p. 77.

2. "R(_d('rl, l.cwis :\ugusl," UfTtoi_ _Tw i_t Wmbl ,4viatio*_ (_,Vashingtlm, DC: American Aviation
Pul)lications, Ira., 1958), p. 376.
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everything into question, especially the wide-

spread belief tlaat de-icing was a conlplex and

intractable probh'n+. He did so because of his

wartime ethos of urgent)', ttis farnl-boy abrttpt-

ness, his distrust of niathenullical obfuscatiml, his

own predilection for uial-and-crror engineering,

attl(l his power over tile NA(_A testl)ed aircrati.

Nor did Roderl shy fronl nlaking his own prob-

leutati(al pronottncenients--he was especially

quick in i)t+oclainiing tile BTUs reqttired to de-ice

a plane--then working like hell to prove himsclt

right. People had opinions about R<Mert, ])olh

good arid bad, and exl)ressing these opinions
cattsed evetTone to think more precisely about

their own de-icing wotk.

Rodert was no organization man. I+h' was a

poor manager. He did, however, expertly exploit
the most fundamental strttctttre of tilt" NACA

teseatch organization--its systetn of nested advi-

sor T colnntittees. (]otntnittee ])US|heSS allowed

hint to visit with virtually everyb<)dy--ntanul].lc-

till'el'S, airlines, and ntilitary pilots--t<) hash ottl

the details of tllermal de-icing. Fttrthernlore,
Rodert worked oblivious to Ihe raret]ed distinc-

ice [ow,e,lu,, v++t+',l1+, ain_*qt. (,VA,_,'_ I'h.t.O lions between basic and applied research that

then gripped so many NA(;A ofticials, and that today guides so nutch historical analysis of

tilt' NACA+ Rodertjtt_|ged everything simply on how well it kept ice <ill an aircrat+t in tlight.
This stttdv <if Rodert's work, therefore, ti)ctises on Ills role as elfistentological liaison--on

the practhal W<llk iltvl/lvetl in establishing cerlaitily [Or hitnselt, aild alii<lli_St the nianv

grotips lii<dlili/ell Io defeat lhe ilin_ iitenace.

Defining an Approach

Following a joint Arnly-Na D' te<luest, in 1928 NA(;A researchers initiated a small-scale

investigation of aircl+aft icing, then a big tnystery as well as a big cattse ot +aircrstft crashes.

First tile NACA sttt+vcyed air ntail and airline pilots on which aircraft were niost likely to

ice, attd collected reports i)n ctash/'s attribttted to icing. They I)ttih a small six-inch refrig-
elated whld tltlinel+ tile th+st icing teseai-ch tunnel ill tile wot+ld, and watched how ice
for|ned on sin airfi>il. And they ins|ailed a free-tlight icing rig tinder lilt" sh<ntldet-in<mnted

wing ot art old Fahchihl P-17 (abin tnonol)ialte. There Ihey titOltlilel[ a lherittotnetel +anft
a Slilall t)ttl visible whl<_ section, <)ti which they sptayed waler sis IJie ailcra[l passed Itiroti_]l

freezhtg ;<tit,
NAC+-\ I)ilot Id(illialn H. McAvoy, by.just watclling tills "wing section as ice tortned,

confiruied sonic SUl)poshioliS about icing, h:e did indeed t_.)rin "nnisliroonl" shapes pro-

jecting fotwiltd o| the leading edge, t+atiler thatl SlllOOtll sheets coating tilt' airfoil. Pilots
should expect, McAvoy <.:<mlintted, tilat ice also formed on t+ast-tttrning propelh't+s with

nntshroonl pro.iections. Ice tiial hardened tar back on the wing posed no prot)lents

becaltse it adhered linenIv and slipped ot1 easily. Mc,M, oy also collected anti-icing pastes

front the airlines--greas_s and oils, and water sohlble contpounds like glycerin, honey,
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Karo syrup, and soap--hut discovered these actually induced icing by trapping ice tTVstals

until huge hunks 1brined. From his windmv-side survey ()1 the state of the art in ai(craft

de-icing, McAvoy had established a way of studying icing--flight tests to frame questions
ahout the impact of ice on aircraft pertormance.

NA(:A theoreticians Theodore Theodorsen and William C. Clay directed the tunnel

experiments as part of a hroader research pt<)gram on turbulent airflow. By lnOUnting an
electrically-heated, hrass wing section in the Itmne], and impregnating it with thermoeou-

ples, they showed that heat transt('r between an airtoil and its atlnt)sphere varied directly
with airspeed and closely f<)llowed the l)ressure distrihution of air along tile airfoil, l+ocal

transmission ()t heat was high along the leading edge, diminishing to zero by the thirty per-

cent chord. _ With this tunnel set up, Thcodorsen and Clay also tried out some ideas on
thermal de-i(:ing--that is, applying heal to inch ice as it formed. McAvov also tested ther-

mal de-icing on NACA's fiee-flight apl)aratus. NACA shops huilt a small metal airfoil, of

four=foot chord and two-['Pet span, and mounted it under the Fair('hild. Once ice fi)rmed,

the pilots turned on a small boiler in the engine exhaust manifi)ld and measured how

much steam was required to keep ice fiom forming or to meh ice ont:e it had.

_+_searly as 1931 NACA had estahlished the princi])le of thernl;tl de-icing as strongly as

doubts about its practicahility. Theodorsen and (:lay concluded that steam heat might

de-ice wood-composite wings but the system would be "excessively hearT," especially if
designed to de-ice all the struts and support wires that then held together such wings.' The
best system, they suggested, wouhl use waste heat tr<ml the exhaust stream, but this would

likely await development of new all-metal monoplane aircraft. "The recommendation |or

the gttittance of those who must encounter I icing| conditions," concluded McAvoy,
"appears to lie entirely along the lines of their avoidance."-'

On the last night of 1934, an aircrafl slammed into an Adirondacks mountain

killing its passenger and crew of t()ur. The weather remained cold so that a crash

ins[)eetor, ctuious that the aircraft had not hurned, fi)und the carburetors completely

choked with ice. The engines likely just suffocated and stopped, leaving the pilot no

way to (Iv-ice and reslarl it. Ptthlicity pron|pled the (;ommerce l)epartment to investi-

gate and discover /hat, during Iq34, twenty-six planeloads of passengers had been
force<t down hy carburetor icing.'; Some of the mt)sl disastrous crashes in aviation his-

tory had been attributed to icing, and airline executives widely believed that their

industry wottld never boom ttntil they erased this element of dmlger.

Pennsylvania-Central AMines resttrveyed its route system for winter Hying conditions,

raising some thin|mum ceilings and adjusting ranges. American AMines improved their

runways for winter operations, Northwest added staff for hettcr flight and weather plat|-

ning, TWA prohibited its pih)ts from landing when icing conditions prevailed below 1,000

tt'et, and United Airlines started paying their pilots a base sala D, in addition It) Hight pay
st) they would have no disincentive to cancel Hights in bad weather.: This winter, wrote al'l

airline executive in Decemht'r 1937, "is the best opporttmity the industry has ever had to

3. Imagine a chord line running straight I)ackwar(Is t?om fiat" h'ading Io the tlailing c(tgc ol a wing,

with a lot;t] dislan('c CXl)rt'ss(.d as I00 p_q(('llt 1o ;!,((Ollllt fi)r tat)el ;llollg it wingspan. A I]til ty |)t'l('t'nt (hord in('a-

surcm('nl is a poinl 3/101hs of this distance backwards hom the wing's h'a(ling cdg('. I'ht' higher the chord num-
I)er, the |]trther backwards it is.

4. Tht'o(h_rt" Thcodorscn and William C. Clay, "Ice Pz'c'.t'lHion on Aircrat't b,,' Means of Engine Exhaust

Ileal and a Technical Study o| tlcat Transmis,qon From a Clark Y Airt0il," ,'\_t(',1 "l;'chnital I¢_uwt ,'V+J.407 ( 1931 ): 3.

5. Th(mlas Carroll and William H+ McAvoy, "The Formali<m of h'¢' Ul)_)tl Exposed Par|s o[atl Airplane

in Flight," NACA Te+hnital N.le _t+_. 293 (lulv 1928): IlL

(). (;(T()l'g(' _'. (;rav, l;P+mlk._ +Jl+light: "lhe Sire 7 ,[:%5'I(;A l?e',,'anh (New York: Alfied A. Knopt_ 194ff), p. 320.

7. J.A. Browne, Meteorologist-In-Charge, "l(+c Ac(retion Within the ('¢mve('liv(" l+a';el," TWA

Metcm(dogical Departnmtlt, ]i'chnica] Note No. 4 (June 1940), in Stanti)rd l,ibrarics.
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demonstrate to the public tbat air transportation is more than reasonably safe." Their

strategy: "cooperate with the weather in a big way. TM

But airline operators and manufacturers ultimately wanted to defeat the icing men-

ace, not cooperate with it. Aircraft already rivaled the steamship and train for speed and

economy; bnt it lacked regularity. Radio navigation aids had brought aircraft to the brink of

being all-weather conveyances, until the temperature dropped, lacking a technological fix

to icing these airlines cancelled or delayed flights--an estimated one-tenth of all tlighks--at

til,'st sight of icing clouds. Icing became a consuming challenge, to both airline economics

and engineer pride. Lewis A. Rodert joined the NACA langley Memorial Aeronautical

l,abovatoly (I,MAL) in September 1936, and teamed with tMnn R. Jones to re-invigorate

NACA's icing research with youth, stubbornness, and a fresh perspective on icing problems.
Ice cansed aircraft to crash hy adding weight and preventing the pilot from climbing

above the icing clouds, st) that tile aircraft gradually lost ahitude and slammed into the

gronnd. That was how most people understood the danger of icing. Rodert and Jones
slarted their stndies by showing that icing seldom enveloped the aircraft with weight, but

rather icing incapacitated small but crucial parCs. As McAvoy had proved with his photos

of nnlshroom-shaped ice projections, and as Rodert and .Iones confirmed, ice accreted

along the wing and tail leading edges disturbing lift and adding drag. Ice clogged the
interstices of rndders and aileto,ts, prevent:zig control and inducing bnllk'ling. It changed

the aerodynamic profile of lhe propeller, causing it to vii)rate and exert less tlnnsl I)er

ht>rsepowtw, h coaled windshields, so the l)ilot tlew blind, he made atltemm wires oscil-
late :tilt[ snap, alld generated static that rendered nse]ess nit)s[ radio (Olnllnlnicalioll and

ilavigatitm. It distorted pitot shapes, s<) that I)ilots got errt)ncons airspeed readings. And it

clogged carl)urelors, sntt+ocatitlg the engine. Freqncttlly, the pilot lost each of these

s'¢stems--engine, wings, control surt:aces, indicators, radio, sight--within minutes. With

tiwir lives at stake, pilots of ice-hindered aircraft had little tithe tiw the careful observa-

tions NACA rt'searchers proluiscd to tnake.

Using a 1)(]-3 Mainliner loaned by United Airlines, in Set)tctnl)er 1937 Rodert and

.Jones ghted sponge rul)ber to the leading edge of tile wing, simulating ice tortnalions, aud
showed how a small laver _>t ice had a big itnpacl on lift, drag, and slallitlgY NA(L,\ head-

qnarlers atttltorized c()llsttttclio]l of a htrger icing Ittnnel al langley. I+MAI+ technicians
insulated lhe ltnHlel with a crnde layer ot kapok pulled l)tmt snrphts Naxy lifir preservers,

and added an opetl tank ol ethylene glycol cooled hy dry ice as refrigeralitm. This ltnmel

worked well enotlgh li)r Rodert it) further chart the impact of ice on aerodynamic t'ffi-

ciency, and to prove thal a full size wing section conld be de-iced with exh;nlsl heal. v_But
Rodert It)st t)_tlietlce with ltttnlel researclt as he learned Ihal Ittmlel ice Ill)re ]lille relalit)n

to the natural ice he ht)l)ed to tlefk+at.
The B.E (;t>t)drich Rnbbcr Company ran a small icing ltmnel in Akron, where they

veril]ed Ill/" I)neunlalic de-icer they had inlrt)dttced ill 1930. The pt_etmmlic de-icer was a

strip of rnbberized cloth holding inllalahle rnbber lttl)es Ihal attached It) lhe leading edge

ola wing or t,til. \Vlttql lhc t)ih_t titteXl)ecledly t'ilcotmlt'rt'd icil]g, hc sltol COml)resscd air

inl() Iht' strip, cracking the itc st) that tilt" wiHd stream sxsepl it <)It. It worked w('ll cnottglt

It) I)t*ct)HIc sla]tdatxt t*tltfiptnt'lH on lavgt' Itattsports by the late 1931)s, I)Hi ilever well

_. I. l'alk flay, "<)p,,._alols l'r0icct ,"qalk't'. l'i,,_gHm l_r INintt'r ¢)l>Clafi_>l_s. "' A+'m lit/.,+++,,/31 (1)cct'mbcl

1937): 2 |-2,'>.

9. 1_cwis A. R_dclt and Ahm R..].nt's, +'l'rotilc Drag Invcstig:_tions td ;tl_ Airplam' Wing Eqtdppctl with

Rlflfl)t'l hltlat:d)h' l)c-h cl," +VA_'?,t ,tdvamed Cm!/ide;ttial Hepm7 (l)cct+mt>t't 193tl).

I0. Al]tw N+.IIllt' p¢'l Itlll( tOl"_ studit"+ it] ltmc 19_$8, NACA t'asib. _ .w..cttcd file ttIHt+t'] int<) a F+IC',stHizcd

t'.+;_linlcnsiotml h)w-tutl)ult+11_ t+ tutiivt'l 101 slttdit+s ol the shill [roln lamiila_ t_) tiHbuh'nt lit,x+ aloiig ++inairl0il-

tilt' list' f(ll" which NAt2\ most likclv intcndt'(t it..Jalncs R. ]lanst'n, 1'2nlr,'+ne+7 in Ch,',+_L_e:,1 Ilislmw +;/Ih," l.rzngl, e_'

I+++otiauti+a/ labotrtlm'_, 1917+1058 (X.V;IsllillKtotl, 1)(;: NAS, A S1)--131t5, 198_i), pp. I I0-1 I.
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enough that aircraft could deliberately tly into icing conditi<ms. Rodert and Jones held

the tenet that nothing restrict where aircraft could fly.

Roderl and Jones also claimed the ruht)er boots were in no way tail-safe. Pilots already

knew they were not very clean--they ballooned with changes in air pressure or returned
wrinkled on the smooth airfoil conlour after inllating. In carefldly controlled test flights

Rodert discowwed pneumatic de-icers worked in really very limited conditions. They sel-

dom cracked ice cleanly, and the jagged edges more quickly accumulated lumps of ice.

Furthermore, the pneumatic de-icer attached to the wing at ten percent chord, with strips

that protruded into the airstream that turther accumulated ice at the place most likely to

disrupt lift. If a de-icer failedIand a bullet hole through one shoe would destroy pressure

in the whole system--profile drag could increase 458 percent over an unprotected wing,

putting the aircraft in greater peril, u B.F Goodrich failed to see danger in this, contend-
ed Rodert, because the ice created in their tunnel bore little relation to natural ice.

Goodrich sprayed water in big drops, which created a smooth coating of glaze ice. Natural

icing was lnore likely to he opaque, crystalline rime ice, created when vm 7 small super-

cooled droplets ran into a crystallizing structure like a wing. Any tunnel that verified the

utility of the pneumatic de-icer cansed Rodert to doubt the entire enterprise.
So Rodert and Jones kept their research in free flight as often as possible, and worked

on thermal de-icing to replace the pneumatic boot. They built a more elaborate icing
installation between the double wings of a Martin XBM-1 diw' bomber loaned to NACA

by the Na_ T. But rather than using a hea_ 7 steam boiler, Rodert and Jones diverted hot
exhattst directly from the engine into the model section. NAt5\ Enginee>Tesl Pilots

William H. McAvov and I,awrence A. Clousing flew the XBM-1 into cold air, turned on the

water spray, and a cmnera recorded how quickly the ice melted away'. By early 1938 Rodert

and Jones were convinced thermal de-icing held great promise. Confirming their

optimism were reports, leaked through Naval Intelligence from l,ondon, that the Germans

had added heat de-icing systems to two production aircraft, theJnnkersJu.88 and Dornier
217EY-' The Germans had first studied thermal de-icing in late 1920s, as had NACA, but

had accelerated their research under the Nazi regime. With war on the horizon, and

airlines still agitating about the icing menace, Rodert and Jones thought it high time to

prototype a complete the,-mal de-icing system and test it in real clouds.

The Lockheed 12A

NACA headquarters, anticipating fimding for icing studies, allowed the langley Flight

Research Branch to buy a twin-engine, all-metal Lockheed 12A light transport. Rodert got

dibs on converting it into what NACA researchers traditionally built so well--a sophisticated

and dedicated testing facility, but in the form of a flying laboratoD:. The 12A would easily

accept a "hot wing:" the wing outer panels held no fuel tanks, detached easily at the
nacelles, and the engine exhaust stacks were close to the wing leading edge. Most impor-

tant, the 12A was built by a company interested in staying on the forefront of icing

1 l. "Ice OtlThe Wings," Bmine._._ Week (March 16, 19411): 21; Roder! to chief of the I,MAL aerodynam-

ics division,June 24, 1940; File AFI-15a; Box 66; t;etm'al Files, 1939-1957; Records of NACA Ames Aeronautical

1,aboratmw, Record t;roup 255; National Archives-I'acific Sierra Region, San Bruno, CA. My thanks to Kathleen

('YConn_m NARA-V, an Brulxo, lot her help ill making these records available. [Hereafter, citations to Ames

re_olcls are abbreviated, so the above citation would follow this lormtda: R(;255/Central/66/AFl-15a).

12. Rowd Ailct'atl Establishment+ "Report No. E.A. 14/111 Enemy Aircraft: ]tinkers .1u.88, entitled

l)escliplion _d"Main Plane l)c-hing S,,stcm," l)cceml>er 1940 (R(;255/Cenlral/llll/AF19-lO). ()lhet, though

xague, teports had aheadv al>peared in aviati(m periodicals,
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research. I.ockheed vice president and chief engineer tlall 1+. tlit)t)ard assigned the 12A
nloditicalions high priorityY '

Roderl mid Jones sireled with I.ockhc'cd bhu,l)rinls to sketch a hot wing. They added a
bulterlly vah,e in the engine exhaust stack m diverl hot gas (at 1500°F) illlo a four inch diam-

eter tube, runuing dose to the leading edge but insulated fi'om the wing structure, imd

exhausting out the end of the wing robe. "fi> cool the tube and improve heal nansli_r, an

inutke scoop sent flesh air around the tulw, then through holes in the spar web into tile wing

structure, and exhausting OtLt h)uvers at the aileron hinges. They repe'aledlv calculated wing
stretlglh+ since heat weakened metal strtL(:lurcs, espccially one moditied wiih new tubes and

holes. By ;\tlgllst 1939 the designs were readv, and NAt 2,\ went looking ti.)r a sponsor.
The Nax T blL&er (Bttreau o[ Aeronlauli{s) ,,vils so enllntsiaslit about the idea that tiler

asked Rodcrt to make tile tnodilications on a Na,_T pro(h,cli<m aircraft. Naw PBY patrol t)oats
ancllored off the Aleutian Islands had Slmtial icing problenls. Walerplan('s we,e llOl easily

covered with prou'ctive lit.l'pS, s() Ihick it(_" fi)rmed on them overnighl. Spl:tsh during laxiing
added more sheet ice. The Na'O, needed a de-icer with enough french to knock this Ihick

glaze ice completely off the wing, and Rodert's design promised it) th) so. Bul Ro(lert had tilt'

12A 1)hteprinls ready It) go; swilching aircrafl would deter hinl fionl lest llights flw comiug

winter. Further, NACA had no lacilities lot moditi/ing seaplanes. So BtL&er sent a (hal:lsnlan

fr<)nl its San Diego dept)t to l+angley in SCl)leml)(_,r I(.)39, and NACA engineers help('d him

modil},' their 12A bhmpl+ints to lit a Consolid;m,d PBY-2 Catalina ])alrol l)oal. BuAer hircd
R()dert and Jones to (hafl specifications fi)r the I)BY-2, especially the heal lranslbr cahtflati<ms

that helped ( :<)ns()lidated define the th('rma] perli)rmance of tile systenl. When file I)BY2 was

ready fi)r testing the ti)llowing sumnler, Btu\(,) ()fli'red R()dert a.job. But Rodert stuck with

tilt' NAt;A, and tied his h)! with its patr<)ns ill the [LS. Army :kit-(:orl)s (USAA(:).

The US_k,\(; signed a job order li)r the 12A wings ill November 1939. Major C.M.

Cummings ()f the Equipment Branch ill Wright Field had helped Rodert at several crucial

stages, and supported his project with()ut change. The United States, ill any type of wall',
was vulnerable to two ;IvelllleS of atla(:kIby air over Alaska or Newfoundland--I)()th with

severe ice storms. (;ermany, Rodert later wrote, "has aircraft which can tlv in almost any

kind of weather, irrespective of icing conditions. There ('allllt)t be a I)()ssible deti,ns(,
against su(:h aircraft without similar or suptwior equipment+"" Ainerican aircraft must be

able to fly through any clouds; indeed pilots will likely seek protective cover in them. For

$25,()00, the ?u,\C bought new wings and a mt)dilicd windshield tiom I.t)ckheed, and

loaned them to NACA for research. Wlaile Ix)ckheed l:abricated the wings, Rodert and his
Flight Research Branch prepared for a move westward.

NACA had already begun (:onstruction on the new Anles Aeronautical l.al)oratorv

a(!jaeent to the NaD,'s Moffett Field on the tlat bay lands m:ar Sunnyvale, Calitornia'.

(_ompared to the |ltunM air <)ver tile Virginia 'l'ide(_'atm; the coM Sit'rra Motllltaill air

mixing with lilt! warm, moist air rising off the San Francisco Bay made excellent iciug c(m-

ditions. Furthermore, Rodert had freed his research from wind tunnels, and by July 1940

the well-equipped shops and hangars at Ames were ready ti)r his group. Test pilols McAvov
and (_lousing ferried out ;Ill old North American 0-47 they would ilse until the 12A was

ready. Ahm Jones r@)ined them in ]anuary 1.(.)42, along witil Cart Neel, an engineer who

t)ccame increasingly involved in the work. Since the icing research was the lh+st t)r(!ject at
lilt' new Ames laboralory, engineer-in-chief Smith l)eFran(e lent C()llSlilll[ aid to his Ames
Flight Research Branch.

13. (:lal,ril((. l,.Johns<m, [,or kht'cd Air(tall (:o)p<)tafion, "Wing Ix);Ming, Icing :rod Asso( iat('d Aspt.cln
()l Modern Transp,)ft l)vsign,",l, no*ml o/ tlw Aem.aulical S_irm'e_ 8 (De¢cml)cl 1940): 43-54.

14. Rodcrt xo I,MAI, Enginec>in-Cha)gt., +'Mt'mo: l)rogrcss of it(' r('sem('h on l.o(khe('d 12A Airplalm,"
May 27, I (.)40 ( R( ;255/( :cnt tal/(i(')/AF l- 15at.
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McAw_y picked up the 12A with hot wings from I,ockheed's Burbank plant on Janua_'

22, 1941. Back at Ames they flew it enough to he sure tile heat did nothing to weaken the

wing. Then they went hunting tor ice.

During March and April 1941, McAvoy, Clousing, and Rodert took up the 12A ahnost

everyday, scanning the horizon for ever more severe icing. United Airlines had compiled

atmospheric data to help its pilots avoid icing on their routes; the Ames group used this
data to seek out tile ice. '_ The Weather Bureau office at the Oakland Airport contirmed

that they would find the best icing flying westward from Sacramento to Donner summit in

the Sierras. George W. Lewis, director of aeronautical research at NACA Washington head-

quarters, had recommended that Rodert attach a two-flint long, unheated strut above the

right wing. Thus, in one photo they could contrast the clean hot wing with the icing on the

unprotected "tell-tale" strut. Lewis was delighted a few months later when he received his

copy of the first report out of Ames--Rodert, McAvoy and Clousing's "Preliminary Report

on Flight l_'sts"--"So 1 am going to celebrate by taking a copy over to Dr. Ames.""'

D,qaile the icing over Calitornia was regular, that spring it was hardly severe. To secure

ever more dramatic photographs, the group ventured the 12A fllrther north and east. On

March 20, 1941, while tlying through cumulous clouds oww Superior, Michigan, at 9,000

to 11,000 feet, with air temperature at twenty-six 1o thirty degrees, they got pictures of
three inches of ice on the strut while the wing below, on only half heat, was clean. Icing

on the few unprotected parts turned so severe on a flight between Minneapolis and Fargo
that the 12A slowed thirty-live mph from just the added drag. While ilying northward

along the Pacific coast, Rodert reported: "The airplane was struck by an electrical charge

which melted the trailing edge of one propeller blade and the edges of the airplane struc-

The I.o_kheed 12A i*e re._eaFvh uiq_btne at Ame_. (N,-t&4 photo no. Ame_ AI.I.-1166).

15. R.[,. McBrien, "Icing Pl'oblelns Attendant to the Operation o[ rl'rans|)ott Aircraft," Aviation 4 (May

1941): 138.

16. lx'wis to AAI., April 5, 1941; in File 50-14D Deicing Problems; Box 247; (;eneral Correspondence

(Numeric File}; Records of NA(k,_., Record (,roup 255; National Archives, College Park, MI). [hereaftel abbre-

x'iatt'd _,_,'1)(_: R(;255: collection name: file namel
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ture at several points. ''_ Tile lightning strike grounded the 12A during a week of excellent

icing conditions, but proved they were indeed flying into severe conditions. (McAvoy

would win the 1943 Octave Chanute Award of the Institute of the Aeronautical Sciences,

and (_lousing the 1947 Award, for their test tlying in severe icing conditions.) TM

The drama, the photographs, the urgen_ T all helt×_d Rodert protect and expand his

program from a number of competitors. B.E Goodrich was working hard to improve their

pnemnatic de-icers. At the 6,288 foot summit of Mr. Washington in New Hampshire, (;oodricb

mounted a test wing like a weather vane so it stayed in constant wind. There a design team tried

out new de-icm.-s with hundreds of smallm; selt_.'ealing inflatable tubes, snap-action distlibntor

_-alves, flexible camouflage sprays, water-repellent mblx-i.-s, and non-adhesive sprays like the

silicone lcex.'" As a result, pneumatic de-icei.'s remained in wide use--and the long wing span of
the Dougla.s (]-54 transport wausthe widest ever--during and well "alter World War 11.

Others preferred new chemical de-icers. Chemicals worked in two ways. Alcohol-based

fluids lowered freezing tenlperatures. Other slick, oil-based fluids, exuded from wing lead-

ing edges or sprayed on betore take-off, prevented ice crystals from adhering to the wing
surface. The British especially adwmated chemical de-icing. They claimed Americans like

Rodert were misled about the war dangers of icing by inaccurate reporting of early Royal

Air Force raids over Germany. As far as the RAF was concerned, chemicals sprayed easily

onto any aircraft, lasted for a complete mission, and kept off North Atlantic ice. The Royal
Aircraft Establishment at Farnsborough was perfecting a l)unlop strip which leaked a

steady stream of chemical ahmg the wing during longer tlights. Chemists at the Naval

Research I,aborator_, looking tot quick relevance on U.S. entry into the war, concocted

similar anti-icing pastes and fluids. Since Rodert had the only aircraft known to withstand

icing, they regularly asked him to try ()tit new fluid recipes. It was highly likely icing condi-

tions over the North Atlantic differed from those over North America, Rodert concluded,

but all fluids tested poorly. Perhaps the British realized this too, because they increasingly

cancelled icing-bound flights out of distrust of their equipntent. For the first three years of

the wan in a period of other_'ise exceptional technical cooperation, British and American

icing researchers kept their distance. Farnsborough transferred tim two-engine Bristol

bomber they used for icing research to Ottawa in April 1941, and for most of the war tile
Allies comnnmicated only through the National Research Council of Canada.

The Ames group reported some important discoveries in the spring of 1941 tha! con-

firmed the value of thermal de-icing. _'' Most intportant, the heat required in free flight was

ranch less than indicated in wind tunnel tests. A seventy-degree rise over the amhien! dry-

air temperature at 200 mph was enough to weaken the bond between the ice crystals and
the wing (though a 1(10° F rise had a safer margin). Furthermore, heat con(enlrated ou

the leading edgeiless than ten percent chord--was enough to protect the trailing parts

of the wing. Thus, exhaust heat never weakened the wing structure.

NACA also reported how ntuch heat would damage tile structure. Lockheed had

designed another "celhflar" wing, which passed exhaust gas through large chambers

directly" on the leading edge with no additional cooling air. Lockheed volunteered to rig
the wing with 107 thermocouples, far more than specified, to get information on how

evenly it transmitted heal. When flying the cellular wing near Ames in July 1941, McAw_y

had applied only partial Ileal when expansion at the leading edge caused buckling aft of

17. (;ray, l'}t,./i_'r_ o/ ]qigqtl, p. .'$12.

I,q. "File: McAvoy, Win. A." (WI)C: R(;,2._5: Biography File: Box 25).

19. "De-Icing "I_'st Rig," Aeon* l)_e_t 51 (Nowmfl_er 1, 194_-_): 88+; Dwight l.. I.oughborough, Howard E.

(;recne, and Paul A. Roush, "A Study of Wing De-h'er Pertbrmance on Mount Washington," Aeronautical

I';n,q,ineerir_g Ib'_,i+*z+,7 (Septetnl_er 1948): 41-50.

2(t. l,ewis A. Rodert and Imvrence A. (;lousing, "A Flight Investigation ot the Thermal Prol_ertics _,t" an

Exhaust Heated Wing l)t'-l{ lug Syslem on a Ix_ckheed 12-A Airplane," ,\'A(L4 Advanr_,d l¢estrig'ted I¢qJort (,June 1941 ).
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the rear shear beam, threatening destruction of lhe aircraft. -'l Ames quickly replaced it

with the exhaust lube wing, having jnst learned the upl)er limits of wing heating. Tiffs

information was directly uselul to tile firms that designed and t)uih aircraft--whom NACA

refi'rred to by the w, nereal term "the mamflaclurers"--and they requested a great many

copies of Rodert and Clousing's [lighl teS| reports.
q'o 11y into ice clouds and smwive, the Ames group necessarily became expert on the

impact of ice on the total aircraft. "I am surprised to lind," noted Engincer-in-(;hicf Smith
l)eFrancc, "that there are so many details which have not been anticipaled beiore the

de-icing tests were srarlcd.'-':' Frosting prevented photographs out cabin windows; (;lousing

and McAvoy lbtmd they needed better instruction on flying blind; electrically-heated pitots
looked clean even when ice in the throal skewed pressure readings; exhaust gas corroded

the ahnninttm alloy at tile wing tip; and the radio broke regularly. Roderl persttaded
United Airlines to install in the 12A a radio they had specially adapted tbr ice flying, lit"

asked the Massachusetts Institute of Technology' (MITt Io design electric-resistance beating

for the twenty-live ibot long antenna wire that stretched between the cabin and the tail.

And he asked the Naval Research [.aboratol T and the Air Corps labs at Wrighl Field to

design loop antennas that would not collect static as they encountered precipitation. Any

sharp corner or gadget protruding into the airstream, Rodert constantly reminded mantt-

tacturers, was an invitation both to icing and static electricity.

Ill less than a ,),ear of flight testing on the 12A, and early experience with the Navy

PBY2, thertnal de-icing looked promising. Manuthcturers kept pressing Rodert for more

details on the 12A installation, which Roder! preferred t() deliver in person rather than

through reports. Rodert knew nmnufacturers could improve upon his 12A design--

especially in reducing weight by better integrating the tube into the wing structttreIand

lhougtlt being vagtte about details might prompt them to innovate. Rodert instead

clainwd expertise in flight testing. The NACA Special Sial)committee on De-icing

lh-()l)lems, which served as Rodert's peer review group, and t rom which he often sought

,tdvice on how best to report data, encouraged this division of labor.

The Subcommittee did not actually convene until April 1941. Rodert was not initially

a member, though its charge was to "help in keeping the research organization in touch

with the practical problems that require attack by research.'"-':' Early committee meetings

would have likely exasperated Rodert: just a bunch of guys sitting around talking about

icing. They fieel_' dispensed fragments of exl)erience, ill-formed ideas, and random ol)ser-
rations, in'ld passed resolutions on which isolated aircraft paris most needed Rodert's

attention.-" They collected and amended dozens of lelters:

_ll_, dear l)octor: The imhc_lry i._yellDtg to beat lhe bamt fiJr a windshield that ltu 3' can

.see throuffh i, rain and ice. 1,_Ihe_e anyway you can expedite your activity mt your

improved win dshield ?"'

Bul the commillee gave a free hand to NACA's reseinch bttreaucracy, and it gave a

free hand to Ro(levt, to integrate and prioritize these requests.

21. "Mcmo: I'rogvcss on Win K And I'rolwlh'l l)c-I_ ing," (it)mall. I).W. " omlinson. ILS.N.R. (;hat,man,

N.k(_A lc(hnit al Sul)(ommitlcc ()tl l)c hing l)r()l)h'ms. Match 2_, 1942 (R(;2S7)<(i(qlual, I01, AFIg-I(la .

22. l)cl"ram c t() I c_ s. ["cb_ua_ 5 19, I!)42

23. E(lw;u d W;u lWr, NA("\, to Frank R. (]olll)ohm, Douglas Aircralt Corporation, March _'), I(.)41 (WDC:

R( ;2,55: t ;t'neral ( :ovrcspondcnc(" [ Nttmeric FiN' l: Box 247: File 50-14D).

24. "Mint,es ol Meeting of Special Sulx'ommittee on Deicing ])roblems. ('_)mmittce o ,\crodynami('s," April

15, 19.ii (%%'I)(;: R(;2?)5: (k'n('Jzd (_ovrt'slxmdt'I_CC [Numc6c Filet: Box 247: File 50-14B "l)cicing Problems, Mimm's").

2,"). Edgar S. (;alr('ll, president ()I All T)anSl)Ot| Association o! Amc)ica, I,) (;.W.l.ewis, June 18, 19,10

(I,%'I)(:: R(;255: (;en('ral C()rrcspotldcn( c [Numeric File]: Box 247: File 50-13D "l)eicing Conlk'rvn(('").



FRt)M t_N(; NI-]ERIN(; _(:IEN(:I.I T() P_I(; _(:II,.N(:E !_()

But Roderl []mnd allies among the committee chairman, lit" had met J.W+ T<m_linson

ill 19._'_9wlletl Tomlinson was <m the NA(:A aer<)dynamics committee and vicc pr¢'sid¢'nl of
t'ngineering for Transcontil+etllal & Western Airlines oI l_msas (lily. Tomlins+`m had secn tlm

.lit.88 on a trip to (;t'l'lll_tlly and, even lhough he had a prvdisl)¢_sition toward thv ,ul+l)er

de-icers ust,d on his tlecl, lie und+,wslood what Rodert was working toward. And "Ibmlins<m

kept writing Rodel+t It+tiers of inlrodu<.ti<m and I:,+`'ating th<<!bush+`,s tbr iciug tests, lbmlinson

was calh'd to active stalltS with lilt, Ah Prinnu_., Trainin.e, (:<mlmand in April 1942. ltis last act
as chairman was to nicer with I)islmy Studi_:,s to Ilaxe lh+,,nl make an educational film to

"ettk'ctively register" the icing iSstle ill th+`' minds of +voting SCl'vicctll{ql.

l_u'l (). l+m+son became sttltcotnnlittec +,llairman ill 1!t'12 and shifted its aegis flonl lilt,
NACA ('.<inunittee on A<<'r<+dyn:+uni+,sIo tilt' (:onnnitt+,.+,, _m ()peralional Probh'nls. _d't

l+arson support+,.d Rodcrt's desire lo jILSl Itlakt' and v+,'t'il;+' icc-invtLhlerable aircraft, and not

approach icing as all operali<mal probhenl. [.ars_m was ch'iel+,'llgin+,,t,r mitt-Northwest Airlines

which, like all airlitles duriug Ill+." Wal; had sul)ol+dinalc+,l passeuger travel It) militmw Irans-

port. N+,)rthwest's biggest military ('Oll[lat-I +,aln+`' Il-Olll tim Air (:orps lq'rn+ Comman<<i to run

the "Alaskau airway" lwtw¢,+,,n M'inneal)olis and Fairbanks. Flight expt.rit+,n+,+e taught l ,:uxon

that the route ++'itsa natural and reliabhe icing laboralorv, hlt, asscmllled at the Minn+,.al)¢+lim
nluni+,ipal aiH_eld, ut'ar Norlhwest's lu'adqlmrt+,.rs, tile ¢'quiptnenl and t+,'+,'hnicians n<'ed+,,d
to keel) aircraft flying lhrottgh ice clou+,Is.

Rodcrt, (;hotnsing+ and Mtv\vov had ah+,'adv talked of s+,'tting tip tlighl lest OlX:rations

in tilt' north, central sl;:tl+,,s. They WalllCd a ll+."v'v t)ase with rcliabhe Hasls of arctic air, light

traMc, and no nlounlains tot when they thew blind, and t)+cezing air al ground hw+,'l so thev

cotild ph<mTgraph i+,'e on lh+,' aircraft und+,'rside afl+,'r it landed. Both (:lousing and Rod+,u++t
knew Minnesota--Roderl t+-+,)in his v+,'a,s at lh+," [inivci-silv <>t Minnesota--and kn+,'w
Minneapolis ot|¢'red all thai.

l+arson convem,d an NA( :A (]Ollllltitte,t' [(:,l-tilt +"_rilllel+ Flight l,aboratorv in .tun<<' 1942,

which prop+,)s+,.d that the Air (:orps givv NorHtwest a $B5,00{I +`<)lltlacl to prox/id+, + NA(:A with

an otlic<<' and access to Norlhw+,'st I,tcililies and p_'rsonnel.'" Northwest nlanag+,,d operalions

3111(1nlahlt+,'nan+,'e, whih,' NAf:A direttc+,l :l +,o<Tperativ+,+ r+,'st'ar<<h pr<+j+,'ct. The h:c Res+,'a,+,h

Pr¢+jecl opened in Novcmlmr I{)+12, and that winl+.T hosled m<+r+,'than |ell visitors p<.'r w+,'ek
in addition to th+," scven pil<Tls and sev+,mtv-liv+,, lllt'+,'llalli{'s ()tl +,lutv. Airlines an+,l tlliltltll'_lf'-

ttll'el's w+,'re invil+,'d to send +,'tlgil|+,,+,.rs wil]l new <,qUilTm+,,nl to test. 'Fh+,"_+_eather l+,ureau s+`'nl

a met+,'orohogisl to colh.+,l dala and ch'v+,'lop Ilypottu.scs <m whi{h atmospheric +,onclitions

+,aus+,'d icing. The Air(:orps remaincd hands-ott_ to avoid duplicltling olx, t+ations at ils +,'xist-

ing (:old X_,k'ather Test Stall(711 ;ll l+add Fi+,'hl in Fairbanks, alld St'lit only pilots hom Wrigh!

Field, ()hio. Their task, h,{l'W+`'Vttl'. V-,'a+.s crucial: to tlv thirl{!en air+,+raft with new de-icing
equil:,n+cnt, in(lucling th+`" lh+sl aircrafl de-iced by h+,:at<<+dail:

Heated Air De-Icing

Rodert had lo,nlcd so,n+,, n+,'galive opini<ms <71healed ail--that is, clmmicallv uornlal

air as opp<Ts+,.d I<, btunt t'xllatlsl ,_as with its altelldilltt carl}on gases _l.ll+,] Wall'| ( and ,_atS
yap<Its. Whihe tryiug to +,onlphelc thermal d+,'-icing of tilt+ 12+,\ in fat+," 19"+9, with<mr t'tt':Sol'l-

ing to convolul+,.d ductiug, Rodert had camass+,,d industry I,:>++a he:tier I<) llttl r+,'m_t+,,Iv ill
the rail. St+,'wart-VCun+,+r sold a gasolim'-burning hcat¢'r, [bi aul<ml_bih,s, that put <ml 8+i'_00

BTI;s per It<mr. Rodcrl asked if l]ley might upgr, ldc il t_)])ul out 7.'>,{){){)B[l!s, with hess

w¢'ighl and v<<'rv c<dd air inlakc. SIt'Wal'l-1+'Vi/lll{'l [.',l,Op(>s+,,d linking Icn Imrn+,qs Iogclh+,'n

21i. Ka,l (). [=uso,,. "P,_qu_sal 10t tht' l+_stahiishmcnl ol Hm '¢','inler Flight l+al>,mtI,_rx." [tmt' 19.12
(R( ',2._3( :cn tr;tl 113 ++\MIf;- 17+).
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butcouldnotgetit to Rodertin time.Sothatwinterheputapneumaticde-iceronthe
12Atail.Hetriedagainthefollowingsnmmer,startingwithagasolineheaterCurtiss-
Wrightusedforcabinheating.It tooprovedweak,soRodertbuiltalongexhaustductto
provetheconceptofthermalde-icinginthetail.

Roderthadhetterluckusingheatedairtode-icethe12Awindshield.ThePittsburgh
Plate(;lass(PPG)Co.helpedAmesfindalaminatedsafetyglassthatconductedheatwell,
andmountdouble-paneswitha)._inchgapthroughwhichheatedair flowed.Putting
exhaustheatintothewindshieldwasunsafe--seepagewoulddumptoxicgasintothe
pilot'slace,andRodertwantedtohingetheinsidepanesothepilotcouldmoveit outof
hislineof sightin warmweather.Rodertfoundthatair divertedfromthecabinheat
exchangerwaswarmenoughtokeepthewindshieldfreeofice,yetcoolerthanthecriti-
caltemperatureof theplasticbinders.AsearlyasNovember1941Rodertflatlycontra-
dictedBoeing'spublicthinkingthatmuchhigherheatwasrequired,andpronounced
that,atallairspeedof 150ntph,only1,000BTUspersquarefootperhourwasneededto
keepanywindshieldat50° E and thus free liom ice. United Air Lines liked the PPG wind-

shield well enough to retrofit it onto all its DC-3s. _
Manufactmers were simply afraid of exhaust gas. A bullet hole or weakened seam

could poison the cabin (though Rodert designed airflow to exhaust out the wing). A

failed engine would send raw, explosive gas vapors into the wing tube or gasoline leaking

from a wing tank might ignite against the hot tube (though Rodert claimed the wing got

no hotter than if left parked in a tropical sun.) Exhaust gas corroded aluminum and
manufacturers refitsed to take the weight penalty of using stainless steel, as Rodert had

done on tile 12A. In addition tu the dangers of exhaust gas, de-icing the entire aircraft

with heated air held some advantages. Manufacturers could couple heated air ducting

more neatly with the skin, saving the weight and strength penalties of the exltaust tube.
Heated air'could be vented out small holes on the wing surface with ntinimal drag. And

a steady source of heated air could provide the cabin comfort all aircraft then lacked.

Tile problem, however, was finding a steady sonrce of heated air.
Rodert turned his lull attention to heated air in September 1941, after learning the

Glenn L. Martin Company would use a cabin heater to de-ice the wings of a B-26. Since man-

ufacturers accepted only heated air de-icing, Rodert planned to stay one step ahead of them.

l le toured plants inJannalw 1942 and, after telling mannlacturers de-icing required less heat

than previously thought, now he had to tell them their heat exchangers were too weak. To

prtwe this point, ill April 1942 :Mnes again modified the 12A wings--putting corrugated

ducting on the right wing and sheet dueling with baffles on the left--to concentrate heated
air on a narrower chord of the leading edge. Ames craftsmen built a cast aluntinunt heat

exchanger that transferred heat from the exhaust stream into fresh air flowing to the wings.

They also buih a variety of heat warning and dump valve controls.

_Fo take advantage of this expertise and to "relieve industry of the design and develop-

ment wnrk," the Army Air Forces (AAF) asked Ames to build a complete heated air de-icing

svstem to retrofit into the Consolidated B-24D Libet+ator. _"The B-24D was a high-wing, fi>ur-

c'ngine hea_ 3' bomher which would have a long production run. The system would include

hot wings and tail, an electrically-heated antenna, an alcohol-based windshield wiper, an

anti-static system fiw the wings and atttenna, and a carbon ntonoxide indicator for the

27. RI,. McBrien, "An Air_rail Double Windshield-lts Development and Use." SAFJournal5l (O('tober

1943): 350-55.
28. Ahm R.Jones and I.ewis A. Rodert, "Development of Thermal Ice-Prevention Equipm¢'nt fi_r fl_e B-

24D Airplane." Conlidential Memorandum Report fi_r the Material Center, USAAF, ,"_tq>tember l l, 1942
(Rt;255/Central/104/AFI%IOK) 2.
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cabin. .+"Hcat_'d air would cxhausi thr<_ugh hall:inch h_les _don,_ lh¢" top wing surface, _tnd

then travel l)ackw_trds with the l+oundarv l_sv¢+t+.This s_ttislicd ++L,\F Sl)t,cificatic>ns tlmt the

wings _<)t _t 70 + F tt:tnpcr_tltJrc rise over thc ii)rward 20 ])t'r(ent of ¢l+ord mid a 20 ¢+F rise

ba(k to 7f) l)Cl'('Cltl chord. FAIgitlcPI'S [()r the :u\l; M_ttt'ricl (;Ohm+and approvt.d Amcs' l)luc-
prints, _ttt(l in May ]942 Ames acquired B-241) No. I 11678 (soon redes+gin<ted tht" XIV24F-

(]()). The Ames erection shop procured +t]] tnateri;tls, mc'tals _tnd [,tstcners, l)tdh lhc wing
tubing, and inst_t]led it into the, aircr+t[L (:onsolid+tlcd sent senior engint'er ]h)w_trd E
Schmidt and sevt-ral dr+tltsntctl to Ames, who co|tll)h, tcd producti(>n drawings as the work
p,ogressed. +&s early as tun0 1942, the 13-241) did well in test [lights arotind the Bay arca.

Rodert declared ]w had st_tndardized a work otltlint' IT>r rctr<t[itting tic-icing inlo exisling
aircraft, at]([ was willing I<) take on <not+c,.Then pr<)blcnls arose wit]| lh¢" heat ¢'xchangcrs.

Ames had l)ougl+it exchang<:rs from two exhaust systems specialists--AiRc, st,arch
Manu[_ictttring Company of +Ix)s Angeles and Solar Aircra[_t (:ompany of San Diego, They
we're stock designs, scaled ttp [or gre+itt*r ()till)ill III_IH <.+vcr achieved in an ++ircr_tfl. Wh¢'t+

they l+dled, Ames commissioned other [irnts to submil p,ototypcs--AiResearch ol+fert+d _l

dift_:,ent h¢)lh>w-tinned exchange<; ttanlon 8c Wilson Comp;my sent a pin-t),p¢, t'xthlti)g-c],

:tnd Stewart-Warner Corp<lr_tti<)n ol]t'rcd a tntdtiplc-l]n type exchangt, r th;tt dt'livt'red Ihc
rcqtdred BTUs but t)uckled under the blast and heat of thc ¢,xhattst strcant. Once word

g()l out of Rodt.rl's quest lbr an exchallgcr [_)r _t tnass-pr<)duced 1)<)rid)or, Atnt.s w;ts

swamped with prototypes. The Ames <'reel+on sh¢_1) dr'signed :t [k,w themselves, :tppl+viHg

their new expertise in brazing cotnp¢)tHtds, metal conduction, lind l)rt.ssttrt • drops.
Rodert's entirt, plan hinged on gt+ttitig a w<)rkal)le heat t'xchang<.,i; and ht" wits conl]-

dr'tit he could find one. The (;crm;m lu.88 , afler :dl, lind uscd h<,,:tt cxcltangers--:t scrics
of t_)tH" along _t single exhi+ttst slream--and R<_dt.rl ht'_trd rt,i)_lris Ih:tt the (;crmans h_td

also put similar cxch:lngt'lS <)it lht'.Ju._2,.lti, 188,+]tt.3SS. :rod tht, t_)tti--<.,ngi_tt! ]t_.2<)(I s+:ar(h

bontt)er. Rodcrt cons+dr, red the 1u.88 "a spiel<did de-icing svslcm" and got Wright Ficld to

scnd hint st.'ctions <if the.ltt._8 cxchangcr, i)<)w on thc scrap tlt'_t]), so he could hlok t<lr some

secrct the dr;<wings didn't tt>nvt,x+, _'' Rodcrl itlso wrotc to .X'l;iriin, asking ft)r t'xchil|tgcrs
Ames could ttol dul)lic:ttc fiom l)luel)rints. It w:ts c<)nmt<)n, Rodt'tt distort, red, [i)r ;m

exchatigcr's ,lcttml ;tlltl prt'dictt,d l)erf_+rmancc It) diflk'r :is ._rc:tt as four titheS. ,,\riles math"

a flying test bed <)tit o1 its (:-47 and, in tilt'Jr dt'spt'r:itc st'arch tklt-;t workable t'xch;tngyr,
Ames pih)ts c:trricd ithJt Ihirty-two dill_'rent designs duriug the sttnHner of 1942. ()net' tt+i;tl

and error indicated which t'xcltitngcrs promised rt'suhs, ]<)nt,s tit Nt,t.I dro'+'t' it b;tt,ch iwross

tht + |Ills,' to tht" berkch,): ];.tt)Oi'+tloi'y o[I+.M.K. P>ocht,I +,whcrt, :'llliiCS 1)<)tight anltlvlic:ll illsight.
Bocllcr, it pr()li!ssoi o[ illC(]lltlliC;t] ellgillCt'i-illg ;iil<l itssot'iltl(' (lenin ()[ t,llgilit,t,i+iiig ill

the l.!ttivcrsil+X, <)1( ]_ililiirlti_t, wits the sort o[ lcii(]tt, r who kt!pl pt'r|)cttta] o[I]cc ]totirs, +,_.s_l

Slilltt,itl,.]oncs ]l+i(I woikt,d wilt) [_ot'ltt, r Oil _tii t'_irlit!r N+,\(]A conlr;tcl sct'kiii<_ iidxit-t. <lit
])l;t(ili<_ th('riilOCOlil)lcs l<l sludv tic;it Iritnsli, r itloll_ Ilil, xviit_ silrlalc, l+l,<)(,]lt,i- i¢'_l(l widc-
lv--cvt, il lrittlsl;ltiil_ ;trliclt's Oil ht';tl c×(hliil_(,i +lh<'_)r'¢ [toni [i;l]i:iii ;tii(l (;Cllii_llt--_iiid t,+_ts

[+tsciii;ttt,d willl tilt" i)ioct+ss <l[ p('rft,cting t'qu_tliotis to prcdicl rc;tl-wtll-ld ])t,r[_li-iti_lncc <l[

hc_tl liilliSft,r s+vslcilis, tl<)t,]ll.i +;ilso undcrsl<l<ld ltil' i'h_illciigt. <)1 ittCiiStli'ill<_ tin)' (lrol)S o[
iiirl-Jorn(, w+ilcr [r<iiti his l('sls of t'v;tp<)t:ilix'c (o<)lili_ lowt, rs. S_Liones h':ti-ltCd ntii(h [r<)ill

his [+l+ct,-l_ili_ili_ - I<)iivcrs_ili<)lis with t_oellt,i; I]toli_]l iht'ir iilissioii _il li_lltd w_is pcr[__'ciin<_
_iirl)<)llte ]i('_ll i=_th;lll_t,ls+

:\in<.'s asked B_>clicr t<>expand his _ioii 1) Ih_tl Siiliillicr (>t 1942 t<) rill) I)t!nch It'sls <)It

all pr<)inisin<_- hc;ll ('xch_iii_t,rs, _ocllt!r's /z,o_il xv_is I_.) )tic))stir(, static prcssui-t" dr<)ps _ilid

2{t. "[.il)('t_t<)r'_ N(';v "]'tl('llti_ll .\nti-lc('r," J.l_,_/)l.l#._:_t 4:, (N(l','('illl)t'l 1943); 2t7-27. tit ;t tl'h'ph(lii(, ilitcl+ci(.x_

([)t'(t'ilil)cr 7, I{tl.l_-i) Ahiii R .IllliC_ t l_liiii_ lhlil Atilt ,_, liCVCl" dCtli_ill'+ t'×h_ili_lpd li_';ilt'l'l _lh _i]l>iilz ' I]it' I Jtl_'i'ttl_lr '+_'hl_.

_O. Rlttrh.ii 1o l)ct;rlin(+.'. Nox_'lnt)+.'r 7#_, 1941 (WI)(;: 14(;235: (;l'il_'r_ll I_t'l'<>ids Rcl_lihl_ i_l .._liill.+_

Rt'sl'_il/h. 19_,<_-19._2: thl× <tbl: Filc-Iil "]_iiit4 Rt'sl'iiilh 19.':;9-41"); _tll(I l)ct;ililict. Iii NAt;At "Pvlcin<i; l)t.-hilit4
lli_Lill_ilioll <>tI('+_+V_:liilll_iilc _il _4.rri_ht Field," +_l_,t'liit)_.i 7{t, 1'041 (R(12_)_')/(:t'llll;il/I[t4/AP]%l(t}.
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fairs of heat trmlsl_.'r, devise a theory of vxchangcr pt, rti)rmance, l)vrl_wt an (,qtt_ttion o1

d<:sign l)aramcl{'rs so their i)rt'dictvd+vahtvs apl)roached mcastued l)¢wti)rtnancv, and ulli-

Itl;tlt'Ix olft'r to a siugh + numl}<.'r lo +ranking t,xch;u+gcr l}t'l[brtll;t1+ct+. +_Ro(h'rt and his AAI:

ixttrons kn<.w ,tt+v ittm+l)cr would bc riddled with error, l:,ttl hoped thal l+,ocltt'r c_>uld

simply slandardiz¢' tlw t'lT<)rs--ill t|wrmo<'otq)h + placctnt't+t, ]}l'{'SStll't + drol> and ¢ondt,c-
tivilv mvastucs, itll(l l+;l't+ outl)Ut--so that it ",vottld still help in c<+ml_itrltli'+rt' vat|kings.

l_,t>t(Itt, r's xv_tk _m aircr:tlt heat t+xch_tngt+rs was widely l_raisv<l, _ts the sort <d;ulalvtic:tl work

An|t's sh<_uhl hart" d<mc on all l_ttt'Is of its icin_ rcst'at,ch. ++

31. l+hi ', "+',';t,,It.>t'llt't +'++l./l) tati_> ol unit tlwrmal {<mduct_u_, t++ '+,,hrlr I. ;,,_ts tlw lcn,uth _+I lhc h¢':ll l_+ms+

[t+t Sill l_l(t' and I) +_s thv hxd_attlit' di:m+t'l,al _+I thv vt'Htil_ttit+g and t+xh;tust pipt+.,. Set' l .M.K. lt._'llt't, R.C.

M_Hlinvlli, I+.I'i. Ri;tltit', :uut K.ll. 3,h,t_in, +:\n lu,,+..slig_tti_t+ _I + Airtrali lh':tt,t'r';: XVIII-A l)t.siujt _l_tHual |,+H

l'xhaus_ (;.is ,uM ,\i_ lh'a_ l_x_hat+gv_s, '' NACt Ad+,.;.++d Ib'sl:i+l+'d IPc].+_l \VR \V-gF+ (;\ui4t+'q 1913); and fllt'

"l 't+i,,<.'lnitx t_l ( :+dib ,_ nia.'" (t_.( ;23-+ ( _(+lltl+t] . l<JT/ \F_-_0).

i+2. P._<+ht'_ npcltt his *t+lllilX' (_il('('l ,,,,ill+ tht' tniv<'r',it_ .I (:Mil<_ttmt+ lit' t3tlt ,t w+,t i.,l;ttion l<_t tl.'

{ _:dilbrnia l)i,,isi_>n _+l \h+u>_ \'chit It '+` to ,,t'ril', dr'sign +, ol ht+adlighls, buih ;t ht'al-pox+t'I labur:tt<_t'+ to imptoxc the

{'lli,_ it'lt('x ol iHlt'ttlktl {_+lHI)ltntit)ll ellb_hlt'S, ;trill "wl+rkt'd Oil ;+,;P,s I<) diltust + ht+;lt _,o t itl+tls _)lt h:ttds +s<_tthl n(,l h_nt.

In I¶I|I ht + ttu_,,t+d t<_ lilt' lx_n \ttg+.'l('s (;ltltl)tl,, Io t.:+,t:d:+lish a s,uhool ,,+,ith _t "'unilit'd t'ttgiltt+t'lit_g _urrit tdum" to

It;till _,t>ttlt_ Ittt'II _,'+olkillg ill tlt'.' +til('l;tlt iH<IHntti,t'S, lh' *+Xll)l(+ ,,',idt'l'+ on tqlgilXt'('l+n_ t'thlt+ll+tllX, ill '¢,}li( h h('

t+tH _ttt;tt'+.',d laboHt<,_'+ IH+,'t i'.i,.m, It+\t{ hill_ '+,tttdt'lltn +tl)t_ut tht +nt t+p+-+ ol all t't_gillt't'_ittg l>t<_bh+m, and iHluu, t:ttittg

tnatlwmati(al at+_dsnis diu't If', illl() their wo] k, ()n l+.ocltct at+d his contt'ml>,+r:uw_,u+, wo_ k, nt+c l.h.x,.cll_ H Mit hat'l

Kr+ms th>t'llvr, lh"l 'l+a.+je+ ,'V.h's (l+crkelcv.(_A: ttlfiXt'_silv <_l (kdil_rtfia. 1911i): h'r].+.ts (l+,iH<h+rx date 1941)

l?,0,,gxl+di69ttu l+,ai_t txflt I ibtm+'_, [+ni,+c_sit,, _I C;dilbruim Bcrkt'Ics]: atul llatold ,\. Ioht+s_m, ¢'d.. II.+! 7)..'+/,',';

lYtc+...l;tta.lit+, ,'lHd l¢d.+a/i..: H+.'II+++,t.,+tit'+'_s,',' 0 Xbl.m+' (N,.'w'_rk: Mt(;r;lv, llill, 196,t), l>p. xii-xiii.
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The British began tblh)wing progress in heat exchangers, and sotiening theil +

allegiance Io chelnicals, under tilt' gtlise ¢>1better tlame suppressitm. British bombers lit tip

at night becatise tlanles shot fl+<Hn their exhaust stacks as the hot exhallsl ignited the fresh

air. By moving heat iiHo the wing tribe, and Ihtis cooliilg the exhatlst slream below 1300 ° F,

a ]leat exchanger prevented this re-iglfilion and torching. The I.;.S. Nax_/ collfhmed lhe

prospecls of tlamc dampelfing, by noting that its PBYs coHId fly olllv 200'ft.ct over an air-

craft carrieh at part Ihlolll0, without being de'reeled. The Royal ,_,ircrafl Establishment

tILdE) representative lo lhe he Research Pr_ect,.J.K. t lardy, began fbllowing Roth'rl's

work, offeriHg a good dose of skeplicism lhal helped NA(:A refine ils reportiHg.

(,choral Electric's sH|lerch:trger engineering depavlment, which lmih ttH-1/ochargcrs

powered by the exh;lllSl SIle;llll, inviled themselves to slandardize exhilllSl instrtHnenla-

lion. Their concerH--shared t)y Ilic Arm,v Air ];t)r(es--was Ihal pHtting a heal exchanger

ill lhe path of an exhausl slveam pHIsaling at seventetm cych's per second mighl I/ack Hp

the flow of gases throHgh Ihe engine and impcde eHgine pertbrmance. So as lhe sum-

mer dragged OH and Ihe 13TU OUtl)Hl of the exchangers sleadily iml)roved, Roderl

ttHiled his ;ttlenlion It) l;tlll t/resstHes al the ;tiv inlake scoop arid prcssHve drops on the

wing side of lhe exchanger.

By September 1942, Ihe Ames _yotq) had approved live exchangers rated :H'oHt/d

301),0f)() BTI!s per helle that did not greatly diminish fly,' ratlge and speed ot lilt" 13-24D.

They weighed only thirtv potmds, <)cCttlfied a cylindrical space trighl iHches in diamcter :tlltl

IWelII}'-IWo inches long. The complete de-iciHg svstc'm weighed ;tn acceptabh. 30(t poHll¢ls,

less than 1.5 percent o1 the Iolal gross weigh ofihe aircraft. PHetmlalic de-icers proleclittg

only the wing and tail leading edges, weighed in al 230 potmds. ,'ks soon as the B-24F was <)HI

Ihe door and <)H tin way to Minneapolis--lblh)wing a brief insl)('tlion slop al Ilie

(:onsoli<laled Plant--the Army Air Forces delivered to ..\lHes a Boeing B-17F FlviHg Fortress.

Allies drew fl'oili llleir work _lli Ihe B-TqF t(i quickly relrof]i <te-icillg etlli'il)illelll elite

Ihe I_trgel 13-17P. The)' sl_tlle(l wilh llic S_illle heal extll;.lngtlrs. [hell liloditit'd lhose thai

blickled ililder lilt" <_realer heal blasl. Unsilre o| which ex('hallgers Wotlld h'asl iillpaCl

Iiill<_e ;tlid speed, the B-t 7F C;llTied all older excillill<_l_l" desigiled t(ir cii])ili w_irliiili,g- ill

(ilie ii;ieelle ;tll(i _-i proposed t/rodtlCliOll ex(-hallgPl_l)Otl,_ilt flOlll MCQilitV, hit'., lhe

Tralle (]OIIIp;<uIV, and A_#tP engilleors al %%71ig111Pieldiill each o1 ils olhcr Ihree ilacelles.

The Alnes grotip tesled prcssllre dislriblltion _llOillld the ex(ll;ingels well lille tilt" fall of

194<t. They installed additional l]lerlllOCOiiplcs, alld tried Otlt SOllle valves tO adjust III.'HI

flows fl'()lll ttll" fOllF ellgilles ill'Olllld lilt" wings. By.Janllal), 1943, Allies itll(t visiling 13<leiilg

draflsinen tlad prepared corrected B-I 7F prodticlion drawings, aild the aircrafi was ready

Ibr icing tests ill Minneapolis.

Thal same inolltll, Aines otlllined "preliminary design consideralioils" fbr the most

coinlllele de-icing systelil yet, toe a Curtiss-Wright C-46 Collinlaiido lrailsport. The Artn'_
Air Forces, ilnpressed wilh the ill,illS, delivered Io s_lllllC'S (5-46 N,,. 41-12793 in [ltlarcli

19.t3. OllCe llle Allies glOilp lelllllle(| frolll MilHleapolis. As Rodert alldJOlleS slrli<t4gled

to write lip lhe B-171: alld 13-7<tl) lesl restlhs that nlaniil_tflilrers chinlorod for, Ihev Itllned

illeil _ttlelltion lo lhe (]-46. _< The C-4ti was ltl(_il Ainelica's largest llallSpOll, lnticil

bigger than lke 13-17 and B-7,t, with il siressel:l wing ttial required 111o10 carcftil revisions

and a long series of nlock-tlpS. Allies btiih and tested lwo wing inlier skiiis--wilh baffles

Oll Ihe right wing and COlTll_;ali(in Oll lhe h'fl. Bec;lllSe the (',-41i was to lie _-i11HlI-we;tlh('l

airlr;ifl, Ailit,s had lo i)rolell Ihe plopelh.rs, whldshields, aiileniias, (arl)lirelors alld

3?;. l,c_is A. Rodelt ;ilid A]tln P,.Joll(.s. "l)cv_<'lopnlcnl ofT]t('lmal h(' Piext-lllion l']qtlipnitqii |Oi lhc P,-
17F :*xirl)lHiil'," Ad_;tnct'd Rcsilicled Rcl)Or-I !:;124. WR A F>I (AIl_l.l%l 19't70; l.owis ,,%.R(id('ll ;ill(I Ahlli R. loiN,s,
"l)cvt'hltllnl'lll ill Ttl_'iillal Ice l'l('_l'lilioil Eqtiipinclil f_H the" B-741)Airplane." Advaiiccd (]oill]d(.lliial Rcl)oii,
'IVR A-?CI ( Fchl I1{t1%1!t.13).
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othcJ" paltS vulnerable to icing. Tile wider radius of tile (;-46 propeller, CSl)ecially,

demanded a new approach m de-icing.
Ames had closely li)l]owed hmovati()ns in these other paris, but l-low Rodert had to

make specific recom'mcndations. Rodert's commiuee ('Sl)ecial]y urged him to move lot-
ward: "The consensus of the sul)committce is that the lhermal method of ahcrafi de-icing

has heen proved to be sound.":" Rt)der! should now help pilols tollow lhe (m(! rule bold-

f;.t(-c(l in every manual on de-icing: "You must maintain your airspeed. ''+`'

Propellers and Carburetors

R()(lerl's work with propellers, as wifll wings, storied with proof thai de-icing was cru-

cial, then showing how il was easier than previously l]lOlighl. Bv stopping and feathering

propeller blades in llighl, Roderl, (_lousing and McAvoy disc()vered how propeller icing
usually slaJ-lt'(t wilh a lhin pencil of ice ti)rmcd at the acr()dynamic dead-(cnler of the lead-

ing (,dgc. Roderl's f)osilion that lids pencil was a nccess,uy l)recursor to de-icing proved

c(mlrovevsial. A sligh! leHll-Wralure rise weakened ils altachment enough that ccnlrifugal

li)rcc spun it off, whert'as a great amou]lt (11 heat was nt'e(h'd to prevent il forming. "_'t

mantffacturcFs claimed tilt' pcn('il induced vilmtti()n as it unl)alanccd Ihc propeller, and

bCCalnt! a tlving missih" when _,l)llll o[[.
(2hcmi(:als also weakened the pencil adhesion, and their use d()minalcd pr()l)t'lh'r

de-icing. I lamihon Standard offered viscous helac, Ihc B,-ilish their Mark F(.) Kilt)osl t)asle,
and the Naval Research I,aboratoo _ their !)-85 f)astc--which ahsorbed ice (:tTslals on a

latkv, gly('crin-like surface bcf()re sh)ughing ott" lhe propeller.:"' Slick lacquers--like one

dcv(_lol)ed l)v MIT--kcpl ice cryslals from adhering to the pr()pelh'r surla(c. ()r a slea.(ly

sin.am of ah+'ohol (,xpellcd froth a slinger ring at ;). i)ropcllt'r hul) and directed a.h)llg a slot-

I'h,," (,'.',ll':, C-46 [l;'tnsg u.,.-)_..ra,,dt laboralot_v at Ihe It,. I{e,,ear,"h Ba',e. g.\iLv,.I [.,h.lo .o .,t.les ,t1.I.-_,_95_.

34. "Minutes ol Mt,ctmg ol Special Su|)t ommittce on Deicing l)rol)lems, (:ommittet +on At')o<l',nami( s. +'

Max 13. 1(,)'12. I ). 14 (WDC: R(;255: (;('ncral (:olr('Sl)ondcn(c [Numcri( Fih']: Box 247: Fih" 50-14B "I)ci(ing

I'vobh'ms, Minute++").

35. 1+* I"m'tnalio, o, Ai)rrafl: Ae_oh*Kv &½7e+ ,Xr_J, I ('_+'ashington, l)(;: Training Di,,ision, t))UF('aU o| A('lonautit's,

U.S. Na':,. 1942).

3(;. "Plopclh'l h-rag." 5,_ienl!fi, A,leri_a)_ 172 (Aplil 19451: 215.
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An nmdh' a_sembl_" i_ a l,ewi_ l.aho_alot)' tu)lm'l t_'_l _howin¢, id,g ._ the [m_pdb'_; (hlobe_ IS, 194.1. (NA&'I phial, m_.
,_,_1(,',t (;7052),

ted rubber panel, cooled (he icing tcmp(,ramre. 'r N()nc ()f lhc chemicals, however, worked

longer than an hour. The lacquers l)im,d and eroded; the pastes slottgh(,d off the litstcr

pr<)pellers too quickly; th(" alcohol ranks (h'l)](q(.d if u,scd prophylaclica]lv. A thrc(,'-l)lad(.'

propeller used three quat+ts of alcohol per hour, and llll_tllU[ilctut+t!rs t{esital('(I to pttt

reserve tanks ()1 highl,,qlammable fluids near engine nacelles. To improve d('-icer tluid

37. A g()()d dcs(ril)li(m ()l sling('_ rings is l)a_id (hcgg, "( :albm('u)r and l'rop('lh'_ Anfi-l(c_s," Aviati(m
40 (March 19.1l): ,12-I'3+.
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econoniy, Monsanto tried to develop trimethyl phosphate--used in autmnotive anti-
freeze--as a universal de-icing thfid for all parts of the aircraft. Still, the slotted surf_-lce

that directed fluids over a propeller disturbed its aerodynamic efficiency.

So during U.)42, Rodert turned his attention to therm(_qectric blade slloes--hard,

neoprene strips imbedded with Iligh-resistance wires and built into the leading edge of the
propeller blade. The group assembled at Minneapolis that winteri-especially engineers

frt)m Ames, Wright Field, the National Research Council of Canada, and the Hamihon

Standard Propellers Division t)f the United Aircraft Company--verified the proper size,

span, attd heat output of tile shoes. (Goodrich sent engineers to test a proprietm T shoe but,
in order to protect their trade secteL';, kept on the outskirLs of NACA-led studies.) _&swith

heated air de-icing, tile biggest problenl was adequate power. They had to match tile shoe

with a generator built into tile propeller hub---too big a generator drained engine power,

to() small left the shoe underlieated. In an April 1943 report, Rodert oflered no theot T t)f

how tO deterlllinc the rigtn quantity of heal. but suggested some empirical rtfles of limmb:

an oplilllUln shoe Spall over twenty percent ellol'd, aloltg ninety percent of blade radius,

and a iltlb-generator pt|tthlg ()tit 9.,_ watts per sqtlare hlch. (;enefating tilt' five kW needed

t()r complete protection of the B-17 sapped twell_'-eight Ilorsep(twer froln tile fk)tlr pro =

pellers, atld added 120 total potlnds. Tile AAF committed to tilelmo-elt'ctric l+oots fi)r its
medium-sized b()tnl)ers, but had Ames keep working <m a beUer de-icer for the (:-46.

The larger radius of C-,16 blades made it imi)ractical t() heat a boot that h)ng with exist-

ing hul_-generators. Since tiw larger blades were |tallow, ,_Mnes and Curtiss-Wright engineers

proposed pumping heated air into tile hollow blades, circtdating it througil ballles io better

tnmstbr Iwat to the surihce, and t_jecting it out the tips. Though the exhaust tips imposed no

special (h_tg, tiwse enginee1_ P,filed to devise a method tor getting enougil |lot air into tim
propeller core. (Researchers at Cleveland experimented witil burning thei inside the core to

generate heat.) NA(2_ also tried internal electrical heating, running ti_e resistance wires

alOllg tile inside stlrl:,tcc, hi the end, tile (;-46 left for Minneapolis witii external tiiermo-

electric boots and a protnise of smaller and lighter hub-generators, wilich soon followed.
Rodert likewise had t() re(()mmend a system for de-icing the carbtlretor. Three lypes of

i('e (an sih'nce an engine, hnpact ice li.)rms around tlw air intake or duct|rig to the carbure-

tor as supercoolled moisture hits a crystallizing surl_tce. Ttuottiing ice entTusts the interi()r
surface of the cafburetoL when moisture-laden air expands t-apidiy. Fuel-evaporation ice

(logs ttw passageways to tiw cylinders, when vaporizing gasoline robs i_eat from air in the
carbttretol: Since ttHottling and filel-evaporati()n ice froms whenever the air h()lds nloisttlre,

regafdless of temperature, research into (:ar])uretor icing proved quite complicated.

As an interim precaution, tim Civil Aeronautics Auth()rity ((_'_,X) specified tilat pas-

senger aircraft have pipes to return hot exhaust into tile air entering the carbureto,, whicil

eonld meh all tinee types of ice. "l'iw Ames group were satisfied that hot air return on their
12A wottld kcc l) their t'arburet(ir invulnerable. But hot air pipes |lad we|gilt, and ])ecause

the hotter air burne(i less efficiently tiian cooler, denser air, pilols used it ()nly when they

suspt'(ted icing. In July 1940 Ill(" Engineering antl Maintemmce ('+())nmittee (if the Air

'liansport :\ssociati()n of/\met|ca passed a resolution tuging NA(;A to expedite resea,ch

int() c,ui)tuetor de-icing.
S() the NA.(L,\ convened a Special Subcommittee on Induction Systeln Icing under the

(]()nllllitlee on Pov;t'r F'lants (it relll;_lined separate tioln tile Snb(otnlllill('(' on De-icing

Problems). Rodert Wits not a committee memben but they _tsked him to tour engine testing tun-

llels---at V)Yight Field, Wrigin Aeronautical, (;oodfich, Pnttt & Whitney, and tilt" Naval Air(Taft
Factot'_and lind ()he fi)r the indu(tion tests. R()dert wars most impressed with the (arbluet()r

test I)(;x at the Naval .-\ir(rati Faetol T. But it wa.%booked doing exl)edited I)ro(lucti(m testing, _ts
was ev('t'_ facilit_ save the old ahitude dlamber of the National Bnreau of Standards (NBS).
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,b_ a_-Iu,ated /m*pelle_ de_&m'd t O, (,'u_ti_ and inqalled ¢m ttu' ,,\'ACA C--16. The healed air exhu_led _mt the re'trice at Ihe I_/J
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In September 1940, tile Subcommittee reluctantly agreed to fund at $25,000 a year a

research program led by Dr. Leo B. Kimball of the NBS. The Subconnnittee--after throw-

ing out all sorts of speculation--suggested Kimball start by building a window into his test

stand so he could pass quick judgment on two existing de-icing systems. Then he should

begin deliberate study of icing instrumentation, a temperature and pressure sur_'ey of the

carburetor, and a process of fundamental research.
Kimball spent several months meticulously constructing a test stand for a Wright engine

in his laboratory, tiying to simulate rain and altitude. He studied the changing chemical com-

position of exhaust gases a_soctane and air combusted at various temperatures before start-

ing on tests of alcohol injection, the first part of his stated task. %qaen NACA pressed Kimball,

in June 1941, to release some useful results, he looked through the ohservation window of his
test stand and mimicked some rules of thumb Rodert had offered long ago: avoid any

protuberances into the airflow, like bolt heads, and keep air flowing smoothly through cross
sections that are geometrically similar. :_ He then returned to his calibrations of measure-

iilellts on icing, moisture, tcm'perature, and throttle openings. In March 1942, Kiml)all was
ready to shol, lt hot air into his test-stand carburetor, the second part of his research program.

i_v then Rodert, who had largely solved problems of wing and windshield icing, began

seeing c,nhtiretor de-icing as the 'reverse salient to making an ice-impevvious aircraft.
Whenever asked to comment on Kimball's progress, Roderi iterated lhat Kimball's sli'ateg_'

should be more like his:

I belim_e that it is better to employ trial-and-error methods in the search Jot a solutio_l than

to devote too much enetk_' to analyzing the causes and e[]ects qf the many f?tctm:s invoh,ed

in the i_ing phenomenon, t'/7_en an apparently satisfitcto D' ,_olutim_ has been ,[bupM,

resear_'h leadDtl4 to a complete understanding of the/it¢_damental,_ may be tequired to

pe2[i'ct it. Such work is easily' defined, because we the_ know what we a_v ailed: _'

Rodert praised the more <lirected research program pursued t)y the {,rniled Aircrafl

(',orporation to improve its Pratt & Whitney engines."' And he was encouraged when simple

anti-icing tests were added t_ the Army-Navy specifications for carhiHelors so the excellenl
N.-kF ttmnel could begin collecting data on inductiotl icillg. In Fet)rttala' 1943, R<)dert con-

vinced NACA headquarters to inove Kimball's test stalid Io Minneapolis t_+t+ studies of the

XB-I 7 engine induction svstctn, and to build him a cowled ¢qlgine test stan(l that lit! could

tow by car through the ch)uds ahmg the Sierras. In the mealltilne, R<tdert's gr_ttp deter-
lnine(i that, as rules of thuml) for the (_-16, they wonld avtfid alct)hol sprays, uy resislalice heat-

ing on cart)tiretor parLs, and otheia_4se keep the intake strealii ;it 90 ° F tiw ;ill ils resear(h aircrtdi.

(]ai4)urelor icing delayed nolle of lhe ll'st llights in Milnieap_>lis.
"t;_,lin Rodeii's ll+uste to dex]se (h,sigll rnles t>l thulnl) nsing cut-and-ll_' nleth<tds, he neglect-

ed iliore lheolt-iical analysis ot iciilg ct>ndilions and heat lr, illS[i.'l; This approach did li<)l g<l

iinchalh'liged. By lhe suninier of 1944 the de-icing C_llliiiitlliily WOli]d he ritt' with disagreelnenls
over how itl sl>e¢:it_, a workable Svslenl aild who should eui'>ythe tlexibilitv io ilnpr(we nlX)ll il.

;IS. Kiilit);tll suhiilitlclt _ct'klx I)l_)gtt'ss rt+pilils (R(;955 (_ciltial 1ll9 ,\F-l_:i-I(la).

_>¶1. R<ldt+tl l<l t;ilgitlt't'l-ili-(_llttigt', "_,[t'lii_): l>lt'liili_il ', ll'l)llil oil it iilg 1_',,I_ _+1Ail_ iatt l_]llg, ilit + [tldtlt ii_>il

_;_',lt'lll,,," I>_ [,t,ll |_. I<.imt_all, ]ul_ 2_, 1%t7 4R(;255 (:t'titi_ll' Illl/AFIg-Ili).

ill. Vii for i. %k_>i/.hiiid, ;+[( ilig t>l(],tiliuit'l_li .%.il liidiit lil>ll _)_,tt'ill _, tit .\iri)laitt'_, ;il'_d l+_il,_iiit's, '' ]++t+#l+at +J/

thi .tctim_tlllba[ L_+i_'m_'_ _ i( )l tt_l)_'i" 19"t 1 ): 137--67.
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Pushed into Theory

On a tour o[southenl Califi)rnia manu_ctutvrs in April 1943, Rodert _,_s outrage(| to find

that none were actually building theHnal de-icing into production aircraft. Alter two years of

expedited work, during which R_ert thought of little else, Ames had designed and:proven

de-icing fi)r the B-24 and Igl 7, and had consulted on many more installalions. AAF pilots had
already tlown tim XB-24F over 200 tlours in expedited service tests. Consolidated was ah+ea(lv

installing thermal de-icing systems into three Naw pro(h|ction aircraft: PBY-5 (;atalinas, PB2Y-._

Coronados, and the PB4Y-1, the worl(l's titstest Iliing boat." (]onsolidated had deveh)ped soft
tooling fi)r the B-24 retrofit, inchtding a dimpled inner skin they found ea.sier to tabricate.

Consolidated w_ts even installing the new heat exchangel.s, but fi)r cabin heating only. Even :ffter

public pronouncemems that pr<xlucfion B-24s sporting thermal de-icing would s(xm change the

t:ace of air battle, the AAF was still retrotitting pneumatic de-icet.'s on B-24s _ts they left the plant.

When R(xlert _tsked wh?,; Consolidate(l blamed "red rope:" they were ('onfilsed' 1)v conllicting

sl)ecilicafions fionl the ,,Y.kF Mamriel Comma,|d, and Ihus had not prepared fiua[ pr(xh,clion
specifi(ati(ms fi)r af)l)r_tl.'_'

If Rodert had thort|s in his side, they were AAF [,t. Mwon Tril)us and l)()uglas Aircraft

(iompany. Douglas was one o[ the first manul,t(tuvers t() design hot wings+ by adopting
Rodert's 12A design to their XA-26 light t)omber. But [)ougl+_s never liked ('xhat,st g,Ls or heat

exchangers. Instead Douglas adapted a gasolitm-lmrning cabin heater ti()m its 1)(;-3 and

s(aled it lq) ti)| wing de-icing. (;asoline I)uHmrs w(mht t)e lighter, remo_d)](., less wtlneval)h.

t<) gun fire, and indel)endetlt ()1 engine failure. Burner |enq)e|att,re was rot)re easily (on-

Ir()lh'd, so> ex(ess heat wot|ld never weaken the wing structure. Further, [)_mglas wanted no

exchangeFs l)h)(king its (ije¢+tor-ty])e stack, which tu,-n('d exhaust gas into jet thrt|st. But

Rodert's vuh,s oF thuml) ()tlbred (ontlicting advice on how to calculate thermal requirenmnts
()[gas t)urne|s. Rodevt ran his early tlights conservatively and got high numbers, and lhe|l had

t() c(mvin(e ma,mth(turers they could use less heal. Wi|hout (learev cal(ulati(ms, 1)y April
19,tl, 1)()uglas still co,tsid(,|ed thermal healing "too exf)erinmntal."+'

I)esign politics with||| l)ougl_ts fintl|er e||couraged th('m to pass I)lame to Rode|t. Douglas

('barged the entire weighl o[ the|'mal de-icing to its equipmenl group, whi('h also I)_n|ght pres-

surizcl_ and air (<)nditi_mers. The_, in turn, wished t() ('ha,ge mu(h ot this weight back t<) Ihe
,a'ing and stm(tuves group 1)yeml)h_tsi/itlg tit(, role ()f imr'r skin in mmsmitling heat. The s||-uc-
tu,-es engineers refizsed any reslxmsibilitv fi)r the system, however: until tit(, thenn()dvnamics

group spe(+ilied more exa(tlv what therm_d stress de-'icing iml)()sed on the leading ('dgc. Au(I

the Ih('vm()dynanti(s group, I)ecause they Sl)e(-ialized in heat transli.v th(.otT, w;um'd

NA(:A It) pr()vide s_mw kind of theory ratlwr thall just empirical destgn rtllCS.

Myron "]'ril)us c,une Io Rodert's attention in June 1942 when, as an un(tergra(lu,|tt, in

I'_()eh('r's mechanical engineering lat)oratory, he (lued in Douglas to anoth(,| imonsist(,n-

(_ in R()(lert's heat Iransti', cal(u]ations. TFil)us ('ntev('d the Army Air Ig)rcv in ,%eplt'lltl)er

I!H2, and was st'hi I_> Wvighl Field t() ])r(,l)art, sp('(ili(ali[ms li_r'de-i('ing svstt'ms. \Vvight

Field ('ngin('crs had I)een entht,siasti( and c(mq)liant customers ot Rodert's work. Rodcrt

r('l)<)tted in N()vember 1!}41 thai Wrighl Field had agvee(l thai all plans t+<)r([('-icing "will

])C I'etl.'lt'('d l() ttlC t'()l al)l)r()val u|ltil th(" Air( ]()rps itas dcvcl<)ped a gr(m l) (_1cx])vri('n((.d

I I. "l)vxch)lmmnt ()I l+ixhaust <;at'+ l)e-h cl Rt'xcah,d hx (;_msolidalcd Vuh('('," +A,,'sler. I'I:i._.+23 (S(.l)tt+ml)<.l

19t3): 121l: "Nt've 'I;,'( hniquvs .m\l)plicd It' Anli-lt ing I'H_l+h'm," I,'m I)+.._>:+1t3 (.'k'l)tt'ml>t'l 1!14._+,}:2_F,--27.

12. Rodcll l_l l)el;ian(t.. '+NIt'IIlI_: Pll_dtl( li(+ll aitlJlant,s t.ml:+h)yin R tllt'rmal i((.-plt.'+tJlllil)n cqtfipmt.nt. '+

.June 15. It) l'.+; t)+.'Ftan,.v l(_ NA(L\, fur+t. 18, 1943 (R(;255, (;cnl]al,' It)l, AI,'19-2(+).

13. E.I I+ I h'in('maun. (hi(.+ t'llgilR't'l, l)<_uglas :\i_( tali (',ompam Io I;.E I Lutman, NAt ;A, l_t'l)lllalX _+R 19+I;

l It'|scream+ t_) l)('Fran[(., ,\i:+_ il 3, I+01l: t)t'l:lall( t' Ill l)ouglan ,\i_tali. \U_tlSt if+, 19-I I (R( ;255:( :<'utml 9'3 AI'I IO).

II+ \n tcpo_Ivd Lm'r m Altm R. LI[)IIC'_ I') l'ingim't'>in-( ihaiRt,. Jtttw 21, 191.5 (R(;255 +( ;<'ntlal I01 ','kl:l{l-20).
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men in lhis tichl." _'Wright Field had virluallv plagiarized tilt- litst draft of ils specifications

twml BuAcr's specitication SR-105, issued in December 1!)41, which in mrn borrowed
Ro(h!ri's i-[ih's of flnunl) on hcating. ''_

When Tril)us arrived at Wrighl Field hc declared lhc specifications too intlexible.

Surely Rodt'nfs wing design of ten Io fifteen [)eucent _hord heating to 100 < F rise and

t,xch;mger dt, sign of 1000 BTUs per tool ptq- hour, whih? Rood ruh's of Hmmb, would
not fit ;dl airfoils, wing Slllltlltrt!s, cruising spt.cds, or lypt, s of clouds. Air energy loss

dnough lOllllOllS duc6ng in tilt" B-24 ahcadv made Tribus and Consolidated question

Rodcrt's 1,(100 I+;I'U tigurc. Tribus knew Rodcrt's system worked, so instead he held up
tht: unccrtaintv tha! Ihc svslt'lll migh! bc lighter. Tribus wanted the Sl_ccith:alions to

state the t('lnl)t+'laltlrc critm-ia nccch'd to prevent icing--"in air actually containing waler

droplcts"--thcn lend malmthcturcrs th,xibility in designing Ihc wing dueling and heal-
ing systems. To <h> so, hc wanted NA(;A to pvovi<lc bctlcr data on the meteorological

con<titions for icing and better heat iranster calculations for wet air, like that in clouds.
Rodtql, on the olhcr hand, was in constant, personal contacl with the manufacturers

l)veciselv I)<.(atlS( _ III()Sl wimtcd cxplicit (h,sign advice. Rodcrl had successfully designed

new cqttipmcn! of notable simplicilv and good margins o1 _,rror using the simpler dry-air
c,dcuhttions, l lc considered 'Frilms' prcoccupalion wilh wcl-air both i,-rclevant, since

wcakcning the ice adhesion bond was a sulthicnt conch'm, and too cmnplex, since all air
Itllllt'(I turbuh'n( in lilt' ptt'St'llC(" ()f wal('l. R<)dert ftll'lhtq" kllt'xv lhi+.l Tribus harped on

weight issttt's be¢ausc hc had a righ! to. and not bctause Rodcrt's design was I<+<+heax y.
Many ('ngint't'l+s in ip.(lustrv c<msi(hq('d Rodcrt a peer, though quirky, and ct_joycd mulling

overaircral! design with h+im. This thee-to-thee contact, and not jusl the practical orienta-

tion, most distinguished Rodcrt's approach from NA(L.\'s traditional m<)dc of encounter-

ing manufacturers--which used tile NACA committee SIFIICIIII "t_ as a tiller. _7 As Rodert

expanded his program he mid his bosses: "We hope that the NA(k-\ policy of perlnitting a
dose c_or(linalion of ()l|l" work wilh the needs of Ill(" [:M\F] Mal('rial (',i'l/IqPl', I_tU'CaU of

Acl'Ollaltlics, ;lirline O])('l'ill(}Fs and IllalltlfilClllFel'S wi]] ('()lllillllU. ''_s

But 'l'ribus tmlsidcrcd suth liaison his prerogative, and had access to Ihc eLM;.job

orders lha.t Ames depended upon. Throttghoul 1943, l)eFrance accepted motc work on

cahulalitlg wet-air heat transfers even lhough Rodert, with so many practical probhmls still
to solvc, c_msidered such number-crunching an ann(wance. This mrs good news to l)ougla.s,

which conlinttcd to complain abolll discrepancies in Rodert's calct,lations its a slYatc|.,_' for

gaining greater freedom to design their gas-burning system. During 1943 l)ouglas had many

planes with ditti'renl l)]x:s of de-icing equipment: (>74, SB2D-I, XTB21)-I, C-47, and C-54.
l)onahl l)ougl_ts.]l: had invited Rodert to visit his plants eve W sttmmel, but usually engaged

Rodcrt on issuvs pcril)hcral to his work on lhe hot wing--issues like how bcsl to heat big air-
craft cabins, how constant speed propcllcts could distingt,ish between ti-iction drag from icing

and normal drag ti-om pitch change, ,rod what to (1o al)oul melted ice flowing I)ackwards and

clogging lilt" ailt'mns.
A! a public mccting of th(' American Society of Mcchanical l(nginecrs (ASMF), Alun

.Jones spoke ttp abotlt l)oughts still spccil}'ing inadcqualc heal ml the prololype l)C-{i.

15. R,Mml to Engineer-in-Charge. Nm'embcr 14, 1!}41 (R(;255/(:mmal' IO.t/AFIg-_O).

46, A_tm .-kit I+'mccs Slx'cith'ation No. R-403q5, "Anti-hing I'hlttilmlenl Ior AiJcmtl. (lh'al('(I 5;tlit;+.ce

"l\'txq Gt'ncml Spt'citi_ alton For:" April _l. 19,t_ (R(;255/(k'ntral/9_/AFS-'2{B.
t7. N,\(_A's wolk on cowlings, anoth,.'r (]ollier-wintfing mMeavm, alto shm_'_'d ]lov,, NA( :A le_,caw(h('rs

it|lu)xatt'd not ]tlSl ill n('v, ('t)llll)oxl('lllS, |)Ill also Ilt?W ]Jrolo('l)l ++tin adapting thai ('(llllpl)llClll tO t'il(h ail(lalt

u ttq (h.vt.hq)mctll; scc ]am('s R. 11 \sen, '+l+hIRitlt'c_in,'d Stit'll((" and Iht' 1)t",('hq)mellt (_t the NAt'.\ l,ow-l)tag

Engiltc (:o,aling," in this "+t_huut'.

48. Rodett I_ I(ngint.t'r-ln-Charg('. "Mr'm<): It+++ Rcscarth at A.,\I. ++May g, Iq49 (R(;2r_5 '(]entral "101 .......

AI"Ig- ll)),
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Douglas had flushed ahead in specil)_ing de-icing equipnwnt hased on icing condilions--

20,000 feel ahilude, 0 ° F free air lellnperalllre, 0.5 grams per cubic meter liquid waler con-

tent, and 2()5 mph true airspeed--rather lhan simple wmperatttre rise. Douglas and

Stewart-Warner had almOtmced that they designed a burner I|1;11 weighed twenly-two

pounds, put out 240,000 BTUs per hem, with a lungslen igniter lhat worked at any ahi-

lude. United Air I.ines intended Io buy ihc i)(:-6, and sided wilh Jones. United pilots had

flown Ames' C-46, an<l wanted their ])rocurcmenl contract for tll'e 1)(:-6 to specit},, similar

performance. Douglas, however, noted that ttlt" Ames' reports never specified this perfor-
mance data, bul only design criteria.

So Rodert and Jones _csked DeFrance f_)rlinle to prepare a te×t on thermal requirements
tot de-icing using existing dry-air calculati(ms, l)eFrance said no. Mantdhcturers aheadv

understood (h T air work; to suty on tilt" culling edge Ames had to move inlo the mort-

controversial wet air work. When George Ix'wis of NAt's& headqtmrters asked Roderl and

Jones to prepare a manual of standardized data on heat exchanger perli)rmance, I)eFrance
protected them, saying their time would be wasted wriling manuals |or jtmior engineers.
Captain Will|ran A. Bentl.ett,.lr., the :L.\F Maleriel (:ommand I.iaison Officer It)AllleS, asked

l)eFrance to allow him to release prelinfinary data flOlll :\lncs exchanger tests, l)eFrance

agreed, and also asked Boeher to spend the summer revising reports into "The Comparative

Performance of Several Exhaust (;as-Air Ileal Exchangers." (Rodert congratulated

(;onsolidated Vuhee Aircraft Corporation, in June 1944, when they took the initiative of

rele;_sing a Thermodynanlics Manual stmm_,uizing Ames data and design exl)erience. )

DeFrance seemed especially sensitive u) what roles NA(:A could play in directing the
industry. He also sensed that RoderFs zeal 11;t¢1 raised some hackles. NACA had indeed

proved that thermal de-icing held promise, and generated some excellent design rules of
thumb. But even the urgency o1 wartime should ll(:,I allow Rodert to intrude on the pro-

curement responsibilities of young IJ. Trilms. The AAF had begtm giving icing research

contracts to more c()mpliant instilulions. Nor did urgency allow NACA to come between

manuthcmrers and their customers, l)eFrance knew the Ames groltp would need It) shift

its fi)cus to more dworedcal issues of icing and heal translkm and encoreaged Rodert and
.|ones It) redefine their research agenda heft)re olhers fl_rted Ihelll 1o.

For exmnplc, the AAF annotmced ill April 1943 lhat h would ;Lssunle control o[" the

Minneapolis operations, rename it dw Ice Research Base (IRB), and expand inlo a hangm-not

needed I)y tile Air Transpor! Comnland. When the base reol)ened 111;11Sel)tember ;111tesling

w;ts dire(led by those engineels in file ,,'LM; l':ngineering Division who nee(led 1() smndar<lize

it('ct'pl;3n('e lesls, wrile malluals ;111(t [el:hlli(al ()r(lers, and approve [),o(lutlion drawings o|
de-icing equipment lbr twelve new aircrali. Roderl sat out Ihe 19,t3-44 tesling season but kepl

the XB-24F ;it Ames until I)eceml)er. DeFrance sent ( :art Neel to represenl NA(:A and run Ihe

IRB "exlwrimt.ntal progrmn," which "IYitms had reslricted to tlighl lesls in lhe (:--t6 "icing
lab."'" Roderl waited until.January 194,11¢) release Ihe (:-46 to the he Research Base, lhen

had it relllllte(I to him the ti)llowing 111onlh.

The C-46 Icing Laboratory

Because Ames had Imih into the (:-46 vet T complete de-icing equit)nlenl , Ihev
could Ily il inlo the mosl severe icing conditions and collect dala. For Ihe nexl tw_

years, Ames pilols would tly the (:-4(_ on kt triangle route--f rein San Francisco norlh-

ward toward Seattle and inland loWard Sah Lake (:it,,,. I,ocal newspapers ellen report-

49. William A. I{cnnell, AAF M;m'licl (:ommand Liaison m l)cFramc, Sc[)lcml)cl _tl, 1'9,13
(R(;255/'(:¢'_itral/'I13/'AM 16-I:):ti.
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indicators--bolh what they indicated and how w¢'ll--whil( + Wt'atht, r Bttrt'au mt+te<+r¢)l -

<+gist William I,cwis, '_+ol'killg with tilt + NA(:A Subccminfittct+ on Mt't¢'or<dogical

Ihoblerns, suggt'stcd hyl)<_th<rscs on which d;tl:l b<tsl t_ott¢.nd<.d icing..I.K. Ilard,,: lilt +
British wartime, rt.prcst.nl.,ttivt+ aud an imp<trlial oh, st+rvt, r to the Rod¢'rl-Tril)tts disF, Ute ,
ot]ered to stay with I1:,_"Ames grolq) Ihr<)ttgh 1!147 aud i,sc this W¢'l-air dala to work tit:,
a de-i(:illg theory. Hardy t:,cgatl I)y cahulatiug the (lissil)alic)n of heat in wcl air fr<)ni
Roch'rl's dry-air t'qualil)ns, Ih(m (h'vist'd :t theory I<) F,r¢'(ti{l Ihe de-<(sing l)t.rli)rmai)cc
of lht" (:-4(i. NACA t'ilgint.ers d('viscd a)i "<)l)li(al rainl)<)w r(-cc)rd(.r" It) l)rovidc cot.in-

tit)US I/IC+:I.NIII-CnII'III of lht, Wal+.'r ('<)llt(+lll ill clot,(is, a (h'w-l)Oinl rt'cord,t,r and drop size
recor(Itws in their search lot "finthen- acctHacy and simtdlat]eous, contiIHnotis and

instantal+c'ous rt'c<+rdillg <:,t all nwtcoroh>gi<+al data.'"" .Ioitt,s considered it cspt'ciallv
challengitlg work. "The di't¢wmin;tli<)tl ot +Iti¢' anlotHit <)1 t+rct, water in a cul)ic foot <_'1

cloud through which you are flying at I.qO Io 20(! m.l+.h.," .<._.d Jo,l<.s, "is +_t)rol)l¢.m
to be appr<mclwd with r¢,spcct."':

They began colh'cting dal:t <+xliciug in othtw paris <>I lht' woHd, like that ctltoun-

tercd hv the" Amt'ricarH-un (:hincsc N:tlional Aiz-v,'avs [<'rrvii+g cargo from ludia to
China <wt'r tht" ]limalayan Htuml). hing coudili<ms strctch'cd fr<)m 12,0<)0 to 16,000

tirel, so a I)C-:+ coltld not drop btqow or climb ahoy<, it. Ic¢" oflcil fi:,llll,t,d t¢:,tlr ilithc:.;

thick, compl¢'l¢+ly lflocking the windshield, and br<)ught down morc than IO0 transport
aircraft tlying th0 ltum 1) during the wan inch.ling tfitlt' iu .he da?,:

Rodcrl, wh_is¢+ tCl)ulati<_ll conlinut+d to sl)rt,ad, spt'ut mort limc o11 ill-dtqhwd

icing iss,es--like h+at transft+r in Navy airships, de-icing aircraft cart<<u- dccks, usiutg a

static electric field to rcplilse cloud drolflCt+s, protecting the l)r<>lrudiiig landing lights on

the B-I 7, and frost oi+ cahint wii_dows. Anld lit' nladi" otlc lasl ¢'flbrt at thcriual de-toil+g, tht"

12A with waste t+xliatlsl gas. This time lit" mixed 15 I)crcciil exhaust directly with +tin, t<) a

tt'mperaturc of 300 ° I_. and then i)umpt,d it through the thin integral skiu along dic wiug

leading edge. This avoided l|tt' air pi<!SStll_, problems of hlqtt exch,mgcrs, minimized

mainttrnance l)robl¢rms and corrosive acids of pure ¢+xhausl, and savt'd the weighl of gaso-

line burlt¢'rs. But il still i)roduccd uim<:<¢'ptablc lcv01s of condensalion.

By the oh>st of tht, war most Ill_llltlt_lcll.ll'Cl'S Wt'l'c set on using thermal d¢'-icing, l)ul

with gasoline buritt.rs and methods Ro(ltwt had carl<or bt!t against. Mo+l posl'+var traits-
port aircraft--like tht + Boeing B-50 Stratocrlliscl; lhc 1)otiglas I)C-6, the Martin 202-
carried thcrnlo-clectric prop¢'llcrs, siiigh,-lJan_, non-ch'ctroslatic windshields wilh vci_,'
hot air I)lasts on the otitsidth and hol wiligs wilh _asolilic-I:uirnilig ll('alcrs I)iiih into lh_'

n_i(:elh+s. ':+ SIt+w+ill-%4t_ll-llCr'+ +_olxlh 1'17.d ht'alcr, lliiW iiiil)rovtPd , could ])ut out :_00,000

BTUs ])¢pi- hotly fr<iln just 7.8 gallons <)f t'iigillt' gasolilltL Only Consolidated Wits ItS<Jig

NACA-tyl)c ]l_'+il t<'×ehan<_cl+S,on its C-99 +tlid inodt,] !t.() C;il_O ;tiicr_t]l, dCsl)itc Iroiitih"

with its air-dischar_l, valvt!s+ ,%lill, Iht! itirlint.s (<)lisi(lt+l_+<t Rodort +i lit'<t) (_ll calliil_
lilaiiiif_itltlrl, rs' rt'suils iiilo qut!slioil _ilid t'xi)¢,dilill _ (lt',.'t+l<)i)illt'lli +itTOSS ih¢ board.

Rodt+ri's tit's with tht" +t.irliilts iiil[)rovcd as lilt" Will- Oil<lit! Ill _1<lost'. The ehii.f cn/_i-
lit'er froin Pl'iiliSylvaiii_l-(]l!nll-+t] Airiiiit's visilt'd AIIII'N ai_d ii<llt,d lhal P(]A losl +71"I,()00

in the tirsl (lll:41lt,i +i)1 1044 aloiw by hold<Jig aircraft (ill lhc ,ff, l'Olln(I. Most iiil+lillt+s still
su(f_'rtd V<) [)cicl.rii downliitit, dtlrill_ Ilic wintt'r illonlhs, ttc was phlniliii_ i)11 i_'Iro-

51. AhiiIJonl's l<l Eti,Tilit.t'l-in-( Jialg,,', +'_,l¢'lllO: :";il_14t.,,It.d icilig tt'st'aH'h |)rogt am I_lr Atlit'_, l,ahoratot_,"
AiigilM 7 I+ 194ti ( R( ;2F_5,,"( :t'llll_il//1 (H/AF 19-201,

r_. (;ray, l'7o,lie#:_ o/Hight, i/. 377.

,_:_i. "l'.ot'in,_ Th_.,l+inal Aiiti-[t+iiig, " Ae,;<_j/JlTZe_t _'_ (I)_,'(:t'lill)l'l 1947): 71-2; +'Maitiii 2-0-2 I_l,lt_linlalic_., "

Aeto IJi_r¢,_l ['14 (MaV 1{147): F)9; "I']ll+rnlal l)¢.-lcilltZ ' <}ll the 1)(:-(i." Aem lJi_t _3 (Allgll:,;l 19411): 8{)+; "Pro|)t,]lt>l

Hl'¢iiic l)c-lcing _','sll'ili For _iVide-Raillg,,, ()t)t.i_llin_ (:oildilioiis." ,Iz_ioli,), -t6 (April 1947): 65; "Posl,,,;al _;k_,'
(;i;iiil." _111 I+'l_ilit is(l> (;lira#litIt,, F¢'lliii_ilV _fi, U,t.I__.
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lilting IIlt'rllilil de-icing Oll all his aircrafl and wanted NA(;A's _idlicc'. By 1944, niosi

iliriin_'s ilad Sl)l'cified therinal de-icing eqtlil)lnenl on their new aircraft and Many

W('lt! r/,troi]tling il _n lheir old air(_i_l[l. A[lcr several airlines asked |ill |)i_riilissioii to

t]v lhc (]-t6, Roderi illtlt'd "tilt' pt_iiis t711 lilt' tulurt" of lhe airliiles inay s_'ivt" as a good

g{iidc" iT<|l-i,xl)itnsillll i)[ RAt ]:\ r(,s4,11r(ll t]lcililies. ''r'_ [)t'Pl'_illt:C t)lanncd a Cl)llfel_.!ll((! ()11

Ilit'rlna| (if-icing for Iht" airlines lliatl, Io ('ncotirage nlore o|)eii discussioil, would

_,xcludt' l|ll" niililary.

Meanwhih', Roderi's rc, lalions wiik tke AJF deteriorated. Ralher than kilnst:lf

illlh'cl ltie datla aild write the sl){'cillcatliOllS he Ihougk[ so vilal, Trit)us colitiliucd Io

t)l_tlnt_ _':%-(]:\ lot ll(ll dOill_ so: "l)i',sigllers, ill ,%lllil[, al'l" designing tle_tte(l willgS on i]lt_

basis of vi'ry gellcrlil iill_lrlnltlioil derived flOlll t'xl)erimcnis, wkich have t)t'cn neiihtq

iiilalvzl'd nor (orrelaled." |)ePrance rl'lorlt'd: "Tke l,aborato O' believes Illlil a rigorous

iilial_'li_.al Ir_.,illllit'nl ll| the iciilg i)hi, ilOliit'noli is desirable |roill an _ltadeilli( "¢it'w-

1)oilii; hol_,-t!Vt.l....inosl Illlt',sli_lllS c_riginale |rolil a rt.hi(t_lil(_t- lo ili_tkt" itie r_!quil-Cd

(hailgl's io _lil t,_isliil_ allill,tilt! /)r[o inslail ad_.'quale broiling capacity in ii ilew aii--

t)]itil_.,, _llld l|ial lhe inqtiirl_r is u,_u_tliy scl'kiii_, an es(a|)e [rein lhe dt'sit_,n i_.quii_cqlie'nls

shown Ilete_4_;{ll+y I)y ()/ir data,"""

Demobilizing Icing Research

'I'll/" c_lnllicl t)elw_<'t'ii Trit)us and Rodt'rl {_llii_<" i()i! tlcad in lilllll_lry 1945, wlleli "|'ril)us

])ul)licly t)rcseni_'d a t)_tl)_'l _'xeert)ling NA(]A il!|)oris. ''_ "I]ihu,s had wriilcn the paper back

in J(Lly 1943, l_Vl'll _ kl" pressed Rodt'ri to liurry _he release el lhc wrillen dala liiai I_lall-

ilt_tClllrt'rs Cialnored t_ll; Rodtql's r_f)ori writing, kow0ver, w_4.s ,slowed i)y llew it's0_ir(k, the

usualk' slow N:\(]A pcer rt'view l)rocess, alid Army Air Forces classifiralioll. Tril)us' ])al)er

wiis ill'll()llg ihc first icing reporls downglad_,d from "confidt'ntial" io "reslri(ll'd." Trihus

ikt'n lilanipulaled llie sv_.Ionl to get tlis paper compielely declassified tT_r lk_,Janiiary 1945

llweling of lilt" Society o[ AulonTotive Engilleers, a inceling al whick Roderl introdnced

iliin, and lilt" t)apt'i t_ll- wkiek ]'rii)us won Ihc Society's Wright Broilit_rs Medal. Roderi was

l]lrious. Di.Frall(e ;ll-gil_.'(I Roderl's t'ilse, contellding that Rodert had dedicated kiins{'lf 1o

ibis work oillv Io ill" i-lit)bed of lrikli[e. "Diie lo ike classificalion italicised oi_ ic/:-|)revt'li-

It<ill rt'sCill-th"' I)y lilt" A:\I _', t)/!Pr+liiCt' wi-ol(_, wki'never Rodert ])resenlt+d ])al)ers lie "was

rt'quirt'd Ill .silt'ilk olilv ili gelTeral t0iins lkt'rt!|)y ilnpairing the quality _tiid viiltit" o| his

i)a|)ei; ''_: Rodtqt was i]lllll0r illc('nsed tkat Tritius would claim credil it)l work--eli dry air

ht, alin_, rt'quirt'llit'n{_; Cllld ex(-kitllgl'r desigll--kt" rouliil_.'ly beliilled. Roderi saw kis grou t)

Slll]_.'l ,I lllor;_ll(' d_'clin_' Irl)lll ial)orillg so hard ill ot)scuriiv. Tkerea|]er, NACA illore t_lfc-

|lilly (lailiwd ir('dil tilr ltwir work eli lherlllli] de-icing, aild Rodt'rl iili(|.IOllt'S fOlllld lime

54. R_ldl.i-i i_) l']il<_iil_'('r-iil-(]llar,Tc- "'M_>llil): I)is_iissi_)ll ai It(' Rt,sl'_u(h l)r(!i(,(l, '' Ma_ t9, 1943

( R( 17_i_l ( ]t'llllitl 1()-I 'AFI_,)-20).
"]l_l. ]:.(). (]ali_>li, (',llwl. l"]n_ilit'l'rillt_ I)i_isi_i, ,\_\F Milll'li('l (]lllliillailll ('l'lil>H_' II_ssl l_l (I,%V. I x,wis.Jul)

7D, 191 I; l)t-l;i-_lll(t, i1> _.\( L,\ "_;libi,,<l: I_ltll)hqlt_ tls_l>litill'll wilh tilt' Itt'vt']lJi)llltqil ill llll,llilcll tlilli-kin_ t'quil)-

lilt'Ill," .\ll_llSl {),19 It tR(,27_5, (]t'llllCll_ I(tl ,/:\FI9-2()).
_')ll. [.I. _i|%lllll I'lilius, "R('t)(lil Oli tilt' i)t"+l']ot)illt'ill lllld ,.\lHili(ali_)il (_[ ttl'ali=d Willt4s: <\iill\ ,\i) Pli)l(cis

"lt'_'hilital Rt't)lill _li. 4977;" t)it'St'lil_-'d al lti_" W_ir l_ilgilit'_-'iilig Allnti_il Mt't'lilil_ <it iht' Socit'tv _ll :\iii_lnlolivt'

Fllgiiit't'rs, l)t'lr<lit,iallllai ) bl 194_'1 as "l)t'vt'll>llint'lil iiiid Applicatilln _>[ lt_>alcd _i_(illl_s, '' ,%417]ou_lul 5,t (June

194(_): 261-68; s<'c alslt "(|rat kiill4 ht'," Ai#khrces Mtl_azim' tianuary 1945).

->7. Mcm.: l)eFrantc lo 1,cwi_, Fel_ruarv 2_, 1945 (R(i2.v_5/(;t'lllralil01/;\Plg-Ill). (;onlt)arc 'l'iil)lls'

It,l)llll (llllll' _'lti) wilh l,cwis ,,\. R(idl'ri, "Rt'c_'tll Tit'lidS ill Aill)hlii_' ]l <" I_rt'tl'nii_lil 'lT-'cliniqut', " I)al )t'r i)rt'] )arl'd

[l_l ;i ilit't'liii_ _l| I]1_' _,_wi_'Iv o[ Jul(lilloli_t" l_]llgiilt't'l s, gl'w _l]li k, Al/lil _'l, 1944 (R(_25_/(]t'lTlr_li / 113/AM 11-21)a)_

,_l_t/; /<lilt I/fd _17 ( l)t'l i'lllhl'l I _.1.tI t: 5g(_-91.
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t<_ finish rel)orls of wartinw work. '_ (Trilms, nwanwhile, after ])ft+ssitL_ his seuiors so hard

li)r "A '['heot)' of lleat :\tlti-hitlg," rettun(,d for a m_tstcr's degree _tt war's end ralher than

entcrin_ indtlstry, and r(+maiti,ud aa :tc_t(It'mic his cnlire car<'cr.)

Rodert left Ames in Sel)tcmber 1945, to cash in (:,n the gr<)win_ demand for I)t'_tl

¢'x(']'jalL_cls h_." h_td (+r('_ttt'd. I It'.j(fin(:d lh(' Indiana])olis-b_u,;cd S()tilli Wire-1 Divisi(m c)t

S[('W_tI'|-V_'_II"I'I(H- C()fl)<)rati<)tl , whh whom h(.' had ,,v(Irkcd (l<_s(:ly in the [)ast. and remained

active with NA(:A as chair of the de-icin_ comnlill(.(,.

f_tll withitl a y¢'_tr lie was I);tck with NAt:A> t<) head Ihc .g-r<)win_ tliff, hl rc'se_trch t)]m)(h at

th(" NACA Aircrafl En_in(" Rcs<'arch [,abor_tl<_r_ r il'j (:h'vcland. As t'arly _ts.]mmary 1(.)40 R()d('ft

h_td <)ut]ined _t l)r()gram <)l('n_in(' _tvl(I l:,rot)(,]ler icing r('_<'arch lh_t! w_,,.:s ]_ll(.r wlitlt.II itll<) I])t"

]at)oralot-v's _Igt'Hda. +'_By _:] Day, th(: (:l,c,selat]d htl)orm(>rv had l_)rty-liiH<' ])('(il)]( ' t, tL_(.d iti

icixL_ rcP+('arch, <'(>ttq);u'c'd with thint)'-tv,'<> ;tt Ames. "fht'F(' R()clt+rt had thre(" r(.'s(.';[rch _tircr;dt

at his disposal. A 1_25 was calil)v-atc'd st> tirol tht+y timid nwitch ot]+<)n)e imrt <ffthe de-icing svs-

tciil, like the pr<llwlh.r, and Iti('vl vii(,asttv( + how icing there atl_'ctt,d tc>ta] ;tircr;tft ])t'rl(irtn:ui(t'.

A I_-74 had ,sl)ccia] iil+i_tilati<llis f_lr If'sin _>f will(Ishiclds iiild _ilil<'llli_(--])]+tlin_ , Ihcii1 _il '_:_ilit)tlS

+lil<_lt's _llld lilt'+l,_;lirin,_ t)oth dlit<_ _ul(t l)r_lciivit)' i(i icing. +]h(',_¢' flight l(!sl_ iiliiTort'd iiiailv

d<llit_ diilili_ " l]lt' x+'+il7 t'xc¢'])l lhiw wt'i(' d<iiit, wilh ]lilich _-i(!_il('i ]li(,ti_i(lll.

Rodt'i+t's tlight r£+._t,_il-t]i coilll)]tqlil,lll(+d icin<_ ltil(lit'] ft's('+ll('h tlil(h'r lilt" dirl'¢li<)ll ot

liVil,_on ] 1. Htllllt,l. (<)lllit'l cili('t ot (',</<)drich's iciii<_ Itllili(']. N+,\( :.,\ 1)iiili lilt' w()ild',_ l_li,_t,st

rt'ti-i_t'i_iti<ln ])Ltlli Io '.;('lV(' (:]('v('l_ind'+ lltgv ]ii<_h-llhilildt, wiild lilllilt'[, +ind lilt' l)hlill li_td nlif-

l)ltt+ chillilll4 fi)r _l +lit+till,l st× t)y ilili(' t_)ol icivig i('_t'ill-(]i Itlnnc]. Wiild_ _il velocities tip Io _17(i

iil])]l lm+s¢'d l]lrou_]l _i ]i('+tl ('x¢itlili_t'f lii+tl t <l<ded ii dowii to lliitiilS si×ty-tlvc dt'_i'ol's, w|ll'n

;i f.;l)l_iy I>_ii _;]lol w_ilt'r illto lit(' i+t'lii_t,l+_il<,d _iil-Sli+<,,liii. flit' ltillilt'l h;id lhrt'l, _£'clioiis--_>iil,

fill ])roi)('lh'rs, ()lit, till + Iollii)' witi<_s, arid ()lit. tiii + t, ll_ill(,,_;, wiil_, wiiid,_hit'ids, alld _lllll'llllilS,

Whilc drol)h,t +izc ill ihc ttliiil('] w+is l(+il liliit++ Ioo ]_ii_(' I() ltillY SiillU]+(l¢ ii_tlilr+i] icing, tilt'

(:]cvt'i+uld ,_roli l) in_id(, good list, ()t il. ']'hcy dc,sigti<,d _lil iil('rliil] SCl)_ll+_ll<)l . (i/r (_ll+])lll+/,l(ll - dc-

iciii_-, t'+s('iili+iliy +l C'lllV(' in lilt' ilil_lkc lil>tiSili_ Ih;il divided ]i('itx'i('l\ illiiiStlll-t'-l_idt,n +(it (ioill

iht' diit'r _tir th_lt th('il t'illt'i-cd lilt' t'ii_hit'. Tlit'v _il_,_> ali_ik']('d Ill(' tr_licctol'y of it w_tlcf-dio l)

_llOlllld _ill +lii-t_li], 1o Illld('l'+lillld how XVill('l illt('i'c('i)lt'd I)y il II('at¢'d I)odv w_is disl)('l,_t'd.

The (3vii ..\t'roli_iiltiC+ thmi+d w+ls s<) (!llihl+iiit'd with Ihc c<)iltiiitlili_ ilnl)fovonii, nls 1((

thl.!riil_t] d¢'-i¢in_- Ihill it/ July 104t+ lilt')' i)i<_l)OSt.d, lhl..li _;li('lvcd, rtlh'+ rl'q(iiriii_ il iC)ll ill]

ll'_lli_[)ol'l_ l]l_tl llli_]ll [IV illl<) i(C, l.]ll(h'l + Ill(" l)fOl)oscd I'(llC_'; htliidil'ds o| _til'Cl_t[7 _tii'c'adv

in .st, rvic(, w<ltlid ]l_tX'c to t)(" <_ioiiil(h,d _llid i(!irofii(,d _(1 <_ll'_ll (o_1. Aii+lill< , ('ll_illC(,lS COl/-

l(!lld0d lilt' (:AB rc'qilif('lii('lil_ "W_)llld t<ii+(+t + l)l(,ill_ll(li-(+ iliSl_ill_lli(lll of (l('x'itt'_ lh_il h_lx'("

iiol ])(!i'll fully ])i(>v_.+ii, ''+;'' [)(liigl;is (,_l_ccially claitli(,d they siilll)l )' c_>lll(t ll(/l i_,li((lit l]i('i-iii_l]

duclill_ inl(i Ih_.'if ])ol)tl]_li l)(]-!_ _iiid l)(:-,ts, lllc_inill_ ()lily oilt'-Ihird ot th( + Iol_l] _tilliil('

Ilet'l coulcl tl_lx'(" hot wiil__; I)$, .]_ilitlliry I{)'I_, th(' l)r(lt)osed ('lltTii-c('i(l¢'lll dlil('. _t'l lilOSl

lii_iliil[{l¢l(li('l-,',; alrc_t(b/bllilt lii('llll_i] de-icillg inlo lh('ir ii('xv _lircr_lfl--lhc, l)ou<_las I)(:-6,

._'llirliii 707 iiiid !;I0_,, Republic Riiiill)ow, (:Oll_O]illi(It.d 74(i, _llld Bocing !_77 iillcl 417--

,_tinllliilg ihal lilt'it-(h'si_iis wotiid ,,;lli_l_' _till-lilrtll(_li/lill_ (;,,'l, ll c('rlit]c_liioii rtil('s.

In I]lis C¢)lll(.xI, lilt' _ix'¢_li+d ()( lilt' 19.1ii (:<dlicl +l'r<q)h), I<) R(id('ll i)r(il;,_ll)k St'l'VC'd _;,('V('l'-

it[ i)ilit)ost'_;. 'Hit" iiwitid si,t_ii,il('d t'illiillSili,sili _llilOli_ iiiriint + owilt'is _lli(l Ill(" olii(.r il,[)i+( ,-

,_.'lil_lliX c+,_o1 civil _ivi_ilil)ii oil I]1£' (;oilier COllilllill(,(,, "lh_ii it(" tl_ts 1)(,(ill virlu_lliv ('liiilill_il_,(I

5,'4. [ht, tiist _)n(>t)li( rt>[)_til _,',_isIh(' "h hi_ Rt'_¢'_irch" _,uilllli_il; _lii(I ,'_]iill R. It)ill',,, +'Atl ]li'_('sli,_|ti_lti ,_1

_t Th('llli;I] It ('-15('_('ilii<lil _%sl(+ili fill _i "l\vhi-]':ii_iilt' '['l;ill_,])t)il :\hl)l;lii(>" 'l_'t hlii(_ll Rt>l)l)il 81i_, hi N.\( ::\, "lhT,(I

%'e<,,.d ,I,_,,.,d/_,?,.,I, /;,, 17-16 (_iV;l_4]lill_lltll. [)(:: [!._. (;I)xt'iiilli('lll Plilllill_ ()flit(', 19,19), lq). '37,-3.i..t,t:i-7{t.

7,!1. R<l(lt'ii t_, (liit'l <it ;l('i(>lrlxii;llllil'. divisi(liL [.}kL,\I , "'M<'lll<l: R<'_it'w ol 1)l_lll_'llcl it(' 1('"4£';i1(']1 ;lild _1

pt<,lH>S_'d k_' il'_('_li'(]i tlllil," Itilill_li ?, 77, I_1-t0 (WI)(:: 1_(;TFl_'l: (_¢'iil'i_l] Rl'l¢)id', R<'l;ilili_ Io A.llil's R<",('_ifl[I,

193<_-1957: ll<_x t8: File -tli "h hqz, I'_t",l'_ii( h I!17>9-t1"').

ti{I. "'(:,%11 _ll<'hl'_ I)_'i(iil_ PIOl)_sal iII I"_l(<+ _t [ll<ltlsli) ()]ltl_nili_li," Al'7_/hm ,\'_'w_ ti (_('l)l('lli])('f 7:1,
19 IB): <27-7_.
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_', a ,mijor reenact' in air tranSl)ortation. "_ Ro(Icn w_,_ nominatc(t ti)r lh(' award I)y.J()hn F.

Victol_; the executive sc(reta,3' of tlle NA(5% and honoral)' secr('tat), of flw N/L,\ Collier com-

miu('t;. Victol_"s careful dcscripti(m of R,)(lcrt's work highlighic(l the mncstrictcd research

tlighls ()f the (_;-46, was vague al)oul Rodcri's m('thods, and merely mentioned ils iml)en(ling

us(' on I)ro(hwli()n aircra|i: "Mr. Ro(l('rt's conlrit)ulions involv('d file (t(,tcrminati()n of ttlc

amomn of heat required and where it was most nee(led, and flw (Icvclol)mcnt of a l)racfical

nit';liis of c(induciing lhc h('al io Ih(is(" _il¢'as in su[|]ciClil quantities wiillonl inll)airing lhe per-

f(lilllail(t! of ihe air(iati. "'_' Tilai is, Rodcri w_c_ a palalablc choice I)ec_lilS(_ }lis work (Ir_)v(" lhc

resl ill" lli(" in(hlsil 5' alld Uli(li!r<_irdf.'(I de-ichlg Sl)i'citicali(ins generally, bill nont" Sl)ccitically.

lo(It'rl WOli ('_ich sl(" t) ill lilt' 1)aHolilig liial yc;ti, with llhw of ('If'veil voles casl. (_t_li(,lal

(Tarl <_paal/wiih(Irt'w his cmli('r n()niinalion of lhc [L_,,\P 72nd R(_connaissance _qn;tdron

(VI,R), llol wishing i() draw 1oo much _lll(,illi()il l() lhe new lechliiqu('s ih('y dcv('lo|ied |()r

nlal)i)in _ lhe polar re<gioli,_. (]oinlnill('e chairni_ui _Viilialn Burden noillinali'd Igor

Sik(irsky, bill st'V('l-_ll olli('i (()llii)_illi(!,_ also _l_lk¢'(1 claims Io il'ct'ni inil)lOVi!ili(!lilS in ht!li-

col)ll,rs. Jackit" (]o(]lr;tll lliiinili;ill!d Iht' t)i-o|)cllcr division of (]llrliss-ti4(righl (]ori)oralion

tt)r iht' rt'v_'rsil)h" l)r(if)('ih'r il._('(t as _l landing hrakc. (;iiriiss noli'd lh;ll ih('ir "'l)(n-i'ly

:\lnt'liCiill (l('v_']()l)lll('lll'" ()[ Iht" l-cv(.rsil)lc i)r(il)i'llcr li('l})t'(l lh(' _liiCl-ltt] C,lli_'ill_ lh(' _llOlii-

ic bonit) Io nhosililn_l ;iv[li(| Ill(' }lrol)lt'nis of nlant'uvtqilig, ()v(,rshooliiig, all(l itl)()rliii_

lake-olti Oil the sti(irl('l- I(irw_ir(t ;iirticlds in Ihc liacitlc. |t_(_(;tti_(" Ihe i)rol)('lh'r alh)w('(t hi_lk-

ing iiidt'l)t'ildt'ill of rtiilw_ly (()ll(liliOllS, it liiadc Ani(,ri(_ui Irl.uisil ;lil(litli ilioi-t" aiI-w('alil('l;

Tt.chnoi()k, )' lh_tl h('ilicd :\ni('ri(_l'_ I)iirgt!(ining clii lr;in_l)ortati(in in(hi_Iry in lh_> I)()sl war

t)criod lil nicely wilh lh(" (]Oliliiliil¢'("s sut)lle t)olilica] I('anhigs. 'Fhr('(' (Tulliss (,li_ill(_(!lS

wllii }lOliOr_ll)lt' lll('iili()ll lilt dlis work, t)ul ihe "l]()})hy Wt_lll 1o R()(lt'll. '_<

"l%_ide_t 7)uman, i_ p_v,w_tlint( the 77_Jphy to Rodert, had a persmml i_l_>_est i_z Ihi._

]'t'(l?_ _Uillllt'r NOt 0111] ]JI>IYIIISU I¢,odert ig a cmtive Mi.s,souritt_ but al.w_ be¢all.se the

l'w_ide_t i_ /dam', "lTu" l_Mependem'e, a l)out,da_ I)(L6, is <me _J the first produrtion

mmle{_ ulilizi_ the' Iherm_tl vd_leltt. "'

In t{l(i only _l t{'w inililmv aircr;ltl carric(l Ro(|crl's conl])l('i(" di,-icing svsicnl as li_' shook

Trtllli_lll'S }l;llld in |)(,((,lll|')('r 1{t,17, I)[11 "Oil(' o1 lliOl-t" of ihi!sc t{'alurcs _ilt' ll) I)(" t[lllll([ ()li all

t)oslwar ('()lllt);l[ _ill(t llillhi-tmgillt" [F;tllS])Oll air(Tall it[l('_ldV Hying or in [}1(" (t('sigll _lllg('. ......

lodcri It! (llhcrs intt'ri)r('l ih(" signiticance of his (](lili('l; AI ihe iiin(' of lhc award,

NA(St was still tlll(leigoillg _lli UllCt'llaiil lr_insilion frolii a w_irliln(' Io _i l)('_tcOlililC

rt'st'aich in_lilulioii. The "i]ot)li) t()r(t'd NA(]A leaders io cilnt)onl (litterhll4 l)t'rci!i)li()ils

of NA(]A's r_)l('. _(tliiC argll('(I Ih(" NA(]A had l(isl ils I)ri'-war in(lel)t_nd('ll(('; lh;il il i()()

otl('ii lcl lht" nlililarv ._('l-Vic('s st't iis rt'st'_trt'h a_t'li(I;I; lh;ll it was wt, l-litirsiii_ iii;iiigili_t]

([l'signs trolll c(liil|)_liiit'_ lh;il had Ittiled t() invt'sl (,llOll_-h in basic r(',_t'_ii(h cal)_ll)ilili('s. ''_

()lhi'is mgtit'(l Ihal Ro(tt'ri's i(illg r(,s(,iiich was ii llio(li'l I(ir how NA(],.\ _h(nil(t liiort"

(Iht'c[k' _('1-'¢(' lh(' nee(is of t)(islwar Aln('ii(;ill _tviaiiiin.

61. R<,h(>li Mi l,;l, ,i,,l. "N.\( L_ R(,s_.ail h Ends Ice I lazm(t," .Iv_t_tion 117'ek 17 (l)c(('ml)('r 22, 19.17): 2-t-27.

67. .i.l_\ Vi_loi_ i_l ii'illi;iili ,\.M. lllud('n, "Rcconnncndali(in fin (;_,11i('_ '['illl)li', Award t7)1 I%lii,"

()(Iob('i '.lit, l%t7. in 19-1li C[_llic_ ltl>}_li ) File: A_aids _iil(t Trlil/hies Rl't('l('li( (" Filch: 1,it)lai-_ i>t ihe Naliiin;tl Ail

alid ._|);il _> Mus('illn. Wil_hiligt()ll, I)(;, _1', lli_lilks ll) ll;illl _,ill)('rni;inn tilr _il('llhig llll" Ill lh('s_' i(,c<llds aiid iiiAk-

illl_ lht'lli ;i/;li[_t|)h' Ill ilil'.
IL_I. N_llilillAI _.\t'ioil_llilit_ ,A,_s(l(i;llillli, "Minui_'s ill Clltlicl "l'i_lllli_ (;lllitinilll't" M('l'iint4." Nil_t-ilil)<'i _,

19-17. Wa_lihil_l(lli, l)(]; "'Nl_lliiii,ili(iliS [ill lht' 19 t6 R[>lwil.]. (;(_lli('l \waid," (N;ilioiial Aii alid _it)a[ (' Miisi>UlU

( N,\_M ) lihi;ll _; :i_;li(ts ilil(I Ti_)liliii's R('|('I('II( (' Pih'_: 1%t6 ( ',_lllil'i Tr_)l)li ) File ).

61. "R[)diqi %_i'ili_ C[)llii'i Ti(lllh)." .b>mtmul#_ullq_l,fftu+v>rt#_ I_,U'w 7 (l_lllllill') 194_): 7,

6,'_. "'NA(]A l-]li_in(._.l (;('is (;(ltti('i "l'iiqlh) [i)l I hi'final [)c-l(ing," ,ll_iflltlJit I/_#'/,' 47 ([)(,( _.ml)i'r t_'l, 1947): 26.

(kL Ah'x Rlitan(I. M_b'l l¢_'m_h: 7D+ ,\Tlli<,#f_tl.ttl_,i',m_> (,'ol,*tmiller pxt ,Ivm.,ullll7_. ]()/'_- ]f)%_ ', (%_:;u_ilill_l(Hl, 1)(;:

g,\_,,\ _,1'-t t07,, 1985t. 1:19 I-9S: 231-57,
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Rodert himself sot>n ttuncd tmm icing rcscavch 1¢>another ¢>l)eralional l)rolflcm--

preventing fires tbllowing airtTafl crash¢'s. ()f the 121 t)asst'ngcr ;fircraft crashes during
1946, twe]lty-two im'olvcd th-¢'s, and sixletql of" ILImsc I]F(.'Sslartctl ;l['l('l" Ihc aircraft hit the

ground.": The airlines, ccmtcrnt.d wilh am,' pul)lic I)crct , )tiCm lh;q Pdr tYavtq was tl /safk,,
• • • , . . , .

,tskt d the NA(,A (,()lllllllll('c ()11 ()l),C'l'illlllg Pr,_hh'ms Io approach tlus prohh'm :is well.
grou 1) at the (:h'v¢'l;md l:tl)oralory, h'd by Abe Sih,erstt, in, outlined :t research progrmn in
lhc "Rt'dtwtion of Ilazards l)tnc to Aircraft Fires" io discover why aircratl tlmm'd aflt'r

iml)acl. Rodc,rt rCl)riscd his rolc of liaison with manutilc/urevs and ;dl other agencies con-

(('rtwd with aircrali crashes, aud sc'ttHcd NA(:A ttmdin_ and access t() the Ravcnn;t

;\rscnal in Ohio Ibr ftfll-stah, crash l('sts. The Civil Aeronaulics Atllhorilv ((:,,L;\) crash

rcst'arch thelilly al hMian;q)olis (()mp('led inwnselv tbr this same rest.arch'tundiug, ¢,sl)(.-
ci,dlv sit1((.' lh(" resuhs wtmhl I)c used in (:AA design c()dt's for salk'r aircraft. But Ih(' mort,

aggr¢'ssivc NA(:.,\ program gol lh(! backing of the Airtraf_. hMustrv Assoti:J.litm. rCl:.rc-
senting Ihc mamdhctttn,rs, and the Air I];mspovl Association, n'presetHing tlw aivlitlt,s.

NA(:A's i(i.g rcst'ar(h l)vogram, m('anwhih', had vt'athcd ;t natural l¢'rminalion

1)()iIH. IN ()(l()l)cr 19,tS,.]<)m,s aud l.ewis returned the mctcoroh_gi(,d data lh(" (:AA wotthl

67. \'i_giuia 1'. l)aws(m. I:'n,_.tm'_ and Into,vail.n: I.*TvA I.abo_at¢,_ and .Imc_.a. l'_z,pnhl.z_ 1;,,hn.laK_
(Washiilgloll. I)C: NAN,-\ SP-,t,llt6, 19_3), p, 1 17.
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eventually use tor iLs design specifications. "_ St>on thcreaftel, DcFrancc closed out Antes'

work on icing, sold tile 12A for scrap, and sent all those still interested in icing research
to Cleveland. At Cleveland, Irving Pinkcl <)f the physics section assumed leadership of

icing rcsearcl|, and broadened their work into the physics of the icing cloud. They

improved lilt' water atomizer of the icing tunnel so it sprayed more natural droplet sizes,
and used it to calibrate a simplified pressure-type icing rate meter thal became standard

equipnwnt on most.jet transports. With Ibis new meter, the CAA collected icing data dur-

ing many i-egular airline tlights and, by the late 1950s considered the icing menace

resolved if not exactly solved.

NACA shttl its icing tunnel in 1957, and archived its data on icing. '_''Air t,'avel was then

done mostly with turbojeus, which provided plenty of hot air from tile mid-slages of their

con|pressol_S to heat tile wing as it passed through the boundary layer co|llrol ducts. And

with pressurized cabins, aircraft could crttise well above icing clouds at 18,0110. Icing was

still a prol/lenl near the ground, but modern airports had better de-icing lluids to apply
t)ef_we take-off.

But I)v the htle 1970s, aircraft tecllnolog,_' again had evolved so that the icing

|nenace |t'apl)ea|ed. M*)re efficient ttltbolans genelated less W_lsle heal, SUl)ercritical

wing shapes proved totlghef to de-ice, st)lilt! de-icing tltfids we|e eliminated as hazards
1o lttll_:;avs ;.ll|(t walersbeds, ;lll(l deregulation ])ut into service mole small aircraft and

helicople'vs thai tlew low through icing clouds. Ill 1978, tile National Aeronautics and

Space Administration reopened its icing tunnel, outlined a |esea,-ch program tocusing

on t]ight tests, and setllle(l tilt' cooperation of govellllnelll agencies, mililary services,
university lese,uchels, n|allut_acluYels, and suppliers. ()nee again they sougbt to solw'

lhc ol)er]_tional proble|ns of aircraft icingIassisted by the knowledge acquired earlier
by I,ewis A. Rodert, his associales, and rivals--and wilh rules of thumb evolving, perhaps

sollledav, Ic) a IheIH'V of aircraft iting.

li_. :\hill R..lcmcs and Willi:un l.ewis, "Rc<onuncndcd Vahtcs _t Mclc,n<dogital l:acl_ws Io It'

(_nsidCl'Cd in lhc Design ot AilcHtl h t.-Ihcxcnli_nl Eqtfipmcnl," NA.('.\ TN 1_q35 (,Xta,(h IOE)).

69. ()n n nimilal :_ward-wiiHfing I)ul "all hi_t'd" lcchnoh)_,'_, st't' Mark D. P,t_wh's and Virginia P. Dawson.

"'lhc Adxant cd ltubOl_l_q_ I'x_jc< t: Radit al hm_xafion in a (q_nlsc_afi_e Envir_nnncnh" in Ibis '¢ohltllt'. 1 ht" list'

and tidl _t htcl prices hx_m the 1970s I,_ Ihc 1980s i)l_mptcd, Own undid, the All' p_!icct, nnach likv lhc vnxi-

lonlncntal _n_tin_cnt ics _d _:_rtime II_in_ tln_u_h :dl t_n_dili_ns pr_nq>lw| dc-R ing and lnlhQjcl tlighl in the

1930', it.ll(ll'lt'd it ill_,.It',,HiiI.



Chapter 3

Research in Supersonic Flight and
the Breaking of the Sound Barrier

by John D. Anderson, Jr.

"B_' call the speed ranlge just below and jus! above the sonic speed--Math number

nearly equal to 1--the transonic ranlge. Dryden [Hug& l)(vden, well-known fluid

d},namicist and past administratm of the National Advisor}' Committee Jor

Aeronauticsl and I invented the word 'transonic'. We had.fimnd thai a word was need-

ed to denote the c_4ticrtl s/wed rangre t?[ which we were taNing. We could not agnee

whether it should be written with one s or two. lh3'dt*n was logical and wanted two s _.

I thought it wash 't necessary ahoays to be Iog_icalin aeronauticL so I wrote it with one

s. I introduced the term in this [hrm in a report to the Air l'bne+ I am not sttre whether

the general who read it knew what it meant, but his answer contained the word, so it

seemed to be Officially aaepted .... 1 will remember this period (abou! 1941) when

desigrne_s were mther J?a_ltic because of the unexpected di[l_cullie_ qf tran._onic flig4tl.

Th O' thought the houbles indicated a /ailun, in aerodynamic/hem),. '"

The morning of Tuesday, October 14, 1947, dawned bright and beautifld over the

Muroc D D, l,ake, a large expanse of flat, hard lake bed in the M<!jave 1)esert in Calitiwnia.

Beginning at 6:00 a.m., teams of engineers and technicians at the Muroc Army Air Field

readied a small rocket-powered airplane for flight. Painted orange, and reseml)ling a 50-

caliber machine gun bullet mated to a pair of straight, stubby wings, they carefully

installed the Bell X-1 research vehicle in the bomb bay of a four-engine B-29 1)onlber ,_l

World War 11 vintage. At 10:1)0 a.m., tile B-29 with its so_£n-to-I)e historic cargo took oil'and

climbed to an ahitude of 20,000 feet. ,,ks it passed through 5,0011 fcTt, Captain Charh's E.

(Chuck) Yeagel; a veteran I'-51 pilot from the Eurol)ean theater during World War I!,

struggled into the cockpit of the X-l. This morning Yeager was in pain liom two broken

ribs incurred during a horseback riding accident the previous weekend. However, not

wishing to disrupt the evelltS o1" the day, Yeager inti)rmed no one at Muroc about his con-

dition, except his close friend Captain Jack Ridle}, who helped him to squeeze into the X-I

cockpit. At 10:26 a.m., at a speed of 250 miles per horn; the brightly painted X-1 dropped

free from the bomb bay of the B-29. }k'ager fired his Reaclion Motors XI+R-11 rocket

engine and, powered by 6,000 pot,nds of thn,sl, the sleek airplane accelerated and

climbed rapidly. Trailing an exhaust.jet of shock diamonds from the tour convergent-

divergent rocket nozzles of the engine, the X-1 soon approached Mach 0.85, the speed

beyond which there existed no wind tunnel data on the problems of transonic llight in

1947. Entering this unknown ,egime, _k'ager momentarily shul down two ofthe four rock-

el challll)ers, alld carefiflly tested the COlltlOlS of tile X-I its tile Math meter in the cock-

pit registered 0.95 and i,wreased still. Small invisible shockwaves danced back and forth

over the top surtace of the wings. At an ahitude of ,I0,00(1 t}_'et, the X-1 tinallv Sialted It:,

level oil and 5'krager fired one of the two slntldown rocket chalnl:,ers. The _lach meter

moved snloothly through 0.98, <).99, to I+02. llere, the nletet + hesitated then .iUml)cd to

I. Thcod.rc '._m l_irmfin, ,lcnu/;',amirs (Ithaca, NY: (i_}+m'll Iini',crsit_ I'rcss, 1!15-I), p. t 16.
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1.06. A strongt'r bow shockwave now fiwmed in Ihe air ahead of Ill<.' needlelike nose <ff Ihe
X-I as 3(eager reached 'a velocity of 700 miles per h<)uJ; Math 1.06, at 43,0()t) t_,'t:l. The
tlight was smooth; there was no _'iolt'nl t)ulli.ling of lhc airplane and no loss of conlrol as
ti+'ared l)v some engineers. AI this momenl, (:huck Yeager became the filsl pilol to tly t:astt, r

lhan lht: speed of sound, and the small but 1)eautitid Bell X-l, became file tirsI successtill
supersonic airplane in the tfislory of tlight. _

"lTu' Bdl .\'-I. (,\'A,gA ptmto)

2. This descriptiml ot the tirsl Sttl>ers<>nic tlighl is exccrplt'd h'om John D. Anderson, Jr., M+ul.,'+n

(:omp-te_+ible I,'l++w: Wtth tli+tm++++l l'e+_pe+tive (New Y<_k, NY: Mc(;ra,,_,-Ilill t',ook Co., 1990 2d ed.). pp. 2-4, l".r a

general rt'fi.-rcnce, trom Chuck "(eagt+t"s point of view, see General (:huck _k+ager and l,eo .lanos, i++n/{er: An

'tutolH._,+aphy (Ncw _,t_rk, NA': Bantam Press, 1985). for a detinitivt' history of tht' circtnw, latHt's leadi-14 up t.

and surrmmding the dt+v,.'l-l)mcnt and tlight lcsling ot Iht' Bt'll X-I, st'e Richard I', ttallion, ,_;u/.'_++mi+ I+Ti,+ht (Ncx_

Y.Kk, N'_t Macmillan, 1972).
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As tile sonic boom from lilt, X-I propagalcd across the Califi>rnia desert, this tlighl

t)ccame the most signilicanl milestone in aviation since the Wright broth(.q+s' epochal first

flight at Kill Devil Hills tourly-four years earlier. But in Ill(,, hislo W of human intellectual

acc(,)nlplishnl(,'nl, lhis t]ight was (,'+'ell mort significant; it rellresente(,t the cuhnination o1

260 years of research into the m,vsuwies of high-specd gas dynamics and aerodynamics. Ill

particular, it vepv(,'s(,'nt(.'(,l the fiuition (,>[" twenty-three years of insightful research ill high

speed aerodvnanucs (,arrie(,l (.tilt by tile National Advisory (;omnlittee for A(,.ro(,lynami(,s

(NA(;A)--r(,;search lllat rel)rt,sented one of th(.' m<)sl im])ortanl slori(`+s ill tile histot-'¢ o[

ael-onauli(,'al engineering. The putpos(,: of this chapter is to wll this story. The conttil)u-

tion bv the NA(;A to tile Bell X-I +vats much l'll(.)lC technical than it +vats adnlinislralive.

Th(`wef<)ve, this (,'haptet will highlight th(`' hislory ()f lhat techn<+h+g,y.

Th(," NACA's work (.m high-spt'(,+d aero(,lynan6cs described ill this chapter is also one

of the early (,+Xaml)l(,'s in the histoFy of a(`-vodynamics where enKiPleem+ff +cie.ce played a

deciding role. Beginning in 1919, tit(,' NA(]A embark(.'d on a s+'sl(`'lllati(`" int(`'llectual qu(`'sl

to obtain the ktmwb,dffe tequir(`'d to eventually delilah pY<_l)m "_high-sp(,'(,'d airtoil shapes.

Historian,lam(,+s R. l lansen, ill his (,-hapler ()n the NA(:A fray-drag engine cowling, ill the

pr(,'senl book, asks ill(` + lollowing (lu(,'sti()n about Ill(," c<)wling work: Was il s(,i(,'ll(.+e, <)i- was

it ellgilleel+in,,ff,? | ]e ('llllleS It) the con(`lusion that it was souwwhere ill ]tetw(`+en--that it was

an examF, le of engin('t'ring s(,:i(`qlC(. + ill aclion at th(, + NA(;A. In arriving art this conclusion,

Hansen dr;.l+vs fr()nl lh(, + lh(.)tlghls ill '_¥sllter Vin(cnli's t)ook, What l'.'.g)'i.eeP:_ Know a.d Ihm,

7'h_, K.ow It, whet-e Vin(cnli (,leavly lllak('s llle tollowin R (lislinclion t)(.'tw(,'en science and

engineering: scien(,e is lht" qlmsl fi+r new knowledRe tor lh(," sake ot +enhancin_ un(,l(,'r-

standing, and cngine(.'t-ing is at sell:standing hot`Iv of kno',vlvdge (sel)arale ttom science)

I_.>l+ lilt + sake of designing aYlilacls. Fol +th(," purl)oS(,' of 1he I)reseul chaplet, 1 sugg(,'sl this

d(,,t]nition o1 engim'(,wing science: E.L6.eering _cie.+'e i._ the v'¢mh .fi_r m'w scie.l!fic k.owb'dw

.ft," the explicit purpose +{/(1) Providinl_ a qualitative u_de_:_la,di*_t{ which allottlL_ Ihe taupe e/fi_ie,I

desigm ++/ a, ent_ineerint_ art+Iret, and�or (2) Providin E a qua,litative (predictive) [ech,ique, bttse<l

on science, /Or the .+my (,[]icie.I th,sit,m r+/a, eng6nee_i.g" art(Iret, In Ibis Chal)ter we +,,'ill s(,'c thai

NACA researchers ill th(,' 192I)s and 19"_,(/s were working hard to disc(._ver tit(,, scientific

seel-(.!Is o[ high-speed aerodynamics just so they could properly design aivfi)ils tor high-

speed llight--truly engineering science in aclion. Also, within thc gen(,'ral fiamcwoFk oF

the historical evolution of aev(`>dynamic thoughl over Ill(`' ccnluries, the NA(:A's high-

spe(,:d resear(,h pv(._granl is among Ill(. +eal-liest (,:xalnples of engineering stir'nee, alth_mgh

that lab(,q ha(,I nol y(,'t been coined at th(,+ tim(`'.

The Prehistory of High-Speed Flight: Point and
Counterpoint

Most golf(,+t-s know Ill(`" following rule of thuntb: Wh(,'n you s,ue a llash of lightning in

the distance, Slall (`+,{)lllllillg at it ll(,)l'lna] rate---._me, two, lhtee .... For (.,vet), Ctltllll of live

before you heat" the lhun(,tet; the lightning boh struck a mile away. (;leatly, sottnd ti-avels

througl'l air ::it a detinite slieed, nnich slower than the st)(.'(,'(,l c,f lighl. The stan(,tard sea level

spee(,1 ()t'solllld is l, 117 t}.+l'l p(.'l" second--ill five seconds a sound wave +,,,ill travel 5,58.'-) laver,

slightly thor(." than a mile. This is the basis for the goli;'.'r's "((<)ttnt of fivc" nile ot lllunll:).

Tile speed of sottnd is one of the most intportant quanlilies ill ae,-odynamics; il is th(.'

dividing lint,, t)etwe(.m sul)sonic tlight (speeds less than thai (`)f soun(,t) and Sul)ersonic

tlight (sp(,'e(,ts greatm than thal of sound). Tile Math nulnl)er is lh(, + talio of Ill(`, sF, et'd of

a gas to th(,' sp(,'ed o[ souud in that gas. If tlte Math numl)ev is 0.5, th(," gas th)w v(`'locily is

(,)he-half th(,' spe(,'tl of s()und; a Math numl)er of 2.0 means Ihal the tlow vel()(,ity is twice
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that of sound, The physics of a subsonic flow is totally diflkwent fi-onl tl],ll of a supcrs_mic

flf)w--a Collll'_Ast _t.sstriking as thal t)etwecn (lay and night. Tiffs is why dlc tirst supersonic

flight of the X-I was so dramatic, and why the precise vahle of the speed of sotmd is so
innportallt in aerodynamics.

Knowh.dge o1 the speed of sound is not a product of [wcnticlh ('t!lHul), s('iencc.
Ihcciselv _60 ',,cars before Ill(' first supersonic llighl of the, X-l, isaac Ncwlcm published
lhe first calculation of the speed of sound in air. At that time it was clearly appreciated that
sound proi)a_aled through air at solne finite velocity. Newton knew that artillc_ 7 leslshad

already indicalcd fllallhc speed oF sound was approxilnalely I,140 l_'clper second. The

seventeenth century ardllerv Inch wcrc preceding the inoclcrn gollk'r'sexpcrienc(';|he

[('sls W('lt" pcvt_)rmcd by sntnding a known large distance away froln a cannon, and noting

die litnc delay betwt.cn lilt" light tlash fitml the mttzzle and the sound of tile dis(har,gc. In

lh'oposiiion 50, Book II of his Pm_cipia (1687), Nt'wlon cal(:ul;licd ;t vahlc of (.)7(.)f'('('lper

s_'(on(t |_r the spcud of sound in air--litteen per('enl lower than the existing arlillt'cy

(tala. Und,uulic<l, Newlonl [_dlt)wc<t a now familiar ploy of lhct)rt-li('ians; hc pr()cecdt,d n_

cx[)lain away ihc (lif[_'r('n((, by the cxislt'n(c ()t solid <his[ l)arliclt,s and water vapor in Ih('

annosl>hcrc, i Iowt'xcr, in reality Ncwnm had nladc the in(orrcct asslmlpti(in in his analy-

sis that the air leml)t, raturc inside a sotmd wave was constant (an isolht'rlnal l)r<,ccss),
which caused him to undcq)redict the speed of sound. This misconcel)tion was corrected

lllOl(" |ban a Ct'lllllr_; lair!l I)_' thc f,tlllOtlS French malh('matician, I)i(,rr( • Simon Marqlds dc
Laplacc, who properly asstLined that a sound wave is adiabatic (no heat loss), nol isotllt,v-

real. _"I'herel_)rt,, l)y the time of the demisc of Napoleon+ the process and cquatiol; fl+r the
st)cc(t of sound ill a gas was fillly understood.

This is not to say ill;It tilt+ precise value oF the speed of sound was l<)tallv agret'd upon.
The (Icl)atc lasted well into thc twentieth century, hldeed, alth<)ugh this i'll'lit is little

known today, Ih¢' NACA w:ts an arbiter in setting the standard sea level speed of s()un(I.
()n ()ctol)(,I - 1_, 1!),t3, lwent,,'-sc, vt-n (lislingtfishcd U.S. lca(|t'rs ill aerodvnanlics walked

thv<_ttgi! the doorway of NACA ftcadquarters at 1._00 New llmnpsllire Avtmue in

Washington, D(',. They were allcn(ling, a inceting of lhc (]omniillcc on Aerodynamics, onc

o[ th(" various ar!junct colnmittt't's set u i) t)y tll(" main NACA. Among Ih(" ('XpWl'tS i)I'('S('IlI

wcrt" l tugh I.. l)Fydcn fl-om Iht! Bureau of Standards, alld.Jolll! Slack, whose (arct'r as an

aerodynamic|st at thc NACA l,anglev Memorial l,aboratol 7 was on a mete()ric rise. Also

prcscn! was Theodore wm K;hmlhi, dirc(:tor of lilt' (;uggcnhcinl Aeronautical

1.abolatories at (',a[ I_-(]1, who n-('prcscnlcd an intellectual pipclilw to th(" seminal acrody-

natnic rcscarch t)y Ludwig Prandtl at (;/)tlilt_yn Univcrshv ill (;<'rmany, wht'rt' "¢_>n
I_hm;in had t)t, en Prandtl's Ph.l). student 1)cl_rc World War !. After stfl)¢ommittcc

rt'l)<)rts on progress in hclicol)tcr act-odynamics, and rc(cnt at'l+Odvnanfic ])roblcms in
wing thlll_'v and vii)ration, li)_' lllall(,i- of sp¢.:'¢'d of S()llll(| WIIS I)rou_iil up as nt'w business
by.lohn Slack, who stated flliu "'the problem of establishin_ a slandard Sl)eCd of sound was
raisc(l by an aircraft mantfl_wltlvcr. ''_

Stack reported that llie (]onitnillee's laboratory stall had surveyed the availabl(" int()r-
ii/;ilioil oil specitic llt'als (tt air--t]lt'rliiod)qiailiic infoi-llialiOli ltial <_<)('silil<) lilt" calciila-
lion of +ltic sl)et'd of soiind--wliicli led io ;I ca]cuialed vahlc of lt_(' speed of +sound o|

:_, I)it'i'i'c ._illli)ll _l;ll'(]lliS dr' ].;tpl;i( t', "_tlr l;t vii¢'s_;(' dll soil dan_., I';lilt > _.'I dan ]'t'aii,"/t...[v_ dt (;him/_"

+'t d_' /'tn'wqu_', li'lll;.

-t. Minut('s ill lhc _ilt.cting ot (]Ollllnillt-t- (lit Al'rod):ll_ilni(s, ()lll)l)('l 17, 19't3, p. 9. F_ilind bt l]ll'

aiiilnli in Iht' ill|in .Nla_k tiles al ihc NASA Laitl/,ll'y P.t's_.'arch (]l'iill'i /siilhivl.n, l,ail_ll", R_.'s,eai('h (]t{iil_.l ,

fl_ilnplon. "%',.\.I )ii_iilall) inark0d with sl'cuiiiv (lassiticaliOlt (;<lnlidiuililtl, till' ininilll._ liavc SiliCt' bl't'n dt'classi-

tied. Thc I.ail_h'_ At_tincs itlt' kept b_ Richard "I\ l.;t%inaii, who w;t.s i'x( Cl>lMliall ) hvlptul n_ Jill" aulhoi duriil_
lht' (Olli_l" i)l ll'_(';ll( h titr Ibis ch;iptci:
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I, 116._ tc_t`l I)t`r st:_o_d. Mt`asuvt`d vaht¢'s g:_w" wt`ig-htt`d mt`at_s o[ 1,116.8 t_ 1,116.1 (i tccl

|)or s_wond, l)rvdt`n n_tt`d tht_t lht` Sl)t`_itic ht`als v,t`v_ "no! _w_t`ssatily tht` s_llllt_ fol :dl

cotlditiot_s" an('l sttggt`stt`d th_l the (;ommittt`t` st`lt`_l 1,117 [t`t't t)t`v st`co_d as _ _out_d

figure 1o] _t statl(la_d wdut' _[ lht` sl)t`<'(l of sound [b] st`_ hwt`l (-on(litiot_s tbv ;it`ton_ttlti_:,l.I

ttsage. Tht_ ot_t(om_" of this discussiot] a|)l)t'a]ed i]_ tlw met`ling minutt`s: "Aftt`v titrlht`r

([isc:ttssio]_ i! was _gtccd thai tlw vt`__)mmt`t_dati_t_ of a st_u_¢ta]d v;dtte I_v tht` spt`cd of

sou]_d would bc lt`fl lov I)v. l)]Tdt`t_ _.]_d Mr. Sta(:k to work out joiHtlv." "l'_dav, Iht` _CCel)t-

t`d sta]_(lavd s|)et`d of soured (It`t)t`_(ls oH whi('|_ "stan(la_'d ;tllllOsl)|_.t`rt`" t,d)l<* _ou look at,

vangit_g |iom a v_duc of 1,116.4 tt'et pet-st`_.:ond in the 1959 ARI)(; Modt`l atmOsl)ht`vt` to

l,l l 6.9 ti._t`t pet second in the 1954 ICAO Model atm_sl)ht`_e, lqowt`vc], fo_ t`ngit_t`t`]i_g

])ttVl)OScs lifts is sl)litling h_tirs, _u_d I)tTdcn's suggestiot_ of _ round value of I, 117 t_et 1)t`]
st`co_d is still used todtw to]- ma_v t`ngint`crin/4 calculations. ! tt`]-_ is a littlc-knowt_ t`xam-

l)h. of how lht` NA(;A 'plavt`d _ volt` i_ the [imdame_tals of high-sl)_'ed COml)V_'ssiblt`

aet-odv_amics--cv_'n to Ih<: in_.]lld;_.nt` cxtt`nt of I)]ovidit_g to industry a "statl¢l,l_d" vahw

of tht_ speed of sound.
On October 14, 1947, as fl_t` Bt`ll X-1 nudged closer to Ma_h o]w, _ rt`gion of tilt" tWlSO-

dvt_amic flow ovt"v tht` wing 1)t`(amc locally su|)cvso_fic. This is bt`_:aust` lh(_ aittlow i_(rt`_s-

t`s its vt`lo_itv while" movix_g ow_v tht` top of tht` wing, a_d ht`tlcc !]_._t` is i-tl_,,.,_l}'s_t ]-t`gio]_ _t

tilt` t]ow ov<_r t]/t` wing wht`rt` tht` local vt`lo(:ity is larger than tht` vt`locity of tht` _fi_l)lant`
itst`lf, zks tht` X-I acct`lt`_att`d Ihvottgh Mach O.,'q7, a l_ckt`t of hw_dly supt`rsot_i_ flow

tormt`d oVt`l lilt` lop of tht` wi_g. This sul)cvsoni_: pockt`l was tcrll/illatt`(t (_11 lh_.' _t(:,Wll-

st]-_'am _t_(I by a shockwavt` ori_'ntt`d almost pcvl)t`ndi_Hlav to tht` tlowicallt`d a notm,d
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sh<wk (as shov,'tl ;tb<w,t.). This shock tblmation w;ts tilt" (ulF, rit which n|adc tlight through Math

one such a h;uTowing COlWt'rll ;ll that tit|it. Finall}; whcll lhc X-I a(cclc|atcd thr<)llgh Ma(h
O11{" 10 SUF,ersc, l|ic Sl)Ceds , all()lhcr shock wave th, rlncd a short distance ill tiont <)flhc nllse; this

stltwk, (alh:d flit bow shock, w:us ct||wcd ;uld nlorc oblique it, the flow (.,ks showl_ ;.lilt>v('). Shock

wavcs arc extremely lhin legiol|s--nnwh lhilmer II'|;/ll lhc tlli('kncss of lifts I)agc--;|,('l'OSS whicll

dl'_tnlilli<." inld [ihllost (lis(t)|ltil|tl<)l|S iIICl't'_lSCS ill pruSSlll'(' ;_ll(I Iullll)('l';llln'(' ()cCIIl: Shock V',r;.IX'(+N

arc ,I fitct <)f liti" ill the ,terlldvll,uni( tlow ow'r II-,tnsl)ni( and StlpCl:Sonli(" ai|-pla|lt'S.
Knowh'dgc tlf ';hllck w,tvcs is hill tmiqtlt" to tilt' IWt'lltit'th C('l/llnv; lh('ir ¢'xisl¢!n(¢, xvits

rc<l_'Cllizcd in lilt' c;irlx llitl('tcc'tHh c('nturv. Tllc (;crman nl:lthcnl;tti('ian (;. F. l_('rnllard

Ricmann t]lSt ;ttt+.'nl[)It,(1 Io c;d(tdatc shlwk prl>pt,|-tit+s ill 1858, bill h(" ncgh'ctt'd ,in css(,tl-

tim l_hysical teaturc ;ll.l hc|wc ot)hli|_cd ill('ort'ccI t-t'stllts." q\_'clvc years I:.tlcl. XVilli:unJ<lhla

Rankim., a l|Otcd cl_ginccring proli'ssor at the Ulfiversity Iff (;lasgow, corr,..ctly dcrivcd the

5. A sho_. k waxc in, in th,.'t Inod,,nalni( I;lllgtl;Igt', ;111irr,vvt'_sildc pl _wcss, ( aus,:d b', "..is( osil'., _tll(I tilt'llnal

t t.ndtlt li.)n ¢'l|t'( Is inside lilt' shot k w:w,t'. A IIR%tr'.UIt" ()[ lilt" illnOllltl O[ il r,:vclsilfilil,, is a lh_'_ mods_mtnic V;tli;tl)h'

(:dlt'll ,.'nl_Ol:.,.: v, hich li_m the Set old l.aw o[ l'hc_ mod,,l_;unit s Mw_ws in(r,v;iscs il_ :ul_ iHo_ csS imp,lying sl.h

i_ nc,.ctsilfililics, l'hc _.nli_q)} o[ ;_ gas _d,wavs ill(r(';iscs ;is it i)asscs Ihlough a sl._ k v.'a,.v, t 'nli_rluntalt.lL Ri,t'mmll_

illitfh' 111¢' ill(_)ll('l 1 ilN_dllllplillll lhitl lilt" t'lllll_l)_. I('lll;lillt'(] ( t)llYslillll il('l()_,_ il sllt_( k.
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proper equations fi),- tile flow across a normal shock wave. Not cognizant of Rankine's

work, the French ballistician Pierre Hugoniot rediscovered the normal shock wave equations
ill 1887. To the present day, the governing equations tot tlow across a shock wave are called

the Rankine-Hugoniot equatior_s-, in honor of these two men. '_ This work was expanded to

include oblique shock waves hy the famous German acrodynamicist, Ludwig Prandtl and his

student Theodor Meyer at G6ttingen Uniw_lsily in 1908. 7 Hence, only five years after tile thst

flight by the Wright brothers, the necessal 7 theo_ 7 for the calculation of shock wave proper-

ties in a supersonic flow was in hand, albeit considered a purely academic subject at that time.

The nineteenth centt, 3, was also a lime of experinlental work on supersonic tlow.

Perhaps the most important event was the proof that shock waves were not just a tigment

of the imagination--they really existed in torture. This proof was given by the physicist-

ph}sician-phih)sopher Ernst Mach in 1887. Math, while a professor of physics at the
University of Prague, took the first photographs otslnwk waves on a body movi;ig at super-

sonic speeds. Shock waves are normally invisihle to the naked eye. But Mach devised a spe-

cial optical arrangement (called a shadowgraph) lw which he could see and photograph

shock waves. In 1887, he presented a paper to the Academy of Sciences in Viemla where

he showed a photograph of a bullet moving at sttpersonic speeds. Using his shad<_wgraph
system, tile how shock and trailing edge shock were made visible (as shown below). This

historic photograph allowed scientists, tot tllC first time in histoiT, to actttally see a shock

wave. The experimental study of shock waves was off and running.

I'hot_tg_tph t4 a hulh,t in _u/.'_:_om_ /liA41L publi_hrd I{_ I',) _1 Ala_h in 18,_'7.

6. ,l_dm D. ,'\tlde_S.lU.]l:, M,,¢l,'_n f,'om/m'_it_h' How: ItT/h Ili_tomM I'e_prrliv_'. (N¢'w "fi_rk. NY: Me(hay,
Ilill, 19901, pp. !)2 :IS.

7. IteM., F'P I I0-13.



(_(i RI,_SE\R( :11IN _l 'PI(RS()NI_: F1.1_;I11 AND rl[IF I_RF.AKINI; __l: IIIF _ )1"ND l_ \RRII'R

This prehistory of supersonic flighl, bolh dleoretical and experimenud, was carried
oul lw basic researchers who were inleresled in Ihe sul_jec! on an academic basis only. The

1rue praclical value of lifts wo,k did not come to fruition until the advent of supersonic

tlighl in the 1940s. t h)wcver, this is an excellen! example of the value of basic research on

problems that appear only purely academic at the lime. In the 1940s, when t)asic super-
sonic tlow theory and fundamemal undersumding of shock waw's was suddenly needed

due !o the advm_! ot high-sl)eed airplanes and ,ockels, it was there--quietly residing and

sleeping in a ti'w dusty books and archive journal articles in the library.
In lighl of our earlier discussion of engineering science, was this early work on shock

waves engineering science? Empha!icallv no! The researchers involved in Ibis work were
,d!er scien!itic knowledge, and just thai. There was no torte behind these iest'archers dri-

Villg !helll [o design any related engineering arliti|cls al the lime. _

Compressibility Problems: The First Inklings
(1918-1923)

Airt)lane aerodynamics, tiom the iillle of the Wright Flyer to !he beginning of World
War II, assumed that changes in air density were negligible as the air tlowed over the air-

plane. This assutnl)tion, called incompres,dble/low, was reasonable tor tim 35(t mph or slower

tlight sl)ecds of airplanes during lhat era. Theoretically, i! was a lremendous advan!age Io
assume constant density, and physically the low-speed aerodynamic tlows usually exhibit-
ed smooth variations with no sudden changes or surprises. All tiffs changed when tlight

speeds began to sneak up close to the speed of sound. Aerodynamic theory had Io account

for changes in the air density in the tlow tield around tim airplane, and physically the tlow
tield sometimes acted erralically, and trequenlly surprised and greatly challenged aero-

dynamicisls. Aerodynamicists in the 1930s simply threw these phenomena into one pot
and called them g(,ne,ically "compressil)ility problems."

honicallv, the tirsl inklings of COml)ressibility probleins occurred during the age of

the strut-and'-wire t)il)lanes, with llight velocities about as tar away from the speed of sound

its rot, can get. h had to do with an airplane part, namely lhe propeller. Althotlgh typical

tlight speeds of World War 1 airplanes were less Ihan 125 miles per horn. the tip speeds of

propellers, I)et'ause of !heir comlfined rotational alld !ranslatioual nloliOll !hr<mgh the
ain were quite huge, SOllle!illles exceeding the speed of SOtllId. This fac! was appreciated

1)V aeronautical engineers at the time. This drove lhe British Advism 7 Committee tot
e{_.ronatttlics to show some inleresl in compressible tlow theory. In 1918 and 1919, G. II.

Bryan, working for the C<mmfittee at the Royal Aeronautical Establishment, carried ou! a
theoretical analysis of subsonic and supersonic flows over a circular cylinder (a simple geo-

metric shape cliosen Ira convenience), tie was able to show that in a subsonic tlow !he

effect of compressit)ilitv was to displace adjacent streamlines ti_rtber apart. I tis analysis was
('umbcrsome and comi)lex--a harl)inger of things to come--and provided li!lle data of

wdue. Btl! it was evidence of tile concern felt t)y !he British over the etlects of compress-

ibilitv on prol)cller perlbrmance."
,:\l the same time, Frank Caldwell and Elisha Fales of the propeller branch of the Army

Air Service Engineering Division a! Mc('ook Field in Dayton, Ohio, took a purely experi-

_. tCelm_t[m the )i,aF 100{.+-1#,Advi_o_wCmnmittvc lot AcrollaUfits, England, p. 5.
9. (',.!1. Blvan, "lht' Eltt'cl ot (]omplcssibilitv on Sllt'amline Motions," R & M No. 555, 'l'e_hni_al

Rcpt_tt otthe ,\deism", (]<)nltl+ill('t"to1'Aeronautics. \*ol, l, !'It'(, 19!;"+;(,.]!, !+_+)van,"l'hc Ellect ot ('.omprt'ssil)ility
on Stteamlinc Motions. Part 11,"R & M No. li-tO,Advisory Commiltcc ft. /kctonautics, April 1919.
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I 7u, �it:st data to show ttw ad+,et:_r ¢_,mpressihili(3: e//i,rl_ o� h _._h _/med/hm, m,rr at_ ait/i_il. (,a/dwell apul I'hh'_, NA ('A 1'R 5' "_,

192¢L This _ rt pl.l r?[ lip __u,lliHc_+t , Kx, vet:su_ v,,Im it_, +n mlh,s pet h+)u_: "l'k,, de[imti+m u_ed p. k'3' at that time di/le_,d /ram

/he mmb'_n _b'[i_itbm _[ I(/i ,+m[/_ieul (u_urtl/_" _b'm,h'd 19' ('t I,_d_tyi h_ a/aHm _!/ lu,o, i.e., C/ = 2 K_,. The h_g+, drop i. K_

_,'en at the r_h/ _] the _,._aptl i_ the mh,e_s_, f]/_vt 14 _m/_'_it_ilit._. I Th+" mn_p i_ K_" w'_'_ at the' h'/! _!/ thr ,_mq_h l+,a_ roll

e't/_bzined b'_ (.'rtbl_,ell rigid I'_th_: it _ Iht' p_'_e_tt aulhm ;_ e<lu_alcd gTu'_s /bat the _z/m/) wa_ a tim, 1¢_sm,hts P_umbe_ ,Jp'H.
he_ a u_' '4 the _mall sizr ,:/Ihe ait/;_il #mrh,l_ u_ed, ttrt mt'/_ el ¢_m_iHrh _/to_/. )

menial al)l)roa(h t() lh(! l)rot)lcm. (This was tht • beginning of a blurred di(hc>lom,,
t)etwccn British aud American rcsearth on (omprcssit)ilitv effects. Over Ihe II('xl l'e,'(')

decades, lhe m:!jor expt*rim('nlal (()ntril)utions to tm(l(wstm_ding compressibilir¢ (*ttbcts
were m I)(, made in tilt" l.hfited States, prin(ipally I)v the NA(;A, and the tn;!j()r tl_t_()r(,fital

((mlril)tHi<ms wt!rt. 1() 1)(' made in Enghtnd.) In 1i)18, (;al(Iwt,ll ;t_(1 Fah's dt+,signt,(I m_(I

I)uih lhe fir,st high-sl)t,t.d wind Im_nel in lhe l_!mlt'd SlatCS--l)urt.lv t() inv(',stigatt. Ih(' prol)-

I_'ms ;tssociatt*d with prul)elhws. The Iunllel v('locitv rang(, was tl<:,nl 2.3 Io :t stunning 465
miles per hot]r, h had a h'ngth o[ahnos! nhiel(,e]l ft't't, and the lt_sl s¢'(lion was [_>t]rlt_(.n

inches i_ diameter. This was a big and powerltfl machine fiw its day. Six dilRwent :firlbils,

with thickn('ss ratios (rail() of maximum ihickness to lllt_ chu,d le_]glh) trom 0.08 IC, 0.2,
w('re tt'sl<'(I. At Ihe higher Sl)ec(ts, lhe r(',suhs showed "a dtw]eased lili coetficit,nt and an

increased drag ('()(+['t]('i('lll, so thai the lifl-thag ralio is cnorn_t)usly detrc:lst,d." Moreover,

the airspeed at which these dramatic deparlt_rcs look place w:[s holed as ttlt! "critical

,speed.""' Bec'ause of its historical significan<:c, some o[ their d;tla is sht)wr_ al:,ovc, rcpro-

du(ed directly [tom NACA TR 83. }terc, tht: lift coeffici(,l_l fi)r Ihe airR)il ;it tdghl-dcg]ec

IO. The t ritit al Ma<h mmtl)tq is ptccisclv dcfincd as Ih;tt ht'csl_t.m'H M;t(']'l ]Himl)¢'_ :it whith stmi( fl()w

i'; first et_cl)H]H_.tcd i.q_ tht' stlili_t c _)1 a t>o<h_ Th(' Imgc drag rise due to _ m_ptcssit>ilitv cltk'cts n(_t m;dl_ <_t_tls

;tl ;t h('eslrt';un Ma_h ntHHl)<'r slighdy al)<)vc thc cmical Math numt)t'i; dlis is (:died the (h'ag-di_crgc_lc-t. M;t< h

iluml)er, hi _<'alir_, (_ahlwell and Falt's had rcatht'd and cxceeded the dH_-dixcrgt+ncc Ma<h numl)ct in dH'i_

eXl)Cl imct]l:,. ISt_l their imr(_<hl_ ti_>n (_t the _rd "(_ itic;d" in _ _mim_clitm with this sl)ct.d ",,-.'itscvcnmalb, Ihc inspi-
+ati<m [(_t its t£_c ill lalc_ t()imt_g lhc t<'tlll "(riti(al Ma_h Itutld)cr."
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angles of attack is plotted versus airstream velocity. Note the drantatic drop in litt coeffi-

cient at the "critical speed" of 350 miles per hour--the compressibility et+ti_'ct. This plot,

and ones like it tilt other angles of attack lh:.tI were published in NA(_\ TR 83, are tile first

[)ulllisht'd dala in the history of aerodymunics t<l show tile adverse eft+tots of compress-

ibilitv. Although (:aldwell ill{d Fales made an elr<lr in tile reduction of their data (an
tmderstandallle t'l+ror associated with the inexperience of dealing with compressible flow

conditions at lilt" early (late of 1919) which caused their reported lift and drag coeflicient+s

to be about tell l)Ci+ct'nt too low :.It the higher speeds, this did not conIprtlnlist + th(' (Ira-

nlatic and inlportant tliscoverv of the large increast" in drag and decrease in lift when the
airfoil sections wtqt" tested ab(we tile "critical spet'd." N{(lleOVCl, they Wele tile fit-st tO show

that the "critical spt'cd" fin thin airfoils was higher than that ti)r thick airfoils, and hence

by making the airfilil section thimter, the a(|vt'rse ¢ompressibility effects can be delayed t<l

higher Math numbers. This was an important tinding, and one which would have a last-

ing impact on high-speed vehich • design."
It is ztoteworthv that tilt' th,dgling NA(:A was the government agency which l)ulflisht'd

lilt" resuhs (If Cal(h'vt'll and Fal¢'s. _ Tht" NA(:A was ¢arrying oul its duty as staled in Pulllic

l.aw 271, which created fhe (;()it+lllitlt'<.' in 1915, nanielv "to SUl)t+rvise and dire<t llit + sti-

cntilk studx of the l)l-olflctns <dflight, with a view to till'it l)racti<;ll solntion, ;tnd to dctt'r-

lllillt' thc pioblcms whidl shotthI bt' cxptwinlentalIy attackcd, and tel discuss Ihcir solution

and their allpli<+alitnl ill practical qut'stions. '` I'ublishing the (;ahtwell and Fah+s w<wk is in

tilt + lalter (alt'gory--iht + N, +\(',:\ was already earlnatking COml)rcssibility effct ts ,in _t In_d)-

lem "which should lie cxpcrinwntally attacked."

Ill lh( • thloll(ll<lh_' <)[+('velltS, the Brilish were next to examine the effects ot +cmn-

pressibilitv on i)t+<q)ellers. In 1923, (,. P. Douglas and R. McK. Wo<ltl, two aerodymunicists
+it thc Rm;al/kt.r(illatllical Estal)lishnwnt, tested tnodt'l prol)ellcrs al high iotalion:.d speeds

in tit<_' St'%r<'ll-[()()t IO'W-Sl)t't'd wind tunnel (I00 ruth's per hour airstrcanl) at Iht' National

Physical l.al)<watorv in l,onlhin. +;They also c;uricd out flight lest+ on a lit, llavihmd l).ll.

9Allilllanc. Their data wcrc the glol+<d int':.tStLlt'nlt'nts of tilt' tl+inusl and tl_rquc g('n('r;tt('(I
by the whole l)ropcllct +`so tilt' details of tilt' c<mil)rcssibility effect'+ all_.+cting tilt+ atria.ill

st"ctitlllS _ll thc till ¢>1lilt' t)rolwllcr wer( + S<lllit'whal (lllSCiili+d. I hiwi+xcr, (lilt' lit their ('oll-

(+hisiollS aiilicil):.il('d Iht' atlvt'r+e cfl_<,cts of (+()inprt'ssibilily, li:.unt!ly lli:.tl ++hit_hl'r till Sllt't'llS

lhan al t)rt'selil usc(I will l)rob:.li)ly hlvolvt' _t serious l<+ss o1 t.t]](i('liCy."

I 1, This aulhl>l, iilloll sludving Cahlwell and I:alt's delailt'd data redu(lhln, llas I_nind Ihat+ _lllllough

Itlt"+ it'tl_gllit't'(| lh_tt tilt' dt'lp;ily (it tilt' aiifl_w (h+iiigt'd inside lh(' wind luiuiel at tile llit4tl('i _II('l+d _,, Iht.il

+tl-t(itiillilig toi this ill t _lhiii_llilig tht'il lift itlid tli,tg t_wtlkieiits trolli thch nit'il_,ilit+d tilt _ilid dlag tOl(t+P, w_l++

(hint- iii( t)i it'( fix. [Lhc +, ihotl_hl lilt')' had worked Iht'ii (|iilll rt.dti( liOli P,t)thai "ktcnsity dot's iIol i-lilt't iiilo iht +(al-

ctilali(>n." Rilthci. Ibex ('x[)i t'n++cd lheir lift and drag (-_lt,[]'i( it'nts in lel-lll_, (it lhl' inlt)a(l prl'++nurt+--Ih(" tiil](.lt.iii't"

bl.lWt't+n Iol_ll lind st;ill( tlrt"+++ul<,'. This is why lht+y +aid that "dt'll_,ily (tot'n n(li t-nler into lilt- (ah ui_llitln." tl+ul the)
ilil(nretll'+ _tlid rltlher naively ii_,t-d tt+lc ilic_nntnt's_illh" I_l'rnoulli t'(iiiltiion 11) rt'plact! the vel(icity-squat<'d leriii

in iht" dl, liniiion <d lilt ((ll.[lit it'nl t_iih the iinlla(i pit'_.',lll( ', This i-t'stiht'd iii _tl)Olll ¢i ted pt.rt t'nl t'li(li ill iht __,al-

ut's o[ thcir lt'l)l>ilt'd liii and dr_ig roettici('iiln _il high Sl)t+l'd_. For tliort > (tt'iiii]s, st'(+ J(ihn I), /klidei+,Oli,.ll., #7.

Ill+trot' o[ Ae#lulv..m.+, and if+ Impact +m l'l++'i.l_ Jlmhi.e+ (New York. N;i': Canlbridgt" l+ni',crsit) Press, 1997).

12. EW. (]aldwcll. and I;, l_'alt+s, ;"Wind "|'tlnllt'l Sltl(|it's in &crod)+naltli( l'ht'n(ulit't'l_t _tt ltigh SI)et'd, "

NA(b\ TR 8{t, 1920.

13. (;.P+ Douglas and R. M(K, Wood, "Tht" Ettect+s ot Tip Speed on Ahs(rc_ I>ertilrnlance+ An

[+_xllt,iiliielil_tl hl_.t,P+ti_lliOii tit the l_l'lt(IritlllliC(" o| ttn ,,\ii_(i t'w ()vt-r _i R_iligt" ol Silt'ells (l| Rt,vohililln |l<lni

'Model' Sllee(ts tit) I(i Tip Speeds ill Fxt t'_iP+ot lhe Velocity o| _llllllld ill :\ir+" R & M No, _14,t, :+ldvisoly (',()liilllillt'('

tt)I :\t'll)llatiti(s, 1923.
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The Compressibility BurbleINACA's Seminal
Research, 1924-1929

Meanwhile, lhe NA(]A ,,',,sis lorging ahead. During |lit" 1920s, the (]Omlllitlee spoll-
sored a series of fimdamental experiments in high-speed aerodyllan|ics at Ihe Bureau of

Standards wilh LymanJ. Bviggs and Dr. Hugh I.. Dryden. t tugh Dryden was a tiesh, young
Ph.D. gra(tuate ti()m Johns i lopkins University in physi(s; he had received his PI_.I). in
1919 at the age of twenty. (Dryden much Istler was 1o become tile Director of Research tot

lhe NACA from 1947 to 1958.) This work progressed i,_ lhrec slages, each one docu-

merited in a separate NA(]A Technical Report, and covet-ed the period from 1924 to 1929.

An beti)ve, the primary molivalion [br Ihis research was to underslsHid the compressibility
effects at the lips of pvol>ellevs.

The first slage simply conlivmed tilt' trends ah+eadv obsevved by (]al(Iwell and Fales li+uv

years earlier. Bviggs and l)lyden , with the help ol +IA. (']ol. (;. F. I hdl of tilt, Army Ordnance

l)eparlmetlt,jtltT-ligged a high-speed wind tunnel I)v c_>nnecling a verlic_d st_l_ldpipe thir-

ty inches in diameter and thirty l_'et high to a larg_' celltJifttgsd compressor +H tilt' l:,'nll

Works of lhe (,etleval Electric (]olnpanv ill Massachusetts. AI the olhev end of the pipe'was
a cylindrical oritice I}1s11served ,ts :t n_)zzle 12.24 inches ill diameter. Wilh lhis device "air

speeds appvo_whing i}le speed of sound were o})lailled. "_ Unlike (;aldwell aJld Fah's, Briggs
and 1)vyden t|sed the proper equations tot compressible flow to calculate tile air velocity.

Although not yel in tile slandard textbooks, these equations were known by I)ta:dcn as a

vesull of his Ph.l). sludies in physics. (The tirsl engineeYing Icxlbook in English I_) ti)cus oil

compressible flow was 11ot pulllished unlil 1947.) '_' Rectangular plantbrm models, wilh a

span of 17.2 inches and a chord length of three inches, were placed ill Ill(" high-speed

aivstream, and lift, eh_tg and celHev-()t_.pressltve were llleitstlle(l. The rcslllls supported lilt"

e_lrliev trends observed by Caldwell and Fales. hi pavlicttlaf, Bl-iggs fotlnd: t'+

(1) I.ifi coeflicient fbr a fixed allele ofattack decreases rely rapidly as the speed incve;Lses.
(2) The drag coefficient increases rapidly.

(3) The Celllel--ofLpl-esslli-C , Inoves back t_)watds lhe Ivailillg edge.

(4) The "critical speed" at which these occur decreases as the angle of attack is
increased and the airfoil thickness is increased.

hi 1924, the cuhninalion of this work, as well as that which went betbve, _r_s the waving

of a red llag--compvessibility efti:cts were haSt), and they markedly degraded airti)il perli)v-
mance. But nobody had any [im(lamental understanding o[the plwsical features of Ihe ih)w
field which were causing these adverse effects. This was not to come for another decade.

Briggs and l),Tden made an important step towards this fundamental tmdevsl;ul¢ling

in the second sli_.ge of their work. Because the Lynn Works compressor was no longer avail-
:d)le Io thenl, Briggs :rod Dryden moved tl{eir expevimenlal activity Io Ihe Armv's

Edgewood Arsenal, where they constructed another high-speed wind 'luntlel, lhis t)ilt"

much smaller, with an aivstream only two inches in diameter. HoweveL by careful design
of lilt' small airloil models, Iwo pressure laps could 19(' placed in ea(h mo¢lel. Sevell i(lell-

14. I.:1. Bviggs; (;.F. Ihdl: ;rod llugh I,. l)rvdvn, "Acl'_d','n:_mit (;harattt'ristits _! .\irtifils ;tt Hip_h
SI)cc(Is," NACA TR 207, 1924.

1:5. ft;tns W. l,it_pmml_, and Alle_ E. Puckelt. h_tnMmtum 1¢,At'mdyz_amic__[ :z (;om/m's_ihh'Huid (New
x_k)lk,N\': J,Im Wih", and N_ns, 19t7).

16. l_:l. Brig,s and Ihlgh I.. II ".t c . "Prvssuvt. Distribution Over Airloils at lligh Spc<'ds." NA(',A TR
255, 1926.
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ti¢al models were used, each one with diilerent locations of the presstnrc taps. A total of

thirteen pressure tap locations, seven on the upper smlace and 6 <m the lower sttvtace,

Wel'e employed (lbr tilt' reader Wile is counting, the sevelllh model had only one tap).

Wilh lifts teclmique, Briggs and Dryden measured tl_e pressure distrilmtions over the
air[i)il at Math nmnbers fiom 0.5 t_) I.t)8. The resuhs were dramatic! Beyond the "critical

speed," the pressure dislrilmlions over the top of the airti)il exhibited a sudden pressure

jump at about one-third to one-half the distance |i_>m Ihe leading edge, followed by a

rather long |)laleau towards the milling edge. Such a pressure plateau was familiar--it was
very similar 1o thai which exisls over the top sur[hce of an airti)il in low-speed flow when

the' airli)il stalls at high angle of attack. And i! was well known lhat airtoil stall was caused

by lilt" separation _+f dw !low o11 the lop surthce of tile aizlifi]. Briggs and Dryden put two-

and-two together, and conchtded that the adverse ellk'cts of compressibility were caused

I)v tlow separation over the top stnrLtce, even though the airtifil was at low (ewql zero)

mlglc <)t+attack. li_ sttbstantiate this, they conducted oil tlow tests, wherein a visil)le, pig-

nlenled oil wits painted on Ihe model surtace, and the model was placed in the high-speed

airstream, i)ming lhe lesls, tile tell-tale |low separation line fi_rmed on the oil pattern.

('learlv, I)evond lhe "critical speed," flow sepm+ation was occm-ring on the lop surtace of

tin(" aiitidl.' The next <luestion was: Why? What was causing the [h)w l<_ separate? The

answer to this cluestion still lay eight years in the lilllll-e.
Was this work of P,viggs and Dryden engineering science? Emphalically yes! Their

t,xperiments were designed to obtain basic scienlilic inti>rmation abou! the physics of lhe

Idgln-speed tlow over an airtifil, I)ul always ti)r Ihe l)lHF, OSe _)1"h.arning how t¢_design bet-

let ainti_il shapes tier high-speed flight.
The third stage of the work by Briggs and l)n)'den was utilitarian, and was in keeping

with the stated (lulV of lhe NACA Io work on the plobhuns of tlighl "with a view to their

practical st,luti<,n.': "li)wards the end of the 1920s, they eratied ,ml a large mnnber of
detailed measuremems of tile aerodynamic properties li)r 24 ditli'rent airtifils at Math

nmnl)ers tiom (1.5 to 1:)8. The airli)ils clnosen were th<_sc conventionally used by the Army

and Ill!' N,lvv li+r prol)elh'rs, consisting of the standard thmily el +British_tesigned i,b_' ;tit-
ti>ils, and line" Americm+-desigtwd Clark Y tatnily. Thcse data pr<:+4ded the lirs! de|in!live

mcasm-emenls <+n sta,dard series of airti+ils showing compt+essibility etli'ctsY

h shottht be noted that lheorelical solutions of high-sl)eed compressibility elti'c!s in a

sul)sonic lh_w wet-c virtually non-existent during tht' 1920s. The only m_'_jov c_mtvibtttion

W_lSt ]_;tt I)_r tl_t" titnlotls Bt'ilish aerodynamic!st ]h.rman (;latlelt, who rigorously derived a

correct!oil to be applied to the low-speed, incompressible rift coefficient in order to col

reel it for compressibility etleclsJ _ This was the firs! of a series of theoretical ruh,s labeled

"compressibility correcli<)ns." Because it "¢¢i_sknown thal I atdwig Prandtl in (;ermany had also
derived the same rule a ti.'w years earlier, l)ut had not tmblished it, (;lauert's result has come

down lhrough the decades _ts the 15amtll-Glauert Iluh'. l h)wever, sttch compressibility torn'c-

lions are applicable to the variation of lift coelticien! wi!tn sl)eed/Mow Ihe "critical speed," and

hence have no way of predicting the lift coellicienl in the "compvessil)ility lmrble."

ThrougtnotH ihis, tlw i)rimmw motivation for all the ab<we work on c<mnpressibility

etti'cls was for al_,t)lication m airpiane propellers. But !he ti)¢us was about 1o change, and

change draln,tlically.

17. 1.:1. P,riggs and tlugh 1.. l)rvdcn, "Acl_M','namic (;hara¢lcrisli(s _d "I\vcnl',-Fl>m Airlidts at Iligh

Spccds," NA( iA TR ?,19, 1929.
IS, 1t. (;laut'tL "[hc l_;th'ct ot (5>mlnCSs) t'v ()n the l+ift el an Airti_il," ]mmml o/the I¢owd ,gmirly 118

(1927): I t3. Also pul>lishcd as R & M Nt,. ] 17,5, ,\dxis('w', r (](llllnlilt('¢" t<)1 :\t'lonalltWY,, Sclm'mbcr 1927,
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John Stack and the NACA Compressible Flow

Research--A Breakth rough

In.July 1928, a young New Englander, I)oru and raised ill IJm,ell, Massachusetts, I)c<_atl

his care('r with tile NA(:A l.anglcy Mcmotial A('t(mautical I,al)otatot-v., I laving.just gt-adu-

+tied From Ill+`' Massachus+`,tts lttslitlllc ot' Tcchnl<)logy with ,t B.S. d+`'gr+`*c in a<'uomtttlical

<'nginc('t+htg, .lohu Slack was assigned t_ lit(' Variabl<, D+`'nshv Tunnel, lh(* i)rctni<,r wind

lunn<'l in tlt<+ w<)rld al lhat tinw. Sta(k was al)soltttch d+.'dical('d to act-<mattti+`al cngitmcr-

tug. Whih' in high school, h<' cau'n+`.d lnonc,, +st) lhal hc could lak(' a l}.*w Imttls of +light

insttttction iu a (:attu(k biplan(,. I le hvlpcd <;ttt with tll+`"lll:.tillt+`+ltaltc{" <:,ta [+o('ing I)il)lan+`,

owned bv one o1 his i)art-tilnc cnlph)ycts, l+ctbt+`, It+`+went t¢) ¢:_11c<_+`',hc had tnadc itp

his miud to I)c an a<'lonaulical cn,Rin(,ct: [[<m'cvc+, his tath<q +, a cat-l)t'nl(,i + who was also
v<,ry sttcccssfttl in t+`'al <'state, '_vant+`'(I his son It> silt<Iv archit+`'clttr<* at MIT. Jnsl+`'ad+ when

,';tack entclc+`] MII, hc ctn<)lh,d in at'roHattl[cal engim.t, rinR, keeping it a s('ct-ct ttotn his

lhthcr tor the fits( vcat; t)ltt with tit+., undc]standing al)l:,t-oval of his tnolhcF. Much late(;

Stack <'(mtln+`'ntc+`l: "Th+`'u wh('n Dad h<'at-d about it. it was too late Io ptotcst. '+':'

_,'_'hCll .l<)hll Nlack [ifst walked inl,() lilt' l+anRl+`*,, lal),!:,lat,t:,l-'.¢ that It|b+' <}l l(.)28, a v('al"S

worth <+td+`'sign work had ahcadv b<'cn doric on l.angh'v's thst' high-slm_,d It,ttncl, and lit('
t_l{ilit', +was ah+<*ady ()])crali<mal with an Ol)cn thtoal I+`'sts('cti+>n.:" Sttc+`{,ss ha(I Imcn a+`'hit.v<,d

l)y tit<.+xv<)tk ot +Bt'iggs and lhTdcn, and tilt`' <_rowing itnl)Orlancc of high-spc<,d tcscarch was

p<'rcciv+`,d by s_>m+`,visionaries. I+,ccausc of this pcrcCl)lion ,.]oscph S. Arm,s, l']t'sidcnt of

Johns ! lopkins t *nivt'rsitv and the new (:hair(tall otthc NAt :,\, in 1927 gay(' ptioritx to high-
Slm('d wind tunl+J+.,ls and ics+.,atch, u' l"+astnlan,[ac<_lts, who had j<_incd lira NA( :.\ ill 1925 after

t+`'c+`qving his B.S. dc<t_;tcc in Incch;tnic;tl cngincc, t+ing t]om th<.' lYnivt:isilx <_1 (:;tlit_')initt,

Bcrkch.y, was tit+."chietdcsigtm]-of the (q)<'n-thloal cloven-inch I tigh Nl)C<,d :l+unnel. (lacol)s
w<)ul(l lat(.r ,:*;Itll an inl('rnati()nad tt'l)tmlti()u lot his work (>n lit(" lhm+`)tts NA(:+.\ ait+lbil

s<'+`'tions in tltc l!):+Os, and +or his ((>n(cl)ti<)u ()l, and i)i<)ne<winR r+`'s('arch on, the NAt :A lant-

in+t How airlbilsjust l)cl_rc tlt(.' beginning of World War II.) ,\n inn(:+mivc asl)t.cl of tht'

eleven-inch I liRh Spt'cd Tunn<'l was that it was dr-iron l]t)lll lhc lV','<*iltx attnosphcrc p,-csstttc
lank <+t thc i+ang'h'y Variat)lc l)('nsity Tttnt,('I. For a (hang(' in nt<)(h'ls in tilt' Varial)h' i)cnsitv

Tunn<,l, lilt' tw+`'nty atm<)sphcrc t:ittk which ('lit'+Is<'([ tit(' +`*lltil'CttllltlC[ W_ISI>lown (h>wn t¢')

on<, attn()sl)h+`,Fc: this t+`*prcs+`'ntcd a wast<'d <,llClRT+,SOUl(c which the l+augl+`,y cnginccts htgt'-
niottslv rcaliz(,d ((_ttl(I 1)c tapped tot tit<, (']+`'ven-h/ch l|igh-Sp<,(,d Ttmnt.I. Tit(' B,200 cttl)i(

tool (al:,a+`ity <_t Ih+."high [)l+`'sSttl-(' tallk alh)wcd al)otlt Ollt' ln]llul<' ()f opcFation I_)r tht' tun-

ncl..lohn Stack was given lit+`"rt'sp<msit)ilily t_)t+improving tilt`" l [iRh-Sl)+`.cd l'tntncl ]>v dcsiRu-

in_ a oh+sod thl()alt. This itnl)roxr+.,d th(.ilit,+r,shown <m th+`' IICXI I)agt +, was ()I)+."'; ()ll;ll'I)"+ r I .).{,.(' _._

11 WaS his partitillation in lit<' d('sigtt Jmd d<'vcl<)ptnt,nl of tit+ +̀ <'l('vcn-inch l liRh:Sl)c+`,(l

Tttnncl thai I;tttt/cht,d.lohn Stack on his lil_.,-h)n<_ career in high-silted aet<)d'+'nalttics.

V_hilc Slack was wo]-kin R <m Ill+." l [ighIS[)c+.,+`l Tttnncl, +tit ('vcnl oc(ttrrcd in En,Rland

which ntath, a gtcat intp,t,ssion on hilt, atn(t which would t+apidlv t('tbctts Ih(' NA( :A hi,glt-

Sl)('('d rt*scat+(h l)rogt-ant. ()n Sundn)', S<'pt<'ndmr 13. 19:+,I, a l)cmttilttl, highly stt-cmnlincd
SUl)crntarin(' S.GI >,llash<,d through the oh'at eatIv altct-noot+ sky ;dl ( :alsh<>t, n¢'a, l+<),tstnottth

ah)tte, the sottthctn l+:nglish c(msl. Fh)wn by F]t. l.t.J_+ht_ N. l+)<_<_thnlan, lilts ('xqttisilc racing

19. I.ou l)a',is. "N_ limc ti,_ S_tt Ihlk.'" L\':_I/.n_/.|_.n_ne_nl/_s..[;tnt_at-x 1!1(_3_ pp. 9 12. lhis is an illlCIcSl-

iUg I_i<)R_al_hi(nl +Flit h' XVlill<'n ;tl)lllll Nla_k at II1(+ limt, ,_1 hi., I_'( _'i;i_l_ lhc 191_2 '_x,tliR}lt 'Xlt'lnl_i ' ' ,pll,, .\'+_;llll
Ill)Ill I])(' National ,\('IIlllillll[{ ,\sso( i_ili_)ll.

20. ]amcs R. lla,,sc,,, lC_<i.+,,._ /_ ('h_*_,,' _ //_1o_'_ O� ///_ /++_t*+_/_ _vt+_l_u//_l l:_h._,r/._'+. /_.+17 /(.'5S

t\VashmRton, If(:: NA%+\ %]'-.t3t)5. l!tS7), p. It(_.

21. D,maM It, I+,aal,,, a._d \Villiam R. (:¢)_1i,.,< ItTnd li_m':_ o] 3.1t". _ tW<_-.hiue.t_m. It( ;: N\S,\ SP-I I(I. 19Sl ).
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_'luser @schorg_hg-----

through roof

--Dkllrsmmatl¢ lectloltt ot the hlllh-ii_l_d wlod tunlLeh

A, b61_ Irtroe
8, en=dl9

C, rotatable ]m,ke (or ¢lu=_l_luqJ w.n¢le o( |track
O, =l_d=p

E. dUl:pe_

F° m _ ml."lm¢oenCJlnar

Go N'.A.O.A. _ e_l

H° m _b¢
h BIm drive motet

17u I I i,,t_ lhgh 5p,','d I)_n,,4 at N.II:A l.ar_gb3'; dowd-lh,oal modi/ualbm in 1972.
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airplan(, averaged a speed of 340.1 mph around a long, scven-la 1) (ours(,, wimfing tit(" cov-
('|e(I _(hlt('ifl(,t+ TFophy [)(fl+llt_ilt('lllly J'()l"[_l'[lil[ll. I,alCl" lhal lllOlll]t, oil _cpt('lll|)i_'F 2.(t, Fh.

gt. (;t'orgc ]l. Slainlbrlh set lilt world's speed re(:ord of 401.5 ml)h in Ihe same S.6B.

l+ooking at this figure, it (l()vs not take an aer<)tlvnamic eXl)Crt to appreciate that by 1931
the (<mcept of streamlhfing in or(l('r Io redu(c' drag had taken r<)ot. Th(. Supt'rmarine

S.6B simply looked like h (()uld fly at 400 miles p('r hour--at Math 0.53, over half th<."sp('cd
of sotmd. Suddenly, lilt + aeronautical (mgine,er's (+onc(wn <)vcr coml)ressil)ility efl_+.(.ts on
prop(qler tips, an illtpOl+tallt ])tll toleral)h, situation+ bt'(:amc an at)sohnelv major ¢oncern

ov(.r (onlpressil:,ility ,ett_'(-ls on the airplan(, itself, a Inol)hml of showstopi)er proportions.
Such (<intern was I)eginning 1o dawn on the ail+(lall in(hlsll+X , its<.'lf. In ]936, Lc, ckh(wd's

Kelly J<)hns(m began eatIv (to'sign stu(ti(.s fi,- Ih(' I)-!+;8, whicll ','+'its tilt' first airphut(, t<)
encountm majoL and som(.limes fatal, ('OmF, r(.ssil)ility ('t]_:cls+ By the mi(I-1930s, tim aircraft

in(htstrT?' was wading illtO tlll('hal'I('([ Wal('I; _lltd lilt" NA(:A's high-sp(+ed research program

I)ccamt. absolutely vital to the ftttu](, progress of high-sf)(.cd :tirplan(, design.
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77u, .'_upe'lma*4ue S.6B, the ai_p&m, u+ed hy the B*iti+h t+_ wi+* Ihe S+hm,i:b,+ 7hqJhy, UtT/.
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Slack Iwcauic acul¢'b; aware o[ this new conll)ressibilily chalh'n,_c. In 1933, hc

l_ublishcd in NACA TR 46?,lh¢' firsl dala I¢_come tr_ml I11¢' n¢'wly modifi¢'d, closcd-dnoal
I ligh-Spccd l'mmcl..&ldl¢_ugh the airfifils were pr¢_p¢'llcr sections. Slack wros¢' in Ihc

inlroduclion, obviously r¢.ti'rvin_ 1o Ih¢" Schneider Trol_hy racer:

A knowledge if/lhe c, mpw_ihility ph<',,,,',,_ i._ esse, tial. hotveve_; hecuu.se the tip._

_/u,M._ ./ pro/.'ller_ ram, i. u_e are c.mmonl_, in the nei/ghbmhood _/ the velocity o/
sound, l,'urthet; /he speM._ Ihtll htn,e been att_ti.ed by rm'inl_ ai_pla.es are ._ high ._

haOthe velocity, ,/ sou.d. Eve. at mdi.ary ai_phme speeds the f//(cl,s ,/ cm.pre._sibility

shm_hl ._Jl be itisre<cmded !lmc.rmt' mea_uJvme_d_ _tw de_ire<l/:

For tll_' nl<_st p.ul, ,'41ack's dala in |933 st'trod to conl]rm Ihc lrcnds _d_sel",'ed Callier.

For t,x.inl[)lc, <";,t.l,tk's 1D.(';is/Irt'llll.'tll:4 o[" t}l_."varialioil ¢_t drag cocJ]]ci,t'nl widi Math ]mm-
I>¢'v for '.l l¢'n ]l¢'rccnl thick (;lark Y airlilil arc shown I_¢'low: the' lar<_c drag iis¢' al high

I I I I I I I t I

,. _ IH ttll II
I Nil _ _°"___-.>_'-t-I--I_ ___--r-_-_iI_

till LL_LI l:-l-l- :-1-14
'< _ / _III _ ,'0:%,;444

/1111 i I I _,,__d,- ,_,__--1-4
.' _' _ It11, I LL_-I_ ,

{° t" t till I "',lo,',!. +'T IUII I

, 1_ iZ',lo+,!..4.-bS-tWtI_' /_l,f_ l;;10+,- ++_'t.z i
_' } /i/I/ilL it-',10":-4" _s.i< " ,' _v_"_i¢;10,74. _7

, .iii/_",lo++ ++,+'i-_z.i
o .,_#J,lgLI _,o,_-o. . ,__

-" r, P44 I-- _--Ii "_ _'" -t 0 rot -,_"

-: . . . . o z I_l*i'. "_ "_ o z "*vii'. _ .e _.o
v/v.

I'h, /hsl _.m/.v,_whilit_ data lmhlished b_ /_du_ '_/,_,k. l'7iJm ,\'.ICA 77_' 46 7. /077, /7u' th_.t,e.tph_ tin'. /ram b'/t I<_r(k.ttl, It.'

t,,.i.ti.._ ,,1 till <.e//D i,../> dmd im_/i<n,.t, .rot .i..i,.t <,,_,//b im_t. _t_p+'_ Iii,_,l_. 1,,,*s._ II. i.tm ./ Ih,'/_+_,_tw_zIlt v,,I.,it_ t.

t). _[.+d ,q s.u.d ¢th_ <_l., h .umh,'t J I hc h_l m,.b'l u,tt_ . 7lID _tit]oi/. sh.tt,n .l U. I.p ./ It.' [i,_un" 17. .dl,m_ r//,_ls

l#111tttl#'_/%lilt q,/tw,_/

22. _, ck "'T c N % ( -k t 14 -S >cc¢ Wind "Iililiwl ;tiid "li.'sl_, ill Six Ihol)clh'l _¢,lliUliS," HA(L\ TR

lti_l, I{t:i'.l. ,\1 ;iliillll Ihl" lillll' ot%%,'o11d !i4.';il l. acixld_nalili( isls w_.'r<' [ainilial wilh Ihc lil(I Ilial ;tli ail4_til slalh d ;il high

alli4h" lit ;ill;it I_ I)_.,(;lllnl' IIw I1_ s_-'li_ii;ilt'll Illllii lilt _ loll _,llrt]i_l'. TI e I,niihin_ dla_ii_ hiss lit lih was _iVl'li Iho It-rlii

"'1ill bllll_lc,'" 1 [i..ill i,. _l|l<'l I_,ii_,gs ,tiid [)l_,dl'll had shllwil lh;ll itw (ll_l_,li( loss M lilt ;ll high SlW¢'ds. b<-)Olid ihc "_ ril-

i( ill _pccd," _ils ;llni) dtlt" Ill 11o_ _t.p;ll;llilili, il was ilillill_ll Ill _all Ibis i'tt_'_ I Ilie "'< llnil)it'ssibilily }luil)l_.'." 'l'hi_ I¢.illli-

illlhtg_, <l _illcd t)_ fill' _.\_,\ in 1<.i33. ll<'i_';i(ll'll Ilil' liil4h-stJ_'_'d aoil>dVli;llnic lill'F;ilulc lhil_iiglilllil lhc ltl?,Os,
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spt'cds is clcmly t'vidt.nl, l It' also tonfirmcd that lilt" onscl <>f"tilt" a<lvt'rst. <olnpvt'ssillilitv

cltbt'is ,::,tt{,Y al I<)wcr Math nt,n,bers as cilht', or hoth the airtoil lhitkncss and angh" o'f
allat:k itwrvasc. ()it + ot his conclusions rellcctcd tm tilt" th,uort'tical P,-a,ldll-(;laucrt ,i,i:,,ll-

F,r<'ssilfilit} c<),Tt't'lion ,nt'lllio,lt'd carlic,: From his ,llt!ast,,clnt.,lls. SI4tk c<m<ludcd:

"Th¢'sc ,csuhs indicate thai lilt! linlitcd theory available may tm apt)licd ,.,,:itil sut]it'ic,ll

at't'l,,';.l('V ]or ,llosl practical purposes only for SF,Ceds Imlow lilt" comprcssilfilil,. Imrl)lc."

This couch,sion i)rt.sagcd ahnosl I_>l'l_,' yt'al's <if"a theorctical void. Thc at'rodS,la'nli< cqua-
lions al)l)lical)It, to lilt+ transonic flight ncgimc, Math ntmll)cns l)cl+.vcc,l 41:,otil 0.8 and 1.2

a,'t' llotl-lillt'at, partial diflktrcntial c(it]aliOl,S lhal <lofted soluti<m until lilt' l!)70s. And t'xcn

then lilt +solution was by brute lbrt:t.--numt+rical solulions using lilt' power ol lilt" nt'wlv-

d('vclopcd discipline of cotnF, Ulational thfid dynamic.,, <a,ricd out <m high-slmVd digital
Sil I)c,-(.(),ll pl, i tq.s.

Bv lilt" waY. lilt + IU,+,I, "c<mlprcssihility In,rhlc" was coined hy Stack i,, lilt' g,+lIll<"N;\(:A
"lk'chnical Report. tlt' wrote:

over the I_m,er p,,tim+ o� Ihe ra*tt£e, lhet, mow rupidly a+ .+peed.+¢tbove hall(he veb,'ily

o/ _ouml +m"exceed,'d, and final{_, al hi_,&er ._pe+'d_, de/miMing on Ihe _+i{fi>il.w'#liotl

aml the a*_Lrleo/all(to'k. IIw /Icm, /m'a-/,'._drm,*_ as _hcm,*_b_' eldr_q, in lhe li/l ,u,.tl_,ienl.

Th/+ bwakdowP+ Oil/u./low. hewi+m/ier called Ihe +omp,+.+._ibility bud*& 0,c++r++1//muer

.+p+r+k ,_ /he lilt i.s irepea.seal by r/mn._,Pit+t( It+e at(g/e ,#,'+l/a,t¢ o/lhe modal."

l)rivcn hv tilt' com.'ictio,i and fiwcsight of.lohn Slack, tilt' NAt :A ,low wavt'd lilt' ,cd flag
of COmF,rcssihility l_roltlcms 1o the whole world ot +acronaulical cngincv,ing, hi .]anua,v
I+:.)34, Ihc tirsl significatll p,-olbssitmal acr,m,at{lical st_cicrv in tht! t!tlilt'<l Slates, lh_"

[ustitt,tc <>l:\t'r<mat_tital Stit'nct.s, t)l,Misht.d tilt' Ih+sl issue ofits soon-to-1)c rtwognixvd prc-
mitq-jourt/al, tht'/0urPml 0//he A+'mm+utical Scieme.+. h coital(led an article hv Slack t'ntillcd

"Etliwls of (:OmFWcssit:,ilily o,i l ligh Speed Flighl. ',e_ In Ihc [],-st |):t,:.tgr;iFd,. Slack lnakcs
clear lilt' tht'lllC th4l would b<. l>la}t.<l out by lilt' NA(:A for tilt" m'xl smCrad dctatlcs:

Tke +:]li.+l.++!/compre++ibili O, have comm+mlv h+,etPm'q'lecled berau+e until the wlativHr

re+wnt ctevebq_me++lff/t/u" /all SHmHder h'ophy tdrrt-a/i the LS/Jt'_'IL _ have h+'+'*+h_w as com-

pan.d wilh the veloci(+' o/sound, aml the um.+equent hual ptev+u,>+ over the +u{/¢t,e.s 4/

It_q'l+-.slmedai_plam'.+ have di/]e++,d hut +li_'hl{+'fi+0m tmnmp/teric pP>+su*v. At Ilu' /_*_'M'III

lime. h¢n_qq,e>; Ihe _/m'dg ag_mialed wiltt the./a_le_l ai_plam<_ appr.ach 60 pe_t.**l O/

the vehu'i O, 4/.+ouml, aim the induced vehuilie.s over IhHr expo._ed _u(/?u'e_ lead Io local

ptv._mes Ihal diffbr appreHabl_ fi+om Ihe pt>_oe q/ lhe ahno._phere. Ilhet_ Ihi_ ¢_mdi

lion exiqs, air _at_ m> bmwr be ret,,mrled a._ a_ incomp_,.s_ibb medium. The e/]i,ct_ o/

compt_._ibili{_. (m lhe _wmd_.Hamir rharm:t_v'islic_ _!/ aitfi>iZ_ have been umler itm_'.sli-

.galio,_ by the N.A.C.A. it_ the hi_,h-_peed wiml lure*el, and il Zs l/w pmp,w ,!/Ihi_

pt,[wr tu examim' l/w possibility O/ /}+rlher /It¢"lPa,_e',,,m ,_pe,'d_ itt Ihe I_qr/tl o/ t]ti,g n'la-
lively _'ce_l rip,earth.

By lhis timc, it was clear lhal thc NA(:A was lhc leading rcscarch instilt,ti<m in lhc

world in thc avca of c<mlprcssibility cfli'cts. Throttgh its i,ll]t,encc and spo,ls_>rshil_ of lht'

llcdgling t'xpcri,n<'nts in lilt' I!l_(}s l)v (:aldwt+ll alld Falcs at M<Cook Ficld, and b} l+,rigg-s

23. IhM

2t. John Sta,_k, "1":11,.'_b, ot(:ompH..,,sihilil., Ol_ Itigh Spvt'd Fliglnl." lug:urn/./ It." U'mm_ulual ._}ieme_I
(1;mlUar',193.t :t0-.t3.
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and l)rvden at Iht+ Bureau of Standards, and now hy its own carefully conducted experi-

ments ;_t l,anglt+y, the NA(5_ had been able to identi|_' tile first two aspects of tile basic

nature o1 conlpressihility e|lects, nanlely that (1) above a certain "critical speed," tile lift

decreased dramatically and the drag skyrocketed ahnost beyond comprehension, and (9)

this behavior was caused hv sudden and precipitous tlow separation over the lop surthct+

of the wing or airtbil. Thel_e remained on|+ question, the most important of all--Why?

.John Stack and the NAt5'\ were responsible tbr the answer to this question--a break-

through thai occurred ill 1934. By this time, Stack had a new instrument with which to

work--a schlieren photographic systt+m, an optical arrangement that nlade density gradients

in tht+ t]ow visible. ()tie ()| nal/lre's lnechanislns for producing very strong density _latlienLs

is a shock wave: hence a shock wave ought to ht+ visible in a schlieren photograph. Stack's

boss, Eastman Jacobs, was Luniliar with such <lptical syslelns lhrnugh his hobby of aslronolny]

it was in keeping with.Jacob's innowttive mind to suggest to Stuck that the use of a schlieren

svMein might make visible some of the tmknown foattll-es of the compressihle flow field over

ml airtoil, and might sht+d some light on the natme of the compressibility Imrhk'. It did just

that, and lnol'e]

With lilt' I I-inch tttnnel running above the "critical speed" for an NA(:A (t012

svtntnt'tric airlbil mottnted in the test section, and with the aid of the schlicret| syslcm, Slack

mM.lacobs ol)servt+d tbr the first tim|+ in the his|oil' of aerodynanfics a shock wave in the llow

over the top surthcc of the airtoil. The shnckwave was like that sketched in the figm-e beh_w.

It I)<.,camc itnmedialely clear to these two experimentalists that tilt" separated |low over the

top stLrt+att+ of the airfoil, and tht + restthing compressihili W burble with all its adverse conse-

quences, was cat|seal hy the presence of a shock wave. The nature of this tlow is sketched

below, and it clearly shows thai the shock wave interacts with the I]lill, fviclion-donlinated

tlotmdal_¢ layer adj;went to tile snrfact+ of the airtoil. This cattses the houndat T layer to sep-

arate ill thc region where the shock impinges on the surt_;tce. A m;cssivc region of separated

tlow trails downstrcanl, greatly incrc;csing lhe drag and tit+creasing the lift. ()no o[ tht+ pio-

neering schlieren I)ictures of the [low over tht' NA(;A 0012 airtoil taken hy Stack in 1934 is

shown oil the page 7:_;.++'The qnalil,v is poor hy present.lay standards, bill it is certainly

suft]cicnt tot +idcntit)ing the phenonlena. This is a historic photograph in the annals of the

history of aerodynamics--one which led to the final understanding of the physical nalltrt+ <d+

tilt" c_mq>rcssibility burble. This was a breakthroltgh of enormous intellectual and practical

itnportanct+. And it was totally due to the wmk of two innovative and highly intt+lligent aero-

(lvmunicists at tilt" NACA l++mgley Laht)ratnt). John Stack and East|nan .]ac(>l)s, opt+rating

trader tilt' mnhrella of an insl)ired creative atnlosphere associated with tht+ NA(_A in gen-

High-Speed
Subsonic Flow

/ / "[locally 1

/ Supersonic !

Separated
Flow

.h_hcmatie ¢4 _t.,¢k-.+dt.,'d ",¢]Ja.'aled lltm' Ih.; w,.n,' +4/he ¢+.npn<_ibilily hi.fib'.

'_>5. Formal b'. the authtn +in tht+John Slatk Files. NASA l+an,Klcv l listorit al Archives.



FR()M EN(;INEERIN(; S(:IENCI.I T() BI(; SCIENCI.I 77

:lp_ eat/_' _¢hhew_ ])hot_e'mph _?[ Ih_' _h_,¢h pattern cm cm ,\_._(.'A 0012 ctir[_il itl a ]ie_sttv,tt_t abe,re the' "_rJti_ed *[,_','d "'. I"mm

the /it:_t .t,_mup (4 _hlie_._l ph_Jl(,A_l,h_ o/the compu_ibili O, I_lz_bb' takeu to' ]_,hn .'ita_k. 19_4. lt_ Ihi_ ph_,t¢_'m/,l_ th,' _¢ttu_'

LanL_b 3 A_¢hivcs. (.'m_t_'_ o/Ri_tm_# I,aym_, A_hi_,i_t.
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oral, and the foresight of Joseph Amcs and George Lewis at NACA t lcadquarters in

Washington who placed priority on the NACA high-specd research program at a time

when most airplanes of the day were himbt'ring along at 2(}0 mph or slowt'r.
Was this work by Slack an<|]acobs t'ngint'cring science? AbsohHcly yes! It provided the

fundanicnlal phvsi<_al understanding of the root sourct" of conlprcssil)ility problcnis. This

understanding _<'as mainly qualilalivt" at lilt' time, bill it allowed designers of high-speed
airfoils to make mort" inlelligt'nt dt'cisions al)oul propt'r airfifil shapt's--il ht'lped Io makt"

tilt" uncharted W;IIcI',"; mort" navigal_lt'.
,_s with many new discoveries in stloller' and It'chnology, lht'rt" arc always those skep-

tical at lirsl. Ont( of those was Theodort" Tllt'odorst'n, the best lilt'oft'Ileal at'rodynamicisl
in the NACA at the tittle, with a worldwidt" rt'putation fiw his piont't'ring papers on airfifil

thcol T. John Bt'ckt'r, whojoint'd lilt' NAf;A in 1936 ;llld WilO '¢-,'¢_1"1tOil tO I)t't'omt" one of

the most rt'spectt'd high-spt't'd acrodynatnicists at I,anglt'y, lt'lls Ihc tOIIowing anecdote
about Tht'odorst'n's reaclioll to Iht" schlit'rcn pht>lograllits lakcil by ,'Slack and lacobs, il is

repeated lwrt" 1)t'caust" it lCt]t'(ts.just how much a radical dt'l)arlurc from lhc t'xpccled
I1¢)1111 |hc l't'suhs Wt'l't _.

The fir,_t tests wel_ made on a cinular cylinder ab.ut I/2 i_ch i_t diameter; and It1¢"

t_,sults wets" speHacular in ,q_ite ¢_]the poor quality q] the _Jpti¢s. Shockwav¢_ and atten-

dant Jlow separation.s were seen .]or the first time starting at sub,strait ,stream _peed.s O]

about 0.6 times the speed .f sound. Vlsitot:_ Jiom all over the l_aboratm)', ]mm

I._nl_6neet=in-Charge H:].E. Reid on down, came to view the phenmnelm, l.anLrlo'i_

rankin E theorist, The.dote 7"heodol:_en, viewed the results .skeptically, proclaimbq4 that

since the .stwam |low was ._ub._olli¢, what appeared to be shmkwaves wa._ a_t ',ptical

illusion. 'an ¢,rmr irt judlgeme_t which he was never allowed to lOt]t,_et."

All ilitclt'slillg coll[|ut'ilCC ¢11"t'vt'nls oCCtlirt'd ill 1935 ltlal allowed lht" NA( :A ill it timt _
iv fashioli to iillbllil iht" inlt'rnalional it,st'arch toninitlilily of l]lis illit, ilccltial I)lx, aklhrou,gh

ill undt'rslallding colllprcessibilily t'tl't'cis ;lilt| lilt" conlprt'ssibiliiy burtilt'. ()llC Wil_ lilt" t'xi_
[t'IWt" of ltw dlilli iLst'lt_liesk, eXciling, itlld r_wohllionitl)'. Th/' olht'r was lilt' st-llt'diilillg of
tile titih Volta coilt't'rt'iwt" in haly. ''_Sinct" 1931, lht" Royal Acadt'illy o[ Stir'lice in Roint" had
I)t'cn conducliil/_ il scrit's of ilnporlltnt conl{,rt'llCt's .sl)onsolt'd tiy lilt" Aii,ssandro Vohlt
l_'ollndliliOli. Tht" Ihsi coiitt'rt'llt:t" dcah with ntlcl¢'ar physit's, lind lht'll 1311_ilt'd t)clWt't'n Iht,
sciences and iht- hunlaifilit's Oll altt'rnilit" yt';tl_;. The sccoiid Voha cont_,'rcnct" ]lad tilt' iith"

"Etll-Opt'" illld ill 1933 Iht" third conttl(qlct" w;Is Oll lilt" sub|col of illllltllllOlo_'.
This was followt'd by the subit'cl "Tilt" I)raiil;llic T|icalt'l" ill 1934. l)iirillg |his period,

lilt' iillhlt'llct" o1 llaliati itt'l-Oll;lllliCS Wiis gainillg illOllil'lllUIli, It'd by (it, nci-ii] :%_11111o

(:rocco, itli iit'l-on_ill[ic_ll t'ilgilit't'l" wilo ]lad t)ccoilit" iliit'rt'slt'd in raillit't t'ngint's in 1931,
itlld lht'rt, fort" was wt'll ilWillt" lit Ih¢" I)olt'niial inlpat:l o| COlllprt'ssibit" flow t|lt'ory and

e.,zperilnt'nl oil |tittirt" aviation. This It'd Io lilt" t'hoit't" oi" llw Iopic of I|lc tiflh Voll,i con-
t{'rt'ilct'--"l tigh Vt'locilies in Aviation." l>arlicipalion was by invitation ()ill)', ;llid lht" st'lccl
lisi hlchtdt'd all lht" leading aerodyiianiicists at thai linit'. Bt'citllS¢" of his reputatioli ill iht"

design and lest|rig of tilt" |i/lllOUS NA(_t ti_ur-digit airfoil scrit's, and the tact lhal ht" was
lht" St'clion t lead of lht" NACA Variable Dcnsily Tunnt'l which had put lht" NATL.\ on lhc

inlt'rimliolml at'rodvnamic map in tht" 1920s, Eastman .]acobs rt'ceivt'd an invitalion, lit"

look lilt" opportunity Io prt'st'nl a papt'r on lilt" ni-w NACA COllll)rt'ssiliilily it,scarcll.

0tL .]ohn V. l/c_ kcl, 7D,' IhL4_ ,_;p,','d 1'7,mti,'_: ¢.a_,. ltid.t4e_ '4/'tm_ .\'ACA PmS..ut.;_. 1 q2o 19_0 (Wastlin_i_n,

I)(L N\S.\ SP-I-15, 191401. p. 16.

27. AllllcisOll, Altu/ctn ¢;mz_pw_sihl_' Iqmv, pl I. 2_7-8,I.
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I lento, during the period between S¢eptc'inbcr 30 and ()clob¢,r 6, 1.935, the major figur{'s

in lilt" dcvclopmcn! of high-speed aerodynamics of the I .{}30s (wilh the cxccption of John
Slack) gathcrt'd inside an impressive Rel_aiss_mce building in Rome that scrv{'d as the oily

hall duriwg Ihc I Ioly Roman Empire, and discussed flighl at high subsonic, supcrsoni{Q

and evevl hyl}ersonic Sl)C{'cls. The fifth Voh;t (;onl2el{,nc{, was Io 1}ecomc the Sl}ringboav-d
tbr n{'w lhoughI on the development {}f high-sl}ced flighl.

In the mi{Isl of all this discussion was E;tstmann Jac{d}s tel}resenting the NA(:A.

.lacobs' pap,?r, cntillcd "Methods Employed in America 16r lhc Experimenud lnvcsligali_u_
(ffAer(}dynami(- Phenom{,l]a at I tigh Speeds," was both llLtou-i;J] and inl_wm_tlivc. :_ lie look

the opportut]ity to dcriv{+ and present the basic eqtlati{}ns foF ctmq}rcssil)le Ilow a,';sttming

n{} fiicti{}n and n{} thermal {{}n{hlcti<}n. Then hc {l{'scnibt,d the NA(2A lligh-Sl}ct,d
Tunne'], tile schIi{.v{,n syst{'m, and I]1{";fivf{}il cxI}{_rhnt,nls {:_rri{,{l out in Ill{" lunnt']. Then

came the blockl)usl{.12 ttc sh{Bvcd, fi}v the tirsl lim{" in ;Ltt'{hnical mt'{'ting, son]{, {}f the

schli{'rcn pi{'turcs taken at I,angle}2 One {}f tiles{? was lhc l}h{}mgraph sh{}wn {}n l}ag{ • 73.

{2}n.sci{}tus {)| the NA(2A's p{!n]ch;mt fi}r i}{q|k.clio_l, {'s|}{'{iallv in ils l}tnblic:lfi{}nls,,Ja{-t}t}s

ap{}l{)gized for the quality {}f Ih{_ i}h{}lographs, a v{wv m{){tt, st gt?sltnz{" {{}nsi{h'ring lht'ir

te{ht]ical (and histori{'al) imp{}rcanwc: "Unl{}rltm;itt, l'v the l)ht}l{}gral}hs were injuvt'd by

the pr{'st'n{{, of l)em {'{qltfl{}id winth}ws fi>rming vhc ll'lnnt'l walls through which lhc light

passed. The i}i{+ttirt, s nt'v{'rtht'l{+ss giv{' [un{tamcnlal inti}ttnation in tt'gat{I t(} lh{"Ilatur{"

of the tl{}w asst)cialed with the {x}mpressit}ility t}ttrl}h,. ''-'_ Wilh this, the NACA high-spc{,d
l'{'s{'ar{'h i)v<)gvatn was not only on the map, it was l{'a(ting th{' ]}rick.

By Ibis time, Slack had a newt'v; larg{,v |;IcHity--lh{, 24-inch tligh Si}c{,d Tunnt,l

c{Itfipped with an hnl}rOV{.{l s{hlieron syst{'tn. 'I'll{' |)a,',;i{" I{',',;Ihlg of c{}nlt}rt, ssil}ility ctt_.'{ts

{}n flows over airfi}ils {{}ntimu{.d in this faciIhv, in 1938, Stack i)tnblisht.d Ih{" most {t{'fini-

live {Ioct_m{.n! y{'t {}n Ih{' II;|IIIFO of high-sp{,{id {'{}mpvcssibl{" tl{}w ovt'r airf{}ils, incite{ling
many {l{'Iailt'{I stnr|ac{, ]}r{,sst_rc illc;iSllFCilloll|s. _{'Wi[h Ibis, lh{' N:\{2A {'onlhlu{'{t I{} t}{"th{"

tmdispt_tt'd h'a{Icr in Ih{" sltutly {}f the etI{TIs {}f {-Oml}l-{,ssil)ilhy and [h{- {{}ns{]{lU{,n_{-t,s of
the c{}mprcssibility I}t_rl}h,.

The atmosl}h{.ve at lh{' I,angley I,at}.:}ratory {ttnving Ih{' l{,)3()s allowt,d {?ngiv_cering sci-

en{e to [loutish, alth{}ug]_ the ]abora/{}ry ll0V{H exl}licitb,, ad{}f}ted this as a pri{}vitv. It.jusl
happened when il n{'t'{l{'d I{) hal}ptqL The {ulltn{, auni}nff, ils Cll_in{'{'i's W;l_. oil{" of'in{ttfivv

;lI'l{t f'I'e{" eX{'|l;lllg{! {}|inflbrmali{}n; I]I{}Hg]IIS Br{_l'{ 'rcadilv sh_red {)n an inltq]}t'vs{}v]al I)asis.

More{}ve_, I,;mgley had enginctws who were adept a! bttil{ling ncw fa{ilitics, csptwiallv new

wind ltmn{,Is. It w;_.s naltLn;d that i-thigh-sl}ecd wind tuwn{'] was buih at I,angcly i}r{}_iding

a uv]iqut, fa{ility f{}v I_angl{.y {'ngineevs t{} nnlock th{" st'{v{'ls of higln-speed a{'rt}dvw:tmits.
/\n{l tile [,t{t [|la! Ill{" NAf;A had mone); even during the d{'pvcssi{}n years, ;dh)v_'t'd such

wind ltlnll{'ls Io I)c firsl-tlass faciIhies. All this, hi c{}ml}h]ation wilh firsl-_-l;_ss {'ngh_{'cns ;rod

.s{i{'ntists, [|1;1(1{? l,anglcy lilt l{,ading vest?arch ill.'.;lituti{)n in high-spet'd {{}mpvt'ssil}ilily
etI{'{ts during the l{.}30s.

Ja{-ot}s' l};q)t,r at th{" titth Volta confer{.n{-e rt?i}rcst, nl{.d in some sense a {ch'l}vati{}n {}f

tilt" second ]}h;ls{" ot 1]1{" NACA leSo;tFc]l (}11 high-sl}{.c{l tlighl. Th{, |]lSl phase w_s lh{'

('mt}vy{)nic win{I [llllllC] compvessit}ility work of []lC 1920s, cl{'arly ori{qlt{,{I Iow;i){l,s al}l)li-

28. 1'2asm_;nn.Jn{ {}bs, "Mc_}_{}{Is E;nph}y{'d iv] Avn{.ni{ ;_ fi}n tin{' Expcrim{'u_l;d [nv{'stigali{}n {}t Acv{,dvn_ami{

I'hcn{}mcna a_ l ligh Si}c{,ds." NACA Misc. Pal}<,u- N{_. t2, Marth I{,}?,& A cop', ot this pap{'v; _%hi( h is thc t}_imcd

,.{'lsi{}ln {d.];l{{}bs' pl{'n{'lllilli{}ll ill [hi' fillh V{}h;i {{Hlt{'I{'IIC{', iN ;_x;dtal}l{' in th{' 1_'{ Inwi{:ll I}(}{ lllll{'IllS St'< ti{n],

M:_thvmafi{ s, En_gin('{.ui_g ;rod I>lBsi{al St ion{c{, I,it}vap., Unixt'_sil% {d Mav_,lan(t. (:<}lh't_{' IIa_k.
29, Ibid.

30. ,]{}hu_ ,Sla{k, W.F. l,in{ts{';, and Robt'rt E. 15ucll. "Th{. {;{}mpH'ssil)iliB' Burhh' a_HI Ih{' Etl{.{t {d

(2_mt}u{'ssil}ilil', {}n_ I'v{'ssut{.s awd F_wc{.s A{lin_ _}w au_ ,'\iufi}il," NA( ::\ ['R 646. 197,8,
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cations 1o propt'llers. Tim second phase was lhv rt.tocusing of this high-speed wind tun-

nel rt'scarch on lilt"airplane ilsclf, conq)h'mcnlcd by a new iniliafivc--lhe dcsign and

devehlpmcill of an a<tual rest'arch airplane.

The High-Speed Research Airplane: An NA(LA Idea

"l'hc idea tll a research airphute--an airplanc

clcsigncd and t)uill strictly tor lilt' purIiOSCS of

l)robing tlitkttoWil |light iCgilltt:s--tall lit" traced

Ill the thinking of.John Slack in 1933. (in his own

__________[ inilialivc, Stack xvelll lhrtiu_]l a very ineliminary

design a mlysis which, ill his own words was "lor a

hyl3olhetical airpl;uu' which, however, is nol

bcymtd the limits of possibility." lhc purpose of

tilt" airplane, as presented in his 1933 arlich+ in

lilt' .]m+r_ud _/ the ,._eroPmulical Scie,_¢e._, was to tly

very last--well into tilt' com]lrt-ssillilily rcginlc, u

I its dcsign considered the airplanv sh(lwll Ill lilt'

tl_l,,,Ih,'tUat h_gh qu','d <_'l,l,+,,,' ,,m,'iv,'d &/,,tin lcti; reproduced directly from his pal_cr; ht'rc you

Sx_z+k.1977. st't' a highly slreainlincd ahl)lanc (tbr ils lime)

wilh a straight, tailored wing havhlg an NA(;A

0018 svnnnclric airfilil setlion al I]w tt'ntt'r, altt| thinning ttl a 9 perccnl thick NAt ;A 0009

airtoilat tilt' lip. Slack cvcn tcslt'd a mod('l _lt this (Icsign (without tail surl_accs) ill lilt"

l.anglcv Variabh" l)ensilv Ttnmcl. t tc cstinlalcd lilt drag cocl]](it'nl fin lilt"airl)lanc usin R
thc data hc had measmt'd in tilt" clcvcn-inch t tigh-Spccd Tunnel. Asslnning a fuselage

large t.ll¢:,ligll to hold a 2,!_(}0 IlorSt'l)(:ett'l Rolls-Rovce cnginc .'qlatk talclllalt'd lhal tilt'

1)ropcllt, r-tlrivcn airt)lanc would ]lavc a nlaxinnun vt'h)cilv of 566 milts per h_mr--lar

beyond Ih_ll <it illlV airplam! tlving ;it lilt' lime, and well inlo lhc rcgimc of comprcssibili-

IV.' Slaick's t,xtilt'mt'ill al)titli lilt' ])ossibililics t_r this airplane is rcl]cclcd in tilt'

liand-chawn graph, rcl)roduccd on page 77. Drawn 1iv Slack ill 1933, lids graph shows tilt"

horscl)oWC, it'qllirt'd as a [tulclion of spced, comparing the it'SllllS with and wilh<iul tilt'

t,tl_'cts ttf tOml)ressillililv. Itis hand skt'lt]l of Ill{' airplanc is at tilt' lop ot the graph (ah)n,_

with lilt" ;Igcd rust nuuks of two pal)or clips). This graph was found by tilt' allll/oi + btuicd

ill lilt" John Slatk I]lt's ill thc l+anglcv archivt's. The rcason it is n/cntiont'd and rcpro-

duccd herc is lhal+ I)art'lv disthlguishablc at the t}tHlolll ol lilt" rc])t<_duccd gral)h, Stack

had written "Sent to (Mmmittet. Mct'ling, ()ct. 193!_." Stack was so convinccd of tilt' via-

bililv ot his prol)OScd rest'arch airplane thai hc had st'Ill this quickly-prcparcd hand-drawn

graph lo I]lt' I)iannual mcctinR t/l lilt" full c()illlilillt't' <it lilt' NA(_A in _r:tshiilglOil ill
()clobcr 1!|33. [!ltimalch: lilt" NA(;A did not act ()it hclpin g Slack thld a dcvclopcr f_lr lilt"

airplanc, but ill tilt" words ol'l lanscn, "lhc <qitimislic rt,suhs <if his papt'r study convinct'<|

inaily pCol)lc ill I.anglt'+v thai lilt + I)olcnlia] t_ll + Ilyhlg at speeds Ihr hi t,xtt'ss _lf ,,'lO0 niilt's

llcr h{itir was Iht'it'. ''_+

+ll. Stack. '+Etlb{ ts i_t (;onil)tt'ssil)ilit)_+tl I lil4h Sllt't'd PliRhi," pp. t0--15.
_l_tl. I [liil'+t'll> ]',#i£rtllf'/?l_l ('Jtll_rr, 1). 7_)(i.
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The High-Speed Research Mrplane--For Real

The state of high-speed aerodvnanlics in 1939 can be illustrated by one graph, shown

schematically in the figure below, l'lcrc, the variation of drag coeflicit'nt I_w an airplane is
ShOWl! _l.S _! ['(lllCtiOl| of t'l'CC SII'C;IIII _,{;.I.,('h Iltllll])cl'. ()11 ihc stlbs,_Hli( side, below Math one,

wind tutmcl data indicated the lamiliar rapid illClX.+asc ill ([l'_tg coefficient as Math (Hie iS

al)l)roac|l¢'(|. On the SU})CI'SOIIi(" Si(| I-', ballisliciarts had known t_)r years, Snl)l)ortcd by the
I'('SIIIIY, o[" lint'_.l'iz,_'d Y,lll)¢!l'Solli(" th_'tH'v developed by Jakot) Acktq't.'I ill (;(win;lily since!

|928, how the drag coellicient I)chavcd al)ovc Mach one. :_:_Of _.:OtllS_.', all airl)lancs at that
time were on the subsonic sidc of the curve shown in the figure below. John Stack nicely

smntnarizcd the situation in 1938:

The development o[ the knowledffe _!] compre_._ible]/hm, phenomena, particularly a_
related to aeronautical a/rpliealiom, has been attended t(_'eon,siderable d!ff_cnlff. The

complicated nal_re _¢[the phemmwna has resulted in little theoretical proffre.ss, and, in

general, recour_e to expe?qment has been neeessarv, l,'ntil wce_t(_, the ma_t important

experimental n,sults have been obtained in connection with the science qf ballistics, but

thi,s it![brmation has been c![ little value in aeronautical problem,_ becau,_e the range _4

_peed_ ]or which too.st baUi,_tic experiments have been made extemt_ fiom the ,speed o/

souml upward; whewa,_ the important reffiot_ in aenmautic_ at the present tim_" extemt_

fiom the speed o] sonnd dmvnward."

In essence, the tlight regime just below and just beyond the sl)ecd of sound was

llnkll()W|l--;-I transonic gap, as shown schematically |)t, low.

t.

Kno_ n

/

Ilnkn_'_ n lhe

TransonicGap

/ i
I

l

Known

i 1 I I t

0.5 1.0 1.5 2.0

Maeh Number

Sdwmat. ./ the _ul,_..i_ .nd s.per_o.i¢ varmtion_ oI drag toe[/blent [i. an ai_pM, dlu_tmting tlw poWtim_ .I th; transom.

teL.mu' /¢n u,htJ_ virtually uo itt/io malio_t wa_ availabb' in Ihe 1930_ and I 9.Hi_.

33. Andt'rson, Moder. (.'ompres_ihle I'bm,. pp. 270-75.

'3.|. Sla,vk: l.in<tse3: and I.itlell "( nl:wessilfilit ? Bmbl¢' and I]w l_tl'.'t I o| (;ompressilfilit', on Ih,._ssm'cs

and F_nccs Aclitlg on an Airtifil."
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The general aeronaulics conmnmily was suddenly awakened to Ihc rcalilies of the

unknown Ilight regime in November 1%tl, when l.ockin'ed lest pilot Ralph Virden c,mld

not pull the new, high-l)crt_)Fmancc P-?,8 oul of a high-st)cod dive, and crashed. Vird<',l

Was I]1(' lit'St hiilllail t{Italit7 du_' to adverse (_lnll)iX'ssiliilils _'tlt'cis, alld lilt. ' P-38, shown

below, was iiie th'sl airpi;uic Io silll_.'l fronl Ilicsc cffecls. The P-_8 cxcccdcd its critical

Math liUliil)er in all opt'laliOlla] db, x', aiid ])cnctialcd well inio Ilic I('_iilil' of liic coin-

picssit)iliiy ])url)lt" al its ll!rlliilia] dive spel-d, as sllOWll ])v lit(" bar (harl oil page _I0. _" The

l)rol)h'iii I'ncolililered ])y Virdcli, aiid ii/ally t>tlil'i- P-3<q pilois at llial iiili(', l','ilS thai ])evolld

a (',:'l't:tiil speed ill +1 dive, the I.']_.'vattii" (+()lltl'ois, sttddcu]) tt'it ;is if they wcl'e Iockvd. :\i'id it>

Inake llliligS WOl-SC, lilt' tail suddt!n]y [)rodiiccd lilorc Nil, lmlling (lit' 1>-38 ililtl an i'vc.n

!

3:-_. lhis chall is l;ikeii tronl ihl' |]RIII(. llil page 78 ol the arlicle b., R. 1.. tg)ns, "l:lllnl I'i_lpellers i<,.l_,ls

in Fighter Air( ra|l DesigN." in.laT_ l). I'ins()n, ('d., IJia.lo.d/.bih,e .7 I'alvered Fl#,_.dll: 77., Iq_,.luli,._ +!//li#_#_,le,<q l.le<,l£.._l

(New York, N"f: :\lllCli( all Inslilllll" o| Ai'l_lilallliCs and z{_lrOllalili( s, 1978), lip.._1-1i4.
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Bat _t.ttt _bm,,ittg l/ic ma,_'t_lzub' o/how murh llw I _ 7,t, ' ]u'_l,'haled the com/_re_ibihly t_L, Tme.

steeper (livc. This was called the "ttmck-under" l)robh:m. It is important to note that the

NA('A soon solved this l)robh'm, using its expertise in (-omprcssibility c[/i_ycts. Although

l.ockhccd ¢_msulted various aerodynamic!sis, including Theodore Von l'_irm_in at

(_ah('ch, it ttllnt'(t out lhaLlohn Stack at NA(:A I_anglc), with his accttnlulalcd CXl)cricncc

in cOral)fossil,!lily ctfi'cls, was thc only one to prol)crly diagnose the F,robh'm. Thc wing of

lilt' P-?,S lost lili _'hen it cncoltntcred tilt" COml)rcssibility burl)h'. ,'ks ,l result, Ihc dowllwash

angle ol tilt" tlow behind the wing was reduced. This in turn increased Ih(: c.'t•t•t'(tiv(! angle

of attack of Ill(" t]ow encountered by the horizontal tail, increasing !h(' lift on the tail, and

pitching the P-38 to a I)rOglcssivcl ", stccf)cning dive totally beyond the control of the pilot.

Stack's solution was to i)lacc a slwcial flap under the wing, to be employed only when Ihcsc

corot)fossil)!lily c[te(ls WCI'(" encountered. Thc flap was not a conventional dive flap

!11ten(led Io rt,dttcc the speed. Rather, Stack's idea was to use the flap to maintain lift in

the t,|(t' o1 tile COml_rcssibilitv butt)It, hence eliminating the change in the (h)wnwash

angle, and tllcrcfore allowing the horizontal tail to function properly. This is a graphic

cxaml_h' of how, in tilt' early days of high-sl)CCd tlighl, the NACA compressibility re,search

was ti)und to l)t' vital as real allplanes began 1o sneak u l) on Math one?"

lnch'cd, it was !imt" tbr wa/air[)lancs to bc us_:d to probe the mystcri('s of the unknown

transonic .gap. It was time for the high-spccd rt.scarch airplant' to Iwcomc a reality. The

t'arlicst (f)ll(•rt'l( ' proposal along these lines was made by Ezra Kot(•ht_l; a strnior illstrtwtor at

lilt" Arlllv Air(;orps Enginccring School at Wright Field (a tbrt'rtmnt'r of today's Air Fore("

Institute _)t l'cchnolot.,_'). Kotchcr was a 1928 graduate of the Univcrsily of (;alitbrnia,

ihi. The "tuck-under ,+ prt)bh'm, atv't its technical solution, is dcsctilwd in John l). ,,\tldt'rs,)ll, Jr..

I_ tmductu,n to l'7i_hl (Nrw York, NY: Mc(iraw-[lill }_.o<_k(',<_.,3td cd.. 1':)_9), I)t). .t01_-08.
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Berkeley, with a B.S. degree in mechanical engineering. Tilt, sanle year lhatJohn Sulck tirst

walked througl+l the gates of I,angley as ajtmior aeronautical engin'eet; Kotcher tirst walked

into the Air Corps Wright Field, also as a junior aeronautical ellgineel: These two engineers

were contemporat T with each othel; and both had a driving interest in high-speed aerodv-

nantics. The careers of these two people would come togelher tot the development of th'e

Bell X-I in the 1940s. Kotcher's proposal, drafted during the period May-August 1939, was

a response to Major (;eneral Henry H. "l tap" Arnold's request tor an investigation of

advanced militm 3, alteraft in the future. Tile proposal contained a plan for a high-speed fli_,hl

research program. Kotcher pointed out the unknown aspects of the transonic gap, and the
problems _ussocialed with the compressibility burble as ehuidatcd by Iht! NACA, and conchul-

ed thai the next inq)ortant step v+,;usa filll-sclde tlight research pmgtZam.+: The Army Air (:¢wps
did not immediately wspo,ld to this prop<)sal.

Meanwhile, t)ack at l_mglt% tilt' idea of a high-sliced research airplane was gaining

monlentunl. By the tinlc the United Stales entered World War II in l)ecember 1941, John
Sutck had stttdicd the behavior of lilt +flow ill wind lUnllels when the tlow in the test section

was near or at Mach one. I It' finmd that when a model was mounte(l in the flow, the flow
field in the test secti<m essentially broke down, and any aerodwuunic nwasurements were

worthless, lte concluded that tilt" suecesstitl developmeni <ffstwl'| transonic wind tunnels was

a problem of tterculean proportions, and was t:ar into tilt+ ftmlre, hi order to learll about the

aerodynamics of transonic tlighl, the only recourse appeared to be a real airplane that woidd

lly in that reginte. Therefore, during several visits Iw Dr. George l+ewis, NA(_A's Director of

Aeronautical Reseat-ch, Slack seized the opportlmit_, to mention the idea. I+ewis, who liked

Stack and appreciated tilt' lalent he brought to the NA¢ _A, was not immediately partial to the
idea of a research airplane. But in early 1942, he left a crack in the door. In I lansen's words:

"Ile Ieli Stack with lit(.' idea, however, that some h)w-priorily, back-of the-envelope estimates

to identil}' the most desirable design features of a transonic airplane c<)uld n<)t hurt anyone,
providing tile}' did not distract from more pressing Imsiiless. ',:+_

(,iven Sta(:k's driving f)ersonality, this was all that was needed. With the blessing of the

local management at [+angley, Stack inlmediatelv formed a small group of engineers, and

started to work (in tilt' llreliminary design aspecis of a transonic research airplane. By the

summer of 1(.)43, the grotq) had produted such a design. Its principal ti'atures are I+isted

beh)w. This design established a mind-set for John Sla(k lhal guided NACA thinking on
the transonic research airplane tbr Ihe next fiv(. veaFs--a mind-set that was to clash wilh

the later ideas c<)ming fr<)m Kolcher and the Arn"ly. The NACA design:

( 1) was a small turbo-jet powered airplane,
(2) was to lake ()ID under its own power from the ground,

(3) was It) have a maximttln speed of Math one, I)ut the main feattti+c was to tie at)le

to tly ,_a/(s/yal high sut)s<)nic speeds,

(4) was to contain a large payload <if scientilic instruntents ti)r meastwing the aert)dy-
namic and tlight dynamic t)ehavior at near-sonic speeds, and

(5) "+','as It) start its test progrant at the h)w end of the c<)mpressil)ility regime, anti

progressively ()vet tithe sneak up to Math one in later tlights.

::;7. Kc)tthcl's role ill lilt' dcv,,.'h)pnwtlt of the high-spccd tt'st';titll airplallC is niccl} pr('s('nl('d t) 3

llalli<)n in ,'_tqm#_..ir l'7#ArhL slatting wilh i). I_, tlild t'olllinning Ihi<)ughtltll lilt' book. As Matcd ill not(' I al)ovt',

1 tMIion's book i_ siill lodliv thl' lillir, l dctiniik(" _OllrC(' Oll the circiliilM;lli( es lcading to the llcll N-l,

?)N, [ l;tllS+<'ll, I','nAq#tre) ix+ Cha)g_,, p. 759.
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The hnl)orlam goal was acrodvnanfic data al hiRh subsonic slwcds, nm nccessaril) to

fly imo lhc supersonic rcghm'. Tht'sc features bccamc [ahnosll a magna carla to l.angley

cngincms, and to John Stack in particular

The vxigcncics of wartime greallv accch, ratcd rc'scarch inlo high-speed aerodynamics:

comtm,ssibilitv [)l'OlJlc'lns II()W had lhc" a.lltmlion not only of thc NA(;A, but also of the Al'llly

and Navv as w_'ll. Stack, who had risen to bc Easmlan Jacob's Assistant Section Chief of tlic

Variabh"l)cnsiw Tmmt'l in 1935, and ih'ad oF lhc High-Spiral Wind "lhnncls in 1937, was

made (;hie[of tiic newly formed (_ompressibilily Research Division in 1947,." Slack now had

his most intlucntiad po,dli_m Io dale Io lmsh |_1" Illl" high-spccd research airplane.

The Bell X-l" Point and Cotlnterpoint

Although Ihr,' NA(b\ had the cmnl)rcssibility knowledge and Icchnoh)gy, lhc Arnly
and Na_"v had lilt' lnoncv Ihal would bc ncccssary tor ihe &,sign and building ola research

airplane', So il was applopriale lhal lilt<'Bell X-I was conceived during a t_tlctul visit I)V

Roberl .I"liV°°ds o|' Bvll Aircrafl Io lhc oil]co _iI Ezra Kolchcr on 30 Novmnbcr 1914.

Woods, who had N,\(L-\ tics l}ccausc he had worked at l.,mglcy during 13.N-I 3..l in lhc

Variabh' Density lunnt'l, had .j_fincd wilh I,awrcncc 1). Bell in 1935 to tbrln the Bell

.\ilcrafl (:Olp_n_tlion ill llJull_thl, Nt",v _lq_rk. Thai day ill N_:<,.'nll)tq, VGtods ]lad droppcd by

Kolcht'r's _ttt]cc siinply to chal, During lilt' convcrsalion, Kolchcr rclavt'd lhc intbrlnalion

Iha! Ihc ,.\rnlv, wilh the help of Ihe NAt]A, dcsircd to build a s[wcial, non-mililary

hitgh-spt.ed rt',scarch airplainC. After detailing lht' Alll/V'S specilkalions for lilt: aircraft,

K_lchcr askcd Woods if the Bell Corporation was inlercsicd in designing and Imilding the

airplane, Woods said vcs. The dic was cast."'
Whcn Kotchcr him bccn talking with Woods, he was opcralin<g wilh sonic authority.

During 194-I, Arniv and NACA engineers had bvcn lncelin/.r , Io outline tile llallll'(" ()1" ;t

jOilll I't'SC;tFt'h airplane program. Moreovcl; I>y nlid-1944, Koicher had received the AI'IlIV'S

apllr_lval for the design and acquisilhln of such all airl)lanc. I Io',w:vcr, lilt" Arilly's concept

ill lilt' hiRh-slWed lCSi';lll'h ,lilplalp." was SOllIcwhal diil_t'l'/'lll lhall lhal ill" NASA. 'Ik_ Ulld('l-

Slalld Ihis difi}:lt'iict', wc ha,,'c 1o ¢'XalliillC Iwo silllalioliS hi cxistcnct" al llic liillC.

The Ii,sl silllalioll was lhal o[ ;i COlllltlOli, pul)lic I)clicf in itlc "sotiiid balTil'l;" The

nlvlh o|" Ihl' SOlllld Ilarl-ier had its beginnhig hi 19'35, when Iht' Brilish ael-odvnalilicisl

%%(F. t lillon was l'xl)lainh/!g ill a lll'WSlll;in abOlll soln(" ill the high-spcvd t'Xpl'Filllt'llLS hi" was

coiiduclillg al lhe NaliOllal Physical l,al)oraioi_:'. Pohllin_ Io ;i llloi of ah-foil drag, ttihon

said: "Set" how lilt." lesistallCt" of ;i lvillg sliooLs lip like a I)arritq ag-aillSl ]li ghl'r sl)ced as we

ai)i)roach Ihc speed of sOlilld." HIc nl'xl Inornhlg, lilt' h'adin_ Brilish ncwslial)crs weic nlis-

rl,prcst'liling l lihoifs coiilinelil I)y it, lc, rrilig/ Ill "ihc soliild barril'l. TM Tim idea of ;i physical

barrier to |ligiil--liial air]llanos coiiid ilever [ly |aster lhali lilt' speed of sound--|it'cailic

widt'sprcad alliOli_ the public. Plll-liltWillore, i'vcn lhou_,h lllOSl i,n<_iiil'l'rs knew ditl_qeiiily,

l|it'v still had tlllCCllailltV in just how illtlCil lht" drag would in(T('ast' in ihc ll-allSOllil it!_ililt',

and <_ivt'i/lht' hYtv ihrusi levels otahFlianc ]lov,t'illlalilS al Ililti Iinlc, ilw spct'd of sound cl'l _

laiillv ]ooincd as a Ircill_,lido/is nlounlain i() clilnll.

39, ()tlhial NASA billgiaphital and j_d> ih.s_ripiion siininlai',, l:ioni lhl" John Sta(k tih's, l.anl41ey

ttisioiit al :\i_ Imcs.
t0. ]|alli_m, 3hq,,,vr',lmitI'li,(/ll, t"" 34.
-ll. V','.I:. liilh)N. "Bridsh ,.\m'onaumal Rt,search lquililics," fi.u.al o/ l/w I¢._.1 4v.mal_¢lita[ So_i_'&'70

((:CIIIt+IIHI'% lSSUC, I.R_li): 10'3-10t.
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The second silualitm (hat colored tht" ,,\rnl,_'s lhinking al Iha( liinc was h)cal, nanlclx

(hat Kolcht, t- was convinct,d tllal Ihl' rt'st'alch _li]Fd_ill/t, ml.lsI t)t, powt'zC'd I)v _t lt)ckt"l

_.,nt_inl,. ralilt'r Ih<lll a IItrbQjcl. This slt'llltllcd (roln his expcricme in i9 t!:I ,In prOjccI otli-

cer on lilt" proposed Northrop XP-79 rockt.t-prol)elh.d ilving wing inlt'rct'pIol. _is wcll .is

Ih(' kno,,vh,rlgc ",,vilhin Ihc Army of (;crnuan,,'s ni'w zockel-propell,r(l inlcr(('ptoz, tilt'

M E- 163.

Th,.'rt'lbrt.. the, Xi1_I I_ , viewed Ihc high-spccd research airF, lam. as tolhlws:

( I ) It _Drmld h: r.HeH-/_o.,rrrd.

:2) It sho,hl rllh'n#[_l, _':l_]_' i, ils /li_]ll whrd.h'. Io 1('_' _,[_'l:srmically--lo .shiny

_',"O'b,'_d/' //trl/ /]w ,sou t#t/ harrirr r'rm/d br Dr./or..

(7) I.alrr i, the' dr_t_, ],_r'_'s_. il 7_a_ dHl'r,_i,rd /hal il _ha,hl hr" ai_=&u,ch_.d

ralhrr lb., Ird:e o/]i]_mn lh_.:_'r.,,rl.

All of lht'sc were' ill conllicl wilh lhc N:\(:A's Hlort' careful and scicnlfl]c apl_lt>ach.
l IC)_r_'_r_ll: lilt' I'_]*]_Xt _:;_S paying fi>r the X-l. and il_t' Amlx's vic;vs l.evailed.

Ahhotlgh John Slack and lilt' N/st( '...st did nol aglt't" wiih lllc Arnl.,'s spccificali_,Ns. Ilwv

mwerlhelcss provided as much technical dal;`l as possit:,l,.. Ihrottgh_)tH lht' dcsign _lt l]l_"

X-I. l,acking api)ro])rialc whld Iunm,l tlala ;|lid t]lcort'li(tnl sohilioils fi)r Iransollh' ;it'l-<l-

d)ll;`llllils, lilt" NA(;A th'vrh>pcd l]ll't't' sloi)<_<t]l Illl'I]lods [Til lilt' itt'qlliSilioll of IfliilSOl/it

ilt'llidX, liltlili(" ditlil. Ill 1944, 1,allglt'y carrit'd (Hit It'sls tlSilll_- lilt" rhv>/J-kml+' ['tllllt'pl. _,'fing's

Wt'l+( • lllt)lllllt'tl <)11 l)tlinl)-Iikc inissiit,s which wt'rc dropped flOIl/ ;.I B--<29 ill ;`ill altiludc of

3i).00(1 ti'cl. The 10rlliiliii] vclocilics oJ' lilt'St' IllOdt']s sO|ill'Ill|it's It';`ic]il'd Sllpt'i!':,t)liit"

speeds. Thc dai;i Wt'l't' liinilcd, it|airily t'Olisislill_- of t";lililalt's ol lilt' di';`t_, bill NAt L\ t'li<_i-

iit't'i's i't)ilsid_.'lt'd ii r_'lial)lc t'lititi_h It) t",;lililillt, lhc ])()Wt'l rcqnircd I_)i _i li;`iliS<liiit

;`tiii)iall_'. |\is()ill 1944, Rililt'l+l 1_. (;ihtllil, (:]litq of lilt' l;lil4tii Rt'st';`ilt'h _t'cliOll, dcvchlpcd
lilt" +v/.,t.-//m+, nit'lhod, "¢¢]lt'l't'iii ;`i ilit)[h'l whi_ wits lilt)Ill|It'd ])(+rl)cndi(ll]ar ;`il ,iusi lilt" I'i_hl

Iot'aliOll Oil lht" wili_ ot:t P-511). lit ii divc. lht' P-DI would pick tip t'iitltl_]i spt'vtt, l<l at)Olll

Milch I)._1, li/al h)ca]]y sut)t'rst)ilic II</w w<)uld t)tttir ovt,r ils wiii<_. Tilt' snla]] will_- iil_)dt,l

iliOtililt,d pt'lpt'ndi[il]ilr till lilt' P-3I Wili<_ w<)uhl lit, lill;lilx iliilii('r_;t,d ill this Slli)_.'lSOlliC

flow i_.'_ioll, l)i-ovidin<_ ii illliliill' hi<Kh-sprrd tlow t'liviil)iiliit.iil I_li lilt" lii_)¢lt,], l_!hilnalclv.

lilt'st Wili_-tiow ll'sls t)r<lvitlt,(I lilt' NA(:A wilh Iht" illOSi s'_slt,lii;`ilit ` ;`llltl conliilllOiis ph)is
t)f II-iinstinic" d;ll;`l vt'l itsSt'lill)lt'(I.': Tilt" Ihil'd slti];iL_il i) l/It'l]lod _,;;ts y.r/,>¢'/-Illodt'[ll'slill<_. I ]l'lt'.

wili_ nlodt,is WClt' Illl)lltllt,(i ()11 iockcts, wllich WClU fh-t'd Iil)lll li/c NA(:A's I,icilhv ill

Wallops lsllilld llll lilt' ('tiilSl t)[Vir_iliia's EilMt'I'II Sllol't'. Thl" dlil;`i frt)lll all lhcsc Ilit'lh_)ds,

;`tloil_" wilh lilt' exisling ('()1"(' of coniprt'ssibiliiy dala ol)laiili,d b v li/_.' NA(]A ii1,(,i- lilt' ]);isl

70 Vt';`il-S ;.is [h'scril)cd in lilt' t'ar]icr st'clio|is of lhis chaplcl; conslilulc[l lilt' scit'illit}c ;|lid

('l/_-il/¢'l,lill<_ bast, flolll lvhicil lilt' BeN i_til(Tiifl (]o11). dcsigncd lht' X-].

Filiallv, wc |loll' Ihai lhc NAt|i\ was rcsponsil/h, 17)1 Ihc ilislrtllilt'lil;ilioli I]l:il was

holist'd i.xidr, Ih_' Bcll X-1. This iilslillilll'lilalion aiid iis lt)c;ilioii oil iht" X-I in ilhl'Hi'illt'd

I)ll ]);`t<_t' _,l. This is ;`tll l'Xillll])ic t)[" t)ll(' ()f lhost' IlllSt'l'll ilSp('t'ts of I('cllllO]O<l_l_./ ilt)l)ll w]lich

Ih_,' acquisilioil of hisloric dala lit'lit'lidS, h in t]llin<_ lhai l]lt' N,\(]:\ cxct'llcd in I)olil

aSllt'cis of Iht' _-1 collCCl)l--l]lt, t'xi_'i-iiltl colil]_-iiralioli aiid Ihc csst'niial in_lriliiit,nls

illOtlilll.,t| inside f_)r the ;`t(¢]lliSiliOll of qll;`llllili/liVt' kn(iwh.dl4t,.

t2. t|mis<'N, I'..A4m.r_ i. ¢:Dr_t__, i _. _87.
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(TRANSMITS A_%SPE_, ALTITUDE,
NORI{AL ACCELERATION, AND
_N AND ELEVATOR Po_"rIoN3)

•CONTROL POSFrTON TRANSM!_FTE

pRESSURE D_R/B1/_ON ORIFICES (COM-

PLETE INSTALLATION _CLUDES
400 ORIFICES ON WIIWG AND TAIL

SURFACES)

L AND PEDAL FORCE RECORDER

BOXES FOR CONTROL FORCE

AND CONTROL PO._ITION RECORDER_

S_ESL/P ANGLE

NACA RESEARCH INSTRUMENTATION IN XS-1 ROCKET AIRPLANE

.'_ht'mati_ _)1 the i_l_l_ume)_tatiml mou)_ted b_' ttw ,\_._(;A ut the Bell X 1.

Breaking the Sound Barrier

We t)eg:m this thai)Icy by Ivansporling ourselves back to ()ctobcr 14, 19,17, and riding

with (:huck _k-agcr as he tlew thc Bell X-I through the sound barrim; becoming lhc tirsl

human to tlv taster than sound. The detailed evcnts of 1946 and 1947 tha_ linally vesuhcd

in lhis tlighi--the design, construclion and early tlight testing program t)y Bell, and the

:\tray's inleuse t),-epavations tiw the handling of the X-I at Ml.[t()c--_l.le nicely vetated I)y

hisl_]vians Richard P. ttallion and James O. Yotmg. _' Nothing is served by tepealing them

here. Rathtq. wc return to the lmrposc of this chapter as stated in the introductot T para-

graphs. The tivst supe,-sonic flight of the Bell X-1 represented the culminatiot_ of 260 years

of rest'arch into the mvstmies of high-speed aerodynamics. I1 was especially the tiuition of

2:{ years of insightful iesemch in high-sl)eed aerodynamics by lhe NA(;A rest, arch tllill

1-el_leSelll,_ Olle of the lilt)S,| imporlanl slories in I]le histo_ y of aeronaulical engineering.

-t3. llallion, .gulw,_mi_ lqilzht; .]ames (). Young, Supe_oni_ Sy_*qm_ium.' "llte Me_ _¢/ Ma, h I (l.;dwards Air

I"o_ tc Bast'. (;A: _'kir F_l_c Fligh_ [i_sl ( :_'ntm } !isl_wv ( )flhe. SClm'mbcv [ 990). pp. I-8_.).
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On December 17, 1948, Presidenl Harry S. Tt+tunan presented the thirty-.seven-vea]-
old Colliel +Trophy jointly to three men for "the greatest aeronautical achievement ,since

the original flight <)f the Wright Brt_thers' airplane+ ,'+' The Tropl+ly, <)fliciallv the (:olliel

Trophy l+<)r the year 1947, +',+as the highest possibh+ official recognition fin ++the aCcoln-

plishnlents embodied in the X-I. The al]nt)Llt](eltlelll l)a,ff,C fI'Olll the December 25, 1948

issue of ()dlier_+ lnagazine is shown on page ,%. t'roperl+,.lohn Stack was one of the three

men, recognized as the scientist, along with I+awrence I). Bell, the manulhelurel; and

Captain Charles E. YeageT; the ])ih)l. The citation to Slack read: "tiw pioneering research

to determine lhe physical laws afli'cling supersonic tlighl and t_)r his conception of tran-

sonic research airplanes." A major puPpme o] thi._ chapter was to brin/,_ meatting to this +itatio_--

so nmch is hidden in these few words.'-' [Jnseell ill this photogral]h , but present in spirit,

is the team of NACA researchers who also worked towards determining lhe physical laws

affecting supersonic flight, and to conceptualize Ihe transonic research airplane. Ill lids

sense, the 1947 Collier Trophy was a "glol)al +, award to tilt"entire NACA high-sl_eed
research i+rogram.

Tile 1947 Collier "l)ophy was also a re¢ognifi_m of the role of engineering science

ill tilt' ILhimate success of the Bell X-I. Note that in tilt" award John Slack is explicitly
ret'ognized as a s(-ientist (not an engineer). This is s(>tnewh;.tl of ;a misnonler--Sta(+k was

l)erli)rnling as all e,"+Lrineeri.J_+K ,gCielPliLg{in this activity, neither a pure scientist not + a ])life

Ctlgilleel'. The NA(:A had provided all the elements thal allt)wed this engineering
science cOnllil)ttti<)l] I<) <_ccttr.

AI tile tinu' of lhis award,John Slack was Assistant (]hief of Research at NA(:A l,anglev.

In 1952, he was made :\ssislanl Director of [.anglt,y. t+,+vthat lime he had been awartled his

second (_ollier Trophy, the 1951 Trophy, ti)r the devel<_pnwnt ot tht" ._]otled-Thro,lt Wind
"limnel. in 1961, three yt';us after lht" NA(:A was ab.sort)ed into Ihe National Aeronautics

and Space Administration, Stack I)ccatne Director of Aeronautical Research at NASA

l leadqltarh,rs ill Washington. Despairing <if tile de-eml)hasis <>I+aer<mautics in NASA,

after thirty-limr years <_I g<)vernnwnl service with lhe NA(S\ and NASA+ Stack retired in

1962 and I)ecame vice presidenl liw engineering li)r Relmblic Aircraft (;orp<wati<m in

I,ong Island. When Relmblic was abs<wbed by Fairchild l lilh'r ill 1965, Slack was app<+int-
ed a vice president otlhal company, reliving ill 11171. On .Itme 18, 1972, St;]ok fi'll from at

horse on his tmm in Yorktown, Virginia, and was injured t,tlall+v. I |e is tmried ill the clnnch-

yard celneterv <ff(;r:,tce Episcof)al (]hurch in s+i)rktown, only a ti'w miles awa',, fr<)tn NASA's

l,angley Research (]enter. +l'oda¥, F-I 5s fi+om the nearbv l,angley Air Force Bast, tlv over Ihe

churchyard--airl)lanes that call loutinely fly at altnt{sl three times Ill+++speed <)| sound,

thanks to the legacy oll<+hn Stack and the NAt',,\ high-sl_eed research [)rogrmn.

tt. ('+dh++i+.lIecemhc_ 25. 1948.
:15. J_)hn Smtk lilts. NASA I.angh'y A,t hi'+cs.
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The Collier Trophy
For Flight Beyond the Speed of Sound

By FREDERICK R. NEELY

For bringing about the achievement of human aupereonic flight. John Stack, Lawrence

D. Bell and Captain Charles E. Yealp'r. USA]F, win Am_rleasl hllghefil aviation award

MERICA$ h, best aeronauttcsl honor.
Ihe 37-_ear-o_ ('oilier Trophy. was pre-

_ented b_ President Truman at the
**&,bile Ht u,._ F da'_, D_emhet 171h. to

the thee _n adlUd_d most rtw_otl_t-
hie *o_ the a_tamment of human super_ofli¢ fli|h_

1he iroph) i_ awarded annually by a conlml_tee
etched b the National AeronaUll¢ As_ia_lo4_

It,r "'_he grealcst aehi_vcfn¢fll i_ aVlallOn itl Amer-
;_ the _al_ _l wh_h ha_ been de_nslrated by

_¢t_aL u_" during the pr_edm8 year" It will be

_hared equMly Ior the enduing _ear by:
,hn %t_¢k ¢_reer government re.arch _c_n_ts_

el _he _aqlOnal Advisor_ Commill_ o r Aero-

n_u _ _oi p_one_rmg re.arch to determine the

ph_,_c,d law_ _ffectln B super_m_ fllg_l _n_ _o[ _1_
con_¢p m o an_n_ re_ear_h _irplanes"

I a_l_n_c D BeLl president o Be A rcralt

( ,_rpor_n for _he design _nd constru¢llon of

_hc _p_M research atrp_ane X-I '"
ta_taln (fl_rles _ Yea r. US Air Force,

_ho _llh lh_n a rp ane on (te)_toher 14, Iq47, _rst

_.hle_cd human fllgh_ faster than _r.J.'
I,, qho_e three men goes the honor of playing

thr mab,r _lc_ in an ach_e_enten_ wh_h the Collier

Trophy commi2t_ termed "th_ Ilre&te_ since the
first 2_cceuful _lght of the O¢ial_a| Wfifiht
Brothers' s" line,"

All thr_tr_av_ bern ootstandin t in their con-

mbuuons Io the vitally imPOrt•at sctence o| |oper-
_on_ flqthl--_ithl the! ts f_¢er alum found, the

• peed of which it lel _evel. with • temper•lUre of
_9 detrees _nd m •fill _r. is 761 mik_ an hour¸
However ul _filudet ran 'a| between 4O.OOO and

OO 000 feet, abe spNd o_t_nd il reached it only

_ mlk_ an hour. Thm b due Io the act that 8t

• uch hish _lfiludm the temperature m ilrnmt con-

st•nil) ¸ b7 del_4m below zero ind found tr•veb
more slowly m cold •tr. At just wh•t •hitude

('_pt Ye_er 6_w m M much o! • ugr_ as the
_tual •uber_Jc ip0ed he alooned

The problem that co_fromed _lack, Bell and

yea_er wal not _o much th•t of _ying ruler than
_nd •s i_ was succetslul fiym •t weeds b_w_n
_0_ _nd 9OO miles an bour--t_e u•n0on_ ranle

Aer_naUl_•l K_entm• were in tr•ve doubt •5 to

just _ha_ took pttc e when convenuonal aircralt
entered .he Iransomc r•nSe in bi -ipeed dwel
The_ knew abet hothpl_ne _d pill were k_ked

ar_d _nmercitully for lecondl thll teemed like

centurk, s and that both WeT¢ completely out of

control. Badly and naturally frightened, Ihe p.ioh
wer_ unlb_r to bern| back de_•iied _lent_fi¢ re-

pot. on the phenomenon, and thoy were tlsualb ¸

unwillin 8 to rcp.i_t chei_ fiighu
Wind lunn_l tests wilh small-_•le m_Jch

R_akd lh•l lhe _ow of alr o_e_ • plane m _hc
Irlnso_¢ ram was plctly sub_n_ and p_,r_q_ ¸

supersonic. _e;:ause of thin. _be con'e.honal

p an_s fu.ualty filp'_tet lyp_•l took on an e_rcn_:1 ",¸
inconsbtem •rid erra_: behavior Bul _he .unne

i_diels wcy_ _ conclusive •nd _i_e super_onl¢

tunnels lar_ enOUlih m mo_nl . full-_ale alrpl_ne
• re rohibtlive m cosl the _sentists _¢ludcd thc_

_i special re.arch a.rpl•ne eqmppeJ _11h

m•t_n_nts c_ib_ of m_asurint and _._,,n.,_l
c•lly r¢_ordlnt sll of the forces actmt up,,n .,n

i.rpian, in tr_nson.c fliii_I
Thi_ w•a where John _;l_k c_ ,n h _.,,

n•t_•1 thal be sh_Id h•v¢ conducted lhe ,r,_.,r_ h

ph_ for he hid been winking o_ .he _u,,d.,,nc,,_

problems of h.th- ed fiitht in the *,nd u_,,.,,'l,

V_rglnLa since 1929, sho_ly after he h_,d _,,.n,,l

the r_vernmems treat meronaut_ca_ rc,,',,_ , ,,



Chapter 4

The Transonic Wind Tunnel
and the NACA Technical Culture

by Sloven T. (]orn_'lhlsscn

When nm'Icar physics on,erRed as a cOral)oiling field <ff fun(lanlcnlal sci,entilic inquiry

chu-iug lh+.. 1920s, it nccded new I-CS{'_llC]l tools, espccialk tim invention ot accch'ralors to}

probing ,mch.i with artilTciallx cnmgi:ed subatomic parlich's.' Similarly, when Ihc [ mired

Slates 1)cgan CXl)anding at nalional ('tli_rt in applied acronauti(al rcsear(h during the

l{)90s, lhat tot) ncetlcd nvw rvsvarch t_l()ls, +..sl)eciall ) improved wind Itmncls 10r cxpvri-

ml'nls using arliti(ial airtlo'vvs. Stnl)se(lUCnl progrcss in I)oth tit'lds r{'gularlv r+.'sullcd trom

i-,t's('alch-[()o] adVall<,t's--as StlbS<:qtl(.lll Nobel Pri/cs vcgularly rccogni/cci, and as subs('-

quent (;ollicr Trophies did nol.

By midcculmv lifts (Oll[l:ts[ could 1)c c<mnlcd with lilt' i11o1(, obvious dissimilaritivs

bclwccn the two ticlds. Though bolh ntulcar physics and ekmm'ic'an aeronautics had con-

tinttalk, r¢'qttired new Cml)i,-ical kn<m,h,dgc, Ihcir prccmine,n prizes sine+.. Ih<: 1920s had

shown markedly ditti'ting cstccm tot adVallCt's ill Ih,t! IIWallS I<)1- gent'ralin,g il. In 1951,

whcn parlich'-accchwator pioncc,s Sir.lohn (_ockroll and Ernest T. S. Walton ,+yon the

Not)el Prize Ibr [>hxsics, Ihey.joim.d previous laur+.'al<.'s who had advanced nuch'ar scicm v

b} inveuling th<.' c:ych_Iron-lyl),p a,:ccl+.'ralol, Ihc cloud chaml)cr tot making subatomic par-

lich' t,acks xisit)lc, th¢" magnclic t-esottancc expcrinlenl method, furtl,er cloud chaml)cr

r<.'l]nemcnis, and a photographic tc<.hniqu¢' Ibr Sill(lying acceleratol_gcncratcd utul<+'af

proccsses. But until the (;ollicr Trophy lot that samc vt'ar--sa.vc for thc spc'cial casc of

1947--the (;ollicr's awarding comtnitlcc had ig, norcd icsearch tools altogether, inst<:ad

ll+tlllillg ;tS lh(' gl+.'atcst +ld'GIIIf't'S, ill Alll+.'l'i(,tll il('l'</llaltl|i(5, OlllV aircraft t'qllipllit'lll, alil"

<q),Pralions, h¢'roic tlighls, and n¢'w airplancs. Yel acronaulical r,_'s+:archt.rs wilh their c_m-

Ihmally imF, rovin R research tools+ especially Ihc t'ng, int'crs and wind Itmncls ot Ihc

National :\dvisorv (_<mmfittcc for Acr<mautics, had cotltril:,utcd imp<+rtantlv I_) many of

these advances. Tiros tilt' awardin<,g c<mnnittce tbr 1951 added inlporlanllv t_/th¢' (;oll+cv's

scope xvhc,t il vcc<>gnizcd the NA(_eVs m'w transonic wind Itmnels and It+l<.• tWt'lll'.,: N,,X(IA

technical staff m<isl oh)stir associated whh lhcir advent.

I. I.o+d Ernc'.,t Rulhclt_+l<t, discc.xcl,pr of tit(' al,llll's nuth'us, dt'strilmd in his 19_7 '+Annivvtsar'_

Adth<'ss as t>tvsi<hq+l ol the Royal So{it.Ix +" a hmR-sl;mdilL_ ";mlt:.itiol:_ tt_ haxe available t<n slud'+ a t_q)icms

supply <_t atoms and t'lccn.Ns ".vhit h haw an indi',.idual mlcrg; |al tHns_,pndinR that c.I the all>lia and beta

F.;trticlcs" axailable l/_+m tmturall,, o<cuitinR ladi_+a_ Ib.c s_>tn_ es iN ordci to "open Ul> ;ul t'xlraol,:linalii.+: hli_'r-

cstin_ tich:l of imcstigation.'" Quoted in Mark <,)liphattt. I¢++lhe{fl_++l: I¢+'+olD'+li++_++ o/ 11_, ('.'lmh+Td:_¢, II,'l++

(Amstcidam, N",': Elsc,:ier Pulflishm,cl (:Oml_am, , t9721. F'- _'_. liani,t'l .]. Kt'vlcs. The Ptl+',*+isls: rl71r Ili_¢0_ o/:a

:','<ietllz/i: ([tJtn_tttz_iity i*l M<M+>r#+ Am¢'_+ta (New Y<irk, NY: AIhcd A. Kn_)p[, 197bi)+ p. 227, ciics Ruihcrlord's desire

dlirilit_ lht" ]{t9tt,_ 1Oi :i "inillion vllils ill ;i s<lapbox." {]{ul_ Clliili}4 Ihis ;llld litiit,l topit s, I ;un <_laichil till' useful

ol)st'l_,aliOllS alid inlllllii;llillll hllnl hislorilill llf phxsics (]alht'iilw West|hll, ',vhoill I Ilialik ;i]_lilg x_itll .]ohii V.

P,eckvL lay l/till'St li, ,,\ll>ct t 1+. I_,rm, hlw, I1. S{l_li lluih.r, Fran,.-is]. (];lponc, ,_lllili;iii L. (;iabill, ]anlcs R | lanscii,

.I- D. I hinicy, Pcll't Khml>lU,I, Richard T. I+;l',nian. Roherl Riolo,.lhn ,'qll_,iil <.r, (',coilivy _laph'l_ill, and }%'allt'i (;.

%,'inct,llli [Oi it';idili_ this cssa,, ill ill;lllilSl lipl tTiilll.
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The Midcentury Need for Transonic Tunnels

Ill the 1947 special case, conlbat a,dator Chuck Yeagcr flew manufacturer lawrence Bell's

new X-I airplane [:,tster than the speed ol+sound. Yeager thereby not <rely pierced the so-called

strand barrier; I)ul helped operate a trans<mic research tool conceived mainly by veteran

NA(_ high_pecd researcher and manager John Stack. The resulting (;oilier cited not only the

heroic fiver and the airplane buildel; but the NACA research-tool innovator _ts wellY Stuck

himself x_+,asnot presenl in the California <lescrt below the X-1 in iLs transonic research llighls,
but some of his NA(A colleagues were. A detachment of engineers [iom l+angley Memorial

Aeronautical la_bontIol T in Virginia masterminded the experimental airplane's opcnttion. _

They instrumented it for data-gathering, planned and then observed each [light in detail, and
asse[ssed what w_ts mektsttred and recorded. They wanted new empirical knowledge of tit("

bewilderingly complex, sometitnes litendly dangerous range of air spcc<ls near the speed of
sottnd, which wuJes with air temperature add Call SI+Itl);-L"+S 740 miles per houn

Their NA(_ bosses at Langley Field and in Washington wanted II+attsoni( lcsearch

adwmces too. Air speed had prm'cn crucial in World War I!, attd.ict+s were beginning to replace

propeller--driven warplanes. In a high-profile 1946 assessment of Ihe national dctmtse pro-

gt;un, Senator.lames M. Mead's special investigating committee had severely rebuked the
NA(_, charging p+tst [_dlures of "vision and imagination" concerning "rew_lutionatT aeronau-

tical developments" like Nazi (;crmaw,"s missile technology: anti thejels thai both (;real Britain
and (;ermanv had developed in tit+_:l{}30s, when the American aeronatttical establishment still

thought jets'int>asible.' Accordingl> the NA(_'s 1946 animal report to Congress stated a

resolve "to |_t(:(' lhe urgenl necessity R)I- wnewed enlphasis on ftmdalnental research," as the

NACA custotnarilv calh'd its pr:.tctic_tl-mitlded lint scientifically grotmded enginecrittg studies.

"Wilhotll certain'essential design (lataL" the report c<mtitmed, "the development of vet T

high-speed airct_tti and guided missiles cannot proceed."" That word uTKeP+trecur+ concerning

transonics thr<mghoul NAt _Adocumellls of the early p,0stwar ent, when air-war memories were
fresh, (told War worries xvcre intensit_dng, and NA(5_. bureaucratic-war slratcgdes were begin-

,ling lo l_tl+_el tit(" Army Air Forces. 1_ike the NA( _X, Ill(! AAF--soon to bectmte tit(" Air Fo,c('--

_. Ri¢Ita,d P. llallion. S++fi,'_',+,++i+ lqP£+ht: ll+e St+,r_' o/ll+e I_+'II X-I ++t++l It++rq_las D 55,+ (Nt'++ York, NY:

Matlnillan Colnpanv. 197_), p. ]76, notes that research ailpla,les likc tilt' X-I x++'e]t' not "fabricated iin seltinR

net old'.,. Rather, lhc _, welc desi_ncd as uesealch tools. Thou/h the'., set some sl)e( la( tulal l<..(orcls . . . their tnaiuz

tunttioll rculaiued 'tn+thauged: tilt + acquisition via tlight illStt'lllllellt+lliOII tit" data ()ll _l valit'l', ,:4 areas." I-hr

NACA's 1954 annual ,epoll+ p. ,t, says Ihe res,.'arch airplanes' "prinle jus|ilit all<hi was as tools to bt + used in devel-

Olmlg necessar'_ translmit' inti)rnlattion." (NA(SX ammal reports aye tiled heleaD<+'r ill lilt + t{ll'lll AR54.) The 19,17

(;ollieJ, Iblhlwiltg the tie<lU,+-'nl lmtctite ot tilt' day, cited ci|gin<,'er Stack as a "scientist." But Stack's 192S SlIT

degree v+as m aeronautical engint'ering, as repoited in .James R. liansen, l'5+/,,+bieeP iu I:tJal_,+': ,,I Itist+Jly ++l Ille

I+++ng_h7, At.rm+++uti+al l,++b+u++tor_', I 91 7-1#5N (XYashiugton, I)C: NASA SP- t305, 1987), appendix tL 'Fine intlt_ent,p

ill I ]allSell'S l.llgille(q+illg-(ellleled interpretation ol NACA rt'sealt h hisl<)ly i)ervadvs this essa)..

3. To t (IIIIIItT the ll{)tiOlX ,)I nlilitary coutrol ol "tile l£'SUill( h <liwt tion" ol lilt' X-I l)li)gtatll, Ri( hind I'.

1 lalliml emphasi.,cs the NA('A's +'virtual total control" in his review (if'+4/altel A. Mcl)m,gall's . , . lh+"/le+n,en_ and

the I-_th: ,.A I'_liti_al tti_t_,y 0/ the Spa, e .,l_e (New Yolk, NY: Basic B_u_ks, 1985); see 7}'_/_nM_g_' and (_+lt_l_' _8

(lantlaP, 11)871): 1!:;(>',12.

4. l._x(erpl tronl Mead (-onullitlee rep<lrl, "Miscellaneous" tbldcr. John Sta{k toiler'thin, l-anRh'y

llistori(al :Xtt hi'+c--ht'reallet tallt'd /,IL'A--NASA [.angley Resear(h Ccnte_ lilmu",'. For 1ella a(<es,, and ulm<h

else, 1 thauLk I+angle_, histt>rieal l:,tI_R+am ¢ootdinato_ Richard T. l.,aynlan.

7>. :XR'I+,+, |). _.
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aspired to create and control CXl)ensivc new nalional aeronautical research tools: largc wind

tu,lncls fi)r cxl)erinlems using arlificial transonic and supersonic airth)ws. '_

As a motivation for high-sliced rest'atoll, the urgency of intcrmllional nlililarv

compelition--lllough not |h;ll ()] Washingloll political compctition--sll<)WS ill scparak _,
rcl)rcscntative pronounccnlcnls by tilt' NA(b_ and AAF research divt'ttors ill 1947. "Tilt

ttrgctlcy of aeronautical research results fronl lilt" rclathm of air +]lower to national securi-
ty," rcportcd llugh I+. l)rydcn to tilt' NACA's tnain <.otntnittt.t. a li.'w days after tilt' X-l's

l:<Inlous October flight. "Aircraft having tile llighcst speed thmlinatc tll_" +lit," hc noted,

adding--in a ¢Oml)letc rexcvsal of tile NACA's cautiotts i)vcwar l)t'liel--that it was "ch'ar

tllal thtq+c is no upper linlit to tile possible s|)ced of aircral+l." Dryden de<:larctI lhal "tiw

tutti<ill thal tnakcs tile best rcscarch cl10rt to devchq) lhc tlcw flower plants atld exph),c

the l)roblcnls of high-sl)CCd flight can lead lilt+ world in _iil ])<)'.,Vt'l.That nation nulst bc tilt+

United States .... It in tile duty of the NA(',A to provide fi>r the lllililarv sel+xict+s and the

industry the basic data on atwodytlanlics and l)r<)|)ulsioll to nlakc i:,ihlt¢.d Sttl:,Crsonic flight
not <rely possible, bul sali.+ alld reliable. ''7 hl evetl nlol+c I0tceful tcrnis, ihcsc thcnles had

also till)cared lhat April ill a Inagazinc edilorial tilled "V(c Must Furllish the To<fls" by Maj.
(;till. (]tlrtis I_]. I+cMay, tlw aggrcssivc _A_>rld War II strategic l:,onlbing l¢.ath+r wll¢) tlo(_,

headed lilt' AAF Rt+scarch atld Dcvcl<)l)met+t Agency. S,, t,llll)llalit- wits this two-l)age _Irgtl-

ttwnt |or nt'w tlational high-sl)Ced wiml tttnnels tll+it John Stack k+..l.)t a l)hotostat of it ill
[)¢+rs<)tlal i)ai)ers tlow i)reservcd ill lilt" NASA I,atlglcV Research Center historical archivc.

lx'May's editorial wai-lil,d Ill,it t<ll" lack of ])ll)])t,l rt'st'_trcll tools the {Tniil,d Slalt,s riskt,d

losiiig ilw air-su[)criol+iiy i++i(+t ,, in World '_4'iil 11, it said, ltw Nazis had bccil "+il I+:asl tixc

vt'ars aiicad," Ihotlgh tbriullalcly ilol hi _t.ciiialiy "ai)l)lving tlic rt'silhs o| lileii + lecliilical

stilit'riority." |it tile ])oslwar world, tl<)wt'vcl; "('Vl,li +1 Oil<_'- Ol- lWo-vt'ar lag" COllld [)l+<lbabiv

"n('v(,l bc rt'(()Vt, l-C(t. "_ Siillilar illIllS-l'ilC(" ]liil_tlilge colict'rnill<l{ wil'id lIllllWiS also iil)])t,itrt,('l

+l Ibw Ve_irs hilci w]l¢'il tilt' C0//Teri+ iliag_izilit + atlicit allnoulicilig lilt" 1951 (;ollh,r Ti+oi)liy

ht+adliilt'd iht" awardiilg, colillnillt'c's asst!ilioii: +'Now llw U.S. lias a two-)'t'ar h'ad <)11 lilt'

(]OllliilliiliSls ill l)erlbciiilg vital |_isll_r-lh_tn-SOlliid l)lanes.'"'

Harder to st't" in llic lair' i94<)s wct+e lhc iir<_ent i)<flhhal aiid blircaucralic tnolivations

iilvoivi.d ill lilt lligh-visibiliiy l)tisil I_tr li<:w II_ltion+ll aeronautical ICSt++ll(h facilities.

[)i+ydt'il and l+¢,Ptla), wrote <lilly ab<)tit iiic co<)[)er+lli<)il , ll<ll lilt" rivali'V, ])t'l'+vt'l!'ll tit<_" NA(b_.

i.lnd tilt" Arlll_/Air Forct+s. Bill NA(]A historiltn Alex Rolalid hils descrilicd a ])listwiir Nit(:A

++at its nadir in rt.l)Ulalioil and inthloilcc:' sliuggiiilg "ill deep and stilit,l)lili<)tlS COltll)t,li-

ti<)il" with the :L4f;. t<' Thiis ]br t high Dryd+:il in +i]ll_ishitlgioil aildJolin Slack at Lailgh.y, lilt"

NA(]A+s oi'g+iili/;tli<)ll+tl sclt:iilicrcst liltisl ilavc +lccoinpaili<:d lilt" al+liiS-laCt • jusiiticatioti its

+i lil<lliv+tlioli 1<) devcio l) It't'hn<)lo_,_', aiid It) st'0k consliuclil)n |]liidillg, l_i liew high-sl)Ct,d
r_'st';iich tools.

ft. Alex Rolalid, Modal Iht_+'a#*/l: The Nalio_lal Advi_m'_, (,Tm+mittee p. ,,te#_mautic_, 1915-195,_¢, 2 vols.

(I,Vashiligtoil, l)(;: N:\N.\ SI'-4JO?>. ll.l,<'4,_l), dini'ilsscs tht + }X.,If;lll _olllniitic_' aiid lllht.r lilisllv;ii |i_i_ t'_ at liiig _ll the.

NAt]A: +t't" chalJll'lS 9 arid I<). The Nl_il k _olIc<li<m, 1.11A, iiicllldCS st'VClal tiild+:r_ ol _la_ k's i)laniiiiit_, nlalt'lial+

till i)oslWal illilioillil Willd lulillcl lat ilit)coil_,irtl( lil)li. It inil_l lit' ilolt+d lhal ill iiii April !/, 1996, l+:h.i)hlillt, iiilcr-
'+il'w, N++\( '+A +iiid NAt+\ lligli-sl)Vt,d i+t.,+t+ltrl h vt'tt+r_ili ,ll)hli %'. Bt'¢ ki'r il'_ ailed ii<l [)iillil ill,it tll_l'ii( v ili Ihc da'+' to-

ll;i} i)<lstx,,al ir+lllSOliic_, work +11l,:lli_h'), Fiehl, wh_ill"+cr Ihc Ollll<iok :tlid iiiolixaliolls _lt lh/" N:\({:\ itsl.lt iiii_hi
liar.t, ll<'l,li. I cl_lldticit'd all ot the. i<.ll.lllillilC iilict'_ i_"+_'s(itcd. rclailil,d i'l_'l lilllliC iloit'_, lioili t'_it h, scnl _i dr;/tt <it
tliis t'ss_l_ t<> i'_,Cl"+ iiiil,i vi<'_t't', aiid iilll iiidcllicd io all o! ihl'lii.

7, "Rt'[ioil i)[ Iht' [)ilc<tol ot :\t'ionlitltil ;11Rt,++C_ll-¢ h Stll)lnillt,d l(i Iht' N_ili(lll;i] A<tvisot+,¢ (]l)llilllilll,t, [i>1

+\('ll)ii_itilil_+ ill il_, ;lliiitlltl liil'/'liii_. ()cl<ll)l'i 7_1, 1947," i'ct>rilltcd Ro]alld, Modd 17_",+'u_,lD,2:717,-16; (ttiollilioii_,
tr_ml p. 71t.

_. ,1_>1_Dl_U,_t, Al)lil 1917, t>t>, 14-]5: pliotostal in "Mi_+cl'llalil.,m_C filidcl, Sia_k colh'_ tioli, 1.11A.

9. C.llie# ',, l)t't'tqlil>_.r 711, 1952, t>t >. 24-25.
10. Rolali<l, Al_;ddlCr_t':u_h. 1:2]{) iill<l 1:21,1,



94 TI ilq 'l'l_\NS( INl(: _rl ND "l'l 'NNH \NIl I11E NAt ]i\ "I'F:( ;!tNl( L\I, ( ]l 1:11 'RIll

hi any case, wiud lunncls were Ill(" desired lools. 'I_) niosl Atom|can aeronamical

lcst.archvi;s il sceined clear lhal whalever lhe use|illness of research aircrati tier Iransonics,

{rub,' coinprchensive empirical knowledge in lht" IOllg iilil would haw Io (Ollll" mainly liom

lIlt'st* gl()lill(l-lesl t_tcililies with lhcir co|lvenie|m versalilc, relalively attordabh', and salt'

laboratolv conditions." h| flu' distincl NA(:A lvchnical cullurt" especially, airborne lesls

rep|cseil{ed a c(miponent thai could only conil)lelnellt, not replace, the wind-mnnel-tesl

coniponenl. Allhough the airflow 1)hvsics of it purely supersonic lunn(!l (litli_.l_s fundanleillally
t'l'Oill ltl{ll Ill" a subsonic Ilillllel, lilt! NAt _ already had etli:(livc supcrs(mic liillilels whl'il lilt"

X-1 tlcw in ll.t47, aiR| al [.aiiglcy ill lh(' t_llhlwiilg, iiloillh lOllli V. t/ecker cvi'n tlegan oi)eral-

ilt_ a small h%])t-i,-solli( liilinl'l Ihal could rt,a(h spee(ls well beyond live lillit's lhal of SOUli(i. I_'

Bill ili lht' air|low of high-sill)So|it(', or iieai_soilic, wind llUilit-ls_-lools lilt lhe iiiain lraiis(lil-

it l)arl_ of the work thai it'stqii-ch (lil-t,tl(irs Dryden and I,t'_Iii)' Wt!l(! einphasi/.ing---conll)iex

Iroul)lesonic t,ti{'tls aiosc, halnl)tTiiig lui/nel (ipei;tlioil and polhiling or \'veil ruiiliilg

t,-_llcl-iiil('illa] dala. No llinilel had vt'l ll('t'ii ili'eeillt'd for ovi, l((miili_ Ihese vexing Ira||sonic

ctti'cls, despiic NAt;iX (qt_lrls (talinq back Io the 19_0s, (tespilc etloris elsewhere, alld dcsl)ile

al Ioiig-Slallfling illllliliOll lhal ,q,lat'k ail(l olhi'rs shart'd at)()ul how Io soivt" thl" llrol)lenl.

So dtuilig the X-I's It's(':ll-(ll tlighis ill I¶i47, .i_lack--a high-sl)ccd wind liillnel iilliO-

valor since 1971q, aild iiowa it'st'aich lllana_,('r--was 11oi prest'nl in lhc Calilornia (leserl,

hlslt'ad lit" was back al I.aiiglt'y, t!llCOlilagillg, SillOOltliilg Ihe way f()l, aild caioling olhels

wiio were irving Io svnlilcsizt" y('ill'S ()|" NA(],Jl CXl)eriencc lo capilalize on lhal inluilion and

develo l) lhal s(iltlliOll, ":_lt.ioilallli{al ('Xl)erts swore ii coiildil'l ])t" done," l]le Collierls head-

line would lrulnpel oil('(? tht'v had su(cced('d. Bul in realily engineers had long suspelli,d
lhal ii could indec(I tie don{", and lhai lilt' ailSWt-i would lit" in st>inehow l)arlly opening

il t) a win{l ttiniit'l's walls..lust aflcr ih(" war I allgiey physicisl Ray I I. \Vrighl, skilled in

apl)licd nialh('lilalits and widely knowlcdgcable (:onccrnilig lUlillel ll'lliliOlo<L,5 '_ had iised
subsonic aeio(lviialnic lht,oi-v 1_ cahlllale a sohllion: a lunncl wilh vclllilali(tli slots in ih{"

walls of ils l('sl s(.ction, lhc t'Xl)t'rhncnl chainbcr where the lunncl's ariitlcial airllow nlow's

Aci(iss aii instlunit'iilcd lest subicci such as a scale-lilodt'l s(,<_ill('lll _)[ a wiilg, These lesl-

scclion siols had Io tie t)rt'cist'ly placed, paralleling lhe airtlow dirt'ciion, in lhe tunnel's

inlt'rhir surt{ices above, below, and I)csidc iht' fesi sub.ieci, wiiich lnighl ('iltit'i span a

l-oughlv t)liiidrical lesl section or I)e held ill I)tacc by all apparalus bt'hiiid il d()wnslit'aili,

lt%'right and Slack and fheir colleagues hoped lhai lhest" longiludinal opt'nings could

iliaiii|)tilate the coiilple×ili('s of air t](iwing at II l) It) soilic speed, (haliilt'liilg lht' air arotnld

ihc lt'sl sub.iccl in.iusl such a way as Io yield wthiable iransoni( it,st!ait'll (lala.

Iii 11.t47 l_aiigl('v was ahl'a(I i, trying out iiic slolle(l-wall idea in lhe lcsl si, clion of a

small l)ilol tunnel, and tiad h.arncd, apl)arenlly st-rendipitously, thai ihc slols i.nal)led

Silioolh ol)(Talioli iiol.just at v('rv high sill)s(inic sf)t'e(|s, bill al low _;u])(!rsoilic spt, eds Ioo.

By Iht' liin(' of Yeager's lttilious i{es('arth tlighl lhat ()el(lilt'i; Slack had i_liig, SiliCt' liegilil

i0iisidcriilg how Io apply the sloiled-wall results in lWO Dill-si/.t" high-speed iuilnt-ls--

iiidusirial-scah' t<lcililics wilh huge l)owt'rful t{ins anti Icsl-setlion dianiciei's of _'il4hi tt'_'l

and sixlt't'ii t{-el, siz;it)h" IIv all'¢ t'ia's slaii(|aids, With Ray VtrriRht's Sl)Ccitic design tlliitt!l)l,

Slack's vision aild IcadtTship, i,n_ilit'l'l- Vernon (l. l_¢'ard's it'chilolog_-(levi'lot)ln('nl coii-

Iril)ulions, and Ill(" NACA l.an/_lcy tcc|lnical slatt"s wind lunnel CXl)Criisl" and cxl)criencc,

lhc l't'st'alt'h-alld-dt'v{.'l(I]lliit'lil t.ffort rclalively SOOll led io the coiivt!lSillli i)f lhcst" two

I I. ttallion, )iu/;_r_+._i+ i'7_d_l, p. 4_3, rlqlclalc_ in ih. 7 whal hi' has inadc cl_'ai ltliouR]ioul ih. I: "'l'll_'

tliiil_ ipal ilql,,Oll" I/ll IiallSOllil i-es('al(h airciatl '+was ihc iilabilil_ _lt i'xisliii!_ _viilll Itiliiil'l_ Io huilish salist]t_ i_t-

1_, ,llld lt'litlllit" ll'aliS(IDi( al.rod)llalliil (laid."

12. | [atllSl'li, I{#l,l.ri#t#'¢l 711(TDf/17t', pp. 41i7, 471, and .3.t.t-.17.
13 I lit' ciid ,)1 ihis essay tlddlcsxl's (oil|lit lill_ inl('rl)r('lalions ot lh(' I)l(qt(llh ill Vflighl's I('_ iuloh)Rh al

tiW_tl ci I{'SN.
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The p_e_ent-day *hJtted wall It,ll _ecli, n _[ the NASA I.anlJC+ 1¢;-1:ool ?'ranwmir Tu,m'l. which begar_ _z[*emti_lg at the NA('A

l,anL, l_ 16-f_ml It_,_,h Speed Tun,el two _biy_ b_Joo' 15'ad tlaHm_: 7he lunneli_ mtme de_4ves in pall Jiom il_ h_t scHz,, i_

appn_ximate diameter: The _lotled-wull _ot!]ig, ttraliotl gho_lrtt het_' dt'_cemts din_H[_ [ram the one in Ihi_ tunm'l thut h,.lped win

the 1951 Collier 7_ophy. ( _\_4,+¢A I.-90-04029).

national research f_acilities: the now-retired 8-Foot High-Speed Tunnel, designated a
national landmark in 1985, and the 16-Foot High-Speed Tutmel, later tailed the 1(_Foot
Transonic Tunnel and still operational with slotted walls in 1998. The resulting Collier
Trophy for Stack and nineteen of his colleagues was the first ever awarded outright fiw a
research tool, and the only Collier ever awarded fbr a grotmd-based one--cw'n though,
as with particle accelerators and detectors fk)r mwlear science, wind tuntlels have been
crucially important lot Ameri(atl aeronautics. _

II. "Fvcm+ the time of the Wrighl l+v<_lhtws, Ilk +wind ttlllllt'l . . . [>l'OVt+d t<+ 1>¢' the esscntial piccc <,! vcr-

satih + eXl)C+ittlcntal mat hit+or'; t_,, which muth about the ptOgle.;siv¢' evohtli<m <_f aiv_ raft dt.pc+_d,t.d," '¢¢litt..s

,]illnt's R. ILmscn i_ ._m+e/hght Ib't,,luth,n: ,\'tSA l.a++t,l+7 I?ewanh (;ente_ ]r+,m ,ST,utnik to Ap,IIo (Washingt,,n. I)( '.:

NASA SP--130_, I995), p. 13(L restating a main message of his earlier EnEinee_ in (;haqce. "The wind lutmcl dom-

in;tics ;tc,ouauli_ al _¢+st';uxh just as the microscopt, domilmtcs biology', the tcl<'scope astvommv+, and the p:uti¢ lc

;it ¢++'It't;+t<_t nit( Icat ph;,sics," ',vtilt's R_>lan<l it+ Mrulel I¢+'wrTi,ch, l:xiv, h+ lhi,, t'ssav ] di+ Y+ot addv¢+ss "ttlHt_<'l xisi_+i_"--

R¢_l;md'_, I/iHIW [01+ _l criticism ol lht' N?\(',A ¢w¢ asi¢m;tll', mcnti¢_+cd I)ul schlom |orlhrightl_ lcxclcd: thai its ctx_i

llt't'I'S tOO ofi{+ll _lllo'+vt'd i+<'s¢'+iixh tools, cspcci;dly wind tttiHitt'ls, to diCtalt' lilI]It'l th;ln met+el'+ st'rxc lCSC;tVt h l:+to+

gratns. In M,dcl l&+eal+h see especially l:xiv-xx, but als¢_ 1:108. 220-21. and ++,lit}and 2:5(17 and 520; scc also

Ed;vatd W. (]onst;u+t, /',i_, 73>t:269 (19_2) li09-1(}.
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t_'L The' i)hoi_>grat)hcd ;llli'-,i>_ ditiv, hll.4 i_, li_lin the carl',, Iti$_Os, Ilil' ;iClll;il l)h(_l<_i_ilih tr(in'_ e_iili_.'r siill.

Flit' llill<h,lli |t>-|lllll lilillll.,] < illuil liar, iiii iiil i<,1111¢<ii1 '_,_,11'111 |ill eiihlill<cd ll_,+,' _llill'l'_lllil lllll'l;llhlll.
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hi t:,wt, given the wind tunncl conlt)ont'nl in lilt" NA(;A's overall conlril)ulions, a ( ;olli{'r

Trophy tbr an NA(]A tunnel set'ins lilting, as lhrt't' Iow-sul)sonic cxanlt)les fronl the 1920s

aim t!arly 1930s illustratt'. Each was lht" lirsl of its kind in Iht' world, aim was soon cot)it'd

elsewhere.'" The \.uiable-l)t'nsily Tunnel, or VI)T, could, wilh thirly good slwc_ss tor flit'

time, collnlt'rac'l ,wah, qffi'cLv-ithc skewing of It'st data inherent in lest|rig scalc n_od('ls instead

of thll-scale aircrali <)r aircrali colllt)()llCII1s. By Ihc early 1930s, according to _tcl'(Hla_llti('s his-

tot|an RichaM K. Smitt], \:l)'l:gcneralcd infi)rlnalion t)ublishcd in forlnal NA(:A I't'pol'ls

trial)led aircraft designers Io select a wing shape" tor a givt'n application incisivck; rationally,

aim coi]vt'ifiellfl_: _: Tirol tilt" VIIT I)ecan]c an ottidal nali_)nal latMnlark iu 11185 may help

validal_' its historical sigliilicancc. The Prol>t'llcr Rcscarch 'lhnncl, or PR]] circumw'nl('d

St.lit' /'I'|_.)cls and ()1|1('1 I('ciinic;il ditlicnhics siinply 1))' bt'ing ])ow('rlill t'noligh, aild lai_c

(!lil)tlgli ill ils icst-scciiou dial|it'll!i of Iwt'llly ti:ci, it) lesl al t]i]l scale a l)rof)tql('r alid ('n,_inc

liiOlllill'lt Ill] all a(qlla[ |hnchigc or Oll a i)l)Flioli ot a tiili-,_iz(' wing. _l!VlW;li ol)Y,l'i_,'t'l',_ |tart'

iloled liial lilt NA(]A's lh'sl (|oilier Trot)liy, lilt' oi1(' [or iii(' Sl)ccd-('nllailcing cn_illt' cowlili_

discllssed hi ciiai)It'r i, liligiil wcll iiavt' r('c_lgnizt'd inslt.ad ltl0 PRT, tilt" rcst'arc]l iool Ilia|

(!llal)it_d tilt' cowling's (ittvl'loi)llll'nl. I_ Tilt" Pilil-Scai(' Tiiiiiit.l, ill I_\_T. oii('rali_lllal till-ii('arly

two-thirds of a ('i'nllll'% , slal+lillg ill lit(" ('arly 19!l(1,_, look lilt' PRT's full-scale-it!sting t)rincililt"

oilc sicp t]u-lil('i: in |Is Ihiriy- t))' sixIv-f(iol I¢'sl st.eli<in it CO|lid hold an ciilii+t' Slliall airlflant',

Tilt" FST was also (if'signaled a ii;tlilll]_l] litlldltlltlk in 198._.

\Vith a technical staff continually dcvisinl4 stich tllnllt'ls alld ol]l(!t" t'('st'ait'li Iools. tht'

stll)solli('-t'l'a NA(',A bc('{llll(" widcly l'('r.'og'llizt'd [ill |Is alil)lit'd at.llill_itlli(a[ i-c_,(';tl(h. Thc

Olgailizalion bt'¢aliit' hi t4hly ada|llal)it_ It)l fultillii]g its sl_ittilory chalg(_' of finding ])iacli -

ca] solulions lo Iht' i)iobl('nis of |]iglll--[)i-ol)lt'llis t!v(!lillia]ly dethlt'd as iilthi(liiig l}i('

;i(.lodynallli(s, alld soili('WIlal bt'lalcdlv lilt' _ttw(ii)r(it)illsil)ll, ()t" II'ansolliC ;Mid Slll)t'l'S()llic

tligiit, hi tTIt'i, (illl'illg liic 1921),_ _llld l(.130s lilt" N.,\(;A',_ t'_trlit'sl t:['[i)Fly, ill II'allSOlli('s i)('g_lll

Ill gl'l)W otll ot' ils t'xil'nsivt' sul)sollic tql()rls, and ullilllalcly led i_) lit(' lialisoilic wiild

llllllit'l fl)r wifich tilt' 1951 (klllicr Trol)hy it'COglii/t'd 'i]ollil Slack alld aSSl)Cialt'_, al lilt'

I.ailgl('y A('l-l)ll_iilliCal I.al)oraloiy, SAt|A," _o 1)('sidt's cclcbraliiig lit(! shlii('d-wall IFall_;()ll-

it" ltillll('l's [)l'()llliSt r tor.it'Is, {tild t)('yond ]]llalI)' lt'iliglli/ill_ ()lit! ICi)lt'St'lll_tli'¢(' NAt ]A wintl

lit|lilt'l, the (]olii('r "i'i()])tl )' lill Ihal )'car ilhiininalt's Ih(' (.ftT.,clivt.nt.s,_ of lilt' i('s('ai-ch-ioof

t:t'iltclc'tl NA(]A It'c]liii(;ll (:iilltilt!,

IlL t'sv|lil S()lll((,._ i)ll N.,\(;A wilid illllll(,I lli_l_l_ inihld(' I ialis('ll's I"#ff..ff._'r'l 7. (h:l#_v ;iild l)()nald I).

Ilaals aii(I Williain R, (;_iliss, 117.d 17z.z.'ls _![ NASA ('¢_'anhili_liiii, I)C: NASA ,%P-,t411. 19_1 ). R_d;ul(t, Mr)<t'_'/

lb:_'a_#h, 75-_()<_-1 t. hl(idl_ ('xl)lains wiiid lUtllWl., _iiid Iliilll('l 1('( lill()]O,L,r%.

17. "'lit'lit'i: "lhc (.2)il_'ni tO| E×ci'lh'_l_v," in 317h'sbmc_ i£[ A_,ialh.I.p. 711, (.d. J_lhii 1] (;il'l'iY_vl)lld (N('_

Yt)rk, N_f: thll4h |,aill('l lx'xiii, I1i_9), <J77-!tD.

18. Rollllld, ;!lodcl ]l#'_e'vllTh, I:117; tI_lllSl'll, Iq#ltrlllf'e'# Ill (:D:IIAot l]. 17,4; IlllllSl'll, ('II;i]), ] it| thin \(/IIIIIll';

]()lill V. I/l'ckl'r, 77.' lli<_h-.'_7.,_,d I')_.llie#' (::lsv, lli_lo#Tc_ o]l'Tm_ ,\{If:,l P#o_am_. I _)20-1750 (_,¥H'_]lill_l()ll, lit ;: NASA

,%1>-lJ.r_. 19SIll, 1). 11(). F_l Ih(' IIl¢'s,.'lll ('ss_t_, ' al]d milch ('Is('. tl,t'l k¢'i's book is _'('ntlall', iilll)ortaill as I)_>lh a pri-

IIIIIFV ;ill(1 it s('(I)lld_ll'+ _;(llll((.'. hi its itlllli([ll( tilHl, ll('_'k('i s;ixn ill' wll)lt' it as a "I){ll'li{'iJi_llll-alllh(ll:' [)l'l _lllN(' Ih('

N:\( ]+\'_ i t'_,l'_lll [i _,(Ihlliolln a(lilaliv cx_d_l>d a_ ill(ill, lil;til iu_l "ilia' in_'vilalllc rl'sllll (it wisl' nllill;l_l'llll'iil, ill,I'll

liv(' it's('alchl'rs, alld Ililt);tralh'h'd I_l_ ilili_'s," alid ll('lalisl' Ill" Iwli_'_'_ tll_ll Ill "l)FlIvill(' Itilld_uiil'ilial insi<_hln iill(i

lit(' .'_'A(]A's It,_ hili(;ll a(coilil)lishl]l('iils ih_' r('(old sllotihl ill( Ilid(" ihe doill)ls alld iliiSl(lii(('l)lillliS Ihal i'xisi_'d

ill ihc I)_'_;hinili<_ ot ;I l)l_q_'_ t, ill(' uill)i'l>dlll Ii_l' ;illlll_;l_ li_'_ Ih_ll :v('r(' ilil'd an([ lib;liltIll|it'd, ill/' sliililll;ilill_ t>l'_'l

(li_l tin,ill|iS lh_ll i)i(l'¢ith'(-I ii('w insil4hls, aiid lhl' _iiidlial l'vllhiliOli i)f itlc t]luil sllhilioll, lhis kind of iilti_liil;lii_)li

is h;il(I l(i lill(l.'" t(d_aid %V. (;i)11<_1;1111,I("_i('wili_ lh(' h()_)k ill /_7_. 7'.1:t:2t_9 (19_2) 6(i{I-10. _alls ii (i), 609) ";ill

¢'xIF;iOl(lill{tI'_ gliinl)sl' illll){t whlll(, (ill(,g(ll _, (it i('(qiil(i]l)lgil;I] kli(iwl('dg(' it()1 (l)llllll(llllV (i)xt,lx'(I ('iilil'l I)_ I]il'

hiM(li'_, ()1 s¢il'lic(' ()l" I)', lh(, liisl(ll)_)1 I('¢ hill)ll)!2,_,,"
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A Technological Organization's Group Achievement

Aca(lentic or Nobel Prize-like norms lot assigning credit were only partly relevant in

tilt' Collier's recognition of the transonic tunnel achievenlent, ti)r tilt' cited triad of "c<)n-

ception, deveh)pnlent, anll practical applicati<m" of the slotted wall included etIi,ctive

work oulside the pnrely intellectttal feahn, hi tiact, the Collier for 19:51 required distin-

gnishing among specific kinds of conlribulions as well as among conlrihulors, including

the technological organization itselt_though the Collier connnittee at (lest adopted a

simpler view. A look at how and where slotted-wall credit has been conferred, holh hy tilt,

(Jollier and t)5' other nleans since, may show something aboul NAt;A-era views of lilt"

natllre of technological achievement, and does show the central inlportance of a well-
inlegraled lechnical culttne in tilt" NA(:A's work.

The slotted-wall achievenlent did have an important intellectual conlponenl, as

Stack's technical peers have duly recognized in later citations and discussion in aeronau-

tical imhlications. Bill (]oilier Trophy notwithstanding, they have not crcdiled Slack.

Ahht)ltgh lhe (;oilier connnittee singh'd hinl out, anti in tact originally intended/lit, award

ti)r Stack alone, ti)r over half a centnrv Stack's proti'ssional peers have generally attributed

the origin <)f slotted walls either hy trediling the NACA generally or hy citil|g the 1948

pal)or t_t Stack's (:oilier-winning "associates" Ray Wright and Vernon "vX_u-d, the engineer

who st)earheaded proof of the slotted-wall principle with the titst small pilot tunnel. +"

'li'chnical authors have let) Stack not only uncited bul unnlentioned, even in passages that

sumnlarize historical hackgrotmd. It nnlst be noted that Stack's rise within Langley man-

agement during the 1940s meant tk'wer papers from him and, when he did write, a hroad-

overview approach not conducive to academic citation:' And it must also be noted that

Stack quite possibly intended not 1o take academic credit; Wind "l'u_ineLs r_/NA,S'A author

Donald D. Baals, one of Stack's Collier-sharing associalcs, said in 1996 thal Slack might

well have intended to send credit Wright's way. ''_ Anodler associate, veteran NACA and

NASA high-speed researcher John V. Becket; enlphasizes the distinction between kinds of

contfibnlions. His book The IIigh-,gpeed Frontier: ('a._e Hislories of l'b_r ,%)t12.1 I_ol,,ram_,

19211-1951: says unamhignously that the "litst successthl nlany-slotted transonic ttnlnel

contiguration was devised single-handedly 1)5, Ray 11. Wright," that Wright was "the design-

cr of Ih¢' lrallsotlic Itmn¢'l," thai "Wrighfs personal decision in 1945 1o get down It) cases"

initiated lilt' ntuhiyear transonic tunnel cf[i_rt, 1hOSt ofwhich "clearly hears the stanlp of

I!t. NA(:A Rl'st'alch Mt'nl_)fandunl l,_](){i. "NA(]A I'fans(mit Wind Tmml'l Ii.sl Se(ficms." The h)ldel

"'Stanllaldiza[i_m ot Wind Ttmnl'ls. ()c[ober 13, t948-Thfu Fell. 1949" m the Reseaft'h Ainh_nization 711 lilt',

I.I[A, (Olllains this llapl'J's allllro',al and distrilmIMn paperwork as well as tile ()c[,_ber ti, 1!1,:18, tired editorial

lop,,. (llansen, I'ngnm'_,_ in ('ha_e, pp. 57_-7,1, explain', the usehlh|ess, and the use, o1 the l.tlA's research

;mth_rizatic, n tilt";, h,.'_cal)ei ,{itell in lilt' Iofm h'ATO. Wilh tw() tineal feel ,M th_l uments, I,U\TI) Irates nmch t)t

the t's_duti(m (it wind lUmlt'l It'{ hnoh)g,,)tl_)lll the earb. 1920s m Ihl' eaily 1'950s.) The NA( :A felmtllished tilt'

Wright-Wald p;lper in 1955 ;is Tcchnical Report 1231, Inn (hange(I i! S_mlewhat, mainly hy dell'ling a paragrallh

nt'a_ the end tepo_ ring lack _)! understanding ot the h_w-supefsonic capability and b_, sliglll b, ahefing C(nlclu-

sions t and 6. The NASA l_angle) lilHm _ Imlds the o_iginal 1948 RM version on mit mtiche. Key anteceltcn_s

tO_ the 1948 tlapcr include Ray H. WrighL I'h?,sitisl, and Vcrnon (;. Ward, Al'mnaulilal Engineer, I_)

(:omp, essihility Rt'sem(h Division Files, "Tmmel Wall lnll'rlk'_enl'e E|D.'t ts m an Axially Y;hmed 'lk'st Sectilln--

t'_l'limin;trv lk'sts," March 12, 1947 (Stack c()llecli(m 1older "New T?,'ptrs M Wind ftmncls, 19.',7," I.ItA) and

Wrighl t(, (:hit+t, Full-Stale llivisi(m, "']'he<n+etital t<msidcfatiot_ ot tilt' use ot axial sims to minimize wind-

tunnel blot kage," Ma} 24, 1!1.t8 (Slack c_)lll'ctilm tolltcr "Slotted-Throat lk'sts, 19-16-18,'" t +1tA). The latter says

the "the_)fetical investigation" it Ille:tllS "1o lecoFd anti pl't'Sl'lVt" Illa'_ "lalel he (()mllilwlt and lml>lishelt with

Ih¢' iest|hs" o| :.Ill exp_'riment in llrl_gress, olrviousl", lilt" Wright-Vea_d ilil<_t-tmmcl cxpc_imenlalic, n--and

indcvll the e_entual Wright-Ward paper rellccls muth trom \Vrigh['s memo.

21}. I_,t'cker, IDl_h-54)eM I'mul/e_, pp. 52. _'_3.

2t. li'lel)lmnl' inlervie,,v, Allril 7, 199&
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l, Vri_hl's illSi/._lic_ and i)eis(liial i]ilc%_rily," t)llt lhal il "i_ t'Clllall v cl_'ar l]l_il wilh_lut ihl" ('iior-

liiOil_, colilril)liliolls of_ illiii_, dill_'rl!lli kiilcl lli_i(h, tit' Slack, ihl. _ichi('v_:'iliClll o|" lhc large

_hiil_.cl lilnli(,I,_ w_lulcl iiol li_iv(, hai)p/.iil.(l" Ji,_ _;o(in Ji_ h clicl.-'-'

The ])ra(li('c ell I'x('lliclill_ _lJi(k |loiil cr_'(til ill)lit.illS l(i hJlVC |)l_,-illl well I)l.t_)l(. 1_.)_1, and

ii |la._ (onlilill(.(l |iir hal| a c('iilui-v, hi ()(lilt)or 1¢.14_. HA(|,,% rt'sl'ar(-h (lirl'clor t |ligh l)i_,(l_,ii

t)/'g, an lhilil_,d, hi_h-1)rioril ), circiil_llion c)[ lh(' l,Vi4/z, hl-Vi_ar(t l)a])ci; %_i_ilhiil (lJl_,',_, (]litrk Miliikan

of l|i_" (_il<_t'ilh('iill Ac'r_lnalllical l.atioialoi), wrolc l(i c_lii_i-aliilal_, Ihc" NA({_t ali(I Io/.,'.¢l)r_.,_,s

hof)c ti)i "t_)lhlwing lhc ]l'Jtct ,_i_,'('li 1)_,, Mt'_;,Sl,S. Wri_hl and %4'ar(l." tti,s ]('(icr _-1()1._ li(ll lill'llliOll

_l_i('k. 'lViltlin wt;,i.k._, Air Poic(. win¢i lllllll{'l (.xl)l.l-I ]/_.'ililiJil(t I [. (_o_.'lh_rl. [iWlllt'riv o| I]1("

(i('riliali Jt_-'roliJtulic':al r_.'sl'JilCil o_;lat)li_lllii(.nl, visilcd I.an_lt.,x.,: [)r),ch, n had _>tllcilill,,, ii'llillni_.0

lili _ nlililal,_ t _il)olll it|(" slcili_.d wall's "r(",'olulionaiv iiJtllllC," aiid (iocihl_ri h()l)l.cl I_) it'd|ill how

|el al)l)l ), il. %%'i-it._]11. VV:lr(I, allot Slack hiln,sclt] io,_¢'ill_,r with ('ll<_irlt'_<.c ]_]l.l_¢.!liC (]. ])rah'l; ]l()sil.cl

(i()_.'l]l(,il'_, illll,n:4iv_., visii ;ill([ IOill; -'_ _t{'l (io('l|lt'rl Wl-Ol(. ill his 1961 book 7}w_#_._U_11'7_i_17}x_#_'/

7(_t/s_<t, lllal lhc "Ilia| really _ilccc,_|lil Irail_onic wind liinli_,] w_t_ invcsii<ffalecl il_ ltll. {!ilil_'(I

_llill._ in 1¢.147 ill If'st.,4 _tl Ihl" HA( ]A." l'h_. lljc_sal4c filolnot(!s Wrigt_( Jtii(l l_ki'alCl .ind ll'_i',,('_; ,_,la('k

tllilllt'llliOll#..17l. _l<)lt'oV(!l: Stack's llJtl/'l(" barely _i])lit.Jir_, {it all in (;ot!l]ll+l(+: _, l)_lclk, Jill I'×]lJill,_livl'

_,lll'Vl'x ot'a rt'+_'alch Ic'cliilohl_,, l|lal th(" 1951 C(_llicr "li_q)ll,,' (rt'(lii.+ Slac+k at)ovt. Jill cliht.rs with

ti)ilil(lili<_. '+ _iiliilar alli-ii)uli<)il [)alil+ln_ ai)l)_,ar in a 19F)5 N)k(:,\ |)al)cr Ihal in i)arl i+t,,_,i¢,ws ])a+l

NA(:A sloiti'cl-wall work, ill a l.q()() Aii + F(ii+(.t. l)al)cr ._ill]lln+lrilin_ lhal _ervicc'+ winO-llliilicl-

(lev('lo])lli_,ill ('JtT)ll_. all(I in lilt! 1¢.}(i5 l_'xll)<)ok tti_.D._l']_e_,d l'l,7#zd 7i_el 7"t!_lis_<t_.:" Sl_l(k's ('xilii-

sioil i)_.lsisi(.cl in I|11. iIiiO-I 9{lOs _ii N/L<SA [.anl4-h= ), t?.cscarc:h C01ilI'I', whet(" lwo l)al)_.rs a(tclrcss_.d

lli_. _h)il¢'O-wall is_/i(.s |hal Wri<_hi anO Vt_lrcl tir.sl dLscussod in ]lrinl. Boih cxl)liciil_,, alirililill, ih_"

lcchllohlk,),'_ oii_-ill Io Vl_ri_hl allot {4_aicl. Ni'ilh_.r Ili¢.'llliOlly, _iack, lhoulz, h ill)Oil ill(lulls., c'_t(ll

1)riilcil)al Jililh(li i-cadil), ('Oli|illll_ cir.'at itWJtlt_ll(!y;s ()[ hinl. Onl. (if these i)a])(,i_ _lli-V_-V_4 Ill_."

(hala(i('ii_lic_ .in(| ll'clillical hi,sl(ir}, <)fwhai is llOW c<tllcd lilt l(7-Pool "l_l_<tils()ili( - Ttiiill(.'l, ()Ill'

(it" ih(" Iw(_ lai'_(' l_Jlilg, i('y t<tc'ililic_ wilt!r( > "l)l_t(,li(-al ai)l)li(.;ilion" o1 ih( _ shll(c(1 wall h('lt)(,d _.'Jiill

ill_ I ¢.}.51 ( :clili('r "]io])ll ), t_li- Sia(k and lii_ asso(iall._, ='_

22. l_,c k_,l. /h_,D .%/J_,<,</I,)zJ##ti_,_;i)t ). _#¢.1,112, 115. hi a I_ll_ 15, 1988, h,li_.l i_) hisl(_riaN ]l;iii_,ii !_t)_ iN

Ill}' tih,s). I,Vilid iis_l'ilt'(I ;i (It'(til-i l_iiniili_ _.l'isiliil i)l "iht' lilll _ liil Is ill i('_iii(l Ill Ih(' i'lilniliillillll (>[ ( h(ikill_ ill
wind Itilln_,ls ail¢'l Ihc' ¢l_'_'l_l])lll_,lilal alid (h'si_ll l_'_'_il_ li lit lht" NA(]A "I'l_tii_,()lli( IA!ili(t 'I'ulili(,I," (:l'll_iiill,, tii_

})ilot-lultll<.l t+[](lll:. <lid I_llitrihiill' illll)Otl_llli]), _iiill ;il>lial-¢+tltl_,, ht" <lid l)<q'SOtlalkr <tis( l)'_:l'] tilt' tllit'3xli(>( It'd I+IXC

+lll)t'l +llllil ('_il);ihilil)'. I I(>wi't t'l, li}+ rl'(olh+l Ii<lll_ (otll]i¢ 1 whh lilt' do('iliii('lll_tl-X/rt'(_lr(t. +ti+<-il++t+(I Lii<'i ill 11i(+i)l<,-

_,('iil ('_;_;ii)', c(inlt'iiiiil_ lht" clarit)', ;ili(I lhil_; iht' I)l h>rit),, of _IVrit4hi'_ I_-t<l(:,t,×lll-( Lilioii+ _lllfl iill<'iili<_li+ [l>l tilt' il(':ii-
,,(>ill( _i_liill(_lli( t, i)1 tlic lhl'(>ll,li(_l[ I_l)l k \%'ii<_]il ht'_lln ( (llll'[lll71ill_ t){'1()i%, I,_i'_ii'(I ht-t;.tln(' iii_<_l_<,(I.

7',1. rl'h(' R,\Tli tT_l(h,i "_illix_l:li_liz_lli(_ll (_t WiNd "]'lllili('l_> ()clol)_'l l!/, 1{)414-Thrli t:l,t). 19 Ill," 1.1 l.\, c(_li

l_iiil_ _i i_lt) )' _ll I)r_lll"_r'_ l)l'( t'llih('r 71, lli'l_, in_'lilor:liilhilii i_.!])(lllili<_ (i_it'lll_.ll'_ _'i_il iri _'ll'l;lil (¢ l<'tli('i (i)1)_, ill
tiJdl,r ",%l)_,lial Fih,, R.A. 7(i, April 1¢,#,17"I'hrli ])i'(. I_4"l and _l ('(it)/()1 Millikaii I_l [)rvll('il, ()¢ Illl)('l ]{t. 1_)-t_4"o1

which _l si_il_'(I _ll)' is ill Ih_' "Rl'_l';li(li Alilhllr}/;llilln 70" tilhll'r, lll_('t]l('] wilh ((liji¢.s _lt I)l_(It'll'S ()( lllli('l _4,

liltS, "_ll'_)]lilioli_ll'_ lillllirt" h'licl_ i_) nlililal)ll'_('_illh t]a<_ _)lliccis.

7t. (lll_'lht'll, /}t_#_c_#t7< llTm/ 7Dn_t_q 7(_/7n_ (New x_'_llk, _'i': I_l'r_iillllii Pll'_,.;, 1_.)(il ), ii. 7_/, hill _'t" :il_ tl,
til. (Pulili_a(i_)ii _)J _llc _N_llllh Atlailii( "]'ical'_ ()r_;liii/llliOli'_ Advi_oia, , (/rolil) t_lr Al'rllliallli<_il Px_'_l'_ll_ ti _lii(I

l)cv_'h_p_li_,lll. _'_lii_'_t llv \Vill)llv (L Nl'I_n. fr_l'n a _eli_'_ I_v |hi" NA'I_O-A('IAR1) I=luid l)_llavlii<_ Pail_'l, whi_'h llll_l_'v

_lii _';tlli_'v li_lllll, ll_i(I _ll_(> llllhli_li_.d (i_l_,ili,,.ll's iiiil)_lii_illl l)al)_,r "Flow l+]_i_il)li_hllic.r'll _liid Wall liii('itt'l_,iil_, ill

"l'i;ill_l)iii(- \'_'iil(t '['llllll('l:_," AH)(:-I'P.-51-4-t, lip. 7t7-797 in A(;AIUJ ,ll_'x,'_<._l#t_lllm: /J_,,/jf,_ ]J##!_r##l_'d<tl /1_' ,%tvID
'x'f<'_'t/_l,t' 'Ji/D; 1_,7_./ 7)H_<'/v_##_l M,>_b'/77_tin,e, I'a_.l, Prwl_, /'Ta_v, 2 (_ N._,_'mD_v / ?5-/, ,,%(; 17,,' 1'7, )

25. B. I 1. I.itih',.]r., all(lJallic_ M. (;llt_hag_'. ]l;. "'lh/" lh,vch_lmi_.ni _)t'an 8-hlch hv 14-hl_ h Sh,ii_._l "l'lillnH'l

I_li Pvlach Niinlhcr_ li I) i(i ].7_4," X'A<%:\ "1'_," 1)-{iIt_. Aii_ll_! l{Jli], _riginall)' l_llbllslwd .]anl_ar_ I{IF)__ ;l_ cla_ith,O

HA(L\ RM 1,3F>l/fl_4; M. Phld/_la _iil(I I.%! l.. (]ll('_, '+.,%._iiiIlllt_li'_, lit Pl'rf()i_lll'd Wall Will0 "hilllil.I S;iil(li_,_ ;il Ihl'

=\_>hl I']ii_ill('(,lili_ ])t.._(.Iot)iii(,ii I (]('lil('l;" A_]l)(; TR-60-_.i, Ail_ll_,l 19(70: _ilifi A]_ili P_I_' and _('liililh l_. (Jl)ili,

/hA.D-._,i_'_'d 1/7_/ 7)_'t' 71_titt A, (N('l_'l' %l'()Ik, k'xl': ],)h[i \Vih',. &- S(_vls, In(.. 1965), lip. l().<il, I(t-|.
7t7. .i,,<'i I.. l']_l'l'haii and I'c_cv J. t_,,_hhili, _'EXl/criln_,liia I Siuctics ¢)t "lialls_lni¢ I:h_w I"i_'hl N_'ai a

1,<>ll_iili_li_all,, _h_i!_'_t Wivld l]l_lii_'l Wall," NAS;A "l'¢'_'llvii_iil Pat)_.r 3:t97, Ai)ril 1994, ail(t Pian(i_ .]. (]_t])(lll_',

l.iilc|a _. |/_illg('il, ._l (ill (]. :\_.l)iil)_ (;liail/'s "], I,. Mill_, ai_(t 1:. Anll li, ar( ,. "Hw NASA l,aiigh')' [17-1=_l(ti ri_ill_,l_ilil

|ill|ill,l: t[is!orilal ()v_'rvi¢."v_', Facilii_ I)l'_-ril)iion. (]_l]ihrali_lli, Plow (]ll_il_i('l('rislic_, aild 'lt'si (Tat)at)ililics " NASA
"li'c}liii_al l>cil)_,i _,'_7], _'lli_'iiill_.i 1!1!177.
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So why did lht" (:oilier conunillet' nlcnlbcrs plan originally to cite Slat:k alone?

t'ossiblv th'ev simply wanicd a heroic inlerl)retalion like Ihal in .James Michcncr's 1982

novt'l £'pace,'which allribult'S Ill(: Iransonic lunncl solely to "a genius named John Stack"

who had a "brillianl idea" Ihal It'd to "airplancs lhal could break through Ill,." sound bar-

Her ahnost as undisfl|rbed as a horse-drawn carriage heading tin a comllry picnic in

1903." Possibly lilt" comnlillt't:s initial plan retlecled a view like that of ()rville Wrighl,

wll_P--no doubt l-cmenllx'ring what actually led up to 19t)3--had complained in 1944 that

Colliers were going t¢lo oflcn u:, aviation organizalions inslcad of imlovalive individuals.

Possibly lhe inlelllion retlecled public relalions aims of lhe NAt:A, whose vxcculive scc-

rclarv and chief t/ropagandist lohn K Victory chaired tile Collier tolllnlillt'e tbr 1951. The

N,,\CI,\ al)parenllv had a hmg-slanding involvemcnl in the award st,loot|on, and in al ]t'asl
one case--1947,'when il st'CIllCd t:t,llaill the NACA would bc among thost' recognized--

had calculated possible combinations of recipients Io pronlOlt'.-':
if lilt" cOnllllillec iilciiibCl-S did illlCiItl lhc heroic intt'ri)rclalion, I)robat)ly they want-

t'd to lend a bil of ronlanlic appt'al to an award tot an unromantic, ground-bascd research

lool. t lismrian .l-hn William Ward has mlalvzcd an analogous and much 1)ellcr known

inslance ot trod|l-assigning in Amcrican am-Omlulics: lhe casc of (:harles l.intll)twgh.

(:onccrning lht" adulalion of IJndllergh, Ward obscrvcs Ihal il is "S|l'_lngc Ihal Ihc Iong,-

distanct" tlighl _t an airplane, tim achievemcnl of a highly advanced and organized Iccll-

llolog T, should bc lilt' oct:as|oil of hylmlS o1 praise Io file solilary, unaidcd man." tit'

describes a tension inh¢'rtqil in Airier|cans" imdvrstanding of Ill,." new tlht'nomenon of

aviation: their i(Icnliticalion wilh pioneering, sclt:rclianl, free individuals vt,rsus Iht'ir lack

,.)f illlt'l't'sl ill lht" collcclivi/cd, organized induslrial socicly such individuals often aclually

rt.prt'st'lllt'd. Possil)l_ Ihc (:oilier COllllnillc,." saw and sought Io awfid such a It,nsion ill lilt'

choice bcIwct'll lilt' i)iOllCtqing Slack all(l tile tecinlological organization hc ieprt'stqlled.

:\llcr till. ibis was ah-cadv g_)iilg io bt" lhc only (:oilier cvcr given for s<lincihing so ]ikt'ly io

bc sccil as it|here|lily t_orillg: nol a ht.loictlighl, iiol a ilcw airplant', liOl a siitTt'SMiil

avialioli ]llOglalil. liOi aii illi[)rovelilClll ill aii'plaliC t.quipillcill. Just a wiiid lilllilc], a iioisv

iiiduslrial plalil foi lUl-ililitz , oiil rest'arch dala. The NA(:A hsclt is lilt! aiialog ot lhc liiiili-

lcrcslilig and lht'rt'[i)ic Uilcredilcd collcciivi/.t'd illdtislrial socicly ill t|l¢" |.ilidt)t'rgh

achit.vcnicnl, bul lilt" analog of 1he lionized l Jndl)clgll Iliinstqf is]ohn Slack. Mrcady |den-

lifted bY an earlit'r Collicr as a piont:criiig individual for co|ice|ring l]ll" i)iant! l]ial t)rokc

the SOll'lld Ilarrit'r. :\ ll'a._hi,l{to, Post arlicic lhc wt'ck aflel lliat carlit'r awaid had said ill"

didn't "look like a man of scit'iitt'" bul was iilslead "a ralht'l-haiidsolnc fcllmv whoill yoll'd

lakc t_}i a ];twvt!i. it looil)all coach, or CVCll ;ill acloi: ''-'_

ill any cast', ill pliblic relalioiis and ollltT ilolllt!chilical rt.ahns liic Slatk-alOliC illici-

pit.I;llion'livt'd Oil twcii atlcr Ihe 1951 award alluaily did pailly crcdil int.lnlltqs o[ lilt"

It.thntllo_i(a] oigaiii/alion lilal stood behind Nlalk. Tht' 195.t NA(:A all|null rt'l)oll Iihs

loWitld such ;1 d('stTil)li<)n, t'nll)hasizing Slack's pliill;ity in lilt" ;l('hit'VClilCIll. lit 1t 1957

Sl/t.cch. NACA CXC(tiliVt' SCClclitl'y Viclor)' lihcd all lilt" way: ill" i)Olll-ayl'd llil' acconll)lish-
lilt'ill ;is all individual oilt', aild flatly allYil)ult'd il io Slack aloiic. :\I Ihc 1967 it!rt'iii<lilV

27. .]amvn A. Mit hcm'l.._,)ga+r (New_i_rk. NY: Rand_ml ]l_nlsl', 19S2). p. 175. Jl,_:ld I+h_er.*D, 1:351 It. ti
discusses D.'righi's (onil)lailil. In "'(;corgc William I.cwis." )_:*_ ll00k 01IDa':l,,'#7_a, I'D;leJwqshi+al5;oc,'t_'. 1948. pt ).
2tEI-7S. NAIL\ (htlhman .IcHm,c (:. lhliis;ikci miles Iongliliil' N.\(].\ icscailh dilClltn l.mvis's N;lliollal
.\Clllliailli( A._MI{i;tlioii Iiti' llll'lill)crship illld _.;IvsIii;il l.cwis had S_'l_l'(t lilt lhc ( ;_dlk'i _ llllilliill¢'¢'. ModH [_l:_Y/n:/I,
1::183 II. :')ti tilc_ ;iil "_idallialil" 19.1_4liOlc honl thigh L l)i_dcn io \'u ltli} ;lSSCIlili_ Ih_' NA(::Vs ilItClCM ili I)rll-

illlllillg ii Ihi¢'c-w;IV loin| aWall[ ill Iht' ihcli-iillpt'ildilig (:ollicr 1o1 1%17,
91"_, "l,¥arll, "'(:haitt':_ :\. 1.indhcrgh: I Its Flight and the All|l-lit all hlcal." m 77.H_,.I._.)7, :l,,'rha: .1 #[7_[o#y

"I I,dn,,lurd._ a,d hh'a_. 7d cd.. cd. Carroll W. l'mscll. Jr. ((;iunbridge. MA: MIT I'rvss. 1991t i)1). 711-76 (orig[
|talk in 771_':lme_7_a, Q,a_/r_'. npring 195_4. as "The Ml'aning ol lJndlr'lgh's FliRhl"i. "hliuili_ln ll.iouRhl

_lll)l,iMilliC Ylighl," 117;slti,<k't,,, I >o_t,l),v__.inbci 21, 19<I_4.
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awmding the Wright Brothers Menlorial Trol)hy Io Stack, the printed i)rogranl declared
that Slack had won two (:ollicrs: oncjtfintlv for the X-I, and another "singly . . . for his
developmt.nt of the transonic wind lunneli" A 1993 histo_ of the National Aeronautic
/cssociation, thl, t)rganizalion thai awards the Collier, Incnti<ms tilt" associates and tile

lt_alnwork, bill llalllCS onl.v Stack. :_'

But Stack himself knew betttm _rhen lie lcarncd of the (',oilier awarding c()mmitlt,l`,'s

impending misassignment of credit, hc took decisive steps to correct it. Recognition of the

nineteen associates, a substatltial partial cross section of lhe NACA technical culture,

restlhed frtml plain fiwtluightness in Slack, a prtMuct of that cultlu+e and in nlanv ways an
exenIplar of its n<>rms. H(¢_h-,'_eed l+)+mtier at,thor.lobn Becker, otIC of the ninetY+on him-

self, described Stack's reaction to word that he had won this second (Jollier It) go witti tlle
one he had already shared with Yeagcr and t+i'll:

A [ew week_ berlin, the second awa_ff wax prt<_et_led to him 19_President ltarr_' S.

7"ruma,_ on December 17, 1952, Stack appeawd unexpectedly, in my q[fice in a Lstate 0/

considerable aA,+itation, tie had just received notice o/the award .]mm .]. E Victory,

chairma, o/the committee]m- the CMlier 7iophy. Stack L_ai(l he wa_ _reluHant to acce-pt

the award a._ the ,_ole recipie_t because so ma,y othe+:_ al l,anLrl Q had conttqbuted

importa,tly. He wonde_vd how the olhe_:g would react. I believed the_, wouM ]i,el as I did

that he r/r'h/y deserved thi_ _vcog_,itirm. Without hi_ al(A_re_._iveler;der_hip at,I proma-

lirmal q/Jort,s their wouM have hee_ no lat_t(e tra_onic tunnels at l+a,grh 7 at that time.

But Stark wa._ i,sisle_t that the r_thrwpffm'ipal,_ shouhl he included and we worked up
a list (]/'L_rlnge 19 name_.

In thc end Stack could not get Ills ct)llcagtut+s in(lividttallv cited, but did manage it)

distribute sonic of the recognititm I)y getting the words ';and associates at I,nngltPv
Aeronautical [,al)orator+v, NA(:A" added to the f<)rnlal cilation. Be|_)t-e Ihe award ccretn0-

ny he issued a press release describing each pcrs<m's participation and l+mphasizing tilt'

"teamwt)rk, the pooling ofscil`'ntific capacities in a research laboralt)t% that makes an Mca

succcsslhl." ttc also hclpcd organize a dinner to recognize tile ninl'lccn. Even a decade

latcr, Stack's oflicial NASA biogralflly slleet still nladc thc [)oit|l thai ill his 1952 acccp-
lance of file (:ollier Ibr 1951, hc had "confirmed that NACA know-ht_w and teamwork

,,vcrt_ largely rcsp<msible'" tbr il. :_'

I+ikc Stack in 1952, previous NA(:A individual Ct)llier winners I+cwis A. Rodcrt t0r

1946 and Stack lIitIISl`'ll tor 1947 had :list> l)ltl)licly dcchued NACA teamwork lhe real basis

fiw their achicvcmcnls. Rodcrl had said Ihal his (;oilier was "awarded for tilt" general work

<)f all of us" and that lit + had bccn named "t)ecause only individuals ]ct>uld] t:,c st> desig-
nated." Stack had enlphasized a nearly identical scntin_cnt.:" This locus t>tl the eftk'ctive

team ]-at|l('r ihall t)n all',; individual was entirely consistent with t)oth till." t>tficial otltlt)t)k

and the actual ])raclice o[ tilt" NACA. At'rospacc historian .]anles R. tlansen says that

2¢.1. AR54, p. 13; +'(',tnr('Ht Slatl£s <)l Acrotmutical Research and Trends Towards 't'¢m+or,<_w,".ItHic N,

1957. p. 6, Milton Ames <ollct th>n |i)hl<.r "Vict<w),John 1+\,'' I,HA; pr<_gram tbr "Wright Mcm_,_ial lfinm'r. Ac_o

(2ub ot W+tqfin+_t_m, I)¢'cemhct 17, 1962, Sherat_m Park lh_lcl, Washingt<m, I).C.," Slack ¢,_dl¢+cth+m h)ldc_

'+Av,';ttds and P,i_graF',hical tnt(wtn3ti,'m," tJtA: Bill Rol:,it'. t';. It+,; (;,'+'al+'_'d Arhievemenl: ,4 ll/',lom; o/th,; .l_-',,zJ(7u6 o/
.l,'m"i'qra and Itw Nrtti+mul ,'tenmrzutir A,,w. ialio. (Washingl<m. IiC: Smiths,trojan tnstituti,'m Press. 1993).

30. l_+t+ckcr, lhgdt-,gfJ,+'ed ]')*_,'lli,_'t; pp. 61, 62: Stack's press release was rcprintcd in the l,anglcy ,'tip ._'rm,'p.

l),:'(('nlt)t.r 19, 1952, a,.railal:.l( + in lit+.' t,tlA: Stark hi+)gral)hy shetq. Stack (oll('cli(m ti)ldt'r "A,,_ar(ls and

biog.iaphit al lnlortnali(m," t,l t/x,+ B('ckcr t+_)t('(I in nn April 3, I!!!1(}, Iclcl)h<)n(. int<+rvicw thai Stack was "vcp, ill

;it (+;is('" wh(,l111(' h(';ll+d about lhc awat(l, and that "it ,cli(In'l ((l:,.l hint ;tn_:lhillg It) add <m" lilt" ;t:';so( i;llt's, I()1 hc

kll('W lh;ll in ;my (';is+."Ill' xVl)llld ,_('I tll()St ol the cr<'dil.

31. l.angh.v Air,'¢+../J,.bmuar,, !+. I%IN. l+ll,'x; l lansen, l',_4,++.t i, ChalAre. ]). 304.
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C,eorgt' I+ewis, whose qnarter-c('nlulW tenure its the NACA's thsl research director lasted
until after World War II, characlerisiically "emphasized t(.aliiwork over individtml gt'nins"

and that lx'wis believed in Thomas Edison's "nonhcroic thcot): of invention and especiall)

liked its emphasis on collective action." [+cwis once asked/hat I,angley frame and display a
presidential tribute to Edison that hc thought "aptly cover[ed] the aims and purposes" of

the NACA. In the qttolalion, th-esidenl Hoov('r--likc l,ewis, an enghleer--had attributed
"both scientitic discovery and its practical al)plication" to Ihc "labor of a hosl of mell" grad-

uallv "bttilding lip the slrncture of knowledge" in "great laboratories." lxwis's successor

t lugh Dl_'den, coauthor in the 1920s of NACA reports on wind-lumlel-like experiments

with transonic jets <ff conll)rcssed all, held similar views. Ills two-sentence h!tler trlt.liSlllit-

ring the 1948 Wright-Wmd rcl)ort to Clark Millikan ends with a forthrilz, hl attribution of

slotted-wall "deveh)l}ment"--a term in Ill(" eventual Collier citatiolfs triad of "conceplion,

dev(.hq)nmnt and l)raclical appli(:ation"--not to Ihe ulnnention('d Stack, and not even to
aulhors Wright and Ward, but Io "lIt(' ( ]omlnillCe's l,angley I,at)oralory, "''_where llourish('d
x_h_lt lal('r came to be called the NA(2,\ teclmical cuhtu-e.

,:ks it inaliagelncilt clich(', teu,twork can ol)vionsly evoke skcl}ticism or ('vellcvnicism,
but NACSk vetci'alls have conlirmed that this officially de(lared teamwork act(tally did

llonrish at the h'vcl el hands_ln routine, and not just in managers' imaginati()ns or pub-

lit ])l-()ilOtlltcemel]ts. Stanford aei+otlatili<:al etlgilleerili_ plol++.'ssor (,nleriltlS Waltt'r (;.
Vinccnti, [_+)rinstance, who helped cmnprchensivcly define the transonic wind ttmnel

problenl as an NA(L.\ ellgiile('l" ill the 1940s, and who wrii('s on NA(SX history and Ih(" epis-
t('tn<dogr}' ol" engineering, has described tit(' grottp dwlamics of some iml)Orlanl NA(S\

flight rescar(h ofal+oul 194(t as t'xcmt)lifying "tit(" kind oftruitful mclding ()f ])ersonal and

group andfition and int('rcsl that can arise when tah'nt¢'d lechnic<d I)¢'<)l)le ioin in what
they see its a demanding and worthwhil{" task. The whole was in(we than the stnn o[the

l)arts. ', l+_eck('r, wlt<+ joined the NiX(LL\ l+angley stal+f in 1936. says that a cons(+qnence el

daily group discussions in lit(' mid-193()s l.angley lunchroont was that "<}lt{+n no one orig-

ina0+r el an important new research tmdertaking could be (dent(lied. The idea had grad-
redly taken [_,>i+IlIfronl many discussions and in trnth it was it product of the gr(+ul)." I h'

reiterated in 199(; that "seld(+tn was theI+e ()he clear, tmcquiv<)ca] rout(" to a s{)hnion" t() lie

lottnd by one l)ers<)tt ah)iI('; more ()|'terl, he said, thhtgs i+eally did hal)pen by way <if tlt('

group's 'inl(,racti<)ns over time. (;(+n(crning the <)verall assigmnent <)i shined-wall ()('(lit,

l+,et,ktu ., uh(+ avoids cx]mnsivc l)hrascs and carefully disfinguish<:s NA(;A l)ublic r¢,lati()ns

|)rOllOtill('eillCillS ]'i'()lll te('llliical l]Icts, [ClldS |o view lh(' achicvcmeltt its an intl)ortant siLl)-

set of all the late-It)40s NA(L\ transoni('s work--and he calls that <)v('rall l)r()gram "'one (if

tlw nlost effective teani eli(iris in the annals el aeronautics. "+`
Pour decades afler the (;oilier Trophy 1];)1 1951, this ie_tiiiwork-oii{'ilted, soint'liincs

linderai)precial(.d NA(]A lechnlca] /tlhure I)e{aitic a topic of some interest (otic('riiiii<t4
N:\SA, est)eciallv in l)ut)lic-l)olicv discussions <)t NAS,-\'s |tilille. "N:\SA did ilol rise Ilk(' a
iiew <.lealiOli []£oln the sands {)t thile when the space race t)('_an hi 1957," declared

:12. I [ltnst'il. "(;t'tii 14(' _,%'.I.t'x+is _ttld tilt" M_lti;it_t'tllt'ilt <if At+it)li_ititi( +il Rt'_,t'_ll( h," ill Aviali.. "_(;+dd+'n),/..w:

PIJIIItIIIg /Petit I/If 19211_ and 1971J+, t'(i. \Villiiitn M. |,car'+' (Iowa (]it}', IA: (711i_,t.tsilX o[ iowa I)i('ss, 1_.l_4{)), 9'.l-I ]7,

(]ti()ltilii)li tr(iln It+ 10(i. (]l)li<t'lltillg th(" t Io(),<('r qu_)iatiott, st't' I lliiis('n, l()+,fft).,rr itl ('hat_,,e, t>1). 132. 133, Rills(lid,
?i/tJd+,l I_+_+++tiIiD.1:105, lind l+c+Gs's (lligill_tl it'qtlt'Si h'il('l itl tit(" Mih()li :%.illC_ (()llt'(tion Ibldcr "(;t'oi_(' l_('wis,"

1.11:%+.Ill "'Ftl<l Fin(ling li>l [(illl()llt)W'_ I)lallt's. '' ,'_,'<lli+J#l+ll(7_'+lg')TqJh/<> |)t't t.nxl)t'r 19-)3, 1)t). 757-140, l)rv<h'n 7111ii|7

iilt'(I "'_it,ll)llCtilli( _il pio_it.ns lt,)l (lit' glowing +41()1c <)| huill_lll knl)wlt!dl_(' th;It ilnd('rlit's ;lll<t ili_lk( _n I)()ssil)tt' ill("

i)l_ictit a i il(-(Olli])li_,hliltqtt% "+i), 7_)8. |)lVdCli I() Millikan, ()('lob('l 8. 1{)4+4, "Rt'scarch Aiith{)liz_lliOll 7|i +' tot<l{'( in

IC\70 lilt +, IJ I,+%.

'.+]/+ _,'h+(t'llli, (Ilia( l','+lwm'er+ Know aml //my Th+ _, Kmm, ll: Amd+lual ,Stud/es /rmn A+'nmauti+al tit+Ira+

(ILiIlini<n c, Ml): ]ohlls I hq)kins, It,19()). I>. !)l; l+,{'(kvr, Ititfl_.+Tpeedl')_mt_er, p]). 22, 23, |il; st'<' als<) p. 7-+,; tclcl)honc

intctxi_'w. ,\l)lil '3, I!)+:)|').
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l l<)',vard E. Mc( :urdv in his l 1)_(.) ;uliclc "The l)ccav of NASA's +l'('(htii(;d (:uhur('." Thcrt +

and iil +l 19!)3 book, Mc(:urclv (Icscril)t's the t¢'chnic_tl (tdturc of the NA(b\ as l)olh +it;

;tntt'c(.+d¢'rH ;tn+d ;t mtandarcl lot thal of NASA. which came into l:,cin_ izl I{.)58 to (.<n+il)in(,,

tell)lace, and ('xtt'nd tho NA(:A ;tt+(l otl+(,r f¢'dcval organizati<ms. Ant un(l,urtlst,d lllV+LllS I()I

ad<ling to tmclcr_l;tnding of lhi+ tcclmic_tl (tdttual lwrila_c is historical stud'++, and one liSt'-

fttl t()pi( t0r mwh stu(lv is lilt' NA(:/\'s handling_ <)t tlw IF+lllS()tli( +wh|(l |tllllIC+ ])robl('nl ()vt, r

Ill(' (olns(. i)f lilt' till+('( + (i('('a(l+.'s l('a(lin_ u]) l() ]!)51.

T() i(l('nlit,,, (h+lr;l(lt'lisli(s ()t lh(: NA(:A and early NASA ('tlhlll't's, Mc(:tll'dv'_, I)()<)k

r(+li('s plhll+tri]x+, <ill ()hs(,r'+,ali()lis ;In(I illlt)l'('ssi<)lIS I)f NASA sl+l[t, ([l+l_ril+l_ :+,;('('Ol/(i+tl'i[% (ill

s('x('r;ll hist()]i;tll,.; ()t l]+l+.+ NA( :,;\. T]I(' Y('sllll, sa_s so('i<)lo_iM l)i+tl/(." \'_llt_h+ll} ill htq" h()()k ()n

till_ + 19_() ()h(lllel'i_rcr (lis+iSl(T+ is ;Ill "tml)ar,llh']t+d hisl()l+V <)l" ()r_+liliz;:ili()llal] ,['lllllll'( "" Ill;i!

sh(),,vm NASA al)lc dtlrillg tho It.l(}()s "to ,nahmdn file slr()ll.g t('(hni(al culltlrt + lh<It I)r(.'t'x-

ist(.(I AI)()II<+." Vmlghan'+ own ¢'xtcnsiv(+,_ rcs(,ar(ht+d stu(Iv (hess I_'w dhc(tl'+' NA(:A-rt'lalcd
hinl<wkal sotlr(t,s." ()thor l)ul)li( disc()u,s(, has his() a(Idr('ss¢'d NASA's NA(:A tcchni(a]

(idlliral ht'rha_c, soni¢'tim(,s whh litlh + r('l_..n(.n(-c Io I_)ltnal s(h(ilarshi I) of any kind+ In

pOl),lar lit¢'ratur<.,, Micht.nt.r's .+/)ace, r<)m Wollt"s 7++' l+_i,..,,l+l,+lU//_and Apoll,.,: 7h.,J l{¢+,,et,) Ib,,

Mru+,n l)v (:hm'l('s Murras _tll(l (:athcrint" Blv (:()x i:,rt'stun(, tht" importanct, or the tcclmi(al
culturai link. _. S() ,rl() pt,l)li(-i)<)lic v studi(.'s hOln Washingl()n. A I(.)94 National Rt.si.ar,:h

(:<)un(il rcllor! takt's all t'×pli(hl)hisl()rital :ll)l)r<mch hlv<)lving lilt' NA(:A t()juslil\
I'+.'('()llllli(.'ll(l_tli()ll_ al)out N;\SA"+ I)uildin_ new ii+lli()ll_tl slll)s()lliC +llld ll'+llIP.,t)lii(" x+,,'ilt('l

illl|ll(']s, I)tll tlS('_, +ts its sol(' N.,\(:A s()III'CC' ;L St'I_LP';('I'VilI_+ _++.'nli()tti('ial hiM()ri(:ll SII1/1111_11_+.'

_h()NIWl'il|o]+ ill Ill(' 1!)50s t0r Ih( + NA(:A ('h_lil'lll+ll} t)_; +t |)tlbli(" :t.t]_ti]+s ol]]['(+l ". A 19(,)+1t
(]()ll_l't'Ssion_ll BIId,'4cl ()t+ti('( ' Sllld'+ </[ I)OS:+il)]c n('w NASA (ih'<.,('li<)u_+ +lsSt'llS Ih_li lh('

_l_('ll('v's "<)r_allizati()ll_ll hist()r'v is ]'(']('V_IIII I<) lilt' criti(+isnl ()l iIs (llrr(+ll| (()]l(hl(-I '+ ;llld

ol):+;,Ol"_+'('s lh;ll iilll()ll_ '+N,'\_A's illslilutioli;tl l)r(.(l(:('t.ss()r_+ wa_+ ih( + N+tli()li;d A(Ix'is<)l'x

(:<)lllltiiltt'(' <)ll { "t+'l At'r()tl_lllli('+. lls i)urp()s( +++'+ist() d('v('l<) t) useful _lviati()li t(,('hn_)h)L,,T, _t
task th+tl I)x' lll<)sl ,l((()llnts il a('('(nnplisht,d well. '+ |))lit I)(,v()li([ lying (lis(tlssi()ll _)t NASA's

+'<lli<_inal ()rg;tlliz;lti()llal (lllltlrt," t() M(+(:llr(+l_ ,, 1lit" (J+)() Sllld'¢ n+llll('s 11o sil(h il(['Olllils. +''

S() Ih('rc may w('ll I)¢, r()()ln ill tht" ('()llX't'lltiOll_ll wis(l()lll, it|l(| ,I II:,;(." ill pul)li('-l)()li(Lv (tis( us-
si()ns, t(ir ;tll ('nlargc(t hist(+ri('al ])('l'Nl)('('ti%rt " (()11(('1"11i|1_ Ih¢' NA(L+\ I('('hliic_ll (tdtlH('.

[!scIul III;IIcFi+ll: ++,;.It(" avail+il)I(' |<)r it. llist<),'iall Jmncs R. I l+illSt'll'S work, csl)(,(iall,, l,;+D_-/ne+,_

in (,'/+a+:+4>'." ,.t Ili+hnr +!/ ID+' /,(+n,_4,? Aenm¢luli((l[ l,++b+n+dm'+, I +/I _195,++ ' and (_(+(e/l_+l

l¢e+,olu/imK .\',I,_A l+an_l O, lb'sean't+ Center/ram ,_/ml_Uh Io :1/_,/1+_, (()iltrit)tll,t's _,ul)stmlti_lll', t<)

clu(id;tting tht" t¢'(hni(a] (uht]ral liuk l),mwt,cn lll(., N,,\(:A ,|lid N+.\,%..\. S() (l(:,t,s _l+.'x

R{)lall(l's ;Xlo(ll'[ I{e,w,++nt+. + 77H" N+di+m(+l Ad+,i+m), (;oltlllti/lfF /O) +_¢#++Pl+PdlJd.+, l 915 1 <)SH.

S¢h<flarlv studies, b<_th historical and sorh)h)_ical+ oc:(amiomtlly +tvtCml)t hri¢,J distilla-

ti(ms c()n(t'rning th<.' N,,\(',A I(',:hni(al cuhurc. Roland says lh;tt "tilt" NA(:A I),+ 11)2(; wus

('Ollllilittcd I() +l r('>,('+tl['h ])hil()s()l)hy Ihal vahlt'(l i)i'<)('css over i)rt.s(icn(c+ Iht"It.;llll ()x.<..l

ihc iii(tivi(hl+ll, (.xf)(,rini(.nl (Y+('r Ihc()rv. cli_iliccrill+_ ()v(.r s( icli((,, in(i(,iilcqilal r('lHit'lilt'itl

/,t. M(( tli(l'+, i ). :+,ill, "rh_, ])(.(;i'_ ()f N,\%A'n ]_.( hni(;d (:tllttli('." N/)_+_, I>./i+_ (N<)_cnlht'l l!hW,9) 301-10:

M(( :111(1',, hl_Hk, :_.71<_1<1i>>//i<_4_ /7'_k_.b_n' r+nU ()_r¢lni:vlli<m<ff (,'D_<_,_' 7u tI: ! '.._;. L"lT)rl¢ _' I>nit._m (l+,allitw<)vt,, MI): l,,im_
I l<)l)kiil,, t rtlit('i+,ilx I'l<'s_. 199:t); %,'_ltt_h,lli, ]71{. (fflt+'/h,#lg_<.9l(_uu_tP ])efi%ifJ#L" l{Lxh_ Ji,¢/l##(ffo_3, ('u#l_n'. (x#HI I)G'/<HU_

<_t =\L+i_,A (I 3ii¢';l_o_ I1.: tlnixcl.+il) ()t (:lii(ti_() l'l(.+,_), i ). 199 ii. 17 _iiil'l F" 210. S<'c ;ll:.i() i ). :ill<.) li. P+N.

:';7). W_)II_.'. 7'11<'17¢.hl .'_In//(N,uv. '_i. k, NY: LII rHr .%ll;itl+_,_ (;iI<)tlX. 197!)); ]\|tlll;l% ;11}(1 (:(ix. |/J+>/l_>:IIt_, It¢l<_
t+_tDr 3/+)ms (Nc',,, Y()rk. NY: ";inl_,ll _lild t4+.hu,,Irl. 1989L

:+;(;. N_ui<,n_d IG..,_.m(h (:,)m. il. ,l_,._W. ,, tt_' N_H_.n(d t_1_ /_u "l_'m_uth_d (._m_ml 7;:,,/ I'i_/l_ti,_

(W;r+,hin_4t()n, 1)(:: N;lii()n;d L\(a"l't'lU" Iht'_", 199'1). A_'{_l(titl.' 4 t'r) R(_I;UI(t (ModH Ib'_r_mh. 1::il9). lh,.' hi'.t<_ti(;d

StlliiillHP, (ll)l Illll_t'lil "l"(_T 1"+Y(+;tl _+Ill <\ci'<Hlatiti( ;I] Rt'st'al ¢'h," xdiirh NR[: chall+ I t itt's Irolll 77;f' ._#lli/h_ltllH,,#t /_e/nn!

/in /g$$. _._i_, wliilt'n I)_, _lx.'a]i<.i T. I_.nlti<'_ l()i ](.loiil(+ (:. I hiil,,akt.i iilid "_ili,l_ ilil _ (:onilliill('r'.4 li._'. Jill' NA(:.V_I

l)i';ii_,t'., ;Itl<l i_ill)il._ il_ t)il)hl_'ili_, ;ind _,h()ll(_)liihi_,." lids)line)',4 _,uinlii_u _, _il_,lJ at)l)l.alt,l't in ,\R_. (:(llilzit'+,,,i()ii;il

lt.ild<_ct ()tti( c. /7_'/#IT,_'##t/Jt_ ;_:|,_, I, Mal(h 1994. i)11. 71 ;1111117.
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of lilt" existing paradigm over revolutionary creation of new paradigms." He then distills

his own S(llllnlaly to six ,+volds" "the triumph of engineering over science," a variation of

tilt" thought that 1 |ansctl distills even fufthel in his book title Engineer in ChaT_¢e, a phrase

that McCurdv ill tt|ln has appropriated to name tile NA(LA cultural tradition. The

X|((]tlldv distillation of the origina.1 NASA technical cultute that Vallghall selects t<_ quote

is consistent with Roland's, ]lansen's, and others' historical scholarship: it "consisted of a

commitment to reseatoh, testing, and verification; to in-house technical capability; to

hands-on activity: to the acceptance of ,isk and t,lihlre; to open communications; to a

helief that NAS,_ was staffed with exceptional people; to attention to detail; and to a 'fron-

tiels of flight' mentality."_7

The histotv of tilt: NA(3Vs handling of the transonic wind ttlnllel problem nlay con-

tribute to revisi+ng ov refining such distillations. When NASA's antecedent technical culture

began taking shape artmnd 1920, a new research problem had arisen: on aircraft with

increasingly powctl_.fl engincs, longer propeller blades were uaveling through larger arcs,

their tips in some cases reaching sonic speed. Since ;t propeller is an airfoil, a complex,

precise aerod,+'namic shape like a wing, this made tl+allsonic aerodynamics a practical

aetonautical r_'search issue, even though transollic tlight--and the wold tran_m, ic, for that

lll;lttel--wele still sonle distance in the ftlllll'C. S¢) the NAt ;A cI1ovt thal eventually led to tile

slotted-wall transonic tunnel began. From the l,q20s until tilt" advent of NASA, lifts ell0vt

i)aralleled, retlected, and SOllletimes ("+'ell partly constituted the deveh)pment of the NA(L,\

itself. The eltovt's histol T suggests a troy candidate moditicati<ms to distillations summariz-

ing the NA(]A's technical cultule: Its members conceived leseal-ch, feseafcheL and research

tool sis otganicallv itltevctmm:ctcd. With an externally compelled applied-reseatoh focus,

they sought wha't Stack came to c,dl "physical un(h't+standing, without nmthematical

westkness," but they kept in view tilt" additional p.actical goal of hmdamcntal scientitic

understanding. Bv 'continually enlarging their torporate technical and scientitic memoly

and by continttal'ly developing ct+aftsmanship ill the ;I.l-lS of aeronautical leseal+ch, Ill<_"+,

h'avne'd to exercise technical intuition deftl> and to adapt tlexil)ly to new problems--

lhottgh usually not until doing so accolded with tilt' priori| es of industl 3' <+I lhe mill|at T.

Wind Tunnels, Tfansonics, and the NACA of the 1920s

The NACA's,joI_ was to supply American indtlStly ;tll(t tilt" military with intormation tbr

designing belief airplanes. This intortnation mainly took the tofm of more than 1(_,000

formal reports tmhlished and distributed dlu+ing the research mganization+s f_rty-three

years+ an average of at)<)ut one per day flom 1915 to 1958. TM Much of the NA(:A's inf<+cma-

iion-getlefating research addressed tile centrally itnportant topic of aet<)dynamics, which

means predicting tile complex interactions between airplane and slit; which in turn means

tmdevstanding the nearly constantly changing Jlow fidd--the pressure, density, tenlpera-

tuft', ;.tl'ld telative velocity"' at each point in the ;tit afl}:ctiug and atlk'cted by the airplane at

each moment of flight. This predicting can he ,+ely hatd. Flow tields dittk'r for ever T con-

tetllplated aCl+OdVllallliC COIltlgttl;t, li()ll, alld change with each ail-I)<)l+llC lllallellVCl: Even ;it

an aiqllane's slo(vt'st, its tlow-tield velocities match tilt" wind speeds of a rt)hust hurricalIc.

l'he ideal tbrm of flow-field ttndevstanding, using the mathematical language of the

s¢ience <)t tluid dynanlics, is a feliahle theotT--a comprehensive, systematized conceplual

!_7. Rolatul, Mode/ I¢_,_+'anh, 1:98 and t.10; M<'(hlrdy, In*Mr _\_,5;A, pp. 12. 1'.+,4:Vaughan, The C'hall,,'_+W'_

/aumh I)e+i_ion, p. 209 quotes p. '.+,0_in _,|({.;llld); "The Decay ot NASA's Technical ( :uhtlf_'. "+
38. .Uo&q tb:_+'a_h, I:xiii and 2:556.

39. ]_lm D. Andcfson,.]l:, calls Ihcse lhc "t_mr fundamcutal quantities in Ihe languagc ot acfodvnam-
i_s." p. 36, I_+luMmli._ I. I'li_4_l: I1_ I'.*l._'u._'_i_a_ul Ilisl._'_ (Nmv h_>rk, NY: Mc(;taw ttill, 1!178).
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inodcl aF, F, licabh., to the task of making correct pcrt_rnlance predictions al)oul i)ossil:,lt • air-

plant and airplane-component designs. 1 !nfTirltmalely, lifts level of undel,xlanding is hard to

allain, CSl)ecially tot transonic speeds, h is i)ossil)lc, Ihott_h, Io b_t'l empirical inl_wmalioll

al)plical)h" lo design probh,ms by ((mdu<tin_ wizld Itm])('l Icsls _)I"flight lcsl._ lll;ilrcl)li('alc,

()r al ]cast appr()ximalc,lh)w fichls ()f inlcresl. By 1920, lilt" NA(:A had I)efz,un c()tlducIin_
I)olh kinds.

A wind tunnt,l Icsl rel)licalcs a th)w fit'hl l)y nlovin_ :tit" across a Icst sut)iccl insllli-

melted for data-galhe|i|lg, ttsuall'¢ a scah' model but st)mclimes an actual airphult, _,-a

full-scale c<miponcnt of tliic. The nlcthod is ftli/Ctional]) r ctluivalenl to flight, t;>l" as

[,conar(Io da Vinci t)Oillled Oill, "whal ;ill ol_.iecl does a_aillSl lIle ii/oliollh'ss air, lilt' salllC

dot's tile air iilovin<_ agailisl illc ot_i<,cl al resl.'"' ()f/'{llll-S{', da Vi]lci liCVl,i-lried t'slat)lish-

iii_ lhis funclional ('qilivalelic), in "wind llllillCI airlh)w ncal ih_! Silted of SOlllld. A Ill,Ill

l('sl, oil lht! olht'r ]iaild, ,_('ii(Irales dala tlv iiioviii_ an iliSlrlilil(,llll,d Icsl subjecl Ihi'ou_h

Iht" all; In 1919 Ihc HA(I=\ I)('<k_;ill I('l_tlivt, iv h)w-spl'cd Ilighi cx|)eriinclils with ordinar'¢

t)il)]ant's, l_lll lo cilc ihc lilOic varied flighl-lesiilig cxaint)h.s tioin lhc NA(;A's 1940s-cr;t

t'ft_lils in Iransonics, a tli<_hl-lesl subjcci could 1)c a pilolcd research airpian(, like lhe X-l,

or it CO(lid I)c a scah'-inodc] air]llano or wiilg- shill skyward Oil a rock('l, drol)i)cd ti-olil all

airl)huic at hitch aililude, o1 I{isieiicd it> lilt" Ul)llm suil]lc(" oil say, a P-:'>I Musi;ilig's wiii_,

whorl! airflow could acct'leralt" to sonic Slwed durin_ sl,.'ell sulis(inic f)o'e,,er divcs.

t/olh wind iuniit'l aiid tlighi Icsls gt'licralc uset]il iiilornialion, 1)ill as Ihl" poslwar

HA(I:\ IraliSOilics ('ttilrl ilhlsiralt,d, tli<_hi Icsls often ietlllilX, illolx" liine, cl]_>rl, aild

rcsOtll(cs, wilh t'acll dallilll prcchlusl)' WOli. :\ carc[]lllv oralIt'd lnodt'l drol)l)cd 11o111 ahi-

ludt' oF l;lunched Oil ::1 rockel requhx'd an ehil)or;I.le lratkill<_ s,VSlCiIl Oll lilt" <t_round, had

liiniled capacity 1o ;i(tolilillOd;tlc In(';istlriii_, alld d;il;i-lranslllillill<_ devices, alid was

cxpi'ndt,d in a siilg-h" I)riet list'. Fol willg-inounl(-d iliodcis, lilt' hosl airplant,'s own l]ow

fit'ltl olit'll spt)ih'd Ih(" sn/alh'r ]ocalizcd fl()w th'hl Ilndt'r slit(iv. TlallS()lliC rt'scarch air-

planes, Ix, sides l)cill_ (,xilensi,_,t, aild rt!quirillg exlcnsi'<(! stlpp/)rl, also t!ildail<_ercd Iht'ir

pilots: tht! NACA's tloward I,i11)', Ihird iitliilan Io cx(ccd Ill(! spt'ed of sound, died in a May

1948 crash ot lilt" I)-._)51"I-1 Sk)'slr(!;tk, aii aircrali COlliparablc to tilt" _-1. :\llholl<ff,]l t]igh't
If,sis did colllril)ulc slll)slaliliallv ill tht" lliidct'nlur), alirack on lransoliic acrod.vnaiiiics, lht"

poslwar lransonic-rest,arch-iool dcvelol)nit, ill _oal was akva)'s io achier(' lilt, th'xibh,, COl/-

VCllit'lll, ])rotillCli'¢t,, alld salt" ];tlior_tiOl}, condiliollS of Iht" wind tllllllC1. As lilt' NA(]A had

rt, cO_llizcd cvt_il t)efi)re 1990, ill a Illilnel'.s easily acct!ssil)lc It!st scclioll, t'xpcrililClil st'(ups

alc endlcsslv and conlparalivt!l)' cheapl), rtlctinligllral)h,, alld It'sllhs alt" COlllp;tralivt'k,

casil)' ol)st!rv;tl)h! aiid ilit'asurablo. ()t COlll-SC, t!vcn if easily ol)laiiicd, dallt from ;Tt lUlliicl's

artificial conditions iliilSl siill lllCCI ;4 verisinlilitude crilerion: Ill(,s,' IllllSl corlt,SpOlid sonic-

how wilh lilt' aclual t]ighl condilioils I)einl_ rcl)licalt-d , eillicr dirtTctk, or 1)v lilt" apl)licalioil

of rt'lial/h" niaiht'lllalical correclion l_tclors. Meetilig ibis verisilnilihidc rcqliirt-nlt, ni was

the ceillra] challenge of NA(]A whld llinncl hislor)', and the NA()\'s 1)t'sl-klloWil Slitccss

in inct'liilg_ il was the slollt'd-wall It;it(sonic tiinnel.

I,oilg I)ct_)rt, l]lc 1951 (;oilier "I]ophy tor Ilia[ Stl('Ccss, and Iol/g- I)('tort" Ihci-c was ;111

NAt;A, acrollatllic;iI ICst_arthcrs rt'co<f_lliZcd Ill(, willd lllnilt, l's advantagt's. Tilt > t-|]OltS of

Orvilh, ;tii(t Will)ur Wril._ht to l'ii_inet'r lht, tits( ail])laiit' hichided Inelhodical sludics of

snial] aclodvilaniic sliapt's in ariiticia] flow fields ills(de _l+six-foot-hln_- woodt'n box wilh a

f_tn al one t'nd. B.v 1970, lvlieil ihc NACA t)t'_>an oper_ilili/_ its tirsi wind liinnt'l _il Lail_-lc)',

seveial luilnels wcic ill tlSC in i|lt_ [!niit'd States, I)lil liic world standard was I)cin_ sl'i al

I aidwi_ Prandtl's acronaulical laboraior), in (;7$1lin_eii, (iciiliaiiy, wherc lile ch).sed-circuii,

41'), (_lloted p. 91 ill t]ilt4h l,, l)r)_dcn, "Acrlldvnailiics--Iheoly, [Xllerinlcnl. Applic;lliolL" A_,ro_mlUt+al

l';*_&_tm,+-m+K ICm,ie_ t _, No. 12 ( Dt'(Clilt)cr 1_.l.'_:_): IgS-_}_l.
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rctttrn-llow lunnt'l had l)cen inv¢'nlcd _tnd rot+ned, hs airmtrcatn cvclt'd repe_tt('(]ly, with

p()wcl-s;tvin_ cfl]cicncv, _tr<)und its rtqurn circtdl ,uld lhrough its If'st section. Years laI¢'r at

]+an_Icy, tilt' l)i+t'cist ' l)]ac+L'mt'nl o[ cart'lullv (+al(+ilat+L'd v+L'nlilali<)n sit,t:++, in tilt" test-section

w_+lls (d two hi_h-slx't'(l xt,rsi()ns (fl Stlth Iulllit'Is madc them iht + l+rsl Calmblc ()[ liatlsonic

I+L'stin_ I+,I+1 in llmc It,+'-)<) at ]+anglt'_, m) world ,q;md_+rd w,+s st'I, ()i +cvcn mr+I, by thc N,\(:.\

whcn its fir+st wind tunnel star+('(+ (+pcr_iting. l._+uking a r¢'Itlrl+ circldl, it w,+.s '+oh_;olclc whcn

it was huih," _it cordin,_ t<_ ++'ills/ "l',,nH.', ,] NA.',;A .+tlth(}r l+_a_lls."

I h)wever, in th;iI S,lll+(" _+'t'ilr (if ]t,)_() Ill+L" NAt:A, ihr(_t+gh its cxcc++tivt' c_mmlitt¢'c chair,

tll;+til.l<+seph S. Aim's, did at'Ic,+st takt' SlCl)S lcJ h'al n un<)r(" _d:,ollt wiil(l tumi('Is w()rl(lwi(h'. Ill

his c_+pacil,+ _+:++,NAt :A act()(lvnamics ('()l+]lllilI+L't" 'vi{ t.-chahn+_m, ,'\lilt+:++, X+11()1(` l() S('_'(xl'_tl I )]'()]tli-

+ilL'ill li_,l+r('s it+ Alnt'rit++n at.ron,lulics Io ,tsk l_)r hcl l) ()tItlinin_ "'it l)i(l_r,tn} +)1 t+L'sls It} l)t'

re,+tic ill th+.' wind IH,tnt'ls (if this ('<)troll T atld ()[ ]_+urt)F,<+' with it \rit"O/ It) S+C('u]'itl_ what Ol+C

might ¢'_dl slan+(|;udizatitln, th;tt is, inl<Ittll_Iti()n which w()tdd e+lal)]t" (lilt" I() (()llil('('t the {|ill;t

i)id)lish¢'(t, as (fl)taint'd in thcs(' (lifE'rt'nt witt<l illnmt'ls+" The immt'(lialc lll(}tixl,lii(}ll W;ts

+L,llil)r;.tii()n. Aliatly/il'Ig tilt' dix'cigt'n(t' ()I rt.siihs fl-()lll icscllich t(l<)ls ('iill'_;ii+l._ (lilt idt'lIli('_tl

t.Xl)t.rim(,ms (ai( iml)rt)vc intt'rl)rclali()]+ ()f lhc ft.'stilts; l)y citlil)rittinff, tim++('Is ++_,+lhist ('_+(]1

(+lhcl +, rt'scar('hcrs ('(+utd llctt('r t'xlr_l])<)latc likely fhlw-licl(i behavior _tl(lll l++()n+ ,uli]i('ia.] ]]ow-

ficLd Ir,li.lvi()r (+n the _r(}tmd. \V. F. l)uran([ ()I Stald(_rd l. Tniv('rsitv, l_)r (l('(adt's :+ ]+i_!j(_r

ll_+it t' ill ,\n+t'ti(',tn ;+t'r()ll;ttLtit .:++,,;tnsw,.'r('d .\m('s xvilh str()]+_ s+q)lJ()rI l_)r th(' st;_nd;u(liz;tli<)ll

It.Sis. l lc t)ll:_,i<_'(l st",('r_d sugg('sli()ns at+d '+l)+L'(ili(;+ll> ti+t'Hli()li('(l lh(' l+¢x'(l I()itHIt_(lc l:rt'n(It

and British i_+'+,lllts. Tht' N.\(]+\ did (listu+s th(' +(it',+ v,'ith Eur()l)(';ins; l)r;++t(h] _,(.nI l]',c sl)t'cil:

ic (T(_ss-(t)ml+;+ris()n-tt"q i(l(',l,+. ;rod lilt' British and l)til(h ,+Is() st'HI sli_L_c:+sli_)ils+'" IH l!l_2_.

,,+,ill+ ,\tlit.s's tr()ss-(_tlihr_tli_m t¢.sting llt()_l,lnl ])t'_til+. the NA(IA's ,+l+liii_il r_'ll()rt in(lu(lc(l ,+

sc(ti()n ¢,t]h'd '+Intt+rn,tti()_+al Sl,tn(l_tr(liz_tli()n <d Wili<|-Timnt'| Reslltts." lhc y(_t,u_ r('scat+(h

it L_('llt"+"s t.arlv-lt`)2()s (.ffi)rts Io (()rr¢'latc rt'scarcll r('sults aln() inc:hi(l+L'(l (lat,l [l<)it+ llight If:st-

ing. whi(h hml sI_trl¢'(] ,it l++mgL('y in ]9]9 ,st ]casl partly E)r Itli+nt+l-<()n+paris()t+ l)ttrF '()st's.''

fh()ugh the ilm+it'diatt' m(llivati<)n fl)] all ()f this (r()sn-c()i++l)itris()ll w+.)Yk ;,vas (+i+lihrali<)ll t()

,+l_,u.l)t.n tln(]t'rstatldin_ o1 rt,s+L'_ir(h res+lhs, lilt' t,ffi)rt intlst als<) h_tvc (alil)ratt'd ,+,i{l sharl)-

t-llt'd tilt' N:\(:A's tlti(|t'rsl:indili_ (}I its nt+c'd l()r l)t'ttt'] rt.st'ar(h Ul()ls.

.\hc+;+(lv in 192(I lllat tl('('([ h_l(l I)(.'_+ll+ t() (.xt('l+(I t(> th(' Ir+lltS(_lli(, ,is :++,('t+ll v..'ht'i} +\lilt':++,':++,

lt'tt('r t+Ji('il¢'([ ;+ill ('Xl)lt'ssi<Hl ()1 (-()ll('t'l'll _lJ)()ilI xx'ill<l tilllllt'l rt'suh _, [_li lilt + hi_h-sl)cr(l r_+ILKc

lh_tl xv_ts n()I t'xt'H ,,t't c,illt'd by l]lal llltnl¢. Elisha N. l"ah'_ (}I lht' Artnv+s ,+(.r(}ll;itilita] tall<)-

l+:att)rY at M(( :()()I,;. Ficld nt'_u l)_tyit)n, ()hi(_-n()x'v VX:l+i,_lIl-l)_Ittcrs<)ll Air |:()r((' l+,ast'--r('plit'd

that standarcli]ali{)n "h,ts ('Sl)C'( i_d si_lli[Ic,ltl(+t" V.,']lt'l}, _ts ill ih<' Mc'(:<)()k l:itgd Itllllwl, SllCC(tS
_irt' ,+tt_lii+t+(l which inv()]v¢' tlcl+sity (hat+g('s. "''+ l:alcs wa', htin_in_ +i I) tht' bin(lain(total l)r()h -

II. l+.aals. II'+m/ /..re'l+ +4 .\.lh.I. pp. 9-14. l'hi., _)l)Mdt'+,(t']i( (' +r+,'.,r_ti+m h', x,.i,i(l ttmut'l t'Xl)C'.1 l_,;t_tl'.--

him+.cll i+_,tahlx h_+al t,) tht' NAt L\ It,, ()'+('_ hall _t ('t'nlttf;--(+mtr_rq +,with N.\( :.\ l),,hli( i',t ;iti<l (h, (mi( h'I( ;_'(}t _t +

%%11( ;t _tx "%( laim +hal 'IHIHIt'I N(). I "1<dh)x_c<l thc h,(",t t.ll_il]t't'l ilt_ l)ra(ti(c <d it,, (++ix." I"/++HIICP',++/I'I/_IH + I'I/, _'I+_+_

,1 k Xft IP+'+,+Yn+h(N'.';x _t_+Ik. I)(:: .\]h*'d .\. Km)I>L 191N). p. :+I. Alth,m_h <,l)Cn-, it( tilt ttmncl+_ sxci<' it+(Ict-d +_i(l_'

]'+ tlnr(t ( if( _t |!)20. ,,xithin ,i I'.+;: "+car', the N.\( .-\ r_-'l)1;tt t+d It£1Hi('l "_i). I. ( ;t:_', is ht.tlrt x;dtk'd li+r <_ x.,talthlt' I(,( il-

Ilit;ll t'xl)LIH+Itil)llS ti+:m I<)_ itnl)_t,tialitL R(dm+(|, ._l+++h4 /b",r.nh. 1:319 _alls hi'. h(.)k "an lillt' _+ nlIml1+;t]'+ ,d ihr

N.\(:A's t l_lilltS li)l il_,t+il ;in is likrl+ t_) I)t' l)rt'l);(rt'd. "+

I'_). ht t+;t' lOldt't "R..\.+s'_,u,,,da,di.'_,'i_"' <,I Wind [u,H+t'l_, 19_0 19_IL" I)-.+\711. t.l I.\. ;tlt' :\Ill+ '+, h) .\. I'.

Z:dmL I...I. l+ri_gs. E. P,. \Yilntm. '+%'.I+'. l)uland. E. N. Igdc:.,. J. (;. (k+IIi,,. 11. I+_it+..l_i_m. :llt(i ];. tl. NI)II(+,I. Atl_ll%i

_?,. ]920: l)IH;m([ Ill ;\mr's. S(+l)It'ml)('t 2t. It)_(l; a __I)', ,)I W. K,li_hl's Ma". :'L 1920. ]t'll._q th_mki,,_ l)l_tH(Itl; aH(t

a l'++,(,-l)aU,t" dt,,.ttHtt'llt '.',ith Au_tlst I_. I!12(I. t('('ril)l Holati,)H tilh'd "%t£_,:'stt'(l \,.+_,_(l,,nami(al (:()mp_Hlixt'
ft.sts+'" '+',hi,_ i_ iH_ It_(l,.+n l',a,_(hr, _,.(lu_il nH_t'stil)HS, l.an_h", ('nginc('l I'iII,_,I \%' Mi]h'L irl)t,tti_ It;, l)(_r_l (rift-

(is,n+, ,+I lh(' NA(:A i,t I!)?,(). al)l)aI+.',ill+' (lid t_,)l kt+()x'+' ab<)ttt :\m_+_,'s h'ttc,: nvt" ._IndH/{+'srrzPH+. 2:(L+)_. ii('m 7.

13. .\R_. I+, 36: "1+'ilt_ _'ats (+I Flight Rt'st'a+(h: +\ (:hr<)n_,l()_v _+I lht' |+_m_Ic,, l{t".,t'a_(h (:t'ntcr.

191T-1'91;tY" (N..\S.\ T%I-X 5!1:+,1 t. _tt:,p_trt+ntlv a tC'l),lb]it;tli(m _1 ;,._)+k t),, Mi_ hall I). K(+lh', ). t;- II;

tt. i"alc', t(_ .\,n,r.,. \ugu'-,I 3t. 19211. in I<I,%:1} hdd<'_ "R.A.'+,--:',,t;tt_d;u(tiz_ti<)t_ _t Wind I,mnt'l,,

192(I-192(_." I.I [A.
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I,mn ()1 _.m#n,,_/b/I/O,. _t t_h<.'nt)nl('n<)n aht,adv known ill Ih(" licld of tlnid dvnmnics mid

l)¢'gitming I() r('(luirt" attention iu lh(' std)lh.ld ()f ;tcro(lvmmdcs. Evt+u ,u slow sl)c,t.ds, a liv-

ing ol+j¢,ct slightly (Oml)rt-_scs sc)In¢, <d th(' _tir lh;Jl it III('CIs. l'+liSill_ Ill,lit ;til"S dc'+sitv and

thus altcrin_ a kc'v l]ow-l]('Id characteristic. ,\t Sl)('cds ;tl)l)ro_tchit+g lh_tl (>I s<)tmd--ll+;+tl is,

_tl tr+tll+sonic nlwt'dn mtwh hi,4h(,r than those ol lhc airphmt's oI 19_0, but equal to lhon('

()I +some lHOl:,cllcr lips of the da)'--lhis (<m+l)r_,ssibiliLv b(.com(,s signili(ant aud mlarts to

dt'grad¢, lh(' ]:,¢,rl_)rm_tnc,_. <_I airl_ils, l,+or prt)l)(,lh,rs, COml)r(.smihilit) r ,t,ll_.(+is dcgr+td¢" thc

l)]<_dt.li<+n ol l)rOl)ttlsixc lhrust. For _tirl)lat+¢,s lhcmmclvcs, COml)r¢,ssilfililv ell_'cls cm+

l)t'(omc disrtq)livc and _"+('t+ (lan_('rotts, ;+Isitldc(+d Iml)l+Cnt+d when airplancs'bt.gan attain-

ing tnuch hi Qwr _+lW(,(Is i. th(' late 1931)s+ (!rider NA(_A atlsl)ices, Falcs in 1920 (o-wr¢)l(,

"Wind ]'m+n¢'l Sludit.s in At'r()dvn;tlni( l'henom<.,ua at ] li_h %l)('<.'ds. '' a r<.'l:,ort on work lh;tl
Sla(+k lat('r c;tlh'd "lhe (';nli('sl ¢'Xl)crimcnt;tl it+vcstig;tti_n ¢_f;tirloil charactt.rislics as allbcl-

('(I l)v (Oml)r(,ssil)ility," and that Bc.cker says inlro(ht((,<l lxx'_ iml)<ntm+t cotnl)r(,ssil:,ilit)

l(+l'tll:',: ('+T/i+++l ',/],++'+I and buP+/+,.+:'+%1(llili(;tl P+I)('t'{I, SOlllt' {)I1the airl]ow +tccc'Icrating across;

tlt<." ;tirR_il ,_ttrlmt, rcaclms tlt<+' Sl)t't'd ol st)un(l, cr('_ning _t lh)w-l]('H-_tisrtq:,lhL_ (<mq)rt'ss-
ibilip,' 1)tlrl)lc, a discmnintdtv in the f]<)w.

Wht'n l:_th's r_tiscd this hi_h-sl)¢+¢'d rt.,+t+;trch isstw in +msw('rin,_ 'LX I t l ¢ " _ , little had S'c't

l)cc]1 h'_itl'lIcd +ttl:,<:,uth(>w Io sltldv lr_tns<:,llic [)]R'11(:,]ti(']t+t. [+(p<k('F n<)l('s, fi)r Jllsla]Ic(', l[lal

Falt's _tlld l('l)()l+t comnh<)r F. W. (',al,:lwcll did not cv¢'n tn(mtiot+ the' c¢'ntrallv iln[)()rlanl

ratio of tl.w-th'ld _+[>('<+'(Ito the local Sl>Ct,d of +(.md--/U,+.h nllmh+,+, :is Swiss +high-sF, ccd

r_+s('arch¢,r.lakol> ,\(kc'rc,t m 1<.)_9 ])t+¢_[:,()_('(l calling the r;tli(>--('v(.n lhough tit+." c<)nC<,l)l
ils('ll had bt'cn known to l]td(t d):mtmicists [_, (h'(_tdt.s."' ()I (OtllSt', mtwh wa.+.+stil] to l)c

l('art.'d _tl)_)nt Itow to stttdv acr<mautical (]t.'sti.us in g('ut'ral. R('s('arclt tools w('rc o[l.+_'tl

(luit(" rudimcntarv and ttnsol)hislicnt¢+(l. Th(' l:'ropcllcr R0s('arch Ttmnc] at [,at]gh'y, l_.
cxatnl)h', <_ri,_imtliy had pl_du comm('rcial l)l,tlfi.m scal('s for acrodvmtndc mcastn-('mcnts.

Wilh _it-[1<nviug at<)ttnd an t'nginc-m+d-l)rOF,(+lh.r <:onl]b_tur_tlic)n motmt(.d ¢nt a lram(+work

a_o[:, I]I(' _+¢_t1¢'+,I('5,(P;ll-ch('is simply wci_h¢,d th<.' thrust aud <ha_. '+
Rt+st+arch tools w('rc also rudilucnl,uv For the lr_tnsotd(s studi(,,,+ lh(' N,,\(3A at first con-

Ir;tct('(I ()nl (hnin_ lh( + l!)2()s, a.s futt,r(' NA(_A r('scarch (lift+clot l lugh l)r),(l(+n h'mncd

lhslhand, l+,(,ck(,r S+t_rs_ha_ with th(' high-sl)ct'd work of (_ddwcll and l+'ales lhe "s(.(.ds ()1
inter('st h+td h(,t.n sown `+in bolh the NA(:A and lh(! Natimtal Bnrcat_ of Standards, an<)th-

¢'r gov('rmnt.nt agen() wilh acr<)t_,tntics intcrcsts. A¢c(>rdingl), n('w higl+_-SlW(.d studi(,s
t)('gan tHl(l('r NA(_A at_sl)i(t's, r['h(, w()rk inv()lv('(I NI$,'+';a(.ro(lvnami(+s s('ctim_ head 1)rvd('n,

a 19 lgJohus t h)l)kim+ F'h.l). iu l)hy,+ic_+ ;t_(I m_tlh('mati(s wh<)m Am(',',;, in his cal)a(it i a:, _t
.Iolms lh)l)kins t)h)+si(,s t)r()li.,+sor, had <)rigimdly r('(()mm('nd(,(I to NBS. Am.:'s <m(('

descril)(,(1 l)rv(t(,n as "th(' t)righk.s! y(>urLg man . . . withottl ('xc(.l)ti()n" that hc ('v('r

('n(<)ttnt¢'r(.d. l,ik<.' the' Iram,()ni( wind ttmncl eJ[ibrt it:.;('ll, l)ry(lcn was t¢) contribttl(, suh-

stantiallv <)vc'r the' y<.'nrP+l(+ tic'lining lh(+ N,+\(5_ lc('hni(al (tdttu-c. It+ 1947, altcr St'l'Vit|<_

Sill('t + 1931 On the NA( 5\'s at'r()(lvnartd(+ committ,u(,, It<.'.jc}iu('(l th(' NA( ',A staff to rcpla(("

aging rt'st';tr(]+ (lir('ct()r (',('org(. [+('wi_+.just wh('ll _+](}tlc+(twalls wcrc ])++.+illg dc,vcloF, cd +it

I++tngh'y. l'h<.,r_+,altt+r, iu ntm_('r<)u,_ mti(l('_, in both the' l)rol_:+ssional and pol)tdar l)r¢.,,.;s,

+15. I:. W. (_aldw¢'ll m_(i E. N. F_,I,.'_,, N.,\(_A Rt.l)(}rl 83. 192(};J.hn %t_( k, NA( ;A Rt'l)_)rt 163, "'['h(" N.:+_.(].A.

l li_h-_l:._'cd Wiud Ttumcl _tt_.:l "l('.,t_, <d %i× lhopt.lh.r S('(fi(.+.,." 197.3 ((itt.)l_tti[_n ()n i _. 116 in AR35); /l.,kH_ _/_'_'_l
l:_ml/_,_, i)i ). i',-5.

l(i. B¢'(k('r, /Iq.d_ ,'_/+'.,'_'d/+)_th'r i ). 5. In Mih(_n Arm's (olh'cli<m tOt(h.t "'_'l;|v 2.t, 1918. rli'_lllSOIli(" Wind

Tutmt.ls (Sh)tt,.'(l Thr(}at,_) Mr'm(+ I)', R_e+ Wright." I+IL\, llugh ])i)'(I¢'ii'_ .Jtmc 25. I!)4N, ],t'(ttH,.' nol(':_ (if('

:\( kt't('t's "'Air Rt'sishtut_ <, ;it Vt'l) +] li,_h Sl)t.t.(Is' in ,++/nv+./l:,,.m,, h+, l_u.:+/tm+_ 9.1:179. ]929." E(lw_.-d W. ( :oz]st;mt.

The ()++_+.+ +¢/th+, /i+++.]+.t/5_,+d.ti+.+ (Bahin.)r,_', MI): .Johns I h,l)kim,, 1981}), p. 288 n. 8, savs Ack('l('l intt<_dt_t ('d

thu If'Ira ill 1_J'.+__:it th'.' VI)Ita high-+++l)('cd c_>nh:+r(.n_,t , in It:d):

47. (;,;t), l"m.//eP'..//+hk_/+/, l>p. 51.55. S('(' alno Ruland, 3[+JdH 16_++.,_;n/+. I:I IS (()ll('('l'llill_ the "[)+in,ili,,c-
nt"+,s (_1 _'_t,l', N.,\(:A l('St';ll(]l."
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Dryden articulated the NA(:A's outlook on all aspecls of aer<mautical research. From 1(.)58;
ttntil his death in 19(:,5, he helped link the old NA(;A and the new NASA by serving as

NASA's de[)uty administrator, bringing with him "tile loyalty of the NACA's 8,0t)0" eml)loy-

ees, according to Richard K. Smith. It was Di?'dcn's transonics exl)erinwntation of the

1920s that bcgan these decades of contributions to tile NACA and NASA technical
cuhural traditions. And tlmt work involvcd rudimcmary research tools, as l)lT'dcn recalled

in an ilhtstrative anecdote in a 195'?, ,\Ttlional (;eoLnaphic article celebrating the rcscarch

.tSlWCts of tlight's first halt:centltry:

A,s hmff a_o a,+ 192 7 I wa,_ experimenting with propeller tip ,se<lion,s iPt tt _onic-speed /el

o[ air at General l"+lectrici_l+vt_n, Mas,_achu,_ell_, pla_t. Afierwar<l whe)_ my colb, a t.?tes
and I walked ottl into the streets, we noticed thai pa.+._er+-t5, seemed u++usunlly in(ere,st-

eal in our.t,_'oup. We lurer _valiz+'d we had been uttconsciou.dy lalhing in very hind tone,_

to compet_sate /br the lempor<t_3' tlea/he_s caused hy w+nki_tg /or ,wq_eral hour_ with our

heads a ]+_, incheSL]hJm a 12-inch .wrote jet. '_

Dryden, Annv l,t. (;ol. (L E l lull, and I)ry(len's NBS colleague Lyman J. Briggs--a

recilfiem of Am<_.s's 1920 timnel-standardization proposal lcncl, and years later the
NA(L'Vs wartime vice-chairman--had gone to I,ynn to use (;cnelaI ElcctriCs hugc cen-

trifilgal comt)rcssox; which, in Becker's words, "[)rovi(led them in etti.wt with a ready-made

frec-iel wind tunnel. "''_ It could ciect a jet of air at transonic speed ti+<)tn ,t circular m)zxlejttsl
<wet a fi)ot in diameter. Thc roseate'hers took with lhclltsix threc-inchiwide steel tnodcls.

each rel>rcsenting the aerodynanli< shal)e of a standard Army propeller blade, and each
over seventeen inches long st> as It) COml)letely spat+ Ihe high-sl)ecd.iet of air, cxtcnding

beyond its t)outldaries. So inll)ortanl was the precise cons(tit(tim( o[ such nlo<lels that

l,angle), developing its own acrotlautical research craftsmanshil), hltcr b<>ttght the

machining cqttipnlcnt that these t>arlicttlar models' Massachusetts nmkcr also used lot

lhshioning test subjects lot the twenty-atmosphere pressure ot l,angley's Variablc-l)etlsity

Ttmncl. The exl)erinlcnters also took a specially constrtwted wind tunnel balance, aH
instrtmtcnt with which thev cottld hold a modcl airloil in the airstt+eam, incrementally

change the airloil's angle with respect to thc airslrcam, and mcitstnc the resuhing tiff and

drag [i)rces. Their 1925 NA(;A pal)or "Acrodvnanlic (;hat+acteristics of Airli)ils at l ligh

Sl+ccds" reports that the invcstig;tti<nl, carried (nit It.>obtain l>r_)lwlle1"tlcsign inlormation,
sh<)we(l that "the tim<_'o1" tip Sl)ee<Is apl)roaching the Sl)ce<l of sound Ibr l)ropellcrs of cus-

Iotn;uv design involves a seriotts loss in ctticiency." Bct'kcr I)clieves this work confirntcd
and extended that of Caldwell and Fales, off(red the first ttsctul attempt at explaining

COml)ressibility phenotnena, and I)rovided "the first statement of the relation between the

critical sl)ccd and the known low-speed velocity distribution about the aivtoil"--a pie<=( of
flmdatnental understanding '+resinre(ted and exploited" a decade later in l+angley's

eltorts to trill/rove high-sl>ce<t airloils by designing them I<>haxe higher critical slwed and

thus a <tcl_tycd comt)rcssibility t>urble. :+''

4S. Beck(t; II+gh-5,]_eed I')ontb+P; p, 7. Rit hard K. Smith, Th,' I/ugh L, l)+)+b'_+ l'aper+ /5'9N-/965 (Bahimore,

MD: Milton S. Ei+,cnhowcr l.ilwary, Jolms tloINins t:ni',c_sity, 1974), pp. 20-28. Elizabeth A. Mucngcr |l;ts ab, o

m+tcd Dr',dcn"-. t+tLlfli¢ ad'..'ot acv _,t NACA research: see I:" G4, Seanhiu,ff the Ilormm: A fti+tm'¢ o/ Ames Ilewanh

C+,nlet; 194(_lqTfi (Washingtot/, I)C: NANA Sl':.t!ql4. 1985). l)rydcn, t:'" 762. "l:a(t Finding fin "I+_nnort_w's

t'lancs+" AT_li+mal (;,,offmphic ,%la_az.ine, l'l,ct cmbc_ I':Lr_3, 1)1). 757-80.

•19. Bet ktq, Iligh-_peM I+)_mtie_, p. 8.

:'+>11. Report 21)7 appcars pp, 465-79 it) AR25; p. 46ti discusses W. 1 I. Nichols, lhc put(has( <_| whose

cqttil)nlcnt t lanscn tcl)orts IHI ]), 8?+, t(nk_im'eP itt (?ha_g'_'. P,ct kcr, flip, h-Speed t')_mti+v_ pp. 8, 9, 20,
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Still, the methods and tools wcrc rt]dimcntary. For <_'Xaml)lc , the CXl)crinlcntcrs made

some unqttatHificd, ptu-cly qualitalivc observations b;tscd <)r_ airflow pallcrns thai

appeared in oil they had pla<cd ou the mo<lcl airfoils 1o kec[) lhetn from rust+rig iYJ I)a<t
wcalhcl--an al)parcntly scrcndipitotts ad hoc [cchniqtJc in the wind ltnmcl at! of tlow

visualization. More sigtfifi<:atHly, expert ot)scrvers lal<:r IIolcd several limitations in the

opcn jet of air,"' some of which thc cxpcrimcmcrs Ihcmsclvcs ad<trcsscd in a sccti<m <>f
their rcl)orl called 'Trccision of Rcsuhs":

7he Im_,e power <on._umptimt O]th,, compre.ssor (5000 hm:_epower at hiffh ._peeds ) and

the hi_dl cos! O[ oper<ttio_+ hat:+, mat& it impos._ible to repeat ob_e_7,atio_._ at will. h_ the

i_ten,st o[ economy, many at+he mea._awmep+t_ were made whih' the [compres._or equip-
men/ was] beinL, put thmu:,dl _hop /e_t_. l)ari_g ,wtch te_t_, the _[)ecd o/the air slid:am

wa_ not under oar co_lml, a_d would o/lea va_), h(,/mr a complete set o[ ob,_+.rvatimt,_

could be made. The zmise <_/the air _tream a,a,_ so Lrreal that it wa,g <l([]hult /or obs,,rver_

[o commutticale with each othl+ whih" the c.mp_vs._or was run_i_¢_, so that mod(fica-

ti+m O/the prog'ram to meet cha_t_6ng cm_dition_ was di[]iculL

Besides these t)othcrs<)mc imlwdinlcnls to ])rot)or scictHilic F,]o(cdtnrc, the jet of air

also impo.sc<t an important ftnt_<lamcntal limitalion--a version, in fact, atthe problcm lhal

Wright, Stack, and their asst>ciatcs o_crc'amc years latch+at l+anglcy: jet boamlar_' @ct_, at;
more simply, wall intcr[_wcm'c+ An enclosed l('sl s('(IiOll'S walls can distort Ilic arliti<ial

tlow field and thereby also the wst rcsuhs, parfi(ularly at uans<)nic spcc<ts. Similarly, cvcn

the)ugh an open jcl has _lo solid walls to dcgFa<h" tl_w-ficld vcrisimilittt<lc, dist0vlions
conq)aral)lc Io those in a closc<t lcsl sc(lion ttOl+Clllt'](t:_,S _tliSc bC('_+llS(" ()l' Ill(' dc fat+It)

houndat+y l)ctwccn tlt+.' OF,t,n.i(,t +m<l the s+irro+inding air il hurtles thr<_ugh, An Ol)Cn .icl
<h)cs not ((>nstn-i(l +Is artifi(ial tl<)w ticl<l wilhiY_ a('tlml walls, but it slill intr<)(llu(cs

ttl<.'_tSttl'Cl+lt'lll-distorlitlg ])oHll<lary C['I'('('Is,

So <omplcx arc l)_itn<larv cfli:(ts it+ tlt+.! transonic ralk_(!, x'.;r()l(' ]>,crnlmr<l (;c, ctltcrt itl
"l'l'anm+Ollic++'ill(t "]'llnla,_ "l'F+[ill_" ill It.)(+] , that tilt" hltc-I 9,:10.s cllbrt to illVClll sl<_ttcd walls could

_l<)t h+lvc stwccc(h'd t)_:tsc(t ()ll cxl)critttctHaliOll ah_nc, l)tll required +tll +'ol+icHlatioll of

theoretical c,th'ulalions." This _lolioH Ioo--likc Falcs's intr(_(htcti<)n of Ihc comprcssihility
issuc--at+<)sc (otwcrtfing ttnmcls it+ general in Atncs's 1!)2{) ttmm'l-stan<lardi/atiot_ discus-

sion. Amcri<an wind tlnmcl pi<mccr Albert E Zahm, replying It> Atnt's's loll<:+; suggested
I:,cginni_t_ the cross-calibratiotl l)rqicct ]w havin+g "tim al:,lcst Ih('orclic,d ++('rodVmuni(isls,"
.;Hch as lh+atl<lll. "discuss lh(' mathcmati<al Ihco_,, of ihc flow in a wi_td ttHm(:l." Wilh<_ttl

"a<lc<ttmtc Ih('_t T, titrnishcd ltcfi)rc hand," wrote Zahtn, "it scorns iml>rohahlc llm[ all the
ol)scrx';tliotls ;lll(I l)rc<.':llHions wonld 1)c htkcl] Ih_tl art' II,t'l('5+.S;lla, ' lit Ill,lkc witld ttHnlcl d.tla

slri<'ll:,: <<>ml)arat>lc. '''_ In (olllr.lsting lhc gather++rig ofctnl)iri<.alinlbvnmti<)t; v,,ith the lar<_cr
issttc of croci+rig a c<+nq>rchct+_,ivc lhc_wcli<al fl+amcwork into whi(il it can til. Zahm raisc<l

a (lUCSli_m Ihal cngag¢'d tn('mbcrs <)flhc NA(:A Icchnical ctdlurc thr<)Hgh_)t_l lit(" tbrly-lhrcc
_r_'_t_ffi_Ill<.' ag('ncy existed. The qtwstiot+ has als<_ cngag('d ()l),%('l+_,r(+l'N, crili(s. +t_l(l historians

both (luring ;l_t(I after th_sc )c_+rs--CSl)Ccially 1lanscn, n<)l only in the <'ssav ihal Ol:Wns this

vohum.. I)tll it+ olh(!r works itwh.ling his NACA l.anglcy histol.y l+:++g+/m,cri/+ Cha_:e+eUs+tally

51. I+.c(k('u th.+zh.'_l.'+'d /')+mlic_; pp.._, l I: t':+_stm_m ,I;tc()hs, p, 3tl, "l':×l)cvimcntal M<'lhod+,--Wind

limncls: I'a_l 2," in William I:. l)uran<l, c<t., b"m,'l;'m',Pm_< 17+,,'r.'v, Vt)l. 3 (New Y<wk, S'Y: l)t:,tq; 196:.; _Cl>ul:+lic+uio_
ot 193:-,"+c_,,i_m),pp.?;It.l-31N.

:+2. (;+)cth,.'zl, "l'P,zP+++mi+ !+lTml /)trim'/ li,+ti+G; p. 23C.: ZaIHH t_) Ames, gvi_tcmhct 17, 1920. in the R,\7()

t<>ldcr "R.A.'s--Standmdi:ali_m _>1Wind "l'umwls 1920-1926. +' 1,11A. It mtt',l Iw n_tt'd Ihal t+,cckcr sa'+s Ihat Ra'+

Wright "+_grccldl" it_ a 197N imcrvicw that svstcmatk c×pcrimcm,, mi_lH also ha+c w_rkcd; st'c'tl+gh 5.[.','d
I')onticP; p. I()().
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the questio, is seen in terms of the scic.cc and enginecring of air(tall themselves, I)ul ;is
Zahm's loiter shows, and as the NA(:A's transonic wind runnel achit_vemen| highlights, it

also applies t_) the science and engine(ring of tile primary research tools of aeronautics.

Fhfi(t dvn,mfi(s is as fundamental fi)r wind lunnt'[s as it is |_.)r airplanes. Thus it was thai

Ritv Wright, a phvsicisl itll(I applied mathem.uician among NA(:A engint'cls, (.,¢(.lllllally
Ilst'_d whal Za[lm [11 1920 called "the ln_lthenlittical Iht+o]y o[ lilt []t)w ill a wind IIllllIcl" Io

pit)vide for lhc act+in+at(" rcplic;ttit)n of Irmlsonic thaw ticlds.

,,\ lcnsi<n! Iwtwt'en cmpiri(ism and tht'ory existt'(I front Illc M_|II ill lht' NA('.A. "l'hc

;tgcncv's first animal re[)orl ill 1915 Iron(riled a general "dislrusl of mal[imnati(al [()rmtt-

];lC" _lil<+l "_t tl_ltltt'_lI IClldCn(v (in tilt" ])+ll[ ()[ (h'signers 3llld COllSllll(IOlS I<) +;ISSllllIC Ih;+tt

nl;ithcnlati('al theories are of use only t() those who art" mathematically inclint'd. ','_ Such

(|islrtlst set'ms It) havc t)c('ll illOl-C COllllllOll ill ;\lll<-+l'iCilll itCl'Olliltlli('S thml in l+_ttl()pU+tl/,

Tht.od(+rc ++,tln K;irmfin, a l(mgtime h'a(Icr in Anlt'rican acr(mautics Iraincd by Pranthl at

(;<+++tting('n, rcnlilfisct'd in the 1960s al)t)ttt tilt' contrast of "the practical invenlt+r vs. the
theoretical m;tthematici:u(' hc had fi)tmd "chara(teristic of Alnel'iC_lll scicntilic life ill Iht'

Ixvt'nties," :tll(I .lbt)ttI lilt.: nccd, as h(' had h)ng s(.t'n it. "to draw mathenlatics _llld cn<_i-

nccring oh)set togcthm" ill this <ountry. +' The NA(:A's M;ix M. Mtmk, lilt' ft)rntcr Prandtl

strident who pr<q+(>scd the V:uial)le-Dcnsity Tlnmcl ill the early 1920s, w<)rrit+d (hal those

d('sirin_ et]iici('nt uutthctnatic;d coll([CllSillg ot tqnl)iri(';tl ('Xl)t'ricn((' would Cll('()lllll('l IIOI

mdv a distrltst of tn:uh(',natical [k)rmu[ae but ml ("_'tm dCel)er m+til:,alhy it) Ihcorclical

approaches and undt,rstanding in general. Ill an inihwntial 1922 paper on airfifil design

theory, Munk rcvealcd acute dc[t+llSiVCllCSS COll('Clnillg thc place of theory in at'r<)nauti(s:

"Is it i-ca[Iv nt.tcss;ary It) plcad [_)r the tlsefulnt+ss of th('(_reti(al work? This is nolhing Imt

s,+'stcm;ttical thinking and is m)1 nse[ess as sonl(,titnes SUl)poscd, bul the difficulty of thco-

i'<.'tical invcslig;tlit)n makes many people dislik(' it." honicatly, lilt" ii('w thcmctical i(Icas ill

Munk's paper h+(I ill the [9.30s _tt l.angley to Tht'<)(h)re Theodorscn's [tuth('r theorcli(al

wmk. ;u|d then I<) the tht,ol_-hascd, win(l-ltmncl-I+cfined wing-design successes o[ Eastman

,lacol)s and olhers, including Stack--wmk thai produced I(_w-drag NA(:A laminar-tlow

;tirlt)ils, (<)nt|il)tnt'd t_) N,,X( _A a(lvan(+t's ill shaping airfoils fl)r dela)ing It) highcr sp('t'(l the

OllSCI t)l ct)mprcssilfilitv (,ltecls+ and ilh_sll+al('d the tnilitauiam NACA's evc]=l)rcscnI practi-

(al intcrcst in cnhtrging l+un(lanwnt.tl tm(Icrsl,uldin_,. Wahcr Vinccnli has ol)servc(l lhnI

cotnph'xily l+_rt'(lu([c(l t'XlWrim(mt-[);tst'd StlC(('ss ill this wing-design work,just as (',or'theft
h.ts ol)scrvt'd it (lid in tilt: invcnli()n (if sh)ltc([ w;dls: I)<)lh cI]Ol-tS rc(ltfir('(l Itlai ()rit,nlatiotl

{If lh('(}rt'tical (.tl(ldalit)ns. v' By Ihc I;tI(' 19:+,(is, the NAt :A ctmnnt)nly in(t)rpor,tlt'(I such an

53. +\R 1915, p. 14 and p. I'3.
5 I. l'ht+_+<Imc xot+ l_h train wilh [.t+t` Edson, "lit++l,t'+nd am/B+_'+md: The+ultra' ::raP+K/+_m+_Di,Ig+ni,+ePi++,tvir+li+m

+tml l'alhl+uih'+ in ,_];,+,r++'(it+,i+slc>n,NI,\ and l_+itJtit<i, ( :an;_(ta: IAlllc, l'_i_+t._:lland (:o,, I!I(i7). p. 12+I. l,tm_qlilne '+,'m
l-_hmJn studcnl, liicnd, arid colh'aguc William R. So;us. p. 3G, +'Vim K_hn_:in: Fhti<l l)vn;tmits and ()lhm
lhings," t'h,,s+++ 7hda'¢. I;muar', 1986, pp. 3.t-39. w_t+: "+lIhmk _+1)11K_ili)lkil) bclk'ved that ;m) p_,>l>lcm in t.ngi-

ncct i.g (and pc_ haps in a muth hro;tdt'r calcgoty) ttmtd pr<>t]tahl} 1it+attacked mathcm;_tically."
55. Reporl I-t2, "(;eHcr;tl Thcorv o| Thin Wing S<.'tli<ms"; Wahct (;. Vinccnti, "Thc I);_vis Wing and dw

Iht_blt'm <>t Airfoil l)csign: Uncertainty' and (;rt)wth in Engine(frog Knowh'dgt+," "ferhmdok_' and Uullu_r 27

(()clol)et 1986): 717-58, eSlWt iall', pl ), 7.t0-4 t, 7-t9, :lnd 7511; ttanscn, l"mlTim'et it+ ('h_D]_rg, pp. 81 and 111-18. h)

an .\lnil 3. 1996, telephoto( inltq-vi('w, Bet kcr _mdirmt'd Ih_tl thcl_- was _ ross-pollimuion _tl l+angle', t mu_'rnin_
dwo_ clical tuuh.tsutnding _1 lamina_-th_w ai_ [oils and closely H'lalcd high-spt'ed :m I]fils. Vint enfi _alls I0_ m<_tc

schola_shil_ _m airtml (|(sign on pp. 73_ and 7.'_,9 m his :ulit h., which ;(1so apt)eats as a chaplc_ in l_,TmlE_lzinee_
K_l_l_ glt_tt Ihm, Th+_ KPIow II.
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ori('ntation in much of its research.:" lake olh¢'r NA(:A work, NACA lransonics ¢'t]i)rts

('amc It) rt'ly on eml)ivical at)proachcs mainly, Iml as Zahm had rccomnwnd(,d lot sub-
sonic tunnels back in 19'2(L not exclusively.

Nonctht, lcss, tOrtcliff crili(isms of lfi,L" NA(iA's general locus on al)pli,L,d rest'al-(h
rather than on decl)er scicntilic Clll(.stions have al)l)carcd fr<lm tim(, It) time, and Item on

Ihe history of NA(:A Irmlsonics. For the <`'arlv NAt _A, perhaps tilt" ]test-known gen(Ta[ slat<`'-
men! of lh<.' chaFgc (anw in I(,13(), when A++,r:_l)zi_v+:.,laccus<:d tilt. agency of being IS tot) mu--

rowly and mvopically (.'tapir cal never se<`+king t<) apply Icsl rt'suhs "to' any logical svStClll, It)

digest them, and to interprt,t tht'ir general signili<`'an(<` +in tilt+ sum <ifgem'ral kno+_'hedgc. '''+
Among ]|istorians, ix.rhaps the best-known leveling _)f this charg<`, conles Iit)m Edwartl W.

(_onstant in The ()rigi,,. o/the Tui#,?iet lb_,ol+,_[io,, a 1980 analysis of th<,' l)vc-XVorld War II

<,'onvergent:c of tcchn<dogical dcveloplncnts, C<)lnllrt,hcnsiv<,, scientific nnd<,Prstan(ling, and
coml:,ined s<,'it'ntific anti t<,+chnologicaI imagination that rcsult(.(l ill the first.jet air(Taft--if|
Btitain and (;l!l'lII+llly, l)ut n<Itably +lOt ill the United States. (',OliSti+l+l silvs that l)eli)rt, WorM

War It tilt, U.S. a<,,roilauticaI r<,+s<:al-chestablishnlt+nt, in<,luding tile NA(_A, "had no inl<,'r<,-st

in limdam<,+ntal a<,'r<)dynamic science," as shown in pay! by the "unimaginative" (',c<)rg<,"
I,ewis's lack of inter(:st ill Tht'odl)re yon Nai++tnfin's rt'c()mmtlndation that a large SUlt<,.rson-

i¢+ttmn<,q l)e l)uih. (_(lIlStalil's overall fornnllation of tilt" charge, how<,'v<,'L specifies lllt)I'C

than tile mere malli+asanct + oI dwelling on the l)rOdlwtion of CIlgilleerillg data li)r lit'ill =

tCFlll apF, lication, ++tlt'l lll()l'<,+ tllil+ll the lncI-c ll()llli'_tSilll('<, + C,i'tailing It) seek (ollI[)r('h('llsiv<,,
theoretical understanding. Beyond these sins of (:<)nmlission and OIllisSiOll, (:onstant

believes, was a mort lmldmnental thilur<,,, a utilitarianisnl so mUTowlv ti)cuscd on existing
technology and st) uninmginative as to c<`)nsliltltt, a sort of tragic flaw in the charact<,T oF

American--and thcrefbr<,. NACA--scicn<,c and It.chlloloi_Q.,. Unlike tht" British and th<c

(;<"l'l|l;--IIlS, Ihc Fundanlentally llaw<,+d prewar Anlcrican a<,w<)nautical rest'arch cstal)lishm<,'nt

could IlOl evcn s<,'c, and tll<,qcliw<,', could !lot act IlpOll. th<,' synthesis possibilities that ha<,t
gradually t)e<,:oln<,, implicit t6v a<,Toprop+llsion in the ;ucas of lurt)omachin<,.v¢, a<,!rodvnanl-

it:m, and aircraft streanHining and structures. I,ikc yon i_irtmin, Constant sees difii'ring
"national patterns in the t)ursuit and utilizati(m of acrodvnanfic selene(,," and he ot)sci_+,cs
that they "'may reflcc! Imldamentally dilli+rentiated cllhm-al tra<,litit)lls. N<)later than 19(i(I

(;<,'l'lIli<,llycertainly hild an unequalled tradition ot +Inltth<,,nlatical and theoretical <,'xc<,'ll<,,ncc

ill scien<,'<e and also had deveh)pc(t a delil)crat<,qv oh)s<,' r<,'l,ltionship b<,'twecn s<,icn<,e and
industry. Britain shared a similar if nlor<,, <empiric:ill and hess m,tth<,unati<,-itlly rigorous tradi-

tion in sci<,'nce. In contrast, the [Jnite<,l States still was l)osscss<,,d of a sci<,+ntitic tr;tdilion
extreme ill its empiFicism and utilitarianism. ''`,+

Whatev<,.r lh<," vltliditv of such criticisms, the early NAt :A did not elnl)h)v its enlpiricisnl

and utilitarianism unawltr<,.. In 191:3, tUttu<,+ NA(_A chairman (1941-1956).]<,TOlnc C.

t lunsak<,T nou'd that exp<,'riments design<,'d to answer ctlrrcl/l practical qu<,'stions couM

also, <)vcr tim<`', Sul)ply imswcrs to decl)er sci<,,ntific questions, lnuch as (;corgc i_cwis

beli¢,v¢!<,t. In Mmh,I t¢l'Lsearch, Rolan<,t sa}s this principle t)t'(ame dc facto NA(L& r<:scarch p<d-
i<,:y by tilt' late 1920s. Ill 15,._,6_+c¢,rin (;ha+i¢+,+I lanscn shows how Ihc prin<,il)le aplflicd in tilt"
matter of th<," cowling: the NACA th+st i)rovid<,,d a quick practi<,al solution and won the

Collier Tr<)l)hy, l)ut ill lit(,' longer t<,+l'lll also wolkt,d f()l-and achicvc<,l a genuine dCl)th <,f
th<,'ort'ti(al underslanding. In 1923,Ji)seph Ames tls<,'(l a <,ourtr<)()m simile I<) descvil)<,, the

l)rincipl<,': wh<,.n the NA(:A conclucled its [)ra<,lica] tcsts, said Ames, il was "also doing fun-

56. llartlcx A. ,";<_tth:, "Sxtv+,psis <,111+,.'llismr,, eft [.angh.', Rcncmch (:vnter, 131.'_:--I.).+,.I,__ " p. 2',7!item (:N-
I.I 1.573. l+angh._ k',:Imi,:;tl Ill)tat,,): l_,c(k('r, IDth .+)),,+,,;,-!l'm,' "_+,i ). 2:+.

:3+,'. F'lank A. Til hct+(+,L"Wh', the N.A.(:.A.?" ,4,.., D/_,,_+l)('(cml>(,i 1!)2:;<),pp. 47tt.; r<'ptitltcd in M+./d
I¢¢'st'¢11_tl,L "_,) "-_.t ,)_- / (itn<_tati<mon 1).Ii57.

J')N. (]<)llMillll, ]}ttko]¢'l ]¢13'o[II11¢JH; (]ll()lltli+)ll++ ['1"()111 I)p. 15':t _111(I 17++.
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da,nental scientitic work continuously, exacdy as a justice of a high court expresses his

dccl)csl lhoughts as obiler dicta. '''_'
(:crtainlv Amcs's obiter dicta princil)lC applied in tile evolution of the NACA's under-

standing of the tluid d_:namics of wind runnels--the scientific compolWnl lha! supple-

II1('111('(| engineering ex'Dericncc ;_.nd technical cratumanship in the overall wind tunnel

t'XlR'l'lis(' lhal bcgan lO grow ill the NA(:A from about the time ot+A.lllCS+s 1920 initiative.

The t+tfistetnol<)gical task of isolating and identifying lifts scientitic conll:,onen! bchmg_+ to
tOIIowers of Walter Vinccnti, who has engaged similar questions abort! American aero-

nautical history. That such a t:onl]/onctH ,,wt.s indeed ])resent, however; can t)c seen in
(;twthert's tirsthand observation that lhc slotted-wall invention required an orientation of

thet)retical calctdati<ms. Possibb' thc scientitic component was '+fill small in 1922, when the

NA(iA's anntud rCl)ort listed live tc(hni(al I)al)crs (m wind Itmncls, one of them a Prandtl
mmslation. Possibly it was small in 1(.)25, when Joseph Ames u)ld the NACA (,xeculivc com-

millet that Mtmk t'uul (levch)l)Cd a theory ()f runnel wall intcrii'r('n(:c, l)ossihly it was still
small in 1930, when the awulable bo(tv ot ti)rmal win(I tunnel knowledge had grown large

('ltottgh (h;al an NA(:A r('l)orl about ('orrccting lest data ti)r subsonic Ol)Cn.:jet boundmT
cttccts could ('ilc ti)ur NA(:A and three Eurol)ean works ()n wind tunnel le(hnoh)gn/, along
with one Ameri(an and ti)tlr Em(_l)Can works on relaled a(,ro(iynami(s t-l)i('s--wilh (rely

onc source I)r<'(taling the 1920s. An(l c('rtainlv the scicntili( (()ml)On('nt was ()vcrratcd in

the NA(iA's 1934 ammal r('l)()rL which (laimt'd Ihal wilh th(" at)pcluancc of an NACA sul)-

sonic slu(tv (ailed "Exl)crimcntal V(,rilicalion of Ill(" Thi'()ry ()f Win(l-'limncl B(mndary

intel-tiwencc," th(' l)rohlcm ()t fml(tam(mtally ttn(tcr.slart(ling wall inlcrli_,rcnc(" timid "ti)r

all l)ra(tical lmrl)oses I)(" consid('r('d solvc(l." Thc f)rohlem had 1)('on solved "lot ,dl types
()f wind tmm('ls," Ihe anmtal rcl)ort said, cv('n though th(" tc(hlfi('al r('l)()rt in question

cm(,litllv noted that OldV "('onv(,nti()llal" and "ordinary" lUnll(!ls had t)cen involved'"+--as

w('ll it ._'hould have not(:(I, given that in that same year of 1934 l+angh T I)uih its sct(md

small high-stw('d ttmn('l in part to inv('stigalc the tmqiom-(()nvt'ntional, thr-ii-(ml-ordinar}
trans(mi( botmdarv cttc(ts that ha(t 1)con revealed in its tirst <)n(', tmilt in 1(.)28.

That first high-'sl)CC(I lulm('l had indeed rais('d lois ()t (lnCSli()ns. Th(' NA(iA Imih it 1<_

I)cgi0. (on(ttwting "in-h(ntsc" the kin(Is of studies l)lTdcn and ()th('rs hail 1)c('n (-()n(hwting

ml(h'r NA(iA aUsl)iccs (.lscwhcr('. It r('scmt)l('(t a l)ipelik(' m('lal chimnQ.', as tbr an ()l)('n
circular tircl)la((', with an (,Icvcn-in(+h-(li'amcter ltrsl sc('lion at)(mt wllt'l-C such a (himney

w<)uM have a thtc (tarot)or. C(mq)r('sst'd air powered it, tal)l)cd from ml i(l(.al rcscP,,oir at

twenty aml()sl)htn('s <)f pressure: th(' much larger Variat)h'-D(msily Tunnel, which had I() 1)('

<tcl)rt:ssurizc(t ()ccasionallv an?,_'ay. The small vertical ttmnel used the indt_(tion:ict puinci-

ph', suggcslt'd I)v (;corge'lx'wis based (m a (resot T c(mtCml)<)t+a_T l,anglt'y sludy of thrust
;lugnlcnlalion. ;an anl('(x'(lenl ofjt't propulsion. In a rttsh lastingjttst long ('hough to yichl

il)lll(" I('M (titl_l, f)il)e(I-in air (tlll(.lC(I I111"ltlllll('l.illsl al)ov(" the l(tsl setlion fr()lll all (q)ening
that ringed the l)it)('+s cir(umti'rt'n(c. This rot)lion cnn:dn('d a more massive Ilow .f air

5¶I lhnlsakcl as (lU(m'd I)'_ lhtgh l_ Dlydcn, l ). 93 in "Acl(_(Ivnanlits--Thc(_r',, l(xl)clim('nl.

\pllli(afi_m." A+.P+maitli+ul l'.'u._.ri.eeH.g 15"76+'w 12, N(>. 12 (l)ccctnt)cr 1':_5:'i): S8-95; R.I;m(l, Model l:_e",+'auh, I: 1113;

] [;lllSt'll. IEPl,(iHr+'l i_+ (:JPa_,kr+', (11. 5. C>,I)C( iall } p. 137; Anics as [ItLOlt'([ ill M_,<h'l Rc_,t';tl'( 11, I::+,49 n 211. AI It+aM two

N+\(:A it.st.;tit h t'llI._illt'tq s 1_1 lh(' l)_C-Wol hl '¢_'m II ('l;l ha'..c (lisagrccd vdth lht' t h;llg(' lhal t'tlgilWt+ling nn(hd_

tlittnll)hc(l _,l'_t'l + stit'tlit' ill lht" NAt:A: Roland+ if'porting (lisagtcenlcnt with his _)+_tl illl(.t[llCtilli(Hl ill ,Xl.d+"l

/b'wal+ll. q,mtcs ha Abbott. 1:345. n. fill. and.John Bc( kcr, 1:341i, n. 65. l+;tllI2,lt+ } Cllgill('('l l(ll_m V','. Milieu l('llllt-

lin_ +IC_ I)¢'eM. Ic'qalCd lh(' <_hitt'l di( t;t lmnCil)lc, ih_mgh wilh(_ul Amcs's tiqm(' _ffspcc_ h, ill a m(,m_tandmn

h_ IIH' t'ngin('cr in (h;uKt', l)e(cmbc_ 1!t. 19311, _Cl.mtcd in Modd Ib, wa_H+, 2:1;:_7-:¢+).

(;11. ,\R2_, 1)1). viii ;rod 45: "Fittv Yc;us (_t Flight Rt'scar('h: A (:luonohlg', <_t tl_(' I+am4h'_ Rcscalt h (:cnu'_;

1917 1961;" (NkN\ IM-X-59311, al)pa_entl', a rclmhlitafi<m(_tw<nk b,, Mi_havl l). Kcllc_i.p. 27: M(.nlg[)mcr_

Knight and '['h_)mas .\. I tm _i',. R('l_Olt 361, "l':xp('rim('nlal Dctcrminali(m ollct Bounllarv ( :_)N t.( fi_)n', tor Aillifil

li",t', in I:_mt ()lWn Wind [tmn('l .l('Is ()t I)illi,_cn_ Shat)cr,"; AR34, p. l(i: '['h('[M(_c Th(.(,(Iolst'n and :\lw

Sib.cY-,tcin. N.\(:A Ret,_tl _78.
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upward fronl the room, generating a high-speed tlow tield around a small model fiwing

downward in tile test section. Both closed an<t open test secti<ms were lried, giving l,angley

engineers a sense of tile contrast between a walled-in jet of high-speed air and all open one.

Despite some openzjel advantages, an ench>sed test section was chosell for permanent use.

This comparatively modest research tool, called lilt! l l-Inch High-Speed "lhnnel, began

operation in mid-1928, aboul when John Stack (olnpleled his aeronautical engineering

degree at Massachusetts Institute of 1iwhnolog_ and, in Becket's words, arrived ill Virginia
"to dominate I,angley high-speed aerodynamics lot 1111.,next 31) years. '';'

A Measured Pace in the 1930s

"h is gratit_,ing," the NACA modestly proposed in opening its 1933 annual report u)

Congress, "to report that the pasl year was mmdlle as witnessing the greates! advance in

airplane performance and efticiency accmnl)lished in any single year since the (;real Wan

This is largely the cumulative resuh of years of organized scientitic research conducted I)v

this Committee and of tile practical applicalion of lilt" resuhs lly the Army, tile Na_T, anti

the aircraft industry." Apparenlly ttlis exl)ansive claim had sul)slantial legitimacy. Richard
K. Smith has written that between 1928 and 1938 "no other institution in tile _orld con-

lril)uled more It) the delinifion of tilt" nmdern airl)lane" lhan Ill(" NA(;A. Smith's aero-

Both/i£m,ative{_' and liteml{_,, th ; hm,_lu'ed, p_e_un-ta*lk-cmh_wd l&rtable lh,u_ity 7i_nm'/b_eatht.d lip" intt_ earl_ NAt.'A h&4t-

_/#'ed _ranh. /t)th thr lea&,_hq_ o/I'.a_tma_./acoh_,/ap hfi, the 17)'/ hd/wd e_tahli_h the NA('A'_ wind tun m,I twd*,utial_ and

its to:tfi_h,n_, /_n /mth.,',' i:'tmn,ati_m. It also p_n,Mrd hbtsts r4 h#,4i pw_suw ai_ tr@ou,et thr .\'. l( ;.l'_ ort_ltml II Im h I I#fll .Slwed

Tunruq am/latrt thr 2.t Imh llikrh .S_med 7}tI:ltel _/toT_*tt ]wt_.. 77:r [atop we_liral lunm'l, zt,ttlt it_ tu,:nt_ [m:_-imh diamrt,,_ tt:st

s,'rti_m, w_nkrd in the _amr way a_ the _'b_,_'n imh tutlnrl, but me_ptcd la_iW_ mmh,/_ and had bt'lte_ rb:ta £rr:therit/.t( /ttsttTl///t'ttt_.
(:\_'t.",.I ph_tI_s :V:I('A 7?ltl,'t.**d .\'fltCA I I't'tTL

GI. Nla{k. NACA Repott ":t63, "l'hc N.A.(:.A. Iligh-Sl>CCd Wind l'unt_cl and "li'sts ot ,Six I'ropvllct

Sections," 1933: l+,ccke_; tl:.h-,_,prcd I'}+mtie_, p. 13.
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]ohn 5trek, N.tC I ,_'_'a_lt ,m/i_mart a,id _'sranh h'a&_: I.e/t: lb<wa.h <milkman .Slink iu thr 1070_. _emhin_ t_J help

Ill F I.ind_' adjust iu_t_ume.tati,m m_ide l.anglo'_ In_f[l_" di_a_embh'd 24-h.h thgh-hpeed 77mm4. When Hmed, the

pipelike vertical appumtus _mdd _hanm'l a many-hundred-mile-pei-tuml (low o/a_cending air thnmgh it_ twel_t},Jour-inch

diameter t_t ._eHiopl attd tt_ r_s _a lin'_ dmt,nwa_l-fizHn/¢ aerod_'namic model linked to mea_u_?ng and _vtmrlin,ff d_i_e_. (Photo

t m_rtesv ]ohn I_ Be_k_q l I_tlzht: He_eanh lea_b'_ Sta_k _tfte_ t!.'mld War II, when--iu _olleaKue.]ohti Becker'_ wo_vl_--he wct_

wub'l_''n'¢ok.nized m_t onl'_ tt_ the NA('.AI_ leading expert in aenu(vnamu_, but a[_o as an unu,_ual('t t.h_r]ul character" with

"tough tt_,'Hive _hamcte_%ti_ s " wh. "w.s at hA b_'_t in flu' midst o/tot\flit l. t ru_uditi K pas.sionale(_' fin _ome cause guth _ts a

mq_ wind tunm'l, " hi. Ih.'_" _b,_mh_s ?;lark hdped define the NA(2't te_hnkal _ultute, but unlike _%\4CA dtrector Ilugh I.byden,

h ;/i,u_d himw'l[ _aHudcd /i_,m helpit_<¢ I. do the' _ame i_ _\"_ g 1 U[te_ the NA (;.4 w'a_ _'mb'd in 195<'7," ' (,\'A.S;A phot_ 48, 989).

llatiti<:al history colleagttes l tallion, l lansen, and Roland, as well as physics historian

Daniel .]. Kevlt:s, have made similar assessments. Even Cotlstant, in Turbojet Revolt_tion+

mildly praises the interwar NACA ti+t-its stll)sonic work. C(>ntitming the annual report's

seltLc<)ngratlflati<)n, h<_wever, the NA(3X entered a realm where gaining later endorse-

merits tk)r its work in the 1930s has been hard, but incurring criticism has been easy:

speed. Calling speed "the most important single factor" for improving airplanes, the

report proclaimed that "prinlarily as a direct resuh of the (]onunittee's researches there

have been gl-(.!at increases in speed and eIficicncy during the past yea_. which have opened

a new era in Ihe development of both military and commercial aircraft. ''_'

()f ('OtllSt', with no serious thoiighl )'el girt'It in American a(,lOliaitlliCS to jets, lhe

NAt ]A lilei'el',' lileanl lhal liropeller-drivt'n ailpianl' speed w_luld COlilililil' lit I)t' deveh qwd

62. llitfl_-?;peed l'7..tu'_; pp. _,.t, 14, and 13. ()n p. 176 in 7he Birth _] N.I,_A: Thr Dia 0 +4 I; Keith (;h.nna.

(Washiiigion, 1)(:: NASA S1'-4105, 1993). NASA's firsl admiilisllalor, wliliilg all_ml a]uly 1960 _isii horn %uuk,

t all('d him "an ililt'tt'stiilg t lialat It+i--_illilost lt+ad_ Ior tl'lht+ltlt'lit, otitspokt'n alld s<inicxvhat lllckiii_ ill (t)iiltlil>ll

_,t,ll_+t'. '' _tddillg lhat allh_)ill4h hi' '+va_++'i)llt' o[ lht" v<.iv I)t!M iiit'll ill I|tl' itl'rtliilttiti(ill tleld" it was "(itl',il)ti_" lit"

,,ll_ltlld ll(ll ll¢'t \>lilt' it_+tl_ i_ilt' dilt't lill (il Laii_h'y.

I_'.l. +\R_I_I. i I. 1; ,_niiih+ '+llclici: lhc (_ut'sl toi l']xt cllcilt c." p. 2-ill; J l;l]lion. 7i'+l PihJtw Thf +I'),nfie++m+'#l o/

#.iiL,hl ((_ilidt'li (;i1_. NY: Dotil)i('dltx _ (;(illil)illi',', Ill(., I<.i_l), |). _)1); Illill_,('li, "(;l'lligt" IvY. lx'wN ;tlid Ihc

M,inil_t'liit'lll (it +\t'ioli,ttllltiil R('+_t'illi It, "+p, 94; R_ll_llid, M<uh4 I+e+ea_+h, I:'dii; Ki'xlcs, "/he tgl+si<i+#+: "#'hi' Ili_ttn_ r4 a

Lgrit'#lli/i+ ([_tnmtltttll tit M.d,'_ Am,'r.a (N('_ \',)fk. NY: Alticd A. Kllolll. 1_.17_I), pl ). 292-i)3; (]oIl'_lillll, 7iiPh0le't

1I_7'_dution. (h, (_. eSl)c(iall_ pt). 15tL 159, aim 175. A mildl) i)_sifivc assvssnlclll appeals <m p. 75 *_t Wahci A.

Mi D_)u_all .... 17.' Ih.v_'z¢_ a.d the l'.aHh A Prdttical Iti_tm) .1 the .Spree Age ( Nt'w Yolk, NY: ILisi( l_.c>oks, hli.. 1(.)85).
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by NA('.A _,,M NASA _mr_m_u,lic_fl eng, im'_:r l_uux.m,.. K. l+_,ftiu, Jr. in (Ju¢._(fi_rl_e_JDrma_¢e:

7:h_. I;_.luU_._ of Modern Ai_rrafi. Airl)l<mc.. dl'v<'MplUeUt, Iw ",yr,)re in 19_._, "h_ts b_:_.n

characterized by a series <_t techuol_gicM I_.v,_.ls. +>r pieties, us. th_ll ext,:rid _),,'t', _t p,_'riod _f

years, l_]ac:]l level h_ts tit't'il t'xevnplilled I>y Jill _iii'Ci';lt'l <'_)nl]_tii'_ili_)ii lyl)t" ih_il is gl'a_rltl_lllx

ili/])l'(iv+.'(l I)), il s_'l'it's <)]" rcl;llivl'ly Slliltll I'I'[]I/I'IIICIII_4, ",vil]l<)til ;-lilY llli{j<)l c_)nl+Ol)lu;il

(']l_iil<_/'." Tii_" Iliid-i{)2_l)s |<lrerillin_,r _)| lil_' P-47 "[hiind('rl)_th li,_lltei, t<)l illSt_tncc--wilh

sllx's_,ed-,_kill mel_t] c<)ilslrucli<)ii, I<)w (;ilili]('vt'r wini,_ wilh I rllilill<_-t,d_/, ]_uidiil_ |l;il)_+ tiiIIv

cowled r_t(liltl i'll_iill, with c_)ulr_ill_thl_,-i/itch i)r_il)l,lh,r itii([ _l'iil+l'([ ,_iiL_h,-sl)l,t.d _,ll])l'i:-

c']i_il-<_ei; t'il(]()_;i,([ c_)ckpii, _ind rl'Ir;i(l_iliil, I_iildin_ ,_l'iil wilh wll_'l'l hl_ikl's--It'i)rt'st, lil(,d+

;t]oil_ wilh Ih_' l)( ;-_'I _liid iht" I_-17, "'ill(' d_'lhlitiv¢+ _uld thilil c_liitil2,-ur_tli<)ii _t liil" l)r<q)_,lh,r-

drivl:ll ;lir<l+_lli ((>iilt'])l." R()()II/ i+l'iii_lil/<!d, ()f Illllltq', t_)l" ilddili<lil_il ,_iil_iiil'r lt'|lii/'iiil'nl._,

likt, iilil)l_),:_,iliciils iii l)i_ll)(,ll_,r-t)i_idt, dt'si<_li. Thl' HA(7,,\ (_>illritltill,d slit)st_uiti_iliv I<)

Il'ii(]lin_ this ])l;.ll('illl, hilt il ll/'w ('I'll, l.<tltiil wi'()l/'+ w_iu](I ;ll:+lllil]]), l<.'(]llil't" ;<i "l('vtiltlli(iililrv

I)r<'_tklhr_lu,_h <)i li('w _<>ll((,]ll. '''_+

For Alneric_lii _l_'i_)ll_ttili__t] i_'s('_ii(ll¢,rs _is t>l)t)<_st,(I I<l ('_'ll_iili illi_l_ill_llivl" l_'cllii<)[_)-

gists ill ["]lli()])l'+ lhcn, lli+." id('_t <)r _t "ui,w clot" in _t','i_tli<)li Sl)(,_.,([ in the l{)!_0s Sil_<_l'sll,fl

¢tilt__'rin_ s_'ts <)[ I__'s('_|l-i]i (]lll'Sli()ll:_+" lilt)hi' Itll ]lr_)l)l'ih'r l)hllll,S _tnd lli<)s_, [_)r.il-ls. ,,\lid

sinc(: till, ll't_t'_ilCh qili'sliOli ,_(+ll<'t;ill)' dictates lh(' Ill'i'd t_)l lilt' rl'si'_ilCh t(><>l, this dills'r-

Pile(" w_i,_ rtqlecit'd ill lht' NA(]A's hi<_h-sl>t,t,d iviiid llililit'] di,vl, l_)l)iil_+nl diirill<_ Ihl' I!t.</I)s.

M+il(liinl_ iii Ihnl' wilh (+)li,,'t,iili_)ii+il It'iliillll<)L,_,, _iild +l lT<,w I:lul iil)l lo<l lli_in)' Stel)+ +ilil'_i([,

il ])r_l(+l,edt,d _il _i t<)liSt'l+v_llivc, IllC+lSlit<.'d ]);t_t',

]++)ii_ t)l,f<)ll • 19!Ill, in I]i(l, S_)liil" l']tll_)l)t,+ili It'clii+<>l_t<_i+is h_id I)('_tlli ci)lisidt'lhi<_ tht"

ll_>ssil)iliti0s t_>r I)r¢'_iklhr<)ti_hs lt'itdin_ t_l vl,i+v ]ii_h-sl)t._,d _iirci++lli, +liid Iht" ])<ts+il)ililit,s I_lr

(<)rrt'sl)<)lidili<_ ]li_]l-+]:lt'i,d Wilid iullnt,]+ _ts well. (]<)llSi_iill, iiit'il l<l ilisl_tll(+l,+ <)1 ]<)rt',_i_]ll

collc('rilin_ Ilifli(:ii] It'lhilol()kW (h_t.il_c, t'h)s(',_ 771rho/al /7,,.'l_o/ix//ol+ liv _tlliidili_ t() _t 1{377

disctissi_m _ilii<)li_ Prl'lilll iiiid l+]il,_lisii t'il_ilil'+.,rs C<)li('l,l-liiillE ' Ihl! l)_ls_it)ililv <)1" Ilvill_ "wiih

incledibii, sl)<,c,d ill lii_' slr_li_isl)llt.rc,. "+:' Ill l.qT,t ii/ ];l;.lli(t', ](, t]/lt2,ii_.,li_ild's ])_ll)_,i-(ill

hi_h-sl)eed wiild lUllnl'ls l)ri,dictl!d itir]Jililll" slit'l'ds I)l'y<)iid .5()0 liliil'_, ])¢'1 ill)ill\ ;llid

collj_'cluicd tli_ti _ilth<)il_h st)_,t,d._ u[) t(> _i]lll()sl 7_l) lilil_'._ ])cr ]i()tll + tl_id [()lllit-i']',, t4_.,(,llit,c[

"l]ibu](>tls , . . _is hi .]uh's Vt,llll.,,'+ Ill_-v ll(iW ,llll)l,_lr_,d "'rt'_ili/_il)lt,, t1<)1 iii _t FCIII()i/' ]'llllll_.',

t)tll iililno(li_lll,k'." This iil'_irly (lli;.irl_,r-(-l, lillli-y-l,lll-ly (.<)i!il,(-lili-t, _)]_illil_)sl Sollic flil4hi speed

ill,i)' ,_ll<_<_t, sl why l/eck_'r cMis ]]ll<_Ul'li;_ird "()vi,i])_ S_lll<_iliill,. +' Wh_tlt'ver lhe _'x(x,ss_,,_ (if

] ]ii_iicn_lid's (!lllhusi_lsnl+ lllou_]i, it is ]ll_iin lh_il ili 1974 t_' S(ltl;trl'iv ;td<tre,_s_'d _i fliltirc

lh_li _ltlil;tilv slltrl_'d _ti-iiviil<_ in Ill/" ]_tlt' I_.}!/()s--_lnd lil_tl t))' 197,5 hi,_ [)_l]lt'r _til<'t its i(ll'_is

wet(' ii_)ll'([ ill ihl' lTilit(,d _i;ilt's. Tht' NA(]A ])uhlish¢,d ;i Ir;liisl;iti<)il l]i_ii ,:t'clr+ wt'll t)(,[_lr¢,

til_" ;.i_('l/()' tist'd VCl_i(lll_; ()] Iw<) i>lx,i,xi_tiii,_ luniit'l-l_'_lili_il<l<L,_, i(h'_ts Ill,it] ]li<_ll('ll_ild dis-

(tly,_;('([: il (+C)lll])l(,s_4l,d-itil+ r_'s<'iv<)il+ t(>r drivin<_ it hil4h-sl)_,i,d lllnllc], Jill(l, tT)r ()t)t¢('l-Vill_

lii<_h-sl)¢'('d ])ht'lll}lll('llil, itll _)l)ticlll l('('hlli(]llC 1)its_'d ()ll lh_! wliy light l)l']llivl'_; ill ilil (it

(']llillgil/_ dl'llSilv, Also> ill 1(.175, ,%'_'ie_/i/7+' Am:r/+¥_#_ []iv<lrlibly Sillnillliliz_.,d ]]ll_lll'll;<ird,

rt'])l)iiilig his l)r_'di<iitm <)1 .'S()t)-lliiil,-t)t,r-il<)llr speeds, his s])l'Ctl];iti_ln _lt)_lill the_> ilt'l'd l<lr
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some ftwm of reaction protmlsion, and his emphasis on the coming importance of wind

tunnels for high-speed tlight:"
For any NA(IA high-st)ted researchers inclined to consider the possibilities ttuguenard

had proposed, howeven the lale 1920s alldearly 1930s, with their otticial tocus on 1)ropelhw -

tip studies, would have presented a certain tension. A 1929 report of an NA(]A-sponsored
sludv of tiny airtoil models in an open, two-inch-wide transonic jet of air provides a typical

example of: the focus: "If a propeller is ntounted directly on the shaft of a modern high-

speed airplane engine," wrote I+yman Briggs and l tugh Dryden, explaining tim practical

engineering design (Ittvstion motivating their stud_, "the outer airtoil sections of the

prOltellcr travt'l at speeds apl)roaching the speed of sound. It is l)ossible by tile use of geal_

ing and a somewhat larger propeller to reduce tile speed of the propeller sections, I)ut only

at the exlwnSe of additional weight and some frictional loss of powcl: In order to determine

whether gearing is clesirat)le, it is necessat T to know the loss of eft]t:icncy due to high tip

spc,vds and to compare this loss with that duc to gearing." In other wo,-ds, in their tests at

speeds imolving compressit)ilily, they merely sought airtoil performance data to use in

determining Ill<+"optinnnn lradcott] or balance, between compeling design choices. The

report mcnlions nothing about applications of the work to wings fi)r vel 7 high-sf)ced tlight."7
E+'<+'n in Ihe mid-1930s, in lact, a tbrward-looking NA(L_. engineer would have I)ectl

aware Ihat tilt' NACA otlicially twlicvcd tit+.: trend to higher tligllt speeds w<mld level olI not

too tiu above 500 miles per hour. Among I luguenard's enthusiasnls. <m tilt +olhc, hand+

had t)ct',l ;.t willingness to l)r<!icct conlinuati<),l of the tll)ward trend. ()t)smxing that aircraft

spceds had rcguhuly doul)led nearly twicc tit:, ` decade, tlugucnard criticized those who
alwavs lound "[ormulas" to show that "each new lwrliwma,wc '' in this I,c,id would tm the

last. "lit" c+'cn gave lhcst" doubt<.'rs a llitlltl? lhat fit the otfic:ial NACA: pessimistic calculators.

For the NACA, research director George l.ewis seems to have cxeml)lilied this restrained

outlook, al least in his put)lie statements. In 1932 he predicted that lit<,"impressive upward

I,+cnd i,I tlighl Sll<+'ccls would end tot "airplanes as they are now <+:onstructt'd" al al)ol.ll 500

milcs per hour "At thai speed," l+ewis added, '+lhe resistance of Ihe air againsl the plane

lleco,ltc.s st.>glt'al that il would 1)e physicall) impossible to ot)tailt all engine giving c,lt;,llgtl

added h(),sepowt'r to imll the plane through tlt<++air at a greater Sl)t'c(l." Ahhottgh l.c+vis
did m)tc. l)v way of Clualif]cati()n, that "no one kn<)ws whal lhe airplane <)f the fulIH'c +'+'ill

rcstm+t)l('." his '1932 Cml)hasis (+orrespondcd entirely with l+ottin's 1!)85 c<)nC('l)! of th("

plalcau..lohn l+eckc, a,,ivcd at I.anglcy in 1936; when asked in 1996 if lx'wis and Stack in

Iln>se days might have ha,l)tn-cd somc hiddcn bt'licf in at so,m ftmu-c, hc ,-CSl)tmded with

conlidcn<t' lhat hc lwli<:vcd thcy had not.'"

615. N+\(::\ l_,'t Imit al Mcm<Handum 3lN,.lunc 1925, It'anslation ot 1":, Ihlgucmud, "ltigh-Vclo_ity Wind

l'mmcls: Thci_ Applitation t<_ Ballistics. ,\cz_>d,,namits and Amotlautics+'" tn.m l.a I;'+huiqu+" .l+)onautique,

NoXclnlwl 15 and ltcccmt)ct 15, [92|; qtl<Hali_ms i>n p. 2N. llug:ucnard iclms (1). 15} to +'a report h,, the

\lnt,rital_ 1 ictttcnaiH Sin+all, to the United 5,taft's War Itcl)alltnt'nt (S. Sewall, 'Rcl>otl on hi+z,h-,.clo_ it\ wind tun-

re.Is." N,+_cmtwl 12. 191St." P, ctkcr. IliL, k-.S_++'+'dI'}mdi,'_, p. 12. P,<_th '+Yilliam F. l)uraml and I lugh 1.. lh +den lalc_

citt'd IluglU'llatd: DUland in a ICtelt'twc list H.comtncnded on p. 27>2 and apl_earmg on p. :+,4!, <d Vollmw Ill ot

.trmdw'mm++ lh,'orw A (,+'re'Pal l¢,"+,i+q+,+4 l'mg+*'"s, e<l. l)urand (lhr'++ct l'ublit alions hit.: No;'+ Yt_ik, ltE+,5, 19,_3) and

Di'¢dt'n. PF" 2 and 3, I,.'{ IiH,t' Ilol,ps. "'5;i".1'_ Y<.;us ol EYF, erimenlal S,ap,_'rsonic Resc;u,.h" in Mihon Ames <-ollc,_ ti_m

IbMcr "'May 2,1. 1%1,_,, [laltStmi_. _3.'il',d 'iimn,pls (Slo,ted Thloals) Memo I)v Ray 1 I. _¥ri_ht." l.l IA. "lligh-Sl_e,-'d

Wiwd Tttnncls," .g,i+'mili+ Am,,r*+an 133 {()( I_)l)('r 19_5): 275-77. II is illlt,rt'slitlg 1o II<+lt + ,g_i+_ttlffit A**t_TIttI*I'S (laim,

ill its 150th ;lnlli;Cl"+;atx issue, N+_*|JlcIIll:,{q [9t-'5 (I :+- BN), Ih;tl '+l('('hll_lll}_ ;Ill(| Iht' tlltlllt' hil\t' itl%ilvs bU('ll lhc

t>to'+itlt c ol this IllltR;IZilll'," "['ht' is:.,tlt' t>oasls (|). 1-1) Ihat the magazine cOVCl('d the Wtighls alvn_sl I,,++o",,,,.ill,;
bcti>IC Kiu_ I ta_k, and qu,+tcd Rol)ert (;oddavd sa_,ing in 1920--six years I>cti.c _l_t' litst liqttM-hmled rocket

tlight, the Kim t lawk .t rot kt',l",--thal "a rl)ckct capablc ot reaching Ihc m_un'_ t,mM hc Imih."

67. NA(:A Rt'poH 319, a,'\crodw_amic ChaHt tcristics ot Twcnt,,-F_m Airlbils at Iligh Spccds. "+ I',r29.

68. I htRttcna_d, TM :';IS, i). 28+ '1 low Fasl (:an 'x_,c Fly?" 7/+,' ."h+nday ,glad, ,NcptcnH)cr It, t!)32, in ,',,lih,,l_

Ames _,,lh+t li,m Ibhlc_ "(;,.',arg+.' l+c',vis," I+IIA. ]_'l,.'l:,honc illlt'ivit';v,.]ul} 18, 1991i.
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Ill ally case it would be diHicul! Io establish dial in the 1930s the NACA could have

pushed high-speed research or high-sl)eed [[lllll(!l technolog 3' much faster than it did, even

if it had wanted to. Industi y and mililal T energies compelled its focus on tile teclmoh)b, Q, of
today and tomorrow but not the day aiR't: Becket states llalb,' lhat (,wen its late as l(.),i0, the

research-agenda-selling aircraft indust D, considered Mach' 0.8-=-roughly 600 miles per
hour--"a rather optimistic upper limit tor the tllture." t le also says that lllOS| "NA( ',A ",,'cleF-

arts believe that it would have been quite imp()ssible ill the l)rewa'r period to have obtained

any major SUl)p()vl flonl the militac,', industD,, ()r Cougress lot research and development

aimed at such radical concepts its the Ittrb(!jet, tim rocket engine, or transonic and sttpel-

sonic aircraft." One such veteran, who helped build [.angley's _24-1nch High-Speed Tunnel

in the mid-1930s, believed it "certain fllat if the NA(:A had had the fi)resigh! to do research

on lhe turl)ine engine ill the decade belore W()rld Way II, tilt" agency would have met with

such technical ridictt]e and criticism about wasting the taXl)avers" money that il would either

have had to drop it or have been eliminated." And it)deed the prewar IqACA did face polit-

ical perils dillicuh enough to negotiate without the agency's also seeking to venture too

b()Idly l)eyond or above the Iv( hnol<)gy l)lateau ()f the (la}: +>'''

II is worth n()ting, m()reover, that the prewar NA(L-k iu many ways did plan fi)r Ihe lira,re,
within tilt" limits of a polilical reality ill which lend-lease had (_v('niuallv It) |)e concocled It)

help the Brilish halt the Nazi onslaught. Ill the mid-1930s, for instance, the NA(;A

a(Ivanciug at the steady, meltsured pace of dw lillleS ill American aer(mautics--buih not ()nlv

the twenty-tbur-inch tunnel but lhe .500-mile-per-hour 8-F()ot High-Speed Tunnel, lairs

repowered tor still more speed. This strategic resotlrce wiLs Io ])ec()llle in IllS0 lilt: tits| large

t+wility to operate with slotted walls. Ill Ihe late 1930s the NA(:A began planning l.anglev's

l(')-F()ot I ligh-Sl)eed Tunnel, the olhel large facility latel (Ol)Vel-tc(l. Alarnmd years in advance

abotlt war's likelihoo(I--itl part thanks to George l.ewis's visils 1o Europe--the NA(_A also

sought to I)uild new research laboratories, and indeed had managed to get timding to start a

pair by lhe lime of l)earl I larbor. For two years in the lale 1930s "at]t'l learning of the frantic

pace o17aeronautical reseatwh in Europe, especially in (;ermany," wrote Alex Roland, "the

NA(L& was unable to convince the C()ngress ()r tile Bureau of tilt: Budgel thai a crisis was in

the making, a crisis requiring a clvtsh pr()gram in aeronaulical research." _2"t lhe postwar

Mead commiuee charged thai the prewar NA( ;A kuew "of the ueed lbr increicsed pers(mnel

and t_tcilities Io carl T on its research work" I_uI "did not request sufficient funds t)onl

C(mgress." However, nlore than three years before Pearl l larl)or tile NACA did include in its

annual report to (:(regress a fi-ank plea lot expansion--a plea highlighted, anab,'zed, and

endorsed by a.lanttal T 1!)39 editorial in the ,_½_, }bP+h7i.u,s. _', Thus tor the prewar NA(;A and

the counllT, an apt analogy mighl be that of the s(>-called next_luat+ter syndrome, in which a

(:OVl)<)ration's stockholders compel a sh<)rtsightedness that its critics con|tarsi with the fi)reign

('Omlxsition's sttpposed longer view. It is true thai lilt" i)rewar Am('rican aeronautic,d t'stat)-

lishnmnt t,uled It) invent jets and guided missiles. But it is also prol)al)le that the lhilure ()ri R-

illale(I ill a cultural level deeper than |hal o| +the scientilic and Ieclmol<)gical choices acltntllv
available to American aeronaulical researchers and their managers--as even one of their

main critics, Constant himself, all but proposed in conjecluring about those "flmdanlentaIly
ditterentiated cuhural traditions" of Europe and Anwrica.

69. Bt,(k(.n IliAdi.",_;c.,dI,)o.,_lie);pp. 16`) and 51 (s('c also 1). 147); llans(-n, t(,A6r:e,,._,ia ¢.ha).g_,".i). ISl.
(_()u(t'rning the NA( :A's i)lewa) travails, s('t' Roland, Mo&q Iee',ermh,(h. 6 and 7.

70. l.('wis's "R(.t)()I'I (m T)ip to (;ermanv and Russia, Scl)tcml)(,r-()clobct , 1936" is in the Milhm Am('s
(<)ll('('ti()n l(.Idcl "(;co|g(. l.('wis," [,1[A. Roland, Model l¢1:_ea)_h.I:1,17, l'_xt('ipl |i'om M<'atd (Olllllliltt'¢" l'('I)<)l'l +

Sta(k (<)llccti<m told(.)"Misc('llancous." I,IIA. ()n,lanuary I0, 195;(,),the 7;;me_quolcd and ('dit()viali,'('d {i). IS)
al)oul slat('ments in AR58. atHI on p. N, ahmg wilh arli(Ics al)oul lll,.' "ualion's r('artning," |k'alur('d an a)li(lc
hcadlin('d "(')uv Ai) SUl)rCma(y Is IIcld EndauR(')cd; Nali()iial ,\(Ixis()))(;()I11111il{('('NII_,'S Inlcnsili('d Rcscai( h Is
NC(<'ss;tI'¢IO R('laill It."
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Thcrcfmv il is als_ wmlh Ilolhl_, conccrnhlg lescarcher slack and Inana_cr l,cwis,
Ihal in lilt' ]¶I40s Slack somvlimcs implied or even claimed thal l,cwis and lhc NA(;A had
aclu;tllv shmvn subsl;ullial t_r_-sighl early I_ll concclnin_ flight al very high speeds. ,,\ ]9,18

nc,.vsllap(.r slorv quoted Stack clahl|hl_ lh;.tl tilt" "N,.\( :,\'s :_|I]I(H'N()IliC IliRhl I>r_!jccl really
Iwcntl back _0 veals" m whcn [,mvis. "wilh his hlng nose tbr 1tIt' tulurc, put ill lilt' I]rsl

high-spced wind Itlllnel. ''r' Bul it a SUlmrsonic-tliRhl nl(:'lb,';ttiOll |in- lnulding lilt" ] l-inch

Hi gll-Spccd Tumml really did exist ill l t.l_, it was al)parcnlly cmnplvtely hidden. Ill 1945.

Slack claimed in his tornial lmpm tbr l])c prestigious Wrighl Brothers l.ccmrc ol 194,t thai

in Ill(' 19_lls, when "a tbw tkwcsighled aeronaulical scientists" had plalmt'd ,lhcad Ibr V_'ly

high-speed tlig, hl, l.cwis h,td shown "great torcsigliC in Sl)Onsoring l.an_h'y's bricL cutso-

I'V it'l propulsion study.:: Maylm such claims only represent what (_tHD,I;IIll h;.ts c.tllcd lh('
NA(;A's "habilual Imi mylhic rclrosF, cClivc allrilmlion of tbresiRhl to itself.'" (;erlainlv
Slack tmdt'rslood lilt" NAIl,\ public rel;llions.il,gg('rnaul and could ol)en bc p;trt of il;

Roland says Ihal ])v Ill(' It.t;":'Os hi' II('Cal//e It)(:, IIItIcll iI pltrt o[ il. Ill ;lily can(', ;I d,at1 t:'t (hi'

I,_'l-ib_lll Ih'0thms p_q:,('r show:'; lhal Slack :list:, considered claiming, lllal "llrllbal)ly 1t1(' t/lsl

imtclical al_plit-alion t:'f jcl i_rol)ttlsiml in acron:ullical work" was l.;u_Rh'y's, and long-
nl_scd I,cwis's, atlalll;tlion ol lilt' cur:.;ory jet ,dud}"-; induclionTicI principle tot lilt' (,Icvt,n-

inch Iiillllt'l. IS'., pcrmmlcnlly dell'ling IhaI chlinl. Slack avl_idcd hs .juslit_ing any "hm_

m:'sc" dcscriplhms of himscllmnol lot Iircscicncc, but [k:'r cx,LRgcralion.r:
[_JV the lilnt" ot the N,.\( 5Vs 1933 bt:';:lslh/g abOtll speed, S,lat'k hi,nscll was calculating,

al Icasl S(lllluwh;.ll optinlislicallv ;lbolll fulurc I)rtqwllcp-drivcn high-speed tlighl, but l]ltq('
is twidence hc tk'll conSllahlcd fronl iirvssinR c','cn Ihal topic tO0 t;tI'. 'i'll(" I('IISi(HI s,h(:'ws ill

a ])air of historically signi[icam papers he wrote, early t-tnllril)llliollS ill his Sllt)shllllial com-

pressibility I'(!S¢'ill'Cil oUlptH dtlrhl_ Ihe years hotore he rose high in m;ulagcnlenl. One,

pul)lisht'd' as an article ill lilt" .January 1934 Jotm_al _!/thr ,4ero.a./irrH ,_/Henres, r¢'tlvcled
nhlhllv his mvn outlook. Thv olhcr, Imblishcd ott_ciallv as NA(:A Report-No. 463, reflect-

i'dm:iinlvthc Olganizalhm's oudook. Thej,mrn:d arlich'dcscrilwd a imssiblc higIl-slwcd

airpl:tncand addressed itshi_h-slWVd-I1ightpou.ntial.The NA(b\ report described the

1l-hlch lligh-Sl_eVdTumlel and Cnll_hasizcditsusclnlnessin prol_cllcl'tip studies.

Thc .journal artich', "EHbcl,s of (:tmlprvssillilily _m I liRh-Slwcd Flighl,'" prcscnlcd

flcrlbrmancc predictions Slack had cOral)tiled lot a highly aerodynamically relined

prOl)cllt.rglriven airl_hule thai he called "hYl)othelical" bill "llOt h,evond lilt" limils ot i)ossi -
Ilililv.'" Stack's computations showcd lhal speeds nnlch higher "than Ihost" so la.r allaincd"

wcr,_' "possible and likely," in part by using wings of a compressil)ilily-eft_'cls-dclaying shape

derived fiom cxpcrinwt_ls in lilt" ell'yen-inch ltlllll('l..'_()lllU o[ this IICW dcsig,n hllbrtnalitm,
Stack wrotc, was "alrcadv available to d(,sigllt'ls." With comprcssilfility ignored, Stack's

conlllutalions prcdiclcd ;l It:' I) SlX'Cd o1 566 miles per hour liar tilt' hyllotht'tical airpl;ulc.

71. "'Intuition BrouRht F,Ullm smdc Iqighl." ll_islli,l£_l,m I',sl. l)cccmbcr 21, 19.18.

72. Star k, p. 128, "(:Oml>lCnniblc I:h++_s in Ac_ommtits: I'hc l_ib{hlh Wlib_ht tSrothc_s l.e{tmc."/,,l+_++r+l rg

I/w .l_u_.tat,_litr_l .'S,_lt'mtw 12, No, _ (April 19t.r_): 127--I,S. Slcc also pt ). 2 and 3 ot Ihc hand annolatt'd ?,(;-F,agc

d_mhh.-spatcd l',ll,.'script, apparcnllv h', %l;lck, lith'd "Rcpoll ol the N.-\CA Executive (;_mmliucc: Sulltqs, mi(

(_cnt,.'r Pl_!it'_.l," Slack collccdon tbid,m "Re",ist'd thmal-_ Iqo,g_am, It, Ill;--18, '' I.IIA. 1I claims Ihal ":.,oni_ and

SUlU,lS_mi_ tllllIIt'ln" opt'liltt'd ;It l,;ulglt'v in lilt" lille t¶1_{Is.

7:',. C_mslanl. _evicwing ll#,_t_-Speed/'}*,,,tie, in I,A, 73:,I:269 (1':182): 609-10, sa},s (p. til0} thai I_c( kt'l Rcn

c_allx "dchunks" Ihc N,\( LVs retr,aspc,cliv,." _laims o[ I_nvsight. Roland's sir(rag,psi t i'ilicism ()t SIll( k's cxaRgclalions

appeals im pp. _61-6'3 and in the acc, mll)alP, iHR n. 6 on t I. :_8't, M,del lh'sea_/I. Stack's CH>SSC(I-_)Ht 19+t cxaggcla-

lion is on p. 9 ot Ihc rtp,t,d (hall (t orrespondm R Io p. 128 iH lilt' article version), Slack colletlim_ tblde_ "WriRhl

I_,H_s. 19 It l,_'(lur,p." l.] [A. ,';luds ol the _'lati_m lu.lw_.¢'ll l_amstmi,. ',riled lunncl (t{'velotlln,.'nl and NAIl,\ IlulIlic

r(,lali(ms Ileal lit cs is mainh" bcv, md lht' s,topc ()t Iht' F,rest'nl work a:.; il t.;'(_lvl'd, ]ltll is also lhc IIrincipal dcsidma-

Itml it Rcncratl'd. ()nc cx;mlplt.: ihe epis_th, ot thv Annular Tlansonit Tunnel. whith lhe Ht'wl,, sc_ Hril,.qnil_dCd

iioslv, m N\(:A adX_'l list'd in stuh a way as I() t (mhr.;c oHlsidcr',, cm_cclnmb_ N,\(::\ II_Obgess ill tt;uls(mi(s.
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With c<+t+iF,re+.sil)ilily c(msidt.rcd, that would liill to 521. but thr new win_ sh_tl)C..%l;tck

c(+nll)Utt+d, could l;tist' tht' lop SF,(.,cd t() 511 mih's per h(iur "dHe h) tilt" (h'lavt,d c<)m-

l)r,:ssihilily l)tubh'." At _nl<+"point lhv.iotun.d _u tich." unt]msrd al)out h)n<_-st_tndin_ NA( ',A

l<)rt'mighl and ]c;tdt'r'.;hil) it+ hi_h-sl)ecd-l] _ I studies, l)ttl <itud as t"vid(.'ncc _)nlv the I(+)__)5

report <d l+.rigRs, l lull. and l)rvdcn--whiHl s_>h'Iv :t<hhcss(.'d pFOlx.llcfs, tht)ugh ils analy-

sis could l)c Intnslclrcd _ttid :tpl)liud also t_) winRs :m¢l thtts to Sl;l(k's <)F,timistic sul+it.(,t.

And hi' cah'ul_il<.'d ("_('n more o])titnistic;tlb,, in _ttl t'.ulv h_tlt(lwlitl('n (h;tll, wht'rc al linc hu

ultimatt'lv did m)t publish wcnt s() [;.tl ;t:+,;l<) _|'k,r--+|S l ltl_ucn;trd did say back in 192-I..rod

;is lh(' N:\(_A di(l llOl ++i++'tmlil thc l)<)sr,.,,,_H-w_)Hd x,:;ts tUF,On it--that if was "'(+]_tn_('r(;.us I_.)

I)rc'dict _t ll];Ixitnulll _,l)t'('(t bey<rod ;,',+hich il|(r<.';tst's II)_tx' I)t' in)l:,()ssil)le.";'
In NA(:A R('l)Orl N_). Ili!i, '"lh( _ N.A.(',..\. I ii_h-.'<,t)(.t.d Wind Tttnn(.,l ;tnd lbst_, <)t Six

l)r<)t)('lh'r _e(ti(:,_)s," .Nl;+.<+kaddrt's'+('d hi_h-.,+p++'<.'dIt.(hr_<:,l(:,,L,O, xvilh atl t'mircly dill('rt'nt '+,l;tnt,

(()ns¢'Fv;ttivcly ¢'ml)tm_+izit+_ l;,r<)l),ulh, r lil)n ;tnd n<_l th<.' ;tirpl,m(' ilst.lL "SF, C<.,(I_((mHm)t_ I()

m_)sl ;tircralr' _,,('rc h)v+ c<m_l)art.(l t(> lh(' Sl)rc(l _)I sound, lht' inlr_)(ltncti_m ;tdmittt'd, l)tH

kmm,lcd_c _)t' c<mtl)rt'ssibility "+,,'_tstionctheh,ss "<'ssrnti_tr' l)ccausc l)r()F,(+llct ` tip +l)(,(.ds

<.'()II|]II<H|]V did r('+tth the' "m'ighl)oHiood" _)ts_mic Sl)UC(I. The irHr_)dut'lic, n nlt'nlic,]wd tlt_tl
r;t('ill_ ailp],a.ll(.'s ]l;l(l b('t'll ;ttt;tii]ill_ '+l)('cdm ".is hi_h .in h.tl1111,+.' Sl:,Ct'd _)I SOtllld." ;ill(l th,_lt

"cvt'n al {)rdh]a]+' airl)lun(, Sl)CCdS, lh(' (,t]6(t.,+ ()l<:()ml)r(,ssihility mh()u](l n()l I)t' (lisrc<_al(h'(l

il ;l+((llr_l[_., III('_I+Y,III'<?IIIt'IIIY,_il+(' (l(,,,,it+<,d.̀ ` [_tll th(" r('l)ort di(l n()t :,.(]tl:ll('ly a(l(Ir(',+s {it, llll)r(+._s-

il)ilitv's (}v(']_tll hHllr(' iml)li(ati(}m; l+()r the ('ntirt' .lirl)latlc--lh¢, v(.'rv .,+ttl+it'tt ()I ,+';ta(k+'s

]()u_hl'+' c()n(mr('nt .i()tt]n;+tl arli(+]t,--UHlil nt'_tr il:+;('lid, v',:li('rc lh(.' nt_tl_+'m('lH ;t[)l),.';tt's lh.tt

(<mq)n.'ssil)i]i,, "+b, _)I (onsi(tt'r+d)l¢, iml)<)rtan(-( . in the +tnLcttmtl (lesiOn ()I+ l.lsl-(livhl,e

airl)lancs," all_.'ttin,_ dislril)ttli<)i] ()f h)_t(Is. ()n¢' ()f Hie r(.l)()rrs c()nclusi()t+s :d,+() in_id<.' thc

(Itt;Ldit;tliVt ' l)r¢'<l+('li<>t_ th.tl "t'r_()rs tnav I)<. (.Xl),_.ctt.d in th(' ('sthn;il¢'d d('s+;m hm(t,+ l(}t +_th=

I)]am's whi(h attain Sl)t'cd+, su(h _ts th()se :tll;tin('(I 1)y (livin_ I)()ml)crs when in a <liv(" if I]lC

(.'(]<.'+:Is ()f (()nll)lt'ssii)ilil) <ill tilt' will_ lllOlll(!l|l (<){'(]],{.'i('nl _tlt+ nt'_]t'(tt'd." N<)lhin<_ ill tilt'

rCl)()rl's till+.', ils len,_lhy ()])('nin_ Stlllllll;+tl) +, fir it.',+intr<)(lu(ti<}n Sll_gt'st(+(l lh(' l)z(+'st'n(c ()f this

kind ()f itit_)nm_tti<m. _t_,l I]lat kind (d inl_)rmali(>n was t() l)('(()m(, v(q_+'iml)orl_tnt at _ll)otll I]lt +
tim(' ()f l)(,_ul I l_trt)ur, xvh('n _%l;t(l<_tl}(I othcrn _tl l+;ul_lcy h¢'ll)c<t s<)lve s('ri()_,_, '+<mtt'tim(,,+
t_ttal, slrttcttll_tl l)r<)t)lcms (()lll])l+<.!:,;sibilily +,',';is (':|ll_,ill_ + ill xv_trl;,lal|('_.

|))ul Ill(' :-;h_+{l'p('()Illl;l_| t)('lw('t+n thi:,; i)('ssil|listi(;t]l_, ' c;.tlttll_tlill_ ()t|l(i_ll l+(,'l)()rt;u]d ,%t;l(]<'n
Ol)timisti(ally ('kilt'tll_itlill_ jourli_d ;u'ti('[(+, l]l()tl_,']l il i]]llStl;tli,':,,, lilt' N:_(:A's ('()I}N('I'V;|Ii_,rl.+<.'_I+|'IV-

l!)30s n's<++;u'('hl),i()]+iti(,s, shows only one <)Fth<' ways in vdli(h I11(' rel)<)rt is si_nitk,t]tl in tl_c

]llllhi(l(?(a(i(, (!x'ohlli()ll ()( Ill(" ll'_lllSOlii(" Willd iUllt}(']. "]']l{'l't" ;Art+ ()tllt,l+s. Ill t()('ll_,ill' 4` t_tl iIl<)rc
()n Ill<+' I(?_(';_il-(]) {()()l lh;l]l ()11lh(" (l+tl_t <}l)l_tthlt'd wilh il, lht" rt'l)()rt in|z()du((!d to lh(" ;t¢'l'O-
llmlli(';+l] w()]Id the NA(:A's Ill+St hi_h-sl)(.e(l wind ttlllll,t'l, in(']tldill,_ 111("<.'ar]'.,' lt+'+l-_,(',{lilill-

d¢'v('l<)l)nWnl work that l+,t'(k('r says sln)n_ly itd]u('n(c(l sh)llc(I-w,tll d(..,,(.h_l)mt,]+t ),('aFs I,tttq:
Th(" I+('])()iI (':_II('(I fi)r a ],;II'_('I wind lUl|ll('l. _llid lh('ll N('1+v('d lhrotl_]lOtll l]i+L' I!I:_()S ;t.+';lh<+"

sl_tn(l_tf(l r(.l_.rt.n(+t • t(_ citc [()t- (l,rmcribin_ h()+w (.xl)crimctH+s w('rc l)crl()r]n¢.(l H(+I()nlv in thc

<.'l('vt+n-in(h tu]mel, but in thc l_tr_er twenty-l_mngn(h a[)l+,U+;ilus lhat in(h't'd (lid ¢']]_tlt +and

lhal was ()l)Untt('d in th(.' saint, w;ty. And the rt'l)()rt (_>rt-c]att,(l hi_h-sl)¢,(,d wind It£tmt'l data

,,'+'ill+_'¢'sults h'()m t'tHI-sc;tl( ' i)r()l)cllers Ol)Cnllcd ;tt high tip Sl)CC(Is in lht" ]oxv-s])c('d airlh)w ()1+
thc ])r()l)cllcr R('st';irch |liilllcl--_i ii()l_d)]t" ilIS[_tlICC ()1"lt'(hlli(_ll (T()S,+...-])()llill;lli()ll bt'lv,,'(,t,ll
Ih¢' NA(],.\'_ Stl])S()lli( _tll(I |l_tllS{)lli( l('sc_ir(]i ('l]i)lt_.

In rut lhr('t' lll()lC w_i_s. t]llt'(" l);H+li(.+tL1_ll]_' illl])+.)ll;.tlll ()llt'_,, ,%l;,tc'k's ]t)!_!+_rc])()l'l i]h|nli-

n_tt(,s Ir;tns<)lli(: "+rind Itlllllt+l ('v()htlhm +tnd ils NA(D"x t('(hni(+al tuhtual iml)li¢';tlit)ns. First.

it (l('f]n('d tht" ('ll<_i]lt'('lill_ _<:i('l]('t ' ()f NA(_A lrans()nics--"f)hvsi(al un+dcrstan(lin_ _,','ilh<}tu!

7-I. .].m.++/+_//k+.A+'n.m.lir.! ,",+i.m.,, I {]_tltt_,'+ It)?,l): [I)-I?,. '] he' )(t()l)<._ It)!+!',n+;+,ntr.,_.il)_ _,n(l l),t'-
(,.'(lin_ dntlt nl;|It'rial_ m(' if+ ;m tmthh.(l l(d(|cr..%t_i(k (_)llc( ti+_iL[,I L\; lht' l);il)Ur+,,thh' in _+',+hl_'n i+ll l}it' _itllll t+l
lht' l<d,dt'Ln<)t it:+,tab.
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matlwnlatical weakness," to borrow a distillation Nla(k would use ill ](`142--by addressing

the dit/ittflties of auaining lheorclical t|ndersta||ding of cOml)ressil)h' tlow, I)y claiming

cOrals,hens|re accommodation of what little theo|+etical u||dersta||di|lg was already avail-
abh', and by showing Slack's acute dete|minalio|| to respect and use theory trot not t() let
"'mathematical eoml)licalions" iml)ede allain|n(.'||l ()1 the l)hysical kind ot mlderstanding

an engineer often wants to visualize. Second, th(.' reF, orl gen(.'rally identified th(.' "¢,vxing
transonic Israel issues thai l.angley later won the Collier Trol)hy tbr solving: "the eftiwt
(If the tunnel walls," tll(' lesl-dala-sk(:wing "collslriclion efli.'cl ;It the lesl se(lioll (hle to tile

presence of the model," the relation between mot|el size and test-set'tillS size, and the

(lllt'Sli()ll Ol'_l lll;.llhelllati(';.1] "t'OllSlri('l[Oll C()IT('Cli()ll" to lllak(" llilllSOni(" lesl l'eSllltS l'()l" ;It'|i-

tidal, g,round-l)()und lh)w fields cl)rrespond with physical reality aloft. Third, as an

alll)r()ach for confronting these issues, it introduced as potentially useful what (;oetherl,

looking back in 1961, callc(l the indispensable "(it|entail(in (if theoretical calculations."

The rel)()rl suggesle(I (-on(lucli|ig "a lh(,()r('ti(a] analysis of lit<' |low ill the tunnel with a

view to determining th(_" c()nstri(lh)n c()rrection," and a(ld('d that the "analysis should

include an examination <if the cfle(ls (if cl)nll)ressil)ility"--an imp<irtant stilmlation, dw

r(,l)l)rt said, lmt one lh;.it "'])('(.;tllst.' ¢)1"all(" mal]leillali(al dill]cuhy hlv()lved" s('enwd

"iml)r()llal)le" in I(.)33. Ill I(`)44, h()wevet--whcn mmsonics had becom(' a top rcsc,uch l)ri-

oritV, lhlls making theoretical study of tl+mls()nic tuns('] I]<)w a priority to()--NA(:A

rcstlarch ('|igi|it'crs II. Julian Allen and Wahcr Vincent| ('()ndlWle(l just su(h a theoretical
analysis at the new Ames l+aboratmy ill Calili)rnia. Their report's lille elhoed Sla('k's 1933

hmgtulge: "Wall lnterli:rence ill a Two-Dinwnsi(mal Flow Wind Tunnel, with (;onsicleration

of lit(" Ellk'cl of (_onHlressil)ility.":" But what they showed was thal in l_ict the|e ('()uld lie n()

(orrecling ()1 lesl (|;_tta |'OI + the worst (<ln(lilions o1 transonic I]ow within solid-1)()undary
runnels. Ahhough their rel)ort al)l)arenlly did n<)t dire(tlv intluence Ray Wright's search

f()r a way m circumvent any need for c()rre(ti()ns, Stack's i'dea of addressing Ill(' transonic

wind tumlcl l)rol)lem via lhe<)ry ol)vi<)usly did. If lilt" awarders of tile I(.)51 (:oilier were

rigln ill their original intention to) ere<Ill Slack alone, il they l)vrhal)S really.just meant t()

lak(' lit(' longest view ()I" Sla(.'k's overall conlril)ulions to lrallS()lli(" wind lllllll(.'l dcvel<)l)-

nlt'nt, lhejustilicalion might well start with "The N.A.C.A. l ligh-Sl)eed Wind Tunnel and

Tests of Six l)rop(:ller Sections" of I(.)?,3.

In 1933 l+anglcy Field's runways were not yet l)aved. The lerm ._ou_ut ban+ierwas not yet

sensalionalize(l; thal hal)[)ened in I(`)35 fi)lh)wing a casual remark to a journalist |i()nl
British high-silted researcher W. F. I lilton. In 1933, the NA(_A's newly Ill(tared (ompihl-
lion of start(lard aeronautical noillencl',tlt|re slill includ('d hits (if l)il)lane t('rms, Inn not

¢¢ml/;res_ibilil_,, Math, or any word with th(: sull]x ,soPhie'.7'' Nonelheless, Ill(' NA(]A's high-

speed r(,sei(r(h ]lrogrmn. at its measured pace, clmtinued advancing in Sol)histicali()n

during the mi(t-l(.)30s, h:d by Easlnlall ]a(ol,s and Slack.

Stack's t)al)ets trace tile progress. In 1934, he and Albert E. yon 1)<)(,nhott [ml)lished

an NACA report on airti)il research ill the eleven-inch tunnel. The stated ti)cus was still

pr<)pellers, but wings and high-sliCed llight were now slightly more visible within the otti-

cial tiel(l of view. According to t lihon's 1(.)51 b<)()k ttiLdt@eed AenM+,namic.+, this was "Stack's
classic [lapel; which exerted great inlluence t)y virlne of its early publication." But Slack

and yon Doenhotf had relied on eXl)(:rimentat parameter variation, the systematic empir-

ical methl)d that .]ames ttans('n emphasizes as centrally important in the NACA's

75. RCl)()H 782,

76. l.anglcv's runwaxs wmc not paved m_til I¢.)37, a('cot(linff, n) Rohctt I. Cmlis, John Mitthell, and

Martin (:opi), Lank,):) /"i_4d: Th,, l';aH_' Yea)_, 1916-1946 ([.angl('y Air Fore(" Base, Virginia, 1¢.)77), I). I 0 I. ] lans('n,

l,)l:_tm,e_ in ('ha_ge, p. 253, dist usscs [hc sf,.nsationalize(l r('m.m k. AR33 contains on(' <)t th(' l)t'ri<)('li(" updal('s <)[ the

N,.\(I, Vs i('[)()tt on standard I|()IIl('ll(1;lltllt',
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engineering science. The compressibility Imrblc itself rmnaincd myslerious. Stack's 197,5

report "The (_oml)l(,ssil)ilily Bml)le" dcclalcd thai although the cloven-inch If'sis had

"yieltlcd much vahutl)h, illt_l'lttalioll t_)l (lt'sign prol)lems," Ih%v had also showll flit" llt't't's-

sity oF a "tnorc fundamental invcstigalion. '';r

The 197,5 rcporl ilsclf described early slag<.'s of sttth a.n im,'csligalion, conth,ctcd "to

delclnlinc thc physical mtturc of I]lc comprcssilfilily Imrble." The cxpct+imcnts look i)lacc

ill tht' IlCW IWtqlly-[_ltll'-illt'h Itlllllt'l, where improved illSI. FtlllIClllS could simullancousls

gather tot cov|clalion two kinds ofdata a])Olll Iransonic aic inleracling with a test model's

surtates: ptessuves aud l)hologt+aphic hnagcs of llle atCOtltl)anying compressil)ilit} shock

|)all<.'l-lts. A schlieten optical sxstem generated 1Ira pltotographablc itnagcs t}_r cxphfiling

Ihc behavior of lighl passing lhc</t|gh atil lhal is changing abrUl)ll } and radically in dcnsi-

ly. The reporl ovevlapl>ed substantially with the paper lhln<]tlsly prcscnlcd by ]itcol:,s lllal

Veal" at the intcYnali<mal V<dla conl<.'rcncc onl hi_h-sl>VCd aCl',C:,llalllbC's ill Itlt+V. l+atct +, in

I<.)38, Stack, W. F. Lindscy, and Robert E. l+iucll pul+lishcd a ccl]n,.!d and ¢'xtcn<icd version

of Stack's 1_.)++5 Fcpovt: "Thc (_onlpressibility l+,uvble and thc Htecl o1( ;<mlpvcssibilitv on

Pressutcs ,rod Fol+ct,s Acting on an Airtbil." Bvckev says thai to,gclhvv wilh .]acobs's ('olla

papc|; "lhcst' publications l_tochtimed tilt' thst m_!jor contribuli_m of NA(_A i|l-hol,sc

high-speed vcs<.'arch--thc I+unda.mental tmdct-sl:auding ot +the burble phi'norm'ha dcFivcd

in la,ge pact tiom the revclations of Ihc schlicrcn phologral_hS. ''r+

Thc 1938 report's t+cscmch tocus cxpccssly included '+t]£turc high-spcvd aicc|atl," and

by this point ill the prewar decade the cost'arch-methods I+<>cus had also widcncd: though

still l_rilnarily empirical, il now included substanlial overlap wil]l aivtoil Ih+.'ory, as Slack's

1939 '+Tt'sls ot All+toils l)csigned to l)elay Iht' (]omptessibility l+hlrl)lc "' shows. ¢' The l<.)3t.l,

I+cporl's antt'¢.cdcnts imhtdcd work by i.anglcy th,pocisl Theodore Thcodorsen, which

itself built ill pal'l Cql l'_'|ax Munk's 1t.)22 ahT<lil Ihc<>|y paper--the <me ill which Munk

lamented Ihc gcncral distaslc for theory hc pctccivvd in others. The ovcrlappt,d work

nolal)ly inchulcd .]a(<)bs's new computational mvthod tor designing dvag-teducing huni-

hat-|low airtoils, tor th¢" ]thysics involved in sustaining laminar flow is similar Io lh+lI

involved in delaying lhc compressibility l)uYb]c: I>ol]l rc<]uirt, shaping lhc airloil Io coutvol

tile way pYessurc changes in air tlowing across ils sulfatc. To devisv his c<mq)ulathmal

design mcthod,.lacobs had inverlc(l Thcodol+scn's Iht'occli(al approach. The work Stack

reported in his 19311 palm, +incorlloratt,d closely related analysis.

P;ul even will] its sophislication in high-sl)_ied leseal+ch l_lelhotts, Stack's 1939 report

nlaintaincd the NA(:A's l(mg-standing const'cvative oulh>ok ou highispccd rest'arch pur-

poses. Its inlv<>ductioll, at'tcr noting thai "high-spired aircraft" tt|cmselves ncedt'd "serious

c<msidvvation," added that it was "inlporlanl to cealizc, howcvcr, Ihal Ih,t, propeller will

(onlinuc to ofl_'r tit<_: most scri<)us ctmlprcssil)ility protthmls." Of (<)tnsc, with the world

Wal stal'lillg, this I<_'('hll()l(i,g_; t)rcdi(:tion had ,_¢'llllillt" lnclil wilhin the (ontexl o1 c(>ntin-

ued l+t.l]n(.nlcnls cltt(ial for the ,:onvcntional waq:,lanes that would soon swar,n from

AllleliCall Ltctorics. But ovtq-st!as,,jets WCl'C also ill development. Thc NA(]A's high-sl)ced

t+csearch--and its high-spet,d research tools and tnelhods--had advanced during Ill{"

l_.)30s al a nleaSlllCd pace. Within at tk_w ye_u-s, I high Dvvdcn aud (_tlllis l,cMay would lm
calling 1or an urgent one.

77. +'q_,sts ol lti Related Airloils al ttigh ,+';pct'ds." Report 4c.12;W. F. ltilmu. Ilild___peed _er, drnami_ (New

YoFk, NY: lamdml, England; 'l'orouto, Canada: I.ongmatls, (hven and Co., 1951), p. 81; "The (Z_impressibility
l+,unl_h', '' "l_.+chni,_al Note 5,1.<'I.(),ct<d}t'r 195;5.

7S,. Rt'polt 646: tligh-,'_Twedt'}+mtie+ , p. 1¢.).The never4"apilalized word ++hliere, has long vexed atltho+x and
cditors. A. C. Kvrmodc, Merha_ir_ rJIqit,d+l (I.m_ghm: Pilman Ih_blishing, 1!1721>, p. ?,17, n<m'd thai "il is uot Ihv

_:tamc of s,:m_c (;,erlnan or Austrian s<ienlist, but simpb, the (;erlnan word |,_t+ strt';aking oc striali_m, which is
dcst Yiplivt" of the melhod. '+

7<.). Tt'chni{al N<_te 97ti, l)v_cmbet 1944, leprinl otACR ot.]Ulle I_.)_{!t.
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Tile Pace Hastens

l_ct_tr_" Pearl I larbor some warlll.ulcs could ah_'adv dive l_lsl enough to encounter

C[;illl_l.l_lllS c_llnllrrssiliililv rffccls--as roughl)' ])redictcd by lhal brief, unc'uillhasi/cd rllll-

chision in Stack's otl]cilll NACA ieilorl ot" ll.)_{;l, wht'li l)roilcllcl lips consthuied lhc

N.,\( :,\'s only _lttici;ll coinl)rt'ssillilily icst'alch locus. _" In Iransoilic airfhtw, as ]lugh l)lvdcli

cxplained in a 19414 I:'h_,_i<', 7bda$_ ariiclc, "di_;lllll)allCt's known as .shock wavcs" arise. Thcsc

"'abilil)l chail_-t's ill I)icSSllFC alic-[ lt'llil)('ialur_-'" can lcad 1o "a violcnllv f}llClUaliiig llioliOll

sllakin<_ or l/utit'lhlt_ lhc whig. _lll(I il IliC wakl' _lf thl" whig sllikcs Ihc tail, ihc lail _;litlCIiilt"

illliV lit' sul)iccu'd 1o loads vai-vin_ wiih violcilt irrcg, ularil)' sutticil'lll I() ditlll_l_(" h. '''_

Vtllllt'rabh" ;til-lllalll's dtilin<_ I[1_' Will" iilchldcd lilt" Bell P-39 ,,_tira('ol)ra. Ihe (]lllliss P--tl)

tl_,'aihawk, and Ihl' Rt'i)ub]i( P-.t7 Thlliidl'rl/oh. "_ AI al)olll Ihc lili/t.' of ]>clu'l I Iiirl)ol; wlicii

lht' ]lrol)h'in had jusl ariscll, _lack and oliit'is tlSt'tl I.aill4it')"s lwcillV-[_)llr-hicii aiid cighl-

I_Hii hit_h-si)ct'd lilnni'ls ill a rllsh c[[_lrl 1o I(.al-ll how to COilllleia(l lilt" (tiMlill)aliCl'S and

,_iOll lhc AlliiV's lll.W P-!$_ I.i<_]linint_ fr_tin occasionally I)ix'akilltZ , u 1) and ciashhl_. They

quickly showed Ihal a special t idel-lhc-willg flap could bc' dcvt'lolll'd to do the.jot). ;`_ 'l'h_'

I_-_t_, ill which ll;'t'l 10,00(t wcrc uhilliall'lv l)uih, W('lll (:ill l() s]lool dllwii lliOl_.' .J,il)allt'st'

airciali lhali ;iii'_ olhl'i t]t4hlci. _' "]'hl" _A(]J\ Wl'ill oil to ('llCOlllllt'l slill II/Ol'l' COlli])lcx ll_lii-

SOilil rt'_t'arch l)rotllcnls durilig ihc I{i,10s. ;ind Io illV_'ili i-e_l.aicli io_ds--iiichldin<_ lhc

sl</llcd-wall lunnel--filr ,solvin,_ illt'iii,

_I' ()el(it)or 19,1_4, whell I)lVdr<'ll cxl)laillcd lr;itlsonic leSealch I)lo|)lcilis Io a broad

iltl[iit'ilit' with lilt" ]_]Iy_,iC."; '/IM._; articlc _111(1 advertised a ll('W IialiSOilic 1(._4(,;11-(11 io<d hi a

tiny audit'iicc wilh lhi' Wri_hl-Ward lial/cr, lhc NA(L-Vs conll)icssibility i_.sl'aich lill ilS had

I_li/g SiliCt" C×l)anded. Maybe Slack had heeli |)illdt'lll iu ll-t!/!l Ill dch'tt" ]lOlil his high-

sl)t.cd-airl)l<uic ioiirliat article the claim lhal il ',vcis "'daiigcious Io pi('dicl a niaxilnuln

specd llcvond which hl('l'C'_ls['s II1_1"¢ lit." hnt)ossil>lt'." 1)ul I/OW the" NA(;sk i/sell olllcialiv <_l<l-

rit'd in s_;t'ilig ii(i "dethihe lilnil iolhc SliCed Ihal ill,ix lit' allaillalll_.'. ''_' Thc lait,-19!l!)_, ,_>_ll

ill rt, lhlil/,_ airtoil shal)eS Ill dclav till' Ollt4(.l o[ c_mll)i-essibilitv had ])/'t'll r_.'lllact'd:

"Rt'gaidh'ss of how hi/£,h fill' crilical Math iiiiiilller ilia)' |it! i-aiscd," .i_st'rll'd ,%laCk ill his

1¶t44 Wri_tit lh-olhers I.twlurt', "llil411i al sut)_'i-crhical sl)el'ds liiUSl CVelililall)' I)l' solved.' ....

l)cvising airtoils suilable iiol .just lilt dcla)'int_ lhe llurbh" bill l_lr ilc<_llialin_ the Clllirl'

tlilllSOlii[ llillgC ',could oillv Ill" [larl of the solulion. EllS'clive Ii-tillslini( ;lilll-;ifl ,,v_luld illso

Ilavt' io slaV slabh" alld (:ontrollalllc it/ _ill at.Fod)'llaliiical]) colill)h'x ('ilVil 'lHIIIV,'ill._

_lill-l.oVl'l. ii,:_(,{tr(ilt'l_4 Sill(t' lilt" lg{10s had I)ct'n _tw_tll' l]llll ncl.lalait" hi,h-sliced lcsls <it

hidividual C()lli])(liit'illS--_i c_lwlin_ and a Will_ llolh lll('_inl t_/r Iht' _iilli/' hi:.;ela<_t', I_ll

ill_l_ttict,--COtlld it,ll always ]lrt'diCl lht" COliii)Oilt'illS' ll_,ri(wlii,iiicc in tisl' logl'lh_.'l;

Thcict_>rc sol\in_ SUllcrcrilil,ll tlighi requiit'd sc('ing lhl" "init'gralcd whoh'," il_; NA(',A

lilaili COlllliiillt't" illt, lllill'r Edward P. \4t'ai-llt'i called ihl" llrillCillh" o1 COliC('i',iil_ IlallSOlliC

_{i. (:(mclu_i.n 6, "'lhr N.A.C.A. l li_41i-,_l)('('(I _"Iriiid [lillil/'] aiid [_'sln ()t _'i_ Ih'()l)('ll_'l _,('lii()n_."

_1. l)l_.dt'il, "'F;i',l('i [ h;lii _,Oilli(t." ]_]l'i_i(_ "lDd"r I, HI). t_ (()_ lol)l'l 1{)|_); t_,I0 (_('1' t). _1.

S7. lt,illi()ii, 17_11'd.l_, 1), IH7.

<_:/. .I.hn ,Nla( k, "(;oinl)ti'ssil)lc FIo_w iit ,\(,i<lnauli(n: Ill(' t(i_hlh Wril_hi llioihcis l.l.(luil',"/.ll_.a/-/#J-'

b,l,matiti¢a/'g<i,'m_'_ 19. N_), 9 (Aplil 19.1._0: t27--IH Isn't' I)1). 111-17).

,_I. I,>im II. \_ld<'_s_>u, in., "t"ast_'l aim lli_ti_'_: l'h_' (21ic_i liir Speed aim l'ow('l," Mll*'_l.m'_ ,/,tvialim_.

<,d Jolm 'IL (;ll-t.iil_ood (,'_l'_ Yolk, ,'_"_': Ihlgh ],alilcr Ix'viii. 19b19). 7_-117 (scci ). 177).

_7i. \R46, i I. 2

,gli. -(;llililliensillh' Plo_s in :\(.ll)ll_llllil:_," p. llll. l_.eck_'z. Ih,.,d_-._,/m'd 1"7o.,llW_, IJ. {l_'l, SI'I'S this 1]_'_ I'lill)t'l

17, 191 t, lt_l:J_4hill_lllll Ii'tlllll' ,IS Ill;llkill 7 I'xIl;tll:_iltll tl| lhe N,'%(:,%'% I('N_.%llch lilt il _, ill II';lllnOliil'S.

,'*4"; [it',lit'n, "l;anlci Than ,'<,lluiid." t). _.
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_lircrafl ivl ;ul _r_anic r_llhcr Ih_ul _1 modular w_L,,,. _ For vx;ulq)lc, j_,l _'nffi.cs needed lobc

inte_ratctl into _lilli'_LZtlt':,, Sl)CCiiicallx dcsigttcd i<_n lilt' t:Lsk. Much later llIc" +Irt'a rulc, the'

ir_itisonic design lniilciplc desctil)cd ill ell;it)it,i y), _rl'w olil ot' N,\(]:\ rt'st'ar<`+li t'tl<_hi(.i.r

Ricliltrd +di_hilc_lliit)'s iilll'_r_tlcd view of lilt' wiiol(' <iircralt, aiid was ilUrlurt'd I)v tlis ('xl)cr-

iliil'iil+ iii <lilt, of the Oli_itilll slollcd-wlll] It(ilia<it(it wili<l Itinlit'ls--_i lillilit'l ll_' hcll)c-d I_l
c<lnltiii_+SiOll itlid i('lllit'.

hi 19,1_. howi'x't'l; HA(i:\ ll+ails<)lliC - i-t.s(,aFch(,i.s + tool_ w_'v(' lli+linlv rt'st'ilrch iihciiitl,

r<)ckci- ilild airl)lail(.-I)<lrne ll/otlt.ls, ((lid it t_'w i)_iiily t'l],.'cilv(', +Ollltqilllt.S t'vt'il iil_Lk('+liih

itdltt)lliliOllS <ll lii<t4h-s|)c(.d ltliilit,ls. +oil((. l)l-_l_lt.s+ ]llt(I l)t't'll lillidt' iii dt'si<_llhi<_ ,j.l-
f)r<_t)clh'd wlirl)i+liit,s, l._ltiili s_tv_ Iiiltl lh(' I>-_{i (lill<`'r I:-+(t) _lio<llili<_ _i_ii-eli(ill)i'd lLlid t]t'w

f]t+_it'i + lhali the t]i'sl {r.s..ict, thc P-:_9, ihank,s Io ",l Cltl-t'ttil s'¢iilht,sis of wei<_lil, +i/_', _ui<l

lhllisl |)_lr_iiilell.rs, ii_+ well ,is oh)s(, itllellli|lll Io iiel-_ldvzi_ttnic lit'line(lie(it," hi :\tit+i] I<H+. +i

swt't)i-wht<K F-<+46 reil<hetl sul)cr+<)nic +l}{,(,d in it dive..It'l-l)rOlit.lled I)ollll}t.rs w¢'rt" l)<`.ill<_

dt'vch>l)ed. _" lliil jud_in_ by ilic Stllllnl(.l + 19,t_ I<`,sl)OliSt.,+ ot Ihirle('ii ilirtl_lti ill_lnilt{tlllll-

t'l++, lht. ,.tit FOl+t<` `, ;iiid llil' i'_l_:,' Io tin lil_('nl N,,\( ],,\ _lllVi.v. lilt'St" t,il_>i+ls oillv ilt.ll)t.d _lilil-

II]_il(' Inoie dt'sirt" tell-Irlill+oiiic tllilll--_ls wNl (is intt'lt'sl iii the rt!st'+iich lll()ls whh which

lhc tl_illl would t)e ol)l_iint'd.

'|'ill" N:\( ;=.\ it(.i-()¢i,,,tililili¢+s coliinlilli,(.'s _,lli-Vt.v _t+_kt'd Ihl + it<_(.ll(+v's illClllSll+i+l] _ili(l iliililill+V

tilt'hiS how llic N,,\(]7\ could Ill'st its<., itn l<.'s('itrcti tools t<l (lid liilll_<;llli( i/ii+<.+l_tti dcsi<_n+ 'l'h_"

iili+XVel-: ntuil<.+rous ]/I.iicli(-ill-iliilidt,d i+t.(ltl<..sl_ t<lr <.,iuiliri< ill dilllt <ill "ivili<_ ])l;intollli:s, itirt_>ils.

<.+llnlrols, itn<.l COlli])l<..le lhrt'<.'-dilli<.!tl+i<lli+ll--lhlil in+ iiil<.,_rlil<..d whol<..--lilod<..is, with

+t'Cl)littlii)' ilil<..i<.._l ill itir init.i+% btltli'thl_ t'lli.'<.'ls, pilol <.'sO;ill<`', I)oliit) I)ii',:s, ;ind air<.'rilti sllillili-

Iv. 'l'hc ,.+ill Force itllCl t'l<.'v<.'ll of Ihe tllirlt'<.'li (lllll[)_-llli(,s +lls<l _lddr<..ss<.{d rt.+t._u+ch Iool,_ illlft

lncltio<.ls. ()11(" <.(>ll+('il_,llS I('(lillllll<.'ll(l+tlillll calh,d It)l ili<.T<..asint4- I<t<.k<.'l-bOlllt, niode] It.sit I)v

+i I[t<.lof of lhlt'<.'. :\llolht.i + lll<..;id<.,<.l lh;il +<lh<." NAt'+:\ coiilhlul, tliilit'r its hi,_ti _1 |)riolhv it_+

i)ossible lhc Sill(Iv, ll<..vt.]ol)lil¢lil , +ilitl [)rocui<..lii<..nl ot I<.,sl Ihcilili<..s i_)l ol/l_thlili_ I Ir+iliS011ic

dllilt] ill +t ili_tnllt'r <.'gliiv+ilt'ill Io thlll til]lowcd ill Iht' I)<.'+I +iVili];il)l<.! l<lw-sl)<..<..d wind Itilliit'l

lt'sliilg"--lh_tl i,_, hi COllVt.liielil+ v<.'rSilliit., r<.'liltivcly cht'it[) , itlid COlil|)lelt+b,' sliti." l_ibol-+it<ll"+ •

t'OlidiliOllS. ()l" ill<." llltit'<.'li r<.'Sl)Olidt,lil+S , oll].v ltirt'<." cv<`'ll iiit'iitiOil<`.d lli<`.<)l+.+,; _)llt' ()f ill<..,++<., It'll',
t/cl_t+dict (|olin of 1_ot,i11_. ilr<_t'd lli;il til<." N/\( ;i\ "</ill+lilt x t.i"¢ tilil(i_tlti('ill+ll (l+il_l Oil Ih<.' il('l-O-

dyil_illlit.s ot ll+;<ttiisoili<. + tiow F_tlh<.'r ih:<til ;tllt'lliiJl ,w,ollliiOli,S ol: Slii:<ti] +iit'<`'ilk • ill'lit+." ;\llhoii_ii

lilt! ,survt')'-si)onsorhi_ NAt ]+.\ +terod)'nanii<`-+ clliliiliitlt,( + till.ill,lib, , +i_t+t.ed wilh lilt" r<`'sl)<liid<.,illS"

d<.'<.'idedly <.'nlliit'ic_il tlli!j<il+ily vit"+v, it l)oinlcdly <.,liilitllt+sizt.d +is ++:ell tilal lilt' "N:\( ]:\ siioul<.l also

<.onlinlit. t<l t4ivc t_il-t'lill ('<)llSidt.l_tliOli Io rt',_uh,_ <)| lli<.'or<..tic_l] work. ''+"

llitlet+d Ihc _lir<.iitti ilithl+liy +iiltl lilt! lnililai+v in lh<." i)it,_silrt. <11 19414 lllltV <_l'lll'l;tllx'

|i_ive li_i<;l ]ittlc iiilt'rt.,sl in lht_oiv. [)rvden _ll)p_il;<..nliv _all<_t'd the iliilil_U-V Illlll wlix <`oil'-

<`+<.'i-lliilt 4 wind liillll<.,l lilt.oily, in tiny el(st,. Evt'ii Ihoti_tl Wri_hl +tiltl Ward lind Ir+ilisl+ll<.;d tlic-

orcli<.al idt'_is it(to +i us<.'ful i-t'sc_u<.tl look [)ry<.lt'll's ()clol)t'r 1941"I l<.'llt'rs tr_lnsiiihliiil4 th('ir

I)_ll)<.'r I<) iliilit_irv r<..,++<.._tr<.-h ;itllhoritit.s c+iit'tilllv t_ltili<lllt,d _i<_ililisl I<.'ltin_ Ih<." "collsidt'r_it)lt,

_illlOtllll (1t l/_i<.k_i-oun<.l tiit'l)rt'lic_il ili_il<.'ri_il . . . i)l).<.+c'iil<. • ili<." l)rltciic_il si_iiitit'_in<.t, of lh<."

_<_. V+_+_. l:;Uil'li, "P.tl'sl<';ll_ li till ,&t'i_)ll_tlllil_--It_ I)l_iiiliilil_, ;.id AI)llli(_ili<_ll," ]l_l_l.¢l/ '/ I]/_' .l+'l_.#_/I/h'_./

.+_'_'.<e_ 11. N<_. <j (.\tn il l<.t-i4 ): _i."+-lll<.t, _u-ldrt>_scs tilt' "ini<,14r_it_,d _ll_dt'" idea: Ihl' i_llrast • il_cll al)tlt,_tis in l(dxwu d

It l+_x:tiilit'i'_+ _illl/_.n<lcd il'ni_li k_, 1). Ill_. ,"it._. _il_ lxdliii, ()._,_!/i./','ff,_._+<..,. p. 7=I_. (;_iil t'illili_ tile t)rt'liniiilar_

+,l'li_t' ot ilia' i(l_'_t in ihc 19_lis, st't' thl" I_i_t ll_ii-_i_l'_il>ll i)t _,i;i_ k'_ '+Ett_'t i_ _t (;_mil)it,_sillilii): i)li t li_h-Nt)_,t,d I:lit4hl ;'
i). ]7 ill +,%1.(.</!),_liid llcck(+i; //_<tUt ._,#+)_'+'d#'Tl.#/,'e#; 1). 76.

P4{I, l,<)tiili, (J..st/o_/'e!/_.._.., pp. 7_, 295, ;/57.

_t(I. "Sililllil_il) lit R+<'t'Olllllil'iid_tliOli++ Ilii r+,,nt,_tit ]i I_r<)bh,lns oi 'li_iilSllllil' Aitc l_ltl l)csi_n, ('.otutlih,d I))
:%+t'i<)dxii_iilli¢ R+t'nt._ii( h lli_tiilli, N,\(L\ ttt'_id_liitiilt.is , t_>i Iht' _l_t'_ i_1 Ntih_lntiniilt,t. _ln l_t'_l'_tl_li |_i<ll)l+.'iii_ i)|

Tr_tlisoiiic ,,\ii+c i_iti l)_._i_li," lull, H),I_. _t_itk c_)llc< iiovi, ],1 |,'\--_ hl'rl' lht' lhicktr clitl,,'n ¢'_ll_i _lt)t)t'tldix cl)lii_ihl_,

all lht" iildi_idlial I_'llt'l i_,_l)lliisl,s, hillildhl_ (]llhii hi N.L\(;:\, lul ) 76, HII_. th_ih __llit'_ I llnl_iill Iht' N:\( ;\ _il'ltl
dvll;inli(s 4llllllllilll,t,'_, li/rlii_ll _ill_Wl'l I1_ Iht' _,tll vl,_, it,_l)llll++t,_4 _lll(I It'( i)llllliCiiddlillll_+
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work.""' Nonelhtqcss lilt" I)ostwar NACA itself; insotm as it c<)uld, sought to slay mind[ul of the

Ilent'lils that improved rcseat+ch tools would represent for aerodynamic theory ill general--
the obitcr dicta bcnclits, in Joseph Amcs's 1923 courtroom simile--and in turn of ttworv's

bt.nctiLs tor aeronautical cnginceritlg. Stack elucidated the NACA's wind-tunnel-centered

vel_ion of this awareness the tbllowing.Jtme. Studies of transonic flows with models Stqll

skyward on rockets or drol)ped t]om high ahitudc, hc wrote, "have dclincd fimdamental

pi;01_lems of tluid nlechanics. Exl_erimentation with standardized equipment, n<mcxpend-
ablc models, undt'r clost:b/controlled conditions pcrnlilting detailed nleasult'mt'nl.s"--l[lat

is, ill whld ttumels--"still _q)pears to be a most intportant key to progress toward the atlaill-

merit of the uhimale goal, thai is, successtkd complete cak:ulation of such 1lows. ''_'_
Not that Stack himself had never exhibited a decidedly empirical outlook. In 1942, soon

aftt'r leading the somewhat dramatic applied-research sohltion of the P-38 prol)lem, hc

taught a University of Virginia night school postgraduate course called "(;(mlprt_ssibility
Ell_,cts in Aeronautical Engineering," held for l_angley stall only. Without the usual NACA

pttblic relations constraints, his opening lccturt" proclaimed that he would "t+xcluth', insot_u

as |)ossil)h'. the ntatht'nl_ttical ext,rciscs which lhougll elegant are frequcntly s() meaningless
to lilt' engint'er," tutti Illal lit" would try instead "to atiht'te more closely lo the discussion of

physical concepts, intt<_ducing mathentatical nwth<)ds only as net:essa]y to aid in undcr-

stailding tilt" physical c<mct'l)lS .... I think that it is ++ell if we realize in tilt" t)egilming that
in this tield tilt" <_.llginct'r is leading tht' malhemalical stienlisl. The t)rt'stqll slate is such that

Iht" engineer is iJr_!jccting himsHf l,)t+rhaps to sonlt _ t'xtcnl Illitidly ituo ditl]cuhies, and by

l,>hvsical rcasoning without matl,wlnatical weakllt'ss"--Iht + ])hrasc thai distills Stack's

approach to iransollics--"arriving at Iht' cxpt'dit'nl solulion of his dirtier|hies." But tl,ttP
course syllabus somewhat belied this t,ncrgetic inlroductot 3` entphasis on t:mipiricisnl, citing

the ol)jt+'clivt+ o[ +t+ovtwing "the l_+mdanlcntals of colnl,)ressible ll<>ws, tht' slall|s <)l' l)resent

kilowl,edgc on tilt" subject, and its application to enginccting problt'nts," aud naming "sttn+-

mat+v of signilicanl tht,ories" the sul)ject of six of thirty-two sclwduled hours--ll,+rt't+ l,lours
eatli lilt the +'stdlcrilical range" and tilt" "stq)t,r(rili(al rangt+." And i|tdced the opening

lecture, once past lilt' introductory retnarks, did immediately inv<_kt' in some detail cont-

llvessibilitv's thndamental t]ttid dyttamics context. ''+l'_,x'o years lalt'l ill Washington, Stack's

[9,14 Wright Brothcrs 1.ecttttt" on conll,)ressibility mainly addt-csst'd exl,)et+inlentation, but il
too vested distinctly within a scientific, theoretical context, ttere is what we have dont', that

]t+cttne sltid, in ¢ir_tunstaltccs where little prospt, ct has existed l,ov advancing thc<welically.

This leading NAt2,\ at, ronatttieal leseal+ch engintx'r l;rinlarily sought nt,alqertn l)hysical

undt'rstatlding, but secondaril'+, and l_,)t practical ends in lilt + [()llgel" tel'Ill, 11(+wanted to see

it attained It}' "physical reasoning without malhtqnatical wt'akness" within the Ikwmal sciell-

titic real,In of tiuldanwntal tmderstanding.

l,n 1,951, W. F+ l Iilton l'C'elill,)l'lasizt'd the long-standitlg COllllll(lll Itt_lief" that whalt+Vt'l

Ih¢,orv's Iotlg-tt'rtn ttotetitial, it held little neau-terln l,)rosf)t'cl Ibr advancing transoulics.'"

l,{ugl,l' l)vvdt'n, h<_wevt'r, maintaintt'd a I_rmally scicnlifit inlllook al)<;,ul tlallsonics ill Illt"

91. October 8, 1t.148: copit's in RA70 tbldcr "Rt'scarch Authorization 7()," l,| IA+

92. l\,pcst'ril)l ,:_l "Mclh<_ds fi>r hlxestigali<m of Flows al "]'t ;insl)nit Speeds: Paper l_)t l'rt+s_'Ht;ttion ;it lht'

Na',al ()idnalltc l+_++b<n+ator', At.lo-l',ailistics Rcst'ar< h Fat ililies Dcdi¢'atio_l SymlJosia,.Ittnt' 27-]tdy l, 194!I.'" pp+

13 and 14, in Stack colh.¢lion loldt+r o[ flit! S_tlltt' l'lillnC, I.IIA. This l)aS'+agc rCal>l)Cars vcrlmtim <m it..'>7!'; of

_lat k's 1951 rc;-isioll of thc I%19 impct. "l'_Xl)Ctitnt'nlal Mt+thods lot "l']ansotfi_ Rt+scarch, " pp. 51";3-592j, Third

,\l'i,_lo-Al+l('ri(++,ll (]<Hl|('tt'll(t' 1951, in a Slat'k collcction t_+lder labclcd with the r¢'vist'd lmlWr's tiih'. The 1951

,,t.tsion was obviously published; lilt' t it;tti_m tor it'it't t'n(e 54 on p. 172 ill l_+eckt'r, Ihgh ,+g]wed PrmltWt. sltvs tht"

1951 _mli't t't't('t' took l)latt + %t't)tt'mt)er 7-1 I in l,ondon.
%+'_. St't' inalt'rials ill the St:tt'k t _)]It'(+tion li_Idel "l)e[t'nse _,( ll<+ol I_.+42, " I+11++\. (_tlolalions [iOlll lit). i ++.itfl

2 i',l t', l:+Cstri|)t +'Intr,[)dttction, ()['it'V[l;tti<_tL _Uld Sultunar','."

91. llil:h-.+_+eed Aemdvnelmi+s. Set + C_,l)t'cially the l)refacc and i)+ 9.
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late 194{1s anDvay. As an employee of tile National Bureau of Standards, he had setred on

and helped lead file NACA aerodynamics committee since 1931. [)uring Ihe war he

managed a large guided-missile research and d+,'velopm+,'nl l)r(!jccl for the militarvD After

the war he was deeply inw)lv+,'d in NACA transonics as ]figh-speed aerodynamics COmmittee

chairman. In Sel)temb+,,r 1(,t47 he joined Ih+,' NA(:A staff and t<)ok +,)vet from (;eorg+,' l,('wis
as director of aeronautical research, a till+," shortclwd in 1950 to director" itis scientific

outhmk <m transonics was an extension of his g+,'netal view thai the "discovcl_, of how to

make better airerat+I resuhs from the discovery of talional theories tilmlv su'ppo ted by

expct-inmntal +,'vidence."": At I+anglev iu early 19117, h+,"chaired a contkwence on high-speed,
aerodynamic lheotv allend+,_d by luminaries incltlding Theodore yon l_irm;in, who brietlv

summarized the State Of compressibhe tlow theots; and Tsicn Hsue-shen, known fi)r lal+,"t"

tamously leaving the Unil+,'d States aud leading (:llina's deveh_pnwnt of missile technology.

After the theot T confi:rcnce l)iTdetl t-el)ort+,.d ' al)lmrentl v with some disaF, pOinlm+,ml ' thal

despil+,, w<wthwhile exchanges hmtw+,,+,.n theorisls and t+xperimenlalists, "the hoped-tot
result of a rather ctm+,rete delinition ot the direction which flttule theorcti+,'al resealch in

the field should tak+," was not achieved. ".++But this vt't+,qan of early experiments with open

transonic jels of air could also adopl the oulh>ok of Shwk and Other practical-sohlli<ms-

seeking NA(;A exp+,+rinl+,mtalists and say thai "pr_gt+ess in Ihos¢' aspecls o1 aeronautics tot

which a t+ational theory has not yet been dev+,,lop+,,d proceeds by Ihe re+,'ognilion <)fthe com-
I]lOII ft'attll'+,'s of +`'ompl+,'x [low l)atterns. "''+

Thtts il was that in engineer Slack at [,anRley and in physicisl 1)ptd+,,n in Washhlglon, the

early postwar NA( :A had h'atl+,'tship well suited for tosleriug ('on(-el_)tit)n, (tev+,qopmenl, and

])t+a(li(al at)l)li+,aliou of the sl()tte(l-w;tll Irans<mic wind ttumcl. Each h;t(I extensive 1)ers<mal
expevi+,'nce in p,atti(al-solutions-()vitmtc(l transonic t,xt)tq-iulcnlalion , 1)ut each also un(l+,'t-

stood and gentfinely vahted the tbrmal thlid dynamics context. From hmg memb+,wship,
each knew and had +,<mfid+,'nc+,, ill the NA(_J\ tc+,huical cuht,e with its accumtflat+,.+,l

technological and scientitic ttndevstanding and ils highly +,lcvelol)ed t,+adition of aeronauti-

+,+alt-esearch craftsmanship, hi such a setting Stack cottld tk>llow his intuition concerning

physicist and applied mathematician Ray Wright's Iht'or+,'lical id+,'as, and Wrig, hl, in Ihe

words of hisl<_rian l lansen, could benefit "fiom the colh'ctivc knowledge an+,l exl)erie,t+,'+,, of
tit+,"engineers working arOl,nd him" and I'rotn his _x+rl_ ''g(>(>(t intuitions."' ....

lt+lluition was imporlanh I lihon in 19B] called Irans<mic aircrafl design "re<we a pvod-

tlCl ottraim'd intuition than Iht.? reslllt of applying exact scicnlitic i)rinciplc,s. '''u Instances
of similar intuition petvadc NACA research history, accoldiu R to historia,ls of Ill+.' lhrt'e

laboratories existing or l)egttn by th+," time of Peari ] lath, ol, St,ch instanc+,'s also i)¢,t-vadc

NACA transonic r+,'searth hisl<wy. I lansen nlakes intuiliVt, technological artislty Ill(' tht'me

oF '+Th+,. Sh)tt+,,d Tt,lnel and Area Rule," chaplet I1 iu his l,angley history.'"-' B+,'¢k+,'r

95. Ri( hald K+ Sinith. T/u' ltu,_k I_ I.'U&.. I'apezs: ,t t'u'li.u.ar+ C.trdott+ : +JI It; Bu+U ¢'.lh'+ti+m (l+,ahitu_.-t ,,

MD: Milt<m S. l'_ist'nhowtq- l+ibrar};,lohns I h>l)kins t hfixtqsit,,. 197-t). p. 23.

96. R_>land. ,_+bnk'[/¢_'s,',','_*k. 1:_47.2:713, and 2:4!10.

97. St'<" l)r,,dcn's adrlcndtlm Io W..';. I:art t'tl, "'Rcsc;ut h fi,1 Actouaulits--lts Planlfill R and Applicalion."

]olo..Io/Ihe Aero.auli.+l&ie..._ II, N<,+ '2 (,.\l)ril 1944): 95-109 (sew p. 1()6).

98. Mitmtcs. "Inl<.mal (i<ml,.'l,.'n(c _m lligh-Spcvd Acrodxtz;uuit l lwop,." l+',ulwu;tp,, 3, 1917, ai.l i>. 2.

"Mimttt's .f M(,(.IiH R ol Subt<)mmitlct. <m lli_h-Sl)t.cd .-\('t(_d)natni(n," April _!1, 1947, in Nla_'k _oli('(ti(>n t_ddc.s

"(Mid. _m ] ligh-Sl>CCd .\vi_ul)nami_ lheot3'" ai_d "Sul>_ _m.nittcc on lliRh Speed Ac_odxna.lics I!+,16-1918, `+I.IIA,

99. Rental ks appended t<_ Sta_ k, "(;ompvcssihh" Fh,ws in At't<mauti( s" (set. p, 1151.

1<)0. /'.'.,.4.m m (,'k.z+._,., p. 31 S+

11)1. //z,q_k ,_'/.'_'d Aemrls:.am,_, p. 9.

11)2. l[;mstq+, I'_+i.,'e_ i*+ C/lu_L_e. S<+u also Elizalmlh .%. MttcnRt+_; .S_'nuhi.g tke Ilmi:rm: ,I ll_lmx o� .I.*,:_

I¢,'_en_*k C,'./c_/ 1<*I#-1076 O,Vashington. I)(:: NASA SP-,130.t. ]!ISB), p. 3t.I. and Vhgitfia P. l)awso., l(.L6m,_ n.d

I,.m,ali.,: I+¢wis lah+.ulm'_ aud Amer,a, 15_p,{_um l;'+k.¢d+_t._ (Washingl_m. 1)(_: NASA S1'-4306. 1991 ), p. 7t.
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I)clicve`s that whal tool/rated "initiation of in-house NA(;A research in high-speed acrody-

munic`s" in the lhsl place was intuilion, no! lilt' "great tbrc`sighf' Slack mentioned in his

1944 Wright Brmhers Lecture. Ill that leclurc Stack said lhal he and his colleagues devised
lhc th`s! N,,\(],.\ `schlicrcn t]mv-visualizalion apparatus in carly 1933 when dley "had in the

airtoil cxperimenls temporarily exhausted lflwirl intuili(m as rcgard`s meflmd`s t()r

improving aerodvnmnic ,'+hal)C`s.''_'' Slack'`s t.q52 Collier press rcleasv `says l]lal ill lal'_C par!

his and his coll['a_ue`s' "t_tilh in the prol)al)ililv of a solution" ill 1946 had reslt'd in

Wrighfs "'submnic high-slmed thcmelical studies, ''H.' a MalCIilCnl about acting on scienlit:-

icallv framcd intuitive faith that calls to mind Statk'`s 1942 cla`s`srootn remark abou! an

enginccr'`s "pr(picctin _ himself perhaps m `some eXICIII blindly into difficuhies, and by

physical teas(ruing wilhout mathcniatical weakness arlivitlg at the t,xpcdicrlt sohltion of

his +ditfictdtie`s." In 1)cccml+er 194tq, following the award of the X-I (;ollicr to ,_l;.tck, Bell,

and _';.lgcr, thc opcning linc`s ()t a 14?Mm_¢l<m Po,_l article set tbrlh a vcr`sion of Stack's

phih)mt)hy on Ihc relation belween intuition and I(whnological succc`ss:

"'lt_luilive )_,_eanh" tnouJtl aDoul ,_uere_,'_Jul ,_aperso_h /li£,hl man_' mo_lk,_ ahead O/

._,-ta,,hd,', _tate_ Ih; m_m most re.spo_._itde..lotto .'_ta,k, de.%_,,'m'r <j the /Tr_t phme to/Iv

/n_le'r lDa#t souml, sa_'_ I/tat "Delievin_,_ what you couldn 'l prove a_/d lru._litt_ it " paid

o[] I9' _p,'edi*tff ap m,_mal scienl!fic processes. lie pul._ it Ihi.s way: ")bu ga)' to .Wmr_,'l/i

(/ lhe_e thitt_._ a)v Irue, Ihet_ thi_ mu.gl he Irtte. Yott haven 'l an extol answer hut yoa do

have an itttuilive att_n,er So ![yolt u,a)_l to make a biff ,_lep /bn(,ard, yoa lake a ¢'httme

,4 fidlm¢ /lal ,m )our/hoe and tru,_t your intuition.' .....

Sureb.' ai lhal moment in Life 1948--1wo weeks alier Bernhard (;oethcrfs tormal visil

conccrnil'_g l.anglev'`s tnodest initial proof of ihe `sMiled-wall principle--Slack must have

had al lcasl pardv in mind lhv chance ()t l_dling t'Nn on hi`s t_wc nol wilh lilt' X-l, ah-cady

proven in the sD,i, bul wifl_ lhc `slolled wall, as yei proven only in minialure, lie latin `said
Ihcre had I)ccn "fill [Utlling I)ack" OIICC _1 coll`slrticlioll COllll'il('l had I)¢'Cll `signed earlier
in 19-I_ tbr in`slallin_ a `slollt'd wall in I,angley'`s hugt" lt_-Fool ltitJi-._l)et!d Tuniicl. _'"; And

suiclv a /ca`soil for Iru`siiilg his hittiition was lh(' NAt]:\ ilself, a lechilical ciihurc with

1)ro,i_l gencr,il t'xllt'iit'iict" I)uilding wind lunnt'ls altd ](lii_-Slalldilit- r, Sl)ecitlc expl'ri('iicc

rct)lic,lling high-si)ccd flow ticlds in SOlllC ()][ Ihl'lil.

Precisely Defining the Transonic Tunnel Problem

,._,llholl<t_h ihc NA(_A had ticcn aCCUlinihiling lilidcr`slaiidilig ot the ditl]cuhics o1

rcl)licaling iran`soliic tlow I]cld`s `s/lice lilt" l¶12t)s, lhc ov(,rall ])rol)h'ili was al)pal('nlly 11ol

COllit)rchcnsivclv dt, t]ilcd anvwhcrt' unlil lhc niid-l{t4l)s. EVCli in 1947, Iht' IcxlI)ook

117_M-7)£Pim'l 77,_)7u<_ could oniv nolt" SOlllcwhal vaguely thai the "])l-OpCl l)roct'dtllt" tOi-

lt,`siillg and corrccliiig lilt" icsulls of high-`sl)ccd If.sis has not I)t'en colnl)lell'ly t'slal)-

li`shcd" alid I|lcii it "al)tit'ars Ihat die accenlualed blocking aiid die `shock-wave ret]eclion

off lilt" lUlint'l walls COlllril)tll(' Io ihc tlncerlaility. "l': NAC, 3t lran`slatiOliS of l,:UlOliCali

llal)ei-`s i)ariial]v addressing lhe ditllculiics had I)een available since tile nlid-193(ts io _tlllZ ,-

iliCill Lall_h'y:`s (iwii growill_ illldi, lMalidilig. Iii 1935, t7)i iilSlaliCt', .(_l_,'i_`s Sil])t'lSOllic`s

1113. Bclkcl. lli£di S[wed 1,7,_aie_, p. 13; Slat k, "(;oniplcssil)lc Flows in A('iOllailtWs," lip. t21_ atld t30.

1i1-I. Rcpiinlcd in lt_c l.aiiglc)Ai)._+<mp, l)ecenlbct 19, 1952, available I.I IA.

Ill;'). "hlluilioii Bl(lughl ._uptqS(lliic lqight," ll?_hi)t£q0n Po_l, l)_.lelllhl'r 21, 19.P4.

ll)IL l.anRIt-', .'ti_ &_>,p. [)_._t>niber 19, 1957, atailablc I.IIA.

IO7. _%.lall IMpc. IIT_M 7}llllif'l 7_'_lin¢ (New York. NY: loire Wiley & Soil_. ill(.> 19.17), I I. 2(17.
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expcrl Jakc)b :\ck(.'xel (liscussecl the blocking __.l|(_cts()l I,.'st models on ruts,t.1 cal)abililies
II(',tr _'l_t(]l |, (()ntr;lst(,d the nea]-sonic-Sl)e(.d i)(,vlorm;tncc of ()pen,jets ()i air with Ih;ll ()_
aivstn-cams encl()scd within solid tumw] walls, at,d holed shock wave reth'(tiotl in If'sis _l[

low supersotlics]wed--pvoblcms adch+esseda]soit_a ]93_ paper 1)yIta]ianlacvoclvnamicisl

/\ntollio F'crri, whose ()Wll acCtllnulitt(,¢l Illld('rstatlcling about solving them wlts put 1o
good us(" whell the N,.\(_i\ managed to itill)()lt him at lhc ('rid el _Ill(' w_tr. '''_ In Novt'tnb(,t

|G)43 the AJmv ritzsally r('qltc'sted th_tt t}It' NAt ',+A<h'fivtc tht" overall ])rol)lenl. A. l)t-climi -

nat+):' rc|)(l)t of Sl)Ct-i,d work ill the 24-hwh |lit01-Sl)ced Tl.tncl ('tlstt(,(l in short or+tit,r, fill"
apl)aretltly lit(.' work had begtul in advatwe; Stack had ex'(.'n discusst.d its lllilill (onclusiotls

_I[ +lit Octol)ct meeting <)l the NAt:& aet+odytl,tntics c<)nmlittt,e ill Washington. The ANn'),

asked fiir copies of the pvelinlinary rep()rt to s('nd to aircraft manu|_tcturers in(htding
Douglas Aircraft (]<)rl)ovati()n , (:urtiss-Wvight (_()ll)oration, (;enetal Motet+s, _tnc|

Northro|). I,anglcy's Ro|/('rt W. Byrll(. coml)leled a litll tecllni<.al re])orl duntrig 1944,

"Exi)evimental (]onstrictiotl Etfi'(ts ill t tigh-Si)ecd Wind Tun nels, '`_''' olle of sevetal N,,\(]A

studies to dcline the |)robletns o| re])lic++ttil/g tr,ttisonic flow fields inl a tlmllcl, and the ont,

Sta(:k CltSt()marily ('ire(| rt'tl+osp('('liv(,ly ill l_ll('t" y(.'_trs.

One such stu(ly was that |944 the()v(,lic,tl ()no ,it .+\mcs l,ab(>rat<)r')' l)v Allett ;in|(|

VillcCtlti: "Wall |nt('rl_.'ren(c in a +l\++'o-Dhllcnsion;d Flow Wiil(l Tunnel, witll (](+)nsi(l('t-;tti()n

()| tile E|fi.'ct of (',()ml)ressibi]ity," the kind ()| ;mab.'sis Stack fitst calh'd for in his 1933

NA(;A t-e|)ort about the (.'Icvell-itlch tlttlll(.'l. Alh'tt',uld Vinct'nti may not have directly

in|]ttetlced Ray Wright, but fifty years l,tter tilt'it l-(?})()l't l('lll_lill(.+d t'tse|'Itl lilt" techni('_(l

stu(Iv.' +'' F()r its comprehensive ('x|)l_nlati(Itl of the lutld_tmetltal l)rol)lems o1 closed-wall
wind tilt|It(+] Ol)(.'ralion at tvarlsonic Sl)cc¢ls, it also lenlainecl llse|).tl |()I" histori(al stu(lv.

The paper + l)t'gi)is--as Stack's I(.)'+3 rcl)ort hacI b(.'_tttl--by alhtding to two tilt||let'it+a]

itlcli('at<)rs acrl)c|ynatnicists use, am(itlg othcr l)lU-l)(lses, t() so(lye the similarity ()| a wiud
tutmel's lh)w field to all a(tua] l](lW field ah)ft: 'The tle<_'(| fi)r relial)le wind ttum('I data lily

tile (ft.'sign ()| high-l)(wfot+mat_ce aircv_tlt has l('d in r('cetll years t() att('mF, tS to tnak(, lilt'

((inditiclns of tltnn('l t(.'sls con|_:)rm lllore clos(']y with tilt' c()tlditiolls prevailing ill |fig|It,

especially with regaFd t() thc Reynolds and Math nutnbt.vs." l_3,nol,,l.,, .umber c<)tnl)int,s
nleasttres ()f an at'vo(|ytlan6c ol)ject's size alld <)| its flow field's (tensity, speed, and visc()s-
it')' into a simple r;itio ¢'xpress('d as a whoh, nttml)('r, ldt',tllv ill ,i test with a scale ttl()(h'l,

this so(ire should l)c high ell()tlgh to CO|lit)|'Ill with tit;It of tit(" sinlulated |ull-size aivl)latle
()r coral)orient in ils actual lligllt c<)ndilions. But tilt)st wind tilt|It('| tests mism;it<.h lit+,' full-

size ')'aluc ()i" the Rt+vnolds number by using a model of e<))Isidt'v+d)ly redu(cd scah,. The

l()_. N/X(;,\ '](+(hn6(al Mctn()v;tu_dtHn 8()8. "I Iigh+Sl)('cd WiHd I'uo_)+cls," No'+cml)t'u I!)36 tnan_sl_)ti()z+ c)! a

l)apcr A('kctcl l)V(.,,cwtcd +,t lht' l+'illh C())v,t'nlio. ()I thc V()ha (i<m_nt++,,,, bah, Scptcmt)cv 30 I.) ()( l()l)t'v (+. 197,.'->;

scc l)_.t B. "Wi))d I'..twb, l()t ,+";uh,,(>.i( Veh)(ilic,,." NA(_<\ "li'( hu_ical M(,m<)t_+t)<httn 901. "Intvcsligali()n),+ _)))(I

E×l)t+rin_cwtn in )hi' (;tti(h)n6a Ntq)c+s()wi(- Win.d 'l'u.u)w]." J.l_+ I!)3(`) ttm)slati()n ()I _) l)_H)er l:('_)i l)n(._+tq+tct[ i.
l+.t+)lin) in ()( tel)tel 193,_. Nt+wk", ('_uh+1960s l)n<)icssi()zml l)it)gtal)hx ("Awartln an)<l Biogual)hical h+l<)rn+_ti()tC' l<)hl-

t't. Stack (;()lie(tit)It. l+ll,\), l>. 4, _tns,.,tts that Sta('k "illiti;ttt'd act|ore l}+_)t h'd It) tilt' ])oslwal illl])()rt_ttti<)D t)l b()th

F't'_vi _t_d Ath)ll l).Inscm;tt_uL tht' (;vtmat_ ()t'dit<.(l with :+.t_gcstin)g in_ the ]!)'._(),, th(' l)t'llt'!]Is ()I SW('])I ;,,izl_n; "-.t't'

_tl>,() )Ltt_,va). I _t_'..,_._ ,'. Cha_,w, i)i). 31_-'2(I.

109. "Mit)Hl(", ()I Mccti.L_ ()! (:()mmittt't' ov_ :\crod,.wav)tit_, ()(t()l)+,.) 12, I(.)I'.;L '' i>i). 21 all(! 22. iu) Slatk

c()lh'( ti()._ li)l<l+.'n "(:ommiltct. li>) ]\t'lOd)'ll_ll|'lic_. Mit)tntcs I_.)43. '' I.! I.\. In) tlnv t'+%r(.) |()Id('IS c()nstittntintg li_t' R,\120t

lilt'. I,I IA, at c "l'nclinDiDar,, l);_t_ lit+ ,\rm_ At) l+'()r(t'n, Matt')icl (:()lllll_;llld: (',<)t)Stl-i( tioz+ F:l]i'cts it_ I ligh-Nl)Ct.d

Ttnnm'Is,"Jat_tna_y ?,l, I(.)44, lotto'us uC(lUt,stin)g t el)i,.',, (>! the.' l)Ut']ilu6nauy data )epont lor tnauuttla( lurc)+s, and lhc

()!filial laz_uav'+ 8, 1911, rest'arch atLth(>ni.,'ati+)vt (:t<)ctm+t+nt, whir I+ +.ixt's a N()vt'n+l)+.'l ](i, 1913, ,-\rnv;+ u('qt_t'st+

,_,la( k"+ ()(t<)b('v s'+z+(>l)sis ;tH([ tht'.]avtt_aF,, l)vclivnh)a)) vt,l)()It ditc(t]y t'('h<) Bvmt"s ,-\dxa)wc (:o.fidcnfi:,l Rt.l)<)z-t
1,41.O7a, l)('tcml)ct l!)ll.

II!)..]()('I ]+, l'i,.('rha)t at)d ])_')t)' J. [),el)bill, "Exp('nim('nlal ,";tttdit+s ()! '['Hns()n6( }:lo_A' l"i('Id N('av a

I.<)Hgilt_dinall_. Nh)tt,:'d '¢x'i))(l I_un)))t.1%%'_II," N,\N..\ '['_'( hnli(_d l';q)t ,) _+,9'.2, .\l))il I!)%1, ( ilc,, inn il._+h)t)()dttclioul I I.

.]uliaD Allcn_ ;u_(I "¢'+'al)v_ (;. \'in( c)_ti, NACA Rt'p()ut 7,_2.
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lo_Sl)eed Variallle-f)ensitvTunnel counterilcle(ltlds mismatch flyusing pressurized ain

which (>f course meant h'igher air density in tile tlow tield, att(l there|ore also a higher
(|ensitv lertn in the rati(_--which in turn meant |nil)roved vetisimilitttdc its indicale(| in the

highei set>re. Another way to raist +it lest's Reynolds tuunber is siml)ly to diminish the mi+

tnatt+h ]ly lising a larger-scale model. In [act. in that way tilt' old Propeller Research Tunnel
and tile Full-Scale Tttnnel siml)ly canceled tilt" misnlatth: tilt,++'were large en()ugh |or tests

not at red|wed scale, but at fttll size. The second verisinlililude iqdicatot, Mmh numb+q--a

shorthand term not vet ttsed ill 1933 l)y Stack, who still called it comfm, m+SibilityJhctol--

compares f[ow speed _++'illlthe speed <)f sottnd ti)r tile given conditi<)ns. It leads to a simple
ratio too: for example, Math 0.8 for a s])eed eight-tenths thal of sotm(t. In sul)s<+nic tt|nnels,

flw fundamental physics of Englishnlan Osborne Reynolds had long framed the problem of

achieving th/w simililrity; Ibf tunnel airtlows inx olving compressil)ility, Ihe physics ()|Austrian
Ernst Math n<)w require(l ittletlti<in ils well.'"

I lowcver, llecattsc (+["practical limitations in size and ]lower," Allen and Vincenti con-

tinued, '+ll1<)st existing wind tttnnt'ls, whether high speed <)r low sl)eed, are not Callable of

l)rtwiding frill-scale Re',hi)his tnHnl)t'vs ft>r all |light conditi()ns." ]heir reitders w_)uhl not
need reminding |hal t<+enlarge a tttnnel'm airflow (hanncl size l()v larger models, and tints

li+l- higher Revnolds ntllttl)els, _)t to in(rease its airll(>w speed R)r higher Milch lllttlll)el's,

leads with exll()netltial qlti¢kness t() a l)r<dlil)itively exllensive ]lower l)ill--assntning

t'n<)ugh ]lower is availahle ill all. ,,\n obvious |)attilt] itllS_.Vei, t|te itllth()lS said, was It) ttse as

large it model ;is l)omsihlt ' in a given tunnel. Bill in tilt' case oi it high-sttl)s()nic-sl)ct'd

tttnnel, the larger tilt: model, lilt' re<we magnifie(l tilt" pr<ibletns of testing it. ,.ks Mach

ntttnber rises, there is it "tenden(y <)f the [conll)ressil)h'] ll<)w pattern .... if ttntestraine(l,

to exl)an(l." Bnt sinte lilt' tunnel walls indeed (It> testrltit+ exllansi<)n _>l lhese streatnlines

ill lit>wing air, the resnlling test data need c<)rrectittg--that is, nee(l ;tvtil](iit[ adinstment
I)v some l<wtnula or tnalheinatit al proce(hu+e--"if they are to ])e alll)lied with c()nlidence

I<'_tile l)rediction <+Ifree-|light characteristics." This ;tnalysis led Alien and Vincent| to the

tcnttallv iml)(>rlanl isstte t)l correcting restths lr()m s_)lid-wall ttMnel tests it| the still high-
t'r sut)s(iiiic Ma<h littliiilels whel+e the ('oinl)litati<lti kn(>wll its ch+Jki++,_al+ises--I he ])tol)h'in

thai AT+7(ll/0n l'/7ek laler fCl)Oiled '+had etfi'ctively l)()lliene(ked" lfans()lli_ llttlliels unlil
NAt]+>\ ieselil-(h(,f +,"licked" it Ily invenlin<_ slotted wails, I1-'

(](tilt'el-liili<+4 (+]t_lkiilg, Allen aild Vin(:enti',_ Ieadels w<)uid i+e(ail a flllldalnenlal air|low-

1)hysics i)rhwil)le: silbsllnic ilif Ill(ires l{tstei whell its (haline] coiisliicls, but ii Stll)ers(lilil

ilirSll+eanl iniisl t'xl)alid It) go t]tslel; A lest nlode], ]ty (x)nsli-iciing the cilaiitlel, (l+eiiies in

ell_.'ct the m,_/e _l[ a +ll[)ers()nit liillilel: a C<)llVei'<_t'lile <)["the tit)wing ||if I_tlh)we(l b_ ii diver-
,_ellte+ The resllli is llial "soni( vel(ii:iiv is |eatbed ill all l)(lilitS ilCl+.ls_, it _e(li()ii ot lilt"

ltliillel ill the I)oshhln _t lhe inodel, aild tile tlow in liie di'¢t'l-_ing re_i</li <|(iwnsllealil of
this setlioil i)e((imes stii)t,rs()lliC. _%']ien this (){ltllS, iilCi-cased ])liwei- ill|lilt l<l tile lillltiel

has iio eftt'(+l iil)()il lilt! vt'locit) _1 lhe sit-eli|it ahead ()1 the ni()(h'l, the a(ldili(illal ])owel
seiviil_ ilierelv Ill ililr¢';isc lilt' client <)1_the stil)eis<)lii( ie_i<)ll ili lilt" vicinity _ll the inodel.
/\l tllis [)oint the I/llll/e] iP+siii(1 Io ])e 'choked' and iiti tillliter ill(relise in tile toni Mat+It
illiillliel + ('lilt t)e ()l/lliiiled.'" Thal is, (+h(iking caiiliOl t)c ()vertolile t))' I)l+tilc t_)rce, till(| t'()i" a

I 1 t. I ;tin gialcttil Ill vt'tcrali NA(]A and N_\S,_I aerollatilical t'iil{incci All)ctt 1.. ]llasll:,v I_)1 Sll_t4('sli_llt_

allotii thi_ i>_insll_t ' an(t inil(h +.'1_(' iii Ihc essay. ('xlt+i(t'rl+lii+ll_, tlow _+iiilit;tiil), ili 193t il'l N:\(L,\ Rcl)ln'l 4{t7, '"l_,'sin

ot 1#_Rclalcd Ailli)ils at tlil4h NI)CCdS"--a "classic t)al)cr which excricd ,_fl'al int]ilt'iicc" ac(<)rdint4 to \4," F. I lillt)n

tll. _1. Ih,_h )g]#erd ,4r#_:/ynfl###/¢_)--]llllli Stalk and :\lh(.rl l_]. %t)11 l)ot.n]l(df Wl<)l(': "It has ]l<'Cll _,hliwll lhlll lht'

_l)cc<l ,)t 1low t'xl)rcs_cd hi t_'l nis t)l iht' Sl)cc(t i)l",__t,,t' I)l(_l)a_ali<ln. _li Ihc Sl)ccd llt _,_)Uli<l, ill lhc thlid is an iiidcx
ill thc i.xl¢'lll i(i '+v]lil h lhc Ih)w is ;ittct it'd I) _, t _)inlncssihitil)+ Tin|n, ihc lit|h> ltl lhc th)_ _rh)t it_ t<, lhc _cl(wit_

_ll n_)tilid, 1"/I _, is ii i)aialiiClt'f in(lit atixc _)1 Ihc t)altcln silnil_uiiv in lclalit)n I() (<)liit)i cssihilil_ ctfi'( Is iu_i _l_ lhc
Rc_n<>hls iilllll|lt'l i_, till hidcx _>1the cltc< is ,)1 visl<)sil_."

112. "N.\( ;<\ "l'iinncl_ llluc .'Get it't_ _)1 Tl;tliS(llii(. '+ +,lvmli+m IIbek, May 2P4, 1951. i I. 13.
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given niodel and solid-wall tunnel, the choking Math nuinber is lhe speed Iilnit.

Moreover, till" atllh(irs' lhe(irelicaI alla]vsis (Oll[]lllled whal, had I)een long, SllS|)ecle(|, i_'

lhal "at lhe choking Macil nunlt)er, the tlow al lhe aiiti}il in llie lunne] cannot correspond

to all)' tlow ill tree air. li tillhlws itiai, al ciloking, the in|llleli(e of t]le lunnel walls cannot

be corrt!cted for. Further, ill lilt" range o[ Math nunlt)ers close It) c]loking wtlere the |low

is inlhlenced Io ally exlelil t)v Ihe incipienl t'hokiiig reslri(lion, aiiv correclion |ill wall

iiil,t_ri_rence lliay be ()t dOllt)l|ul validity." II1 oilier words, elite veiN' near or al choking

speed in a solid-wall lilnliel, lhere is lie llanslatiil<_ the lesl tlala inlo'llsellihiess, IT>i these

r('sliils do nol (orrelale wilh acliial tli<_lll coiidilioliS, nol eveii ill some hidden way.

In I]le end, the |)oinl was lh:qi only very sniall niodeis--wii]l vet), low Revnolds lu'inlt)ers,

aiid llltlS with little verisiiliilililde--could be lesled al ileal-sonic siieeds in" encl()sed, solid-

wall ttlililels. Bernhard (ioelherl once tiled all ilhlsllalive case iliv{llving, a c'oilll)lele lhree-

dimensional model r_tlher lhali the lilililel-s|Janniilg, "lwo-dilnensiolial" (ase Alien and

ViilCeilli addressed. For lesl speeds lip Io Macii (t.{)5, the model could be large Cll(lllg]l I()

block head-oil olliy olle-[]tlh of one per('elll (;l[ Ihe tllnne]'s airtlow. Tills llle{llll il could ]lave

"a nlaxilliuin dianieler ()t lie more lhall r).,_ inches in a l O-tilol-diaineler wind lunnel"--a rel-

alive size like l]ial eta sotiball inside a Irans|)ori air|)lane ttist'lagt,. "h is al)]larenl ," (h)eiherl

conch|dell, "Ilia| transonic lesling in il closed wind tunnel is very ilnt)raclical. "H'

Ray Wright, Principal Agent of a Collective Solution

,-% 1994 NASA l,miglcy technical f)al)t,r i(ienliJies the uhiinalc SOllite ()] Ihe sl()llecl-wall

sohlliOii ltial NA(]:\ I,aligh,)devised fill the iraliSoili( lullnel i)rcll)leni ill llie lale 1940s: '"Hie

tlrsl 30 ve_lrs _llwiild liinnel wa]l-inler]{'rence iest!arch yiehted itll ini])orlanl t_lcl [i}i lllOdeln

wind lllllilels; ilia| is, ltleorelica]ly and exi)erinlenlaily , s(lliti-wall c()lretli()ll,_ itl'e o|)[)osile in

sign tioni |]lose oto|)en-iel lesl seclioiis. Ttnis, ira wall is partially open, an ac!jiisinlenl It) iiie

geollielric o|)eniiess should I)e l)ossible I() ¢/1)laili a IIl.'ill'-Zel-o wall-ililerli'rciite correclioll and

iheret)y allow a lllOlt' reali,_lic sinnLialion of free-air coiidilions. "H_ hi eVell l)lainer lerlllS,

ventilalion ollenings placed in jusl tile ri_lll way in a lunnei's walls t_ill tililSe I]ie covnillex

data-polluting ett{'cls of ol)en-wail and closed-wail inierlT<'rcnce 1o cancel each oilier. Tlic

S,lalellleiil echoes sinlilar olie_, t)y llecker, Slack, ||lid Wri<ghi _llid Ward. It also eclioes

(;oelherl, who had served in Ihe Nazi-_'ra (;eriliall aeronautical research eslai)lishlllenl, anti

whose 1961 book ily.y.erlt'd lh;ll (;elill|lily, |till), lint| ]at)all "liroduccd Iheorelital (()rretlil)ll-

tiee slot arrangeinenl_s" I)ul lailed acluallv 1o i)uiltl sloued lunneis tilr high-st)eed (oinl)rcss-

ibh' tlows Ollly "l)e(;tllSe ot lilt" (il(lllllsllilwes (Ollnecled wil]l illltl li>llowing WIMd _,Val- II."' i,

In ditti,'reiil circuinslances possibly tile NAt7\ could ]lave IEi)und lilt' s_llillion earlier ilsclt;
lliough cerlaiiily lht'ie was il() prewar (all |i)r it t]Olii indtlSlrv Ol- llic nlililal_,'. |n aliV cast',

Becket says thai early exl>erience with open jets in tile eleveli-inch tunnel "lllore ill,ill allV

oliit'r single t]tt'll/i + elltOili-aged _llt(k ailll his tohorly, l.'_ veiiis laler Io elllllillk Oll iiie tinthei

deveh)t)nienls whic'h i)r_Mut ed ttic Irmis<inic slolied lUnllels," and I]lal "Slack otien rett.rl+ed

to lifts early work its lilt" genesis <it +Irans<)nic t:<tcility devehllmlenl. ''_+_

113. l_t+t+kt.i, lf_kd#-37+e+,d 1,7oPtti,,+, p. 66 sa+s lh;ll the NA(:A I).> 1!13_ had I)l'gun Ill st't' that "tliclt' u_is im
hol)C ot 'cl)rrt+ciiiig ' dala lakt'ii in lhl' _hokt'd t ¢lli<lili¢ln."

I I,t. (',o{'lherl, 7)_#n_mde 1lTtld 77t#_#l_,/7i'_ti#z._, i I. 19.

115. t{vl'rliail and P,olflfili, '<l_]xl)cliini.nlal Siii¢li_.s _}l TiailSOlliC l:h_w Fi_'hl N,car ;i l,liilgiliidina]l} ,Sloilcd
Wind hmnel Wall," p. I.

116. Bc{kci. Itigh-Spccd I"i_mtici, pl ). 38, {IS. lOlk I I t: ,%la{ k, <'l']xllciiin_,iilal Melhods [el 'I'lai_s_lii_

Rl";{';irch," t). F){)2;l; 'tVliglil ;ilifl Ward, i_1) 1, 2: (iq)('lhl'll, 7"#/1#1_o#17+117m! '])##f#tc[ 7;'_//.,k,, lip. 91,22.
117, lh'c kin, Ih/_D ,'_'p_v'dkTzml/c_; i I. 65.
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At war's end two tunnel-technology" studies in particular helped modvatc l_angh'y's

llanslation of lifts open-closed idea into a specific proposal tbr longitudinally sloltcd walls:

Antonio Ferri's high-speed lest,; in an Italian semi-open Itmncl, presented in a report he

wrote upon arriving at l_anglcy, and Coleman duP. l)onaldson's comparisons of open and

closed high-subsonic-speed airflows, presented in a report Ray Wright wrote after

Donaldson lcfl for military service. Ferri investigated Ille perf_rmance of a reclangular

lcsl setlion of about sixleen inches by twenty-one inches, with solid side walls but no top
or bottolll lo restrain tilt" airslream. Bcckcr calls Ihe work "the tirsl rcal ¢|cmonslrz,ttion

|hal t)artly open alTallgCiiicnls could lie used silcccssftflly" near Mach 1, and says il helped

motivate lhe Donaldson sludy. Donaldson tested a postage-stamp-sized airfoil in bolh

opcn and closcd lhrec-inch-widejcls of compressed air, much as Dl%'dcn and olhers had
done with small open.jcts in lhe 1920s--only this time under genuine laboratory condi-

lions, with good instrumentation for faking data. Donaldson's tests were inlended gener-
;ills, "to show tilt' naittrc of ihe.jei-bolmdal T interfc|cnce" in both the open configuration

ill )_ lo Mach 1 and the closed contiguralion up to choking al .just un¢lcr Mach (t.8.
Donaldson conclllded |hat open jels "should lie advantageous t_H tesls at high Math num-

bers." Becket laler wrote that this study helped spur l,angley's conversion of a small high-

speed l|mnel to Iht' semi-open contiguration. Slack laler wrole lhat it served "1o show, in

principle, lilt possit)lc ditli'vence in choking ]ilnilalions |i:,r opt'if and clo.',;cd-lhroal lUll-
ncls." Thus il was Iha! Ray H. Wrighl, the man who comn|iilcd l)o|laldson's sindy Io papcv,

etllcrcd Ihc year 1946 fully mindful of this crucial dit]ercllcc 10r lhc lal)or:tloFy rcplicalion

of comt)rcssible flow fields up to Math 1.''

The qilCSliOll of what Ray Wrighl w_ts mindftfl of in 1946 is imporlanl I_)r 1"¢¢ort,asons.

The less inlporta|ll ollc has lo do with proporlioning crcdil for l]lc slollcd-wal[ tlallStillic

tunttt'l. Tilt' niorc iml)orlilnt one has to (|o with assessing lhc ctli-ctivcncss of the NA(;A
technical ctflttlrc.

Both Baals, in W/,d "l'unnel.+ g,/NL_;A, and ttanscn have portrayed Wtight as having a

solely sift)sonic and somewhat technically naive outlook in proposing the hmgitltdinally

slottt'd wall that VCal'. "Strictly speaking, Wright's analysis was applicable only to low-speed

flows, +. Baals wrolt +, "but I,angley aerodynamicists, led t>yJohn Stack, immediately vecog-

ttizcd ill this simple I)r<q)osal the p<)ssibility of solving the serious probh'ttls they had t)et.t+

having with wind ttnHIcl tt'sling hi'at Math 1." This interprelation conilicls nil| i_nly wil]l
the stow as Beckct Iclls it, but with tht' record o| Wright's activilics up lo 1.q,t{i. Bccker

pot+trays Wright exercising bolh technological initiative and scicntitic imagination in al_

t'tlort pttrposcftdl)' targeting the wind ttmnt'l replication of transotlic tlows. That Wrighl's

theorclical work happctled to be subsonic, Bccker says, simply derived trotn tilt + con-
sll-ailllS, t)[" the available mathematical techniques. ''_'

Bul il is W|ighl's tbrmalive activities at l,a,lglcy during lhc dccadc h'atling u t) it) 1946

Ilia! really m,ltlcr, for they show l]l_it Wrighl, like Slack, was a gt.nuinc prodllcl o|" lilt"

I 1_ St't' Bet kc_, thgh _,pr'_'rl I"r, mli¢'_, pp. ;_9, 79, :ll_<t 9':L :uld SI;t_ k, "q(Xl)t'limc_ll;d Mr,thirds till "l'_aNs_llit

Rcsc:tictl,'" p..'-_SII, tllltt t.lllillg Anl_lnio FcFli, "'(]olnl)lclt'd [_dltflati_>n in lilt' Ifrilled SI;llcs _ll lk'sts i)l 2t Ail I;fil',

:n Iligh M_ich Nulnllt'ls (I)cIi_cd liom hitt'rlllplt'd %_lk ;tl (;tfidonia. halx. ill the 1.31- b_ 1.74-F_1 tligh-Spccd

l'nmlcl)." A(;R 1£)t£_1, ]lmc 1tl45 (,als_ t_dh'd WR l.-14?,) _u_d t olltcrlfillg Ra} It. W_iglll ;uld (loll'malt duP.

l)_naldstm, NATL'. Tethnital Nol¢' 105.%, "(;onlparisoll of l_.vo-Dimensional Air Flows AI)oul _tll NA(;A 001_

.-\iitOil _,I I-hlth (]lloid ;11 Zl'lll l.ill ill ()[)l'ii _ind Closed .+]-]llC]l .]cls _llld (]t)lit't'liOllS tol .]cl-l$Otllld_lr)

hllt.llt'lt'ill¢'," M;i', 194t:, (btil _it ll.i_iilv, ;llld sigilitlt _iiil]',' t_r R_l), _,4,'riglll's ¢.dilClttioil, coinillclcd in e_tlly.l_iiili_i ),

;it t-oldillg i_l p. <.l-i). Bt'< kt'i, IHlfll-,_;p+'ed/')+.ltie#. pp. 7_.1_llld {1_,1.llt'_ll_; l'ion_tidstlll _,i,'.;the laliCF'S illllill lttlllllll7 C'¢Cll

llitlligli _t_.'lighl's li_iillt' ;ippt'[trt'd tilsl ill lilt' hc;iding, l)onilldsoii <h+sclibt+d his _llld %7ii141il's t oillrillllli<ln +4ill itii

.-\pill 11, 1991_. It'lt'pll<lnc itllcr_it'_v,
119. t/;iiils, 117.7 7)g,lm'/s <,/ ,\bL%;.t.p. Ill; tlallscn. 17._.7._+'# i#i (;ha_?,,._',pp. _g16, 317; Bet kci. Ihgll,_toeed

I,itmlT_,_. t It,ll). 111. t'SlICI ilili ) pl ), 9_.i-lil't: st't' p. llill Ci)lll tq lling lilt' lil;il]lt-iiilllit s.
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NA(:A technical cuhur,:', and in lh<." case c,f lhc transonic wind lunn<+'l, its iml:,Orlanl agent.
l.ess imt)on-tantlv, these acliviti¢'s also demouslralc his entirely Sol_histi<alcd awareness of his
slotted-v,,all proposal's implicali_ms. In the lalc l!)?,0s, h,r _{'orked alongside g-l+'oot I ligh-
Speed Ttmnvl designer and vc'leran high-sl)eCd research engim'vr Russell (;. Robinson on

the airtbil dvsign p,+ol)lem of delaying the compressihilily btu+hlc, huildmg on work going
back to the 1921:)s.By lhe end of the war he was wo,kiug on wall interference in the eight-
foot luntn,..l, which was being rcpowered t_>r souic speed, and he hell)ed t'slablish a re'w, min-
imally t]ow-tMd-disrul)ling melhod fin holding ils tcsl models in place--a system Ihsl used

in 19,tti tesls of rvsearch airplane models including the X-I. l+,vca,lv 194ti he _had written tl I)
1)onaldsotfs comparative investigation of tran,+<mic open and (:losed I)oundar'+' et]ecls.

which linkt'd directly to what he was about to l)rOp<_st ,. Thus the prt'-]946 aclivilies of phvsi-

cisl and applied malhemaliciall Ray ! I. WHg-hl constilnlcd something like an apprentic,..sld F,
in lhc en.git_eeri,_g arl and science, stuh as they then stood <ff IFansonic wind tunnel lesl-

ing. Bttt by liu +tlw most rvv<tling tormalivc acti,.ity of dfis soon-to-be agmn of acctmmlat,t,d
NA(:A understanding took place in August 1946, when he wrote a memorandum.':"'

Wrighfs lenglhv dela h.'d mem<mmdum to l+augley's compr,.:ssil:,ilily research chief advo-
cated synthesizing what the N,,\(_\ already knew about high-sut)sonic and near-sonic wind
tllllllCl lcSealch. "+._,.:, a FCSll]l o] Wolk ,Oll wind-ltmnel iHl.,el-]:¢T.t'llCe alld o[" ol[lel exl)t, rienccs

gained over If|c" past sctvera[ years," it l)cgan, "ideas and informati<m have been accumulated

lot a nmnber of uselitl report pro+jects that could be carried out with a n+ininnun of time and

¢'tlort." The point was to assess the organizatiotfs c<,l>Orat¢ store <d"Icclmical and scit'ntific

knowh.'dge at)otH transonics up to Math I, and lo determine hove, I<_ext+loit it--al minimal
e×pense, aud with the practical goal of improved research capabilities. For each of sixleen
possible rq)ort project topics %_,'rightwrote a paragraph-h'nglh synopsis drawing on his over-
all awarvnesn +dexisling NACA work. The topics included "<gvtu.t+alconsidc alion of the et]_'cl
ofcompressil)ility on wind tunnel interim'tenor," "wind ttmncl intcrtbrence at Math tmml)ers

greater than lhe critical," and "t]ow c<mditions and lutmel-wall inlerlbrerwe near choking. +`
To be based on these three hi particular, together with anolht'r closely related three, he pro-

,jetted among the si×tet!t] prospective projects a '+general rel)_+rl <m wiild tttl|ne] interferet+ice
at high sl)eeds," t+orwhich a "c_msideral)le am,rest of mal¢'rial [was} aheady in existence" tha
he said "should be comparvd, sitied, and collalcd."

In this transonics-tbcused mem<)randLtm Wrighl also suggested F,recisely tht. tmn<ms
project in which he himself was apl)arenlly aheady engaged: "wind tunnels with zvro or

negligil)le interf_.'rence." For Ihis one the acc<mlt)anying synopsis is the memorandum's

lengthiest, amounting to a prospectus for the theoretical and experimental work thai

would lead to slotted-wall ltmnels. Thus it also anlounled to a plan for finally realizing,
l+an gley engineers' long-held intuitions ab<)tlt an open-closed solulion Io the tral_sonic ttlll-

nel problem. To circumvent the difficulties of high-sl:.:.ed wall interR'rence, it said, "as well
as to l:,rev<.'nl chokin,g, the wind ttmnel may l:,e so designed ;Ls Io minimize the inlerti'rence.

If llm interftwence can be ,rnlir,.qy prevenled, lhc obtaining of model data can be simpli-
tied hy abolishing tim necessity t_+)t making lunnel-wall corrections." The tunnel would i,se

+'an automatically compeusating mt+thod" of "+muhiple-sided open-closed test sections."

Mathematical techniques, WHght wrote, were "available tb, + investigating this problem."

and it + ;t "mathematical invcsligation indicated a probability of success, +' small-scale,

princiF, le-proving model wind n,nnels "incorp<muing the atHomaticallv con]l)ensathlg I_.'a-
tures should be desig-ncd and lesled. The p<+ssibh' usvthlt;css of sucil an invesligalion,"

120. l+,c{ kct, th_.h-?,_.,_'d k)_,.ti,m pp. 27. 74, 75.99: "Mvm<_tandum tol (:hict ot (:oml)rcssilfililY I_.e.+ean h

[)ixisi_m: IMssiblc Rt'port Iq<!jc{Is I]l;tl (:_mld I)<' Compl<'lt'd wilh ;t Minimum _,1 lime and l_:ttinl. " AuRusl 27,

19.t6, sigm'd '+Ra_ I1. W_ight. l'h'+sicisl." in Stack (olleclion Ibld<'r +'Rcs_'arch I'mb]tqns & Questkms (Rcid's flip
to Eur_q_{') -t4--16." 1.1 [A.
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added the technologically sophisticated, NA('A-enginecHraincd physicist, "suggests that

it shottld be carried out as soon as personnel can be spared. Only a bare start has been

made on the calculations."

Slack's 1952 press release crediting the slotted-wall contributions of his ninet_.x'n asso-

ciatt's begins by describing his "old wrJttt, n nott!s" from 1946 showing that "fi_r some time"

he and others had had a "fifith in the probability" that a mmsonic tunnel solution was in

hand, that "a good }tort" of this faith "rested in the subsonic high-speed theoretical studies

of Ray |{, Wright," and that "itl the.' late Stlllllllel o| 1946" the all'allgelDellLs began fi)r the

small |_roo|M_l:|_rinciph" |)|lot pr_ject that Vtwnon (;. Ward spearheaded. _2' How or even

whether lhest" notes relate to Wrighl's August 1946 memoratldum is not c[_'al. ])lit it is clear

that Wright comprehensively understood the problems of replicating transonic flows up to

Math 1, and that much of his ability to contribute importantly to their solution derived

directly flom a formative decade of immersion in the technical cuhurc around him.

I'h.,_i_ tst l.bt_ Wrt&d,t'_ _b'_mh'-bmff imm_r_iott it* the p_m tictd-solutions-seehi_tg_NA( LXett,ffim,emt,_ , ultuw p_e]m_rd him to pn_

po_e _1w,,rt,'_thleIhemeli_ al _oluli._l /m lh_ t_l_mi_ wiml tum_el /.ohl_'m. I.atr_; hi_ ptte_i/mtime m the s.lutio_t i_ hn_ld_ o_t
_.aliz.utio_t i_l the' ,_'I'}u_t tlt,_h _'_[wed7}_tm'/_qum'd imme_:_ion i_/ the ha_h _omttt_m/_ th_l _l.t_ _au_'d in the _hamhm h_itl*"

lh_;[_nwtl_' ettlil¢'[_ _.ml.wd t,_t ,,edio_l. 7i_ wilh_ta_M Ihese _.mtitio_t_, _t54gbl wo_ a di_,i_t,_ _u_t ¢,"; LgA ph_m_ 1. ¢.f l Ill_.

121. l.an_lc_ Ai_ ,gu.,p, I)e(('lnlwr 19. 1952, a','aiL¢_)lt_ IJL\.
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R('lalivcly soon, NA(:A l,anglcv (hw<,lol)cd slotted walls well enough to apply Iht,nl ill

two national wind lun]ltal facilities, all tm(lcr tit<' general guidance _tll(l technol)olitic,al

shcl)hcrding ot S[_tck, who according to Bcckcr "w_ts H<[_IIII;+|I|Ircg:uding schedult+,s, :tt times

rtHhl<'ss in dealing with any itH<wli.'rcnct+., and always al)lc Io inspire, to mak(" quick deci-
sions, and to give c[I;_'clivc {_rd('rs." Th<! [lt,,+,,+,l_,,collvt+i]lcd tttnn<'ls W<'lC valuablt+.; l,oftin says

they "p]ovidcd a new (limcnsion in Iransotli( I,,'sling. ''_+'_[{ut like (:.l])<+ruseftfl rcst+,+arch too(s,

tht'v were iml)erli._ct t<)o. NA(:A advertising notwithstanding, <titli(uhics [)c]sislt+'d l)ctw<.cn
Math <).<)t'+_l+ll{lMath 1.05, i)_u-I <)flhc rat|gc []()m .Ma(h 0.95 to Mat+h 1.2 thai[ tht+" NA(:A's

1`¢)48 stu+vcy parli(+il)anls had tmanimottsly agrct+'d was whcrt+" "tht +real [tul(lamctHal I:tt+k o1

inlorm_tlio_l occtlrs." q'hc difticuhit+,s rcnmincd in slollc(l-wall transonic ttu)nt+'ls evctl a halt:

t+'<'nttu_, later. In the cqghl-toot lutl]lt+q in 1950, l,anglcy engineers SlWnt monlhs m_tkitlg

imt)r<w<+mcnts t<) file initial slotted-wall insl_dlati_m/+' For cxaml)lc , Richard Whilcomb

remembers coordinating directly with I.anRIcv w_odworkers I<_devise an al)l)ar,tlus at tit<'
dowttstrc_un t'nt+l<)l_lh(r t<'sl s<wti()n Io rt+qntr()(Ittcc the air thal had g<m<' thr(:,ugll th(' slots--
an cflicicnt, tbcusc(1, rcd-lalx,h,ss way o[ workin_ that hc sa',s lx'__m)c "totally "vcrl_<_tt+.])'"

1)t'ti)rc hc rclircd. I+,y 1953. l,anglcy high-Sl)t+.(,d rcscarchct:s had commissi(;ncd a new

cighl-fc>()t Itlllllt++l, this lime wilh slottt+'d walls phtmu+d [iom the orris<q, and will) ()lhcr

iml)r<w<'mcnts including l)rcsstu-izali(m at two alm(>sphcrcs lot higher Reynolds numl>¢'rs,

a test s(_t+'ti()t_ (lt+'signt+,d tbr casit+,r d;tta-gathcring, and m()diti;tbl(, sh>l shapt+)s. '-'' It|story, or
pttblic rclalions, might momcnlarily hay<' hig-hli_;hlt+'d lilt+. <_riginal two ,'.;Iotlt+,d-w_d] tun-

n<'ls, but transonic r<'s<.ar(h <-itt(:stions c_mtimu'd u) arise, and NACA researchers likt+.

<'Xl)crinwmalist Whit<'omh, contimk.d des|sing r<'search l<+<_lslbr answ<.ring th<'n).
()v<'r the y<'ars, though, NA(:A r<+s<+;trchcrs t<+t|dcd not u, adv<'rtis<, th<.ir res<.arch

tools, i)ossibly c()])tril)tHing to the (:oilier Trophy's tardin(,ss in r¢co_ttizing a wind ttmncl.

Roland says lh_tl <wen though rcsca]ch lo(ds wt+,]+<• am(_llg the NA(:A's chic| accomplish-

merits f]<)m Iht++ tim<" of Ihc Variabh'-l)ensitv 'I+utmcl, NACA research dirc<'tor (;<'org(+
lx'wis l_+arcd sharing itflbr]t_alion about them with lhc NA(:A's ((>n]l)(qit(>rn. P()s,siblv this
sccr<,cy has cxactc(t a c(>st i]) th<" tu]dcrsta_t(tiHg not ,jt]sl <)f tht+' rcs<'at-ch t<Hds, but Of tit<'

tt+'chni<al cultur< + fr<)tn which they derived. To <'xph|in tht+' s<'crccv, I+cwis <mcc COml)atcd
NA(:A research tools t() Slradivarius violins. "Ant(mio ,'-;tra(livari, '+ ])c wrote, "made a suc-

c<.ss by making the world's tincst violins, and not Iw wriling arli(lcs <)n how others could

construct such instrttm<.nts. ''_++Bul Stiadivari (otfl+i only hart+ + l<'arncd t<) lll_+.kt+,such tint+'
illStl+tllll<'[llS t.'.,+h(H'c ]1_.' did ]<P_II'II: +t[llOll_ 1]1< + CI+<![IIOII<'SC lll;[Slt+Pl'S, _t. tt'chnical Ctllttll't+' Whom("

corporate tccht+ic:tl mt+'tt+ory, sci<'nlitic tmdet+sl_tnding, and shar<,d tr;t<lilio]+s oF crafts-

m_tnship +'++('nabled its m(,nlbcl+S Io build devices Ih;tt ]Hove air in just such a wu,,' as I<>
l)rodttcc b<'atttitid music. Much the sam<, can bc saM Ibr th(' lechnical cttlttuc 'of the

NA(:A, where ct_gin<'crs--and ct_ginccrittg-mindcd phvsicists--lcart|cd to build (lcvict+,s

lhal lll(:,x't+"itir in.just such it way .is t() l:,r()dt_ct+, us<.fttl kn_rMcdg<..

122. t_t't kcr, II_gh .'_/),'+'d I')o,1_,); F'. tl)¶): l.()tliu, (_t,_+t/,) l'_'_]o_m.m,,, i ). _232.

123. I_.('(k('); ll_4-h-.'_red I')o,I/e): i ). I17,; "S, umm;uv _)! R('(<mlm('nd+tth)n,, ())+ R<'scm<h I)t()l)h.ms ol

"l'_tns(mi( Air(talt l)csiRn " i _. _ in "'Rt'p())t ()1 Si)c(-ial Stdx.<)mrtduc(. ,+ st'( ti()n; p. 1_, F)_tu(is I. (:+q>()u(,, I.in(l;t s.

l+Lmgt.tt. S(.o[i (:. Asl)ttrv, (:hath.s I'. I. Mills, and |(. Anu Bar<., "+lhc NASA l+_tngl<'_, 16-F()()I Tr_u+s()ni( Tunnt'h

llisloti('M ()x('txi('w, IV_wilitv 1)('s<ril)ti()n. (:alil)t_ili()n. ]:h)w Chmatt(+ri,;ti<s, and l_'sl (::q);d)ililit's,'" NASA

"I_'( l'micnl l:';ll)t.l-:+?+)21. S<'l)l(.+luh.<.F ]995: l [;lns('n. l'.,g':,e+.+ i, (2,tP_r. i ). I I0.

I'-'4. Ri(h_ud Whiltomb. It']t'j)h(+]t(' int<'_..icws. Awil I aud ]9. 1991i.

125. Roland. Mod+'!/b'w'+..,'h. 1:216; 1)a:vsom !(.g6.+'_ all+! hlntn;a/io., p. ++;2.
12t;. Th,+m_:ts I,<',.('ns_>n, '+ll,+_w N_>I t(_ Mak(' _ St_adiwtrius." "lh+, ,1./erk.'_. S_hohH 63. No. 3 (Summt._

199t): :'Lr_]-7<'q, (h's( rihcs Sl_;_dix:tri as "('sst'nliall_ ;t ( I;l[[Slll_|ll ()j s('it't_((., ()lit' xsith (<msid_.t;d)h., dt'n_>nslt;d>h.

kn<)wlc(IKc _)1 nutth('mz_li(s _ttul ;u,>u',ti(;d i)hy, si(:s, " whu ;m+fin<.d his skills in ;m inst_tmu'm-m:_kiug (uhur( + <d

"_>1(I Itl_t_.t(.ix '' wilh ;t ,,( ion< t'-I)_st'd "_w( [llnllLtli<_ll ()_ ( l;ltt t(.( hlti(llt_," in (:r<'ln<m_, ll;d,,.





Chapter 5

The Whitcomb Area Rule:

Aerodynamics Research
Innovation

NACA
and

by I,anc E, Wallace

As the 1940s t'azm' to a th)sc, mililaD_ aircraft manul_tttm-t'rs in Ill<+"[!niled Slates tittt'tl

a dislmbing l)roblcm. The B<+'llX-I had I)rok_'n lit,+,"so-called "sound barrier," and l)t)th Ill<+'

Air Fort'e and the Navy weft" h)t)king tin nt'xt gt'nt'ralion airtrafI thai couhtl opt'raw ill

sttpers<mit Sl)t.<+.ds. But l)rclintinary lt+sls of m<)dels inditated Ih+tl t'x'c,l lilt" bt'st cl<+,signs l)UI

fi+rlh l)y indl,slry <+'ngint'<+,rswt'rt" m+t going Io l)t" ablt' to wHli<+'vc l]lilI goal. A sha,- I) intrt',tst'
in drag at sp<+'<+'tlsapproaching Mach ()nt' was proving too much Ibr lit.+."]imitu'tl-l),i:,wt,r jt,I
(!llgi,les Of the' day i(:, ()v<+','('O,tl<+ '.

The sohttion to this frnslrating imlmSSt, was tim,td by Richard T. Whitcc, ml-_, a voting

aerodynamicist ill lht" National Advi_,,rv ('+o,llmillc(" |i_t-At','()iti|,,li('s (NAt+A) I.i'mglt,v

Research (]t'lll<+'r ill I html_t<m, Virgini.t. l lis tht'vt+h)l),ttt'nt o[" thu "it,flt |'tdt:' ,t+'vo]t,lJo,tizt't'l

how ei+girnt't.rs h>okt'd at high-sl)t'ed drag and impacted lit<+"cht'sign of virllml]v t.vm+v tran-

sonic and sttpt'rsonic airc,.dl t'vm bnilt. It, recognition oI ils Ih,=r¢'_tthing imF, at+l,

Whittmnb's area ruh" was awarded tht' t!)5,1 (:ollit,r Trophy.

Yel it is not.jtr.;! lit<+'significa,+ct, of lht: concept th,tl mak_'s tht' discov('rv .mtl applita-

tion c)l Iht+ a,x'a rule inlmt'sling. The' stm_' ol +its cht,vt,h)l)mt,nt providt's insights on how

i,m<+vations art" "disc_wt'rt'd" inld how, ¢.vt,n 'al a tim_' when r('st+ar(h pvqietIs _X+_'l'( ` g]'<_X_Yi]_g

1)iggcr and more tomplt'x in scol)t', ,t singh,, crt'aliv,t" individual c,ultl still l)lm, , a crilical

rolt, in Iht" devehq)m_,nl <ff nt'w I_'thnoloo T. In addilion, while iht' ,ue_t ruh' contt,i)l w,_s

apF, lit'd almost ttnivt'rsally to stq)t'rs<mic _firc]ali th'signs, tirol "stwcess" nls_> i]]t,Mritl('_, s<>tl,t'

of lhc lht't<ws lh:tt inlhwI|c¢' whclht'r indt,sltT al)plit,s ,t 'a,-ivt'n tt'chnt)h_g_', rt'gardlcss _d ils
inhtq<+,nl worth.

The Transonic Drag Problem and the Area Rule

Rt'st'artht.rs in Iht" l,angley Rt'scarth (]t'ntcr'.s wind ltmtttqs had l)egnn working widl

tr:tns<+nit ai,-llows mitt the l),ol)It.m <+I transonic drag (at speeds apl)rO,lching antl Sml>aSs-

ing tlt,+,+spt't'tl +)lsomltl) +'yen l:,_'10rt' the <:nd olWorld War II. ht 19,13,.l<,hn ,'SI.ttk, head of

l.anglcy's Eigln-Fo<_t 1ligh-Sl>Ct.cl +l'luntcl l)ranch, t)btained itl)proval t. i,l(rt'itst, tlt<+'F,<)wer

in tlt<+"lnnnt'l from 8.()()0 horst,l)owt.r to 16.000 h<wsel)owcr. The t,F,gt+aclt ,, contF, It.lt,d in tlt+.+

SF,ring of 1945, ,ll]<)w<+.d ,t'st'arthc,s to l)rOdtLCU reliable .lirllow clala ill lhe tIHl,tt'] fi)r
sl)ccds I, I) to Math .9:3.'

()n<+' <d Iht! r¢!st'a,'('hets "working with Stit,tk ill lht" Eight-Foot ] ligh-SPt't'tI Ttmnt'] was
a young ¢'ngint't'r namt'd Rithard Whitt:otnb. Whitcontb had t)ccn ti.tstimtlcd with air-

lflant's and acr<>dx mlnlics strict' ht' was a !,'<nmg I)<:,,, btfiklin<g and tt,sling airl_lam, tnodt,ls

I. Jaunts R. ILnlst'n, I',.,++.+.+ee+_. (;hm,t.w: A Ih+tm'+ :4 t/++' l,..++.d+'_ D'r..aulic.I I+a/.n:;¢+.+, 1_117 1+:,,+¢

(WashinRIonl, D(:: N+\,S,\ _1' I?,05, 19,q7). pI ). 313-11.
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.VAC._/ \A_,A I czugl,3 ,n_6t.'c_ I¢i¢lm_d 71 _'hihomb zz,a_ czzl,tzt_b'tl ID; 19%1 ¢.'olli,*t #)_Jph5 /0_ Di_ dc_u'l, qmteut o] Ih; "¢m_,z

_ub'.'" _zn i_tm_voliol_ th_zl tcv,duti_mi:cd the _h_igvz o[ viztual(_ _q,c_'_ Ii_ttl_tmi¢ aud _upe_otH_ ai_z]i _q_.z built Ih'_'

ll7til_mb i_t_p_'_t_ _t u'wau h mmtH in the S 1'Trot 'lJauscmi¢ 7)t_ttz¢'l al l al_gD_. (.V.4SA photo m_. I.AI. S?l ISi.

Hla(|t" OIt! _l[ balsa wood. I h' was hired by the Langley Roscarch (kqller in 1943, at]cz

rcct'iving an engineering dcgrcc fiom the Worccslcr P_flyl_'chnic hlsfilulc. The l,lmgh'y

matiag_'rs initially wlititt'd him to work iti Ihc Hight Instrttmt'nt I)ivision, t)ul Whitcomt)

slubbornly itisisicd that he wanted to work in acrodv]lamics. Foztttilatt'ly, hc was grantt'd

his t)reiT<!lt'llct" iiiid wiis assiglwd to Stack in Ih(" 8-[]iol wind ttiiiilt'l.

Iniliiillv, li4(liil(_llill) wil_; assignl!d itic llisk of t)cil()lllliilg lcSl nlonilOling t()r olht'i

r(,.%('iii(llCl_. Bill tbr iin _'iigt'l- y(lilltg (,ligiliet.,i, l|il_ k('y to iidvitiict'in(_lli was Io "l-till the i_,sis

iilld kee l) yollr l'ycs oi)l'ii> y(itir _als opt'n," l_,qlil(ollitl recalled. "! kepl ('Ollling io (i('nc

(1)rlll¢'y, <_lalk's it'i)lltct_ni¢'Iit its lit!lie[ of lhl" 8-|_io(llinn_._l) and saying inaybl" it otighl I_>

lit! doily_" 01is way. [x'l's li_i this. And sonlt.-wh_.'lt" along lhc w;ly, (ieiw s;4ys "()K, go liy ii,'

aild llial's wh_'rt" I g(ll sl_iilt'd.'"

l/y July 1{)48, llV]lil¢Ollll) }lad deviqopcd a rel)tlialion as "SOlll('Oll(! who had idc;ts ''_ illld

wits stitl-lillg l(i |)illSlit" his own l-t-scarch exp(,rilnclllS, tte proposed it series of wind lunnel

it,sis iit lh_" r_'iiowl'rt'(I 8-Pool } tigh-Speed Tuniacl t_)r a vaiieiy o1 swi'pl wing iilid flist-lag¢-

conil)iiilliioiis, t tc llot)t'd the lesis wolild tincov_'r ii (-oiltlguration wilh signit]cltnlly ]owt'r

2. Richard "lL Whilconib, iiltcla,iew wilh Waller Bonney. March 27, 1973.

3. Richard T Whiiconlt), i_.'lt'|)hont" interview wilh aut]lol; Mily 2, l{tl.tS.
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drag al trausonic speeds. The Icsl._ w('r(" rl]t/ ill late 1¢.)4¢.)and 1¢.)5(9,but the results wcrc both

I)erplcxing and discouraging. None of lh(" coml)inations had much (q]'¢'ct on I'C(|ucillg Ih_.'
drag, of lilt" moth'is as Ihey apl)roachcd M;tch ()m'.' Clearly, lhc rcs(.'archcrs m'cd¢'d 1o

know mOl¢' aboul lhc t)¢'havior ofairllow il_ th¢' Iransonit rcgion in order Io li_urc oul whal
was causing such a sltfl)t:_orn drag l)robh'm. [!ntOrlHnatcl), lllis dala was dillicuh lo obtain.
Eveu Ihc upgraded eighl-tb_)l wind Itmucl al l.augh'y c<,uM only reach speeds of .95 M;wh.

Bt'caHse of ttl¢" limilalions of lh(.' av;dlat)lc wind Itmncls, rcst'archt'rs in lhe mid-1%tlls

h_ld r('_;Oll_'d 1o s_.'v_t'l';il "_;lopgap" mclhods I_) try Io h.'itrll more aboul transonic a.irl]ow.
One set+its of exp('rimet|ts involved dropIJi,lg iustrum(_'nlcd ll'st nfissiles from a B-2.q

Supertortress. "]'esl airfoils wcrc als() molmtcd <)n the wing ota l)-,r:,I Mustang fightt, r t)lanc
Ihal was lhcn pttl into a hi_h-sl)eed dkc. Wilh lhis conti_ttralion, Ih(_' airplane's sf)ccd
remained subsonic t)ltl lhc airflow over thc i)¢)rfion of Ill(.' wing hoMing lilt: tc_;I airtoil
sttrpasscd flw spccd of sound. A Ihird al)l)roach used ro(k¢'t models launched trolll

Wallops Island, a remolc beach Iocalion across lhe t)ay from lhc l,angh'y Research (:cmcr
All lhrc(' mclhods had lheir drawbacks, however. The thlling-body and wing-th)w

tt'chniqucs ot]_:rcd less i)rccisc data lha_ thai ol)laincd iu a wind ttmnel. The rockt, I lt,sls

prodt,:ed mort' precise data, I)ul tl)cv wcxt' "100 l imcs as expensive as a wind tunme] les["

and could ouly explore a single par;tmctcr ill a lime. FtHlllt'rmorc, Ihe St:hlicr<:n ph<)-
lographs lhat illtlslFalcd lilt' shock wave pallczlls of high-speed airth)w (:<)ttl(t only I)c
ol)laincd ill a wind tunnel."

(:ons<'qtwntly, il was ll()l until Slack alld his loam of ¢:ngincers, which included
_Vhilcomb, (h'vch)ped a "slottcd-lhrt>al" moditicali_m fi_r lhc N-[(_()I wiud ttumel in 1<.)50

Ihal [rattsolli<.: flows could t)(' thoroughl)' t,xl)h)rcd." I'ht' .sh)llt.'d-lhroal motlificali<)n t)r( ,-

vt'nlcd lhc ('h()king that had limilt'd lhc st)t,e(Is in the l('sl s<'clion of Iht" ttmncl a])d
allowed the air to go through the speed ol'soIH|d. For tilt' lirst timc, researchers had a 1ool

to hp,'csligal<: precisely what airflow did in lhal Sl)CCd range and what mi_hl 1)c causing thr
puzzli,L_ drag they had td)st'rxcd.

Ac:tual])', lilt" sh)llt,d lhlo;ll wind ttlnll<'l Wits onIv (Jilt" <)1 l}llt" lot)Is Whilcoml) and his

associales ttscd to i]wcslig, alt, Iransonic airtlows. Bul ()]+(e lhal was in place, they could

then cmplt)y olJ/_.T existi_g research tools to look ill whal Ihe airt]t)w was doing. In late
1951, Whitcoml) I,['slctl ;', swept-back wing-tt_st'la/c c<)mbit),lli()n in Ihe now-transonic

Eight-Fo<)t High-Speed l'ttm_cl.: ])fll stwv<,ys, which used small [)i('ces of yarn tal)ed ()nl¢)
airfoil and fttst'lagc .sccli<)Hs, wc]e (<)ndlWlt,d to It)ok ill airflow ([isttHl)ances. (:t)vcriugs

with pr('ssttrc-scnsilivt. ()])c]Hngs wcrc put (m m_)dcl scclio])s 1o dclt'tmi]l¢" iltc vchwilv <d

the air <wt!r parlictflar art'as, and Schlicrcn ph<)lographs ,,s;(,rt, ilSe(I [o h)ok ill the sh()(k

wax,'(̀ c])alaC[_.'l-islits o[ Ih(' m<)(tc] at tl-all.S()lliC Sl)(,t, tls._

I. Ri( haHI 1: V','hilt <)mh, "'A Pr<q)<_sal I_r a S,,,,.cpt \Vm_ l:w.;elaqc (:oml)inati<_t+ with gmall Sh_uk l.(>ss,:s

ai I'ral_s_mic :';]r'cd',." I,;lll_]t')' (:_['llll;l] Files. AI t :_;_I-I ,.l.lv I!1 tg: I lanscu. I',.¢-h.'_,_ _,/ Cha,:k.r. l)p. ?,3_-:_;:L

_. Ri( h;ud I'. Whil( <rod>, tch'l)h,)lW interview. Max _. HIg_K ] [allS('ll, I:.,_Y.r¢'_ /_i (:ll:i_:_r, pp. _t_]-'_O_

ti. I'hc (h'_chq)mcm (d lhc nh_ll_.'d-lhH_al IlaH_._mi< _ind luHn_.'l al Ih,r l=mglc_ Rc..cm_h (:(.iHut

pH,vcd iml_<_llaHI cn<,ugh I,_ mCl il il,, _n',n (:ollk'l I_<,1_1_): a_x;u dcd t_ .Nla( k ;rod Ili,, a'.,,_)_ ialun ill 19:_1.

7. lhc tim<' dcla', ht.lv, t.(.i_ ('a_h _1 1.Vhil_ <_llll)'s initial i(h'as arid Ih,r a( IHal wind I[_]H_.'I Ii'sls i'd lhvm

',',as a H.'nuh ot l.aug:h",". I.,pit al hul h_ng pH_( u.,s ol (h.si_ning and huildin_ _dnd lutm<'l mo(h'ls. It _as no_ at all

mmsHal t_ Ihal i)H_,.'ss I_ tak¢' littt'c_-,..ighlccH llllllllhs. Nt",crlhch'ss. the." tirol' ¢h'las ;;an lillsll;lting. ;llld

'¢x'hit(_md) s_lltclinlt.', wot kcd dn t't t]'+ with ++_ind tuIH+t'] t('chni< [al+S t<_ iiworp+)lalC m<)dilh aliOlr, in tl_¢' ltmHt'l

t(_ ax¢+id thc dclax _1 t_<_ii+_ IIHI+HE0+ n<)I nl;tl (h;mncls.

N. Rith:u<l r["I \_'}fitc¢>mh and T]mm;ts (:. Kt'II,,. "A Nm¢ls (,I the I:h_w ¢,vcr a t.3-d¢'_cc %:',¢'pfl>;,¢ k

Willg-Fus<'lag¢. (:,mdfination at It:ms<talc Ma( h Nulnh,ms," N,",,(:A RXI ]321)( )1. lure' __. ]!1:'-)_; lb. Ri_h;Hd I.

1,\'hi_c_n,]). "Rc'._'al( h _l_ :',lcd,_,<ls ]_11 Rcdu_in_ d_c Aclod_uami( lh:_ at l_alp._,lfiC _,pccds.'" addlCSs iHcscm-

('(I a_ dr' I(:A_;E l.aRf: h_au_HHl IC_stm;u).]a<.l_._ l,c( tmc, I lmntmm. \:\. Nmcmbcr I.t, 199 I. pp. 1-2: I Lm'.ClL

1".,4/.,,',/. _h,H,_>. i)p :_;?," ?,?,.
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The rcsutts, cspt'cially those rcvcalcd I)v the Schlit'rcn |)ht_tt)gral)hs, showed that tht"

sh_lck waw,s created as lhc airt]ow approached the speed of smmd were differcn! and big-

gt'r than anticipated. Undoubtedly, it was the losses from thcs¢" mlcxpcctcd sh_wk patterns
that was causing tilt" sharp incrt'asc" in drag at tr_msonic Sl)Ceds. l_llt lh(' qtt(.stion of what

was causing tht" shockwavt_s still hat| l_) b(' answt'rt'tl t)ct_rc r_'scar(hcrs could lry to) lind a

_r_l _ ' It) ('(lllll)_tl l|l(" phull_)lll(!ll()ll.

Scv_uill weeks ]at(w, a world rcllownc(t (k'rman a('rt)(lvnamic'isl mlm('tl Dr. A(Iolf

I_us('mann, who lind come tt) work _1.1 I,anglev atttq" W_)rl(1 War 11, gay(' it tcclmical syml)O-

sitnn t_n transt_ni( airth_ws. In a vivid :_.il_.ltl_r3', l_ust'llnann dt,s(rit)('d the stream tull('s ()1

,fir tlowing twcr an aircraft at transonic st)c('ds as pil)cS, lea;ling that their diamctcr
rcm;dncd ('()liSt|till. At sial)sonic SllCt'ds, hy coml)aristln, the nll't'_tlll IU])US Ot" air tlowin K

o'_cr a stllt_w¢" Wtltlld tllangc shape, Iwcomc narrower as Ihcir speed incrcast'd. This

})ht'll()nlt'llt)ll WaSthe C(_l]v('rs(', in it st'list', ()f ;-/w(,ll-known ;t(,rodvnami( l)rinci])l( • callctl
t_crn()tulli's lllt'()l('lll, which stated that as tilt' al_,'_l of all ,lirth_w was m,ldc m_rrowcr, tilt'

Sl)cctl of the air would increase. This princil)lc was behind tht" design t)f w,nltnis," as well

as lht" ct_l|ligtlr_llion of l,anglc)"s wind lnnnels, which were "n('ckcd down" in the,' test

st'trills to gcncralc hi_hcr Sl)cctts)"

But ill the SllCt'd ots_nmd, l_tls('ln_lnn explained, l_.rnoulli's l}lt'Ol('m did n_t al)ply. Tht,
silt, ot lilt' sll't'_tln tlll;,t's r('lllain('d Cl)llMillll. In work|rift, with this kind _t Ill,w, lh(,ltqi)l(', tlw

I.,mgh') cnginccrs lli_(I Io h_)k :_t Ihcms(,Iv('s _ls "l)illctillcrs. "" l_ttscmann's i)il)ctillin_

mcl,q>h_r caught th(' iHl('illi(H] _1" Whil('(mll), who was in th(' symp_sinnl antli('ncc. S_(_ll

atl(T Ih;tt VJllitcomt) was, (tnilc litt'r:tllv, sillilL_ wilh his t_,'('l tip ()t] his th,sk (_nc tla,,;

cont_,ml)llning Ihc _lllttstlal shock waves hc had t'n((itmt('r('(I ill th(' IiallS()ni( wind Illlln('l.

l l_," ll'H)_tlghl ot l_ust'mann's amlh)_' ()t l)il)('s Ih)wing ovt,r a wing-l)ody shall(' and sn(ldcnly

_ls h(' (lcs(Til)c(l il later, :t lighl wt'nt ()n.
lhc shock wavt,s wmc I,ug('r Ihall lint|tit)areal, he realize(l, I)ccansc the slI't'HIII lUI)('S did

11()1 'd,('l II_IIIC, Wt'I" (H ('hilll_(' sh_tI)(', Ill('_tlliltg Ill|It _IlIVlocal intTt'_ts(' ill itl'C_l Of (tx_|g would

nl'l_.'cl Ih(' ('Ill|r(" conlig-uration in all dirt,ctions, and 10r a grcntt'r dislancc. Mor_' iml)t/rtanl-

Iv, that nwanl that in sting 1_ rc(tttct* th(" (lril.g, lit could not Io(_k ,n lht' win_, and tusclag("

its scpatitlt' ('lllilit's. I h" had Io It)ok at the t'ntirc' cross-sc,clional atca of the (h'sign anti I]V t_l

keel) il ns sln_)_lh _lcnr,.c as })()ssibh" as it incrcasc(t and dctlt'_ls('d _nonn(I lhc Iilsclagc, '_Aril lg

_mtl tail. hi im insl;ml o1 chuitv and inslfiralit_n, hc had tlisc_ w,.,r,..d Ihc area rul.m
In ]:wattical It'rms, lhc art'a rtd.t' conCt'l)t mt-anl lhat som._'lhin_ h;_d t. bc dont" in _rtlcr

I_ COmF.t'nsalc tbr the dramalit incrcasc in crtlss-strctional ;u-c;t whcr_." the wil_g.joilwtl IIw
Insclag,{'. The silnl)l{'sl solulion was to inclcm IIw fuselage in lhal area, Cl-C;_ling whal t'ngi-
nt'ers of Iht' time dt'scrihcd as a "(:okc t)ollle" or "Marilvn Monrtw" shitl)('d (h'sign. Thc

intlcnti_li_ln would ncctl I. hc grcatcst at Iht' pt_inl whcrc tht" wing was th(' thickest, lind

__1(1 hc ._r._dmdly rctlntt'd as lhc wing t:.ccamc lhinncr loward ils trailing cdgc. If mu-
t _:_','ing tht" tilst,lagc was iml:.ossil)lc, :_swas tilt' cilsc ill s{'v('ral cl_.'si_l_s lh;ll apI)lic(t the _tl('_t
ruh' concvl)l, lhc tusclltgc 1)chind .r ill fronl otlht, wing m'cdcd Io I)_" _'Xl)an(lcd Io makc
lhc ch.mgc in t ross-,,cclional a_('a lr_nn tht" sos(. of lhc aircr;dl 1o il,, tail less drmnati(. H

9. ,\ ',_.'nm_i,lUUnedattcr It'll' 19lh (,:l_lUlv Ilalian ph):-.itisl (;.B. V,.'nlmi, is _m,t'mclh_.l u_.,t'dIo gcH
I'l;lll' lhl' Sll('lil)l_ I)1 k;l( IlUlll I)ll'_;t'l III'(I'NN;II'_, II) dl'i_,l ' ilil-ii-;irl iI1MIIIIIII'III'L A 'V('lllllli iN Illllllllll'(I (111 Ih(" I)lllSidl"

_1_u_aiH_;dr, p.mdh'lin._ Ihe hls_.lagc.,\s Ihc _,lWVd_,t_mth_wlln ouch the _inchcd n_'_kp_,llkm ot lh(' ,.m'.lmi
illl I(';INUN, il in ;1( t ()llll};lllit'(I 1)'_ _t ([l'I I'('_IN(' ill ;li] I)I+t'SNIII+( ', (+l(';llillg Sll(+li()ll Ill;It I IIIIS Ih(' illSll IIII1('111 _, ( <)lllW(l('(I

lo th.t..,',,,Icm iw.idc lit'." plant'.
Ill. Whit_md>, inl<'r'.it+v,'.Marth 27, 197:L
II. I_.ithard T. Whitt_+mt>. "A .gtnd_ _1 dw At'ro-l.ili DHg-I:.i,_t+ (:l_mt<tc]i,,li_,, _1 \Vm_-l+od_

I :..nl,i.l:nkm:. Scat lhc Si)('_.'(l.)1Nora,d," NAt :A R,.'l)O.I 1273, l,:mgh". :\Vl.)H_ttllit ,_1l.al.,,:m._;. I .;mgl,t') Ficl(I.
Vi_ginLL 19:_6,PF" I. 20 21; V'.'hi_,._ml:.,inl,.'_',i,.",',,MaHh _7, 1977,:V','hil(_m_h, "Rc',,.'{_;ch_)n ,",h.dl(,<tst_)l
Rcdu(mg dw .\c_d_llamk Ihag _1Ii_tl_'..ni_ Speeds." p. ?,.
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The Pieces of the Puzzle: Creative Innovation

Ahhough the pivces may haw, come togelhcr in a flash of insighl, till're were actually
several illlp()ilall[ ('l(.'lllt:'lllS _tll(| pI'(I{'USS(','-; Ihal ('()llll'i])lll('d Io Vl._llilc(inlt)'s disc()v('l'V.

Whilconlb had developed a r('l)l.llalion as something ()t a "Wundcrkind" atl I,angh_y

t)c('a.us(' of his unique (oml)inali(m ()1 ktl()wh'(lgc and intuili(m al)oul airtlows; a ('ombi-

nation thai undoubledly (ontribulcd Io his disc()very ()t lhc area rub'.'-' The intuili(m may

have been a gi[i, t)ut his knowledge of airt1()w behavior was ('erlaintv enhanced by his

seven ",,ears ()f exp('ri(,n((, working wilh l.angley's 8-ti)ol wind lunn('l.
The (lis(()v('ry ()f lhc area rule c()n(cpl was also d('l)('nch'nl on lhe previous invention

o|'lh(" sl()ll('d-l]ll'()al IIIllll('l ('l('Sigll. "_,ril]l()tll Illill lli(,(c ot'l('('hll()l()k.)r},', _,_?hil('olll]) ('Oll]d llOl

have k_alili'l-('d Ill{" illf()llnalioll llU('I'NN{tI'V [() IIIld('l'Sl{llld Ill(' ('_lllS{!_; 1)[" ll'ltllsoni(" (|l'ag. Ill

[]lcl, lilt" V('i'V cxisl('nce of I]1c' wind llillll(-ls al I,ali,git,y was i/ {Tili(',tl iaclof in allowing a

IleW apt:,roath hi design 1o slir|{l('(, and 1)c lcslcd. If lit(' illt()rlilalil:,ll ]lad Io t)c ol)laine(I

ltilougil an (qai)oral(,, ('x]i('nsive tligtii lc'sl i)lo_ialn, fewer ideas (ould ]lave been inv(,sli-

gal('d, and '!,_(hil{oinl) lni<_hl nol hart' h:t(I ih(' opl)oilunily Io I('sl his innovali'¢c Ih{'orv.

At Wtdh_ps 3;hzlim*, i)_ lidt'wah, r 3ht_)'lttnd, in 1957. l a,u,4_ 3,'_ Pih_tle*s Ai*Z'tl_til l¢_:_evmh l)ivl_i_)H (IJAtHJj le_O'd m_krl

[mwr)_'d mmh'h _!1 t/t; ddta wm.twd ¢ )mvai) I':102 De/on, ( h'/l ) a)Id <filer O i._dlt ) ,mdi/it ali(m (_ te_k,' ath,tetHttlrl' (g il Tttl, oml* +_

"'em'¢l _uh', ""(NAX't photo)

12. I']ug('nc S. F('ilTlis()n, /',ltgT;I,,',<-i'7#l,l,,a_M IDa' Mi)M'_ /:'w' ((]allll)li(tl4(', PIIA: MlT l)l('ss, I!i(.)7), i). D-l:
l|illlS(.ll, ILtt{rJlt_'er ixt (>,]_<l#:_t',I). :/:{_.
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In addition, tile t)m[ccts conducwd al I.angley wcrc slill tairlv small, individual

n._,earch of|otis Ih;ll allowed tot experimenutlion. This kind of amlospherc, whih" nol

cnfirch: unique among gow, rnmcm-thnded tacililies in th(" early 1950s, was I)ecoming
more i'mlLSim.l. At one lime, individual (w Slnall-groul) research etlbrts had ch;lra.cl('rizcd

many research ]al)oralori('s. But Ill(_-cxponc,flial growlh ()f l('('hnoh)_)n:' and (om])h'x tech-

nological r('s('arch during World War II began ao chang(" dmt. The Manhattan Project,

v(.sponsil)h" for Ill(" development of lhc atom bomb, svml)olized fi)r many a significant

shift in technoh)gi(al research from small, independent ])r(!jc(Is con(htctcd by single

l;.1|)oratolies t() ]arg(:, COIIIpIcx r(.'s(:al'£'h pl'Ogl'alllS involving Illally ])('()plC, ])l'();I{[ r(:sOtll'C(_S

a,1(l funding, and multiple disciplines. '_
In a bigger and more c()mplex n'scanh environment, with approvals and decisions

(l(,l)Cndcn( on highclq(:vcl program mamlgers, Whit(()mb might not have had lhe latitude

or ()pl)()rttmity to dcvch)p and lest the area rule conct'l)I. But the NA('.A l.angley ('m,i-
romncm olhwed a middle ground between a small, indcp('ndenl lal)onlton 7 and a large

research program. Whiu()mb had expensive w(hn()h)gical fools al his disposal, such as
lhc sloltcd-throa.t wind Itmn('I, l)n! hc slill had lh(' in(hl)('ndcn((" and fl('xibililv I() (:lcv(']-

()i) im(I Icsl a ra(lical m'w (()nC('l)l on his own. `)
'_,,']lil('()lll]) WILN il]>;() assisli'd t)v Ill(" ill[()l'lllil] Ill;t11;1_('II1('111 (.'llVi]'()llllli'lll illld Ill('

()rit, ntali()n l()v,'ar(I cxl)crimcmal rcs('arch ;n Ihc 1.;mgh'y Rcs('arch (:('nter, t)()lh ()f which

wen' ct)ndu(i',c t() in(lividu;|l imlmali()n. As.I()hn Bcckcr cxplaincd in his fast' hislori('s ()f

Ibm N,-\(5\ ])r()grams,

Mu_m_e)m'_lt (at l.anL40') ax_umed that _'wanh ideas wouhl eme)_e.lmm an alert

._ta/]at all M,,'h .... On a pr.blem _] realor pmpmtio_s .such a.s tran_onic /hcilitie_,

rtnv _cheme /;. w.v'a)ch /hat survived peer discu,_sim_ and,_amed ,_ection and divisiott

ap)mtval._ wa_ /ike(_' to be implemented.., a_d relyliltb' (paperwork) was requiwd in

the ._i)nph, NAt:A _)'_tem. Ocr'asional chats with hi._ divisitm chillor department head,

or a hrif[ verbal report al the m._thl_, rtepartm,'_tl row,tin,t.) we)v about all l/tat -_tla_

)_'quin'd _[ the .VA(',4 pn&ct en:rtneer"

This kind at em'ironlm'nl was particularly wt.ll-stfilc'd I() an inlrosp_'ctive thinker likt"

Whitcomb. Managers knew hc was a lah!nlcd aelodynamicist, and tll_'y were wise enough

to keep his paperwork to a minimmn and giv(" him lhe spat'c and ficedom to lhink, CXlWr-

illl('ll[, ;tlld explore.'"

I ,angley's oricnlation toward hands-()n, experimental research was a significant t_tclor
in Whitcoml)'s disct)v('ry, as well. ,-ks opposed I() rcs('arch ((mitts lhal fi)(used more on Ihc-

orcli('al rest'arch, l.angh'y (..n(()tn-age(l exph)l;ll() D' expcrimcnCs such as tile wind tunnel
Icsts Whit(()ml) devised to im'cstigalc wing-body combinations and airflow at tnms()ni(

.st)ce(Is. The brcaklhr()ugh ()n Ihc lranst)nic wind lmm('l ils('lf, in th(l, was a rcsuh of a

rt, scarcher asking himsclf, "I w()n(h'r what w()uld happen if I Irened up the pow('r?" That

simple qucstion--"I wonder what w<)uht happen if..." instigated m,merous experiments

;t! l,angh'y I|1;).1 , ill ltu'_l, led 1o significant (liscovcries.:

I:,. J;tm('s 11. (ktpshcw and Kancn A. Radt'L "l_,ig Scicntc: I>)i_( ' )() )hc Pi,t.st.nt," O.glH,g. 2nd s('_i(:s 7

( 1!)(.)2): 19; 'l'honms P. tlt_ght's, ,,lm.,'rba)+ (;em'_i_: A Cenlu))' r)/hn,e_di,m and li'dl_r)lr)g'_ral l',t_thudrtsm (Ncw Y()rk,

XY: P('nguin B()()ks. 1(.)_9). pp.-1.|0-.12.

It. John V. I_,', kt'r, l'tu' Iti:,_h _/,'cdl')tmliet: Ca_¢' Ihxt_,'u'_ ¢_114m) N.|CI l%_n_m_. 1':20 195,'i (Wanhingl()n.

I)(::NASA %1'--t-t5, 198()), l)p. 117-18,

15. I/,id

IlL Ilanscn, I'.n_zm'e) izt Cha)ge, I ). 341.

17. Whit(()ml), inlcr',icw. May 2, 1(.1(.)5: inl_)rln;_tion <)n l);ms()ni( wind Itumvl devch)l)m('nl ;)Is() in

l lanst'n, l'_k_m,'c) i_/ ChaLer, p. ?,_2; and in (:h. I ()I this l)ook.
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Thix clu-iosily-drivt.n.t.Xl)¢wimt+llla] at)pr_mch _r_ s UXl_t'('iitll} siguiticanl in disc_tv(wing

Ih(' _ll('ll I-lilt', t)('(_lllS(, lh('l(* W[lS iio iwililitl)l(' [h('()l`' It) cxl)]ilill flit" IlilLIXtlill ([rill2. ('ll('(IIIll-

I¢'l't'd it.l tI'iUlSOliic s])t'cdx. R('st'archt, rs tuld l_) c_)111(' ii I) with <t clcliti`"(, ww< of lt'ilchiH<R-

l:,t'yond th(' known, and tht' ('Xlflorator }, cxllt,rinn(.ntx (i>lldll('t.t.d l)_' Whitc'on+ib and otht'rs

yicld('cl tilt' dala that alhnvcd him Io nn<h+rMand lh,u C_UlSC ol lh(' tt++lllX,ltnic drag and sh<_ck

wax't+ ])henon+icna. (],u, ndtwting h;m<ls-<tn _.Xl)(*ritn.<..nlx with an aircraft mttdcl in a wind

tunn('l also h(,ll)t,d Whit(oml) "s('t'" th(' +drlh>w l)('h_|'+i_tr in a way matht'mati(a] formlfl,ls

would II(tl h_t`"t*.

Still, tht'xc lhctors <)hi} l)r(Md(+d th(' l<_(tls nn(I tql`"irolltll('llt that tn;:tdt, Whitc<m)l)'_,

discovery possiblt,+ 1"he lir('ilklhr<tngh xtill t+(,qnir<.(I lilt + insi<_hl of it. ctt,_ttivt, mind: ,l min(t

able to "'s¢'t ++, the i)nobh,nl iuid ,lblc to sit+i) back li_tll+ aCCCl)it.d rulus otd(+sign I<t colit¢,tn-

plate a x()hlli,ttn l)ast'd on an t+ntirt'ly tl('`'v :ll)llr(mch. "l'h(" l)r<w(*sx Iv, which Whitc<)mb +,'+'+ix

al)l(, to do that <tll+.*lx insight itx(,If as to how scit'ntili( (tr tu(hn<dogic,d inmov_tti<)n oC(lUX.

S('it'll('(' itlt(l technol<%,y ,u'(' oftrot vicw('d as fill<Is c_ mil)h*t(,l?,, div(tnc(,d l]-Ollt i+.ll}' (i( tilt"

illIS. (]OllllIlOtl l)hraxux thltt ([ixlingtiixh x(tlll('t]lii]_ _is ",t x('it'llC<', It(it till itl't" ilild dcxcril)(.

"the s,ci(+tltili<= mt.thod '+ax a way to dixce]n au tm,tsx,tilM)l(* Irtuth indicate otN coll(.ctivt.

•..'it',,'+' of xci(,r,c(, as a uati<_nal, logical, ]incar, ]natll,,'mati(al and precis(" F, ro(-csx. Yt't sin(c

alnl,c)mt th(+ bcgixnting ttl tim(', artistic vixion has l)l,_yt,d u ct-ilictlI r<lh' ill lh¢' ,Mvatlccrucnt

of tcchn(tht<q W and xcit'ncc, lhtdonl)tcdly, ('_<(*ll th(* [hxl cart* dwclh'r Io inv('ni the xvhc(+l

thsl had a l)iClnix • hi hix ill her nlind _tf whal Ihc d(wicc would Io<lk likt'.

AII)(.rt (]_>lquhoun, it British ,Irchit('cl, as_cltc,d thai ('v('ll scit'ntitic laws ill+(' "('(tlISllll(t_

(1t" Ill+.! htllllitll lltilld," valid ()lll}' its htllg il_'; ('`"fills d(t Iliit ])lltV(' th('lll `'Vl'Oll<l_, iill(| al)tilicd

lit _l sohlii<tii ofli d('si<_li l)rl)blt!lli only ii]lt'r il d('si<_li('r duvclops il vixiltli O| ih(' sollilioil in

his ]lcltd. I' "l']lix artistic vision I)(!COili(.:+ i'`"(!ll ilior+.! iliil)(lllliill wh('li ii scil'niisl or t'ligilll'('l"

II('('(ls ll) t2,lt bt_yoiid Ih(' I('iiding t'dbr, t! <tf kilow]cdg(,, wh('r(' t'xi,41ilig [lil,ori(.s c('_ls(" to

cxf)lltin cvcnlx. At this point, ii dt*si<_n(,i"s ilnaginliiiltn ix criii(al in (!nvisiollin<K i)ol(,ntial

llt'W xohitionx./\n (till' iln_ll}'sl (it Icchiloh)gicli] d('vl'hll)in_,lll said, "Tit(' ilix, t'lltor lit!('ds iht"

intuition o[ Ill(" nicilit)hor Illlik('l; s(tni(" ()t lhc inst,]it ol N('WlOli, thc inl_lgilialion o1 ih("

])otq, and |)('l-]lal)x a touch of Ill(' irralionlt] ol)scssilnl ol iil_" schi/ol)tirenic. "_'

lvVhilcolnl) was licit lilt' only i)('l+SOll tit look ill ill(' Fil+ol}l('nl of tr_tllSllliic dl'il<_. A+_ (';trlv

as 1944, (it'l'liii(il il('l'OdyilltlililCiXl l)icirich Kii('hl'ililtlill had (lcsign('d it tal)ert'd fli.'+<'llt+<f_t'

[]_hlcr l)lilliC ililtl WitP4 dtil)lil.d lilt' "Ktl('h(+lllilllll (]()kt' I+oli]('" by Alll(Wi('iill ini_'lii,q_'ilC('

f)t'lx<inn('l. Kllt'liCnlailii's dr'sign was ll(/I aiiiit'd ill xlno_>liliil,_ the" (-UlWt' of the tr<)ss s('c-

lional +tlt!it I(1 displac(, lh(' _lit less vioh'nily, how(wt!r. ]]e tiad sinli)ly _tbstq+ved the dirt'clion

(if all +t]ow ov('i + it SWel)t-wing design and was tryinb_ to d(*si_,n it ftlst'lli_t! thlit w(itlid tblhtw

Iht" (olllOlliX ()] + lh+il flatly. -'`+

lvVllilcoinb's +il(+il rtil(' wax also, in ix'irosl)t,cl, xaid to I)(' ini])]icil in a doctoral Ihcsis (tit

SUl)(*rs<tnic I]ow by \_i'_lliacc 1). ] ]ayes, publixht'd in 1947. Bill th(! nialht'inlllicli[ titrlnnias

t'nl|)loyt+d t)y I [_t)'t's, ii_; well as st'vt!ral other lt'xt'_ll-Cilt'is workiilg <tit Ih¢' _z,t'liClli] t)rol)lcln

of transoliiC itlid siil)t'rsltiiic air |lows, did ilOl Icad their (Tt'itl<)r<s to the ilt'cexsai)' tlaxh oF

htsf)iration that ci+yslaliiz(,d th(" iii+('_l iiil(' t_ti- +_Vhilconlt). _Nliy didn'l Ihcv st,(. whal

1.4_hilc_tlnt) did? "Hit' iiiixw('i\ hi l),ill, ill,i)' lie in Ihc precise' []tct ihnl Ihcv w('i-(" wl/rkill<_ with

liiiil]lt'iliilliCli] f(tliilli]ii_;, hi_l('iid <tl ViSli_l] ilil_i_('_. Th(' iili_wt'r ill_l'¢ ]Kivt' I)t'('li ilnl)t'dd(*d in

ihc lililill)ers ill Ironl <tt lht'ln, bill lhey couldn't scc it.
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What ted [o Whil(:onfl)'s insight was his talent to scc and work with visual melal)h(Ir--

a skill described bv Aristotle as a "sign of genius" and an important tool t_)r s(,cing things

liom a tiesh pcrst_ectiw, or discov_l-ing new truths about existing objects or ideas.'-" In his

history of Amcrican technological progress, Thomas ! htghes also stressed tht" iml)ortance

of vistlal mclaphors in dcvclolfing innovative ideas, noting th;lt "although they are ;u+tictn -

lated w'rballv, the metaphors of invt_ntors have often been visual or spatial, lnw,nlors, like

many scientists, including Albm-t Einstein, Nicls Bohr, and Wt'rner Heisenb_'rg, show

themselves adept at manipulaling visual, or nonverbal, images."::

When Adolf Btisclnann us_'d his "ffit)ethtin<_" illtg_l[)lllll l(i describe the behavior of

lrliliSoilit ilil- |low, !d_qlilcollll) painted a vivid l)iClllrl • in his illiild of _tir "pil)l_s" []owillg ov(_'l

_ili aircrati, ttc ihcn incorporated into thai iill_t_t! ltl_' oilier intTirnlaiion he timid obiaint'd

tlirou<_h his CXl)erimcnis with lr_lnsonir air tiow. <_uddeniy, lie "s_tw" what was Calisinl4 llIc"

lillUSU_l] shock waves and wh_tl could tit" doll(" to colnbat the l)rot)lcni.

Ill ordt'F l(i st't" it solulion lh;ll wt'iil I)%vond cxisling lhl_ol_', h(iwt_v(!i_ Whilconlb also liad

1o lic willing Io I)lt'_ik l]t'¢" ]]oln aCCclili'd Ill[_,!s, or p_lr_ldigillS, o[ aerodynamics.::' hi the I_lll'

lliilt, lt't'lllh Ct,llitliW, ElllSl M_l(h had shown lh_il i1 bullt't-shal)Cd t)()dy ])roduct'd lt'ss (tra_ ill

tlighl Ihlili iillv ltllicr dr,sign. This itt'c('i)ll'd "[l_uitdigiil" of itir(r_lti dt,sign It'd i<l lhc bilsic

fust'lli_t' slllil)t" t, tliilioyt'd by lr_tnSl)l>ils, World War !1 t]ghitw ])]illll!S, _llld t'_,%'il I]1_" Bell X-I

rockt+i plant'. It was _tlso still tilt" _t(Tt'l)lt'd I'ulc o|" tlnunl) +is t'ilgilil)/'i's I)t,g+tn to dr'sign the

thsl Itirl)<!jt'i-I)OWt'it'd supersonic _lircr+l|]. The assunil)li<)n Ihal a bnlitPl-sh_il)ed |llsclagt" was

lilt' lnOSl tql]tit'nl 7lcrl)dvll_tlllic shal)C, howevei; led lt,st'{li-l-htws l(y look i_]st,'i¥ll(qt' [_/I- fit'-

iilt,nls th_ll conld I)t' niodil]cd Io lcdtlcC liic drag of aircrllli _il li_tiisoiiic sll_'t'ds. 'lb sl!c lhc

silitlliilll lh_tl Whilcoint) t-liVisioill, d--indt'nliil<_ the [iisiq;l_,t' ill lh¢' _llt'_t (it ihc wing to

rt, duct" lht" ilr_tiil_llic ch_iiigt's ill lhe _liicr_l|]'s i)vl'r;tl] cross-sc(lioli_i] _li-12;I []oni li_lsc Io lail--

lt,(ltlil¢'d g_tin<_ a,_tinsl _t "lltllh" thai h;Id work_'d _lll(i ]l_td bccn _lc('t,l)it'(l lor oVt'l litiy )'('_tI'S.

Tht' Siilii¢' ll_ll;llliglll thai had helped _ldV_llll'_.' _liicr_lti dr'sign lilt it,ll| a (l'illlll_, +

tl_'C_llli_', ironicullv, _lill' o[ lhc t)_ilTi_Fs lh_il kcl)l Ft'St'iirch_.'rs ]]Olli _tdv_iiichl<_ _til'Cl-_it7

d_'sign bt, vond sul/Slllli(' tlight. Why w;is !Whiiconlb able lo slcll back _uld consi(lt'r {ill

_lt)ilro_lch llinl I)rokl' ibis aCCCl)l_'d rule? For llllt' lhin<_, Ill(" cilCilillSl_ill(t's rcqnirt'd it.

Kiiilli iioll'll l[llll "tile t{lihlil_ ot cxisling rlllt,s is iht" t)relnd_" i_l a s('_ll(tl tilt iil,w Ollt's.'-"

(]t'rl;liill'_; lhc sllil)l)orii t)rolll_'nl of lr_tilsoili¢ di-_ig [ir_,s(,iiicd \_<'hilconill wiih _t silualion

wht, rc l,xiSlillg Ilicllril's _iild i-tilt's wt-r<c" iiol wiltking.

_¢,coildiv, Kuhn i)llst, ivt'd th_il "'_illilosl always, lhc Iiit, ll who 7tlhievt,...fiiiidailit'ill_i]

iilVl,lllioils (li" {I ilt'W ]l_tl'_l(li_iil hTivt' bcl'li cii]lcr very ,vliUll_ lit Vt'lW iIt'w Ill l[ll' tield wilosc

]);Ai_ldi_ill ttit'v (h;<lllgt'."-'" %.+i_ht'n lit, i{lllit" lilt wilh lhe _111'i1 illh_ il)il(t'])l, _,_i'hilcoint) w_ls

lliilv {1t) v_,ciis old. Possibly, lht' []icl th_il lit' li_td nol s])l'ill lWt'llly }'_'_ii-s dcsigl/ing blillcl-

shlqwd t"tisl,lil_l's conlril)lilt'd Ill "%"%'hilllllill)'s abilily Io ('()llt'('iVl.' OI _1 dill_'lx'nl (h'si_ii. ] It"

w_ls also soint'ihilig lit till inirosl)cciiw" lhinkl'r _lnd individualistic ll'sl'_ii(h¢'i, which lllll),

hlivl" llilldl' hiiii liiOrc _illit" Io Clllilt!lll|)i;tlt" _l "lring-_'" i(It'_t liiitl I)rokc IiOili llis llc_'r _r_/ill)'S

_lSsilnll)liollS. lit _iiiv cvl'lil, !v_i'liilclliilb w_ls willin_ Ill sll']l ll_lck trllili _tcct, i)ll!d Irulli,_ _iild

91. ,\lisioil_,, />.,./#_. il_til_Llicd I)} higt_inl ll_','_all'l, in /Tit' I_/l_l_." ti.d thr Po+'li_; o/.U/_f.th (N_'w Yink:

R_iiidl>in Ill,tint', 1954L I I. 7_'l_l.

<2<2. llu_ll¢'s. I..>H_.. (;t>#.'_i',, I I. biT.
</_/. [ iilllll_ts t_.ithli dt.s_ titled [l{ir{tdiglll_ tt:_ '<[_tlilili_il ill>tililik." I>l "l+X_lllilii¢'s Ih_tl l)l_lGdl ' IllOlh'is tllllll

/_lii(h _lll hl12/ll;illil lil_ll i (iht'll'lil lilidiliOli +*ill s_ il'lliitic ll>_l'_ll( h. "' ()It lh¢' OllU li_llid, I[i¢'_,¢' _il __'l)l¢'(I II(lli(liis (_ill

tl_'lp h'iid Io inol_' dci_lil_'d hlllli_'i ll'sl'_lFch in ;l ])_ilii(uliiF _ilt'ti, IIIII Klihn _ _llilil>iil'd lh_il l)_ii_i(ti_iil_ _llld als_l
hlsill_ill' lh_" il'sc,ii_ h _lniinllliil_ ;i_iiliSl _;l'_'ilil4 il_'w _,<duliolis. I;Ioin: "]'honills _. Klllili. ]t., ."i/#litlllle "/ ",'_i,'./i],

I_r>l,.I./ir._. 7nd _.'d,. b'(illildlilillil_ ill Iht" l Tliil% ot _l i('ll((' %_.lit.s: \'_ll. I1, <_llillbl'l <2 ((;lii(;l_<_; l. rilit(>isil_ (_|

(;lli(;l_> I'It's_. 19711). pt I. lO-I I. 2-I. 37.

_4 /'#JTd>,I I. t;,_,

<..)5. //.d_> f). 9().
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simply look at whal his (lala was showing him; i)ainl stvisual i)icturt . of it in his tnind a,ttl
see not what lw CXF,<+.,ut,..dto st',.,, but '+,chat "+',,itsr_.*allv th(.'rc'.

While lltis may st.!trot st siml)l,.+ and obvious s,:>iulion IO (>utsid('rs with forlV years of
hindsight, Whilcomt:,'s ability to t)rc_ak trt'c of ttw d_.'sign doclrincs that domittatcd a,vro-

ltauli,cs in his day was, in tiL.Cl, st unique and rtmmrkal:,lt, at:,ility lhat truly sol him apart trom
many others in his field. ()net+ some<me com+.'s lq) with art auswcL it (;lttm scents obvious.

Bt_t lit+.+rest+at-chefs st+-ttgglitlg- with tl-+ttts,{)lli{ drag weft" not av;ar¢+ the,, were caught it+ a

l:,aradigm that dirt not work. They wcrt' locust,d on tr+xing Io cut st wo]k+,d)le path throtlgh

st (h'nst' Ibr_.,st tht'y km'w as rt'al and immtmthlc. Whitcotnl:,'s genius was his ability to scc
that the ])robltmt was ll()t lhc ]:,ath, l:,ut tlt,<+'Ibr¢,st ilsclf.

From Idea to Application

Wht'n Whitcoml) i)r<+,st,ntt,d his t_tm'el:,t of tht" a]t':t rulc Io so]m' of his coll<.'ag+lt,s at

l.anglt'y, hc <.'ncotmltWcd skcl:,ticism. Alicr all, il was st ratlit+al al)pr<:,ach to aircrafl dr'sign.
Bul division chi,_,f.l_>lm Stack still ,tllo;v¢'d Whirrtrod:, to i)rt'st'ttl tht" itlca at lilt" tt.,t'xt tt'ch-
Itical st'min_u. Antl listt'ning to Whitc<md)'s [)rcst'tH_tti<)it, this titnc, "+,,itsAtlolf l:hustqnattn.

wh<)sc st_tttu+c ill tlt+," acrodvnatnits tont+ntittity was such lit+it his opinion carried st g1-('+tt

<l('al <_l wt'ight. Bustmlann, wh(is<.' vis+L,d itipcfitting tnt.tal)h<w had l:,rovidc'tl lit++"catalyst t,_

Wltil(,l:,tnl)'s tliscovt'rv, tlntl('rst<:,od what V'(hit<+oml+ had s_'cn. ] h' toltt flit' <+tht'rs prt,st.HI
Ihal Whilc<+nll)'s idc_t was "l)rilliant." Tht" skcl)ticism atn_mg sotn(, ot tit,,.' (:.lht'rs, incltvcling
Slack, rcntaint'd, thtt tit+_"sut)l:,<wl t r<+tn lhtsctnann was cn{+ugh Io gt't Whilc<)nd) th¢" g<:,-
ahead Io It+st his lht'<wy. +'+'

Thr<)tughotH the first qu<u'tt'r +>f 19:')2, Whiicoml) t'<)ul(hL('l('(l st st'rit's of t+Xl),t'rinwnts

ttsittg vari(+tls art+a-rifle l):tst'(] wing-h<+tly (oHl]gttrali(+ns itt I,anglt'y's t+Foot l ligh-Sl)Ct.d

"l'tttH+,P]. ,,+kslit" t'Xl)t+t+tt,tl, indenting tilt' fuscl,lg(, it+ the art'a of lh+.' wing did, ind<.+t'd, sig-

nifi('.antly rt'dtw,t' tilt+ it111()tltlt <)[" ([l;Ig ill II'itllS()lti(" sptwds. In tit('I, 'Whitc(>ml) ti)und lhat
"indenting lhc l:,ody rt'dtwcd Ihc drag-ris,." int-rtmwnts ass_wialt'd wilh lht" tmswt'|)t and

delta wings hy af:,l.oximatt,ly 60 l)(,t-it.+tl n('zlr lh(" Sl)t,c.d (>1sotmd," virtttallv t'liminating
thc drag rise creat('d by having to l)tn wings ()It it smooth, cylinthical slmf)t,d hot-Iv. :'+

In a simt:,h" w<wld, this validation of Whitc<mfl)'s Ihc<wy ,,v<mld hart. l:,t'_.'n st,M(:it'nl Ibr
tht" principlt, to hi.' aF,plicd to all nt+w induslr)&+signs. All Ih,tl w,c_uld hart' t:,<.'t+nnt'ct'ssarv

would have hccn to no, tit!,, th,." aircrali ntanndhclurtws that a bt'Itcr design at:,l.-Oath had
bc¢'n devclol:,<+.d. The wttrM is not that simple, ho"+vtwtm and thc inhcrt'nt w,::,rlh <)f an

innovalion is rar,Ny _'u<+ugh for it Io I)<.,incorporalctl into t'ottmwt+¢ial products. +.\s l.ouis
B.( :. Fong, dir('(l<w of the ()tlic(.' <flTe(+hn<flog_v t !1ilization al NASA ( Nalional Aeronitttli(s
and Spat(+" Athnittislrali<+zt) (<)tntnt,ntt.tl in 1963, "hi Ihis itg<+'(:,litttl()ntati<:,n, thcr(' is n(:,lh-
ing atHonnatic ahotll lht' lransfi:!r oi kn<wdcdgt, or lit(' application of st++idea or invt+nti<m

to practical ust+...lht, rt. is rt'sistant:t" It) tit,+'+',+,i(k'as all(l Yat'v,:tei'hllologics; part l)sychological,
part l:,ractical+..and oft('n t,c<)ntot+nic. ,'-'_'

26. Whit.:'_md), izHervit.w, Ma_. 2, 1!l':)5: l lans++'n, l'h+L.mee;, m Cl+m_e, p. :+,36.

_7. '.Nhilcoml),_+A Stttd_ _1 the At'r_-l+itl l)_ag-Ris,.' (:h;tra_ Ic_istit s _:.l Wing-l+,o,:ly (:ombinali_._s Nc;u tht"
Sp,..,..dol Sound." pp. 2(.+-2I.

2_. l._>ttisI+,.(:.F<mg. l)iL, NASA ()tticc _ff'li'chnolok+r thili]alitm, "Th,.' NASA Program of Industrial
Al)l)li(ati<ms," a+hh_'ssat the "]'hild Naliott;tl (:onli'tt'ncc _,n Iht' I:'t'a,:chd Uses td SF,aC,.'.(:hitag_, 11+.iX,lit) N.
1'9ti3,NASA I tiP+,toHtal Rt'l('rt'nt c (:()ll,_wtion.NASA I lisl()ry ()lilt,v, NASA I I,.'a(lqttattt'rs, Washingtol+. I)( :.
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NAt',.\ _u N,\SA t,ngint*crs tcnd m mt,asurt" Ihv success of a new Mt'a or tt,chm)logy
slricll',, ill lt'Fm:s of Icchtlh'al _bjt'clb.'t's Illct. lndtu+,lrv, t:,n lilt' t:,lher hand, mea.sures inn_v,,'-

;uixc succ<.'ss in t<.,rnls ot proth dolhlrs g<.qleratcd withhl a sp<.,cifh'd F,ayback period. _''

(kms<..qttt,nllv. a nc++val:,prtmch m Icthntlh_T. even it il is lechnicallv "h.cttt'r," ma.v bt'
rtljcclt,cl I),, hldustrv il its use ira's)lye's cxlra costs tbr thc Inanlll_l('llll-cl: :i'hese costs can bt'
hI ictoolhl,_ lOx a ilm, v dcsiRn replacing- machhlcry, or <'vvn in rvtraining cnlph)yccs t_r

changing lh<.' lra(lilit:,na] idcas and apF, rtnlchcs of its engint't'rs. All <d lilt's<." lilt'It)I'm t':tll

l)rt_ducc rt,:+,;iMalltt , It> ;.I li<.'vv i(lca or tt'clmolt)h_' within a ctmlpany, and ovmconlhlg thal

rcsislal/ct' t'i|ll I)t" it dillicuh proccss. +"

lhcrt' alc a c<_uph' t,I situaliolls ill which new Icchllo]o_)nlitv I)t' rapidly assinlihltcd
illl_ conmlt'ncial prod|It'll. ]lo++sc_.cr. ()nt' is if it call I)t' iucorl>oralcd 'ailh minimal cxtra
toll, and a sct ould is if it solves a prt>l>lcm that a LnamH_ttturcr not'ill It+ sol++c.:t When

Whittoml+ th'xch_l:,Ctl his aton n'tflt +, there ,,'++itsa nlanldacturcl +ill cach of lhcsc s+ttutlions,

and thai tact ])layt'd a siRnlil]cant rt>h" ill tilt* Sl)t'<.'d whh which his inn_>vatit)n bcgan to

impact tilt' design t_l m+w ,tiLt r;lll.
\Vhih' Whittoml) was C_>llCt'ivitl_ told Icstin_ his aLt'a ruh' _onCClli. th<.' (:omair

l)i',isitm t,l'(k'ncral l)vn:+ttllit s \,,'as dc_clolfin R what it hoF,<.'d v,'mlld t)c lilt" t't)lllt)_tlI,V'S th'st

StLi)crsmlic aircraft. Tilc (_onvair Dl()2 "l)clta l)aggcr" was designed Io bc a long-range

illlt'l't't'pl_>l', with dt'lta wings and the lilt)St pow¢'rful luLl:,t)icl t'n_int" a\'aihll+h" al that lilllC,

tilt' Prall & V'+'hilLicv .]-37. ['_ailv test rt'suhs of all F-102 modcl ill l.anRlcy's N-Fool

I ligh-SF, CVd rl'unncl. 'h_>xvcvct, sccmct[ It) indical<.' that Ihe th'siRn's trausonic drag mighl

1)t' tt)t) high tk+t-lilt' ahtrati to surpass Math ()no.
]'hc N..\( _+\had innncdiatt+lx <.hlssilicd _t_ r intbrtn,llion pcrlahfing to th<.' re-ca ruh', as it

had lit+.' l't'S.<.'al't h Oll tilt' sl(Hlt'c[ lhlt!,al "+dud [tlllllt'l fill.it allowcd tilt' itl'flt rtllc to I)c dt'vt'l-

_>ix'd.Ill I_.)F>2,lilt' Uuitt'd Stitch ,,+++its ('ll_l_c(| ill ht'alt'd told ]l+_h-slatkt's CC, lllpt'litioll for

tnililarv Slq+ctit)uitv wilh lilt' No'viol [ +tli_m, and NAt ',A rvali/<.'d tilt' iml)ortancc t+l tLanstmic

rcscmt h ill dc_.cloping slq>crior tltilita/L'+' airtratl. Although tilt' thtssilicalion was nt.t t,ssal}'.
h matdc <lisscLninalit>n ol hdorlnalion about lilt' arca nulc nl_>rc tlil]icult. Forlunalclv,

NA( :A's history t)f succc.,,slul It,chnt)log} translbr cllorts h,ld l)ct'n h'ss a pttMiLct <dlnlblishcd

XvlilillgS than ih<.' xarit)tts Ic_t'b, ol inlornull NA(_A-indttstL T COOF,<'ration and 1t'st';:trt'ht'l-t<)-

t'll_ill('<21 tlist'tLssiOllS.'" Tilt' atl('it xuh' would pLt+vc no cxct,ption.

Ill mid-:\u+_usl I t.).:_2,it gn_mil oI( _onvail ,Pllg, illt'ttlS WClt' at l.anglcy It)ollscr_,c the pcr-
lt)rmatncc of tilt' F-102 model ill tilt' Eighl-Fot+t lligh-.';pt'ed Tunncl. ,';ht_wt_ lilt' diSal:+-

pointing test rcsults, tilt' cngin+.'ers asked the l,anglcy cngiulccrs if tilt',,' had am, suggcs-
ti_m'< \Vhitcmnb's lhst rcs<.'anch tnt,nlt)randtnn t:,n tilt' illt'_t ruh' w<mhl llOt I)C imhlishvd

I_L ant_th<.'r month, l>ul hc had c<)inl:,h'tcd his tests <m lilt' varhms wing-body combinaliouls

using iuldcntcd flLsclagc shapc _,. lit' Cxl)hlincd his thtdinRs and tilt' reca rltlc ctmccpl to
thc ( _t:,ll'..'ah" t('illll.

Inlrigucd, tilt.' (_onvair cngin<.'crs ,,vmked with \'_qlitcomb ov<.,r Ill<.' next t('w tnonlhs

tt> CXln'riLncnl x,,ilh nlottil_in R Ill+.' F-1()2 th'sign aud builtlin<',g, a model thal hLcml)oralcd

tilt' reca rttlc concept+ ,\t the satnt' litLI¢', ho++v<.'v,pr,th<.' con/pan} <.onllhlUCd v,'m+k on lilt'

_)rie,h/al 1'-1t+)2 pr<mm, pc. [ht" cnginccrs tnav havc I+ct.n tq)cn 1<)Cxllh_ring a possit>h' nc,,s

_!1. llcn,+ct Rt>c,u_ h h+stitutc, "N V",\ lhu Iiwinhi]) v, ilh hMu-,t_,+: I,iud+am_ h_e, li'_ hn,d_,R', IlallntC'l,"

N\N\ (:R ISlI-16:L ittl ', 19S3, pp \×. \pl)cndix 11-3; V','illimn D Ma_v aim D,'illi;ul+ E. Ih>v, cll+ "lim.gi;ulvd

(i_mu+,d,, ti,_ a Nt"+,..\it_ IMt (;t'll<.'lati_,ll." t_D_lt_*l/i+s _a ++_'mll:lIIfi+s It_ <\latll h l!)TS): ]S--5'3.

3ii. D,.+nn,.t.t Rcs,+'an_ h h_,,nhut,.'. "N:\_, \ ]_;utl'_'.q shil_ ',,.ilh hMusln',." F'P' xx, -\pp,.'n<li× 1) 3; R. P. 5,< hmitl,

_'t all., " l't't hntd_R: 1_ ansli,n lh im_'_." \+','ist onu+,in t :t_i,.ct nit'+-Mil'+',aukc<.'. (icnnlcl Ion 1 lball '11_lll+,p( _1l;tti_ll 5;tt Mic,,,

FIt\V\' 15'-Sl _21_, Ill', 198."+, pp. "-:, I-'_.

31. 5,{ hmitt, ct al, "l;,'t Ill,dOg '_, I'nau_q,.'_ l:'thnt'r+ '' p. 7+.

_. I}ctp+,.'l I>,cs+.'al_ h InslitlHt +, "N \N.\ l_anlnctnhip :,+ith hMust_',,'" p. xi',.
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<)l)ti()ll, git<'¢')i tli(' tlli('t'i'titiill}' l)i'()duc+.'(l l)x tilt' winid luIllit'] t(.+sl.',.i ()I' th(" <)rigit)ill F-I()L >

iil<)(l('], t)tit the' ('Olii|);lll)' had alit'adt< iil;l(h, il (()iiillliliil(..ilt t() lh(" ,,\i) ];()r((. t() I)liii(I two

])i()l()l)'[)t's ()J lh(" ()ii<_iiilil P-lOg. [ii a(ldiii¢)il I() <illt< lilt'lihll <ili([ ilisliluli()lla] i'('si,sl;iil('("

(]()il'_ilii llli<_]il hav(' II<l(t Io (']iiiii_hlg a (h'si_ii _hi(h ii h;l(I I()lll('(l s() llighiv ali(l had ;ihi'a(l$"

lii;idl" _i ('()lillilillii('lil Io lilli](l, Ill(' ('()ili])ali_,'s (()llliil[llii('lil <iis() ('i't'<ll('(l <t'ii iSSil(' ()]' ('()st.

By illid-l{)DL >, wh('ll (]OliVail" It'slt'[I lhv t:-109 lii()d('] _ll [,;ill_l(')', Ill(.' ('()iil])<lll', liad

<ihc'<l(lV ])_.'_illi s(.'llili_ il l) ii I)i'()(hl('li()ii lili(' ;ll iis ,_;ili l)i('go. (;illit()l'lliil, til('iliiv ]()i" lliallll-

[]i(llll'iil_ Ill(' air(H]l, I'() (tiail,_(! Ilil' (h'si<_ii v,'()ll](I lil('<iii iiol ()lily (h'i<it<s ;iil[I ;td(lili()ila]

*-'ii_ili('(uill<_ (()sis> I)iil i<,t<,;ilil[)iii<_ Ih(' [)r(i(hi(li()il Iili(', <is w('ll. (]()ils(.'i]li('iill'¢. liii h()ln

I)(,iilg- il,((.i)liv(. I() ;t li('w (l('sig-li ;ll)[)r()a(]i , (]()lit<';iil ll;i(l a si_iiiticaiil sl;ik(" ill [)i-()viilg Ili<il

iis II('W air(r<tti colild [)(.rib)rill ilisl tiil¢, wiih()lil ii.'"

N(.'v('ilh(,i(.ss. Ill(" (oiiii)ali), (()iiid li()l l()i_illt< i_li()l(, Ill(' (l()lit)ltlll Ii'sl i(.',_iiiLs of iis ()ridilia]

(h'sil_ii, s() ii,s ('ll_ill('('lS I}('_lll t<v()i kilig- ()li ii "l)l_lil i_)"' wiih Wiiil(()lilt) wllih' i)i()(lli(li()li ()l ih('

I)i¢)l()ly])( ' l'Li()Ts (()lliililil'd. _lailiii_ ill _'Liv ]{)_!t, Ill(, (]<)llt<,<lii- (.'li_,[li('(,lS allcl \'_']lii(()lill)

l)(.',_<tli l('slhig ill()(l(. ,_ ()la iliodili(.d, <il('a illh.Jl)<ls(,(l. F-I OL> ilt'si_ii ili |.;iilgl('_. 's Will(t lUliii('l, lit<

()(l()t)(.'i 1(.)7)3, lil('v ]iad (Icvch)l)(.d a ii1()(t(.] Ill<il ( ()ll[(i ii1(,('1 lilt' All F()I((.' i)(,i-tOlllllill(-(, _,])(.i.;-

iti(_ili()lis. (;()liV_iir li()l('(l Ill(" i(..Sll]l_, I)_ii (()liliiili(.(I _(>ikilig ()ii Ihv ()ri_ill_tl F-lOT [)i()l()lt<i)v,

which th'w for lh(, Iiist lilii(' ()11 ()cl()l)('r <_J.t. ](.)$!/, _' '|'11¢' tirsl i)r()l()ly])l, w_ln s('vt'it'iv (Lllil;i_('(I

()11 ii,_ Ili_ii(h'li tli_-hh s() icsl tli_hls had l() I)(' ])()si[)()ii(,<l liiliil J;illliiiiv I 1, l(.i:-)-ll t<_.'Ii(.'ii Ih¢'

s('('()ll(l [)I()I<)Iv])(' lh't<v [i)l' lit(' lirst lilil,t'+ 'l'h(' l('+,+illtS ()l" lilt' lli_ht I('sl.'-,. ]I()W('",'(.'I\ ])l'<)V('d I() l)('

]ariel) Ihc _i;.iili(' <1_,ih(is(' l)i'(.dl('l¢,d I)v. the t<vhl(l ttilllit'] I_'st,_ ()1 the' ]:-10_ lii()dc] ill ]{)._7. "lht'

<tii(i;tti I)t'lti)l'lll(.(l t)(.']()w t'xl)('('l<ili()liS <lll([ ('()tll([ ii()l <ill;till _,lil)('l':.;()lli(" Sl)t,eds ill I('V('I Ilighl. ;'

]']\<i'll ;il lhal [)()iiil, (]()ilv;lil iliighl li<lvt. (()lililliit'(l I(i i)l(.ns t()1 i)l-odtl(li()li ()1 + tilt'

(lt'sit4ii <is il w<ls, <_iv('ti Ihal ih(' I()()liii<_ aii(I l)l()(hl(ii()ll Ihl(, iii ils _<ill l)it'_() i)laill was

ah¢'<i(I)' st'l. ('x((,i)i ti)r ()i1(' (ru(i;t] lil(l()l- 'lh(' ,,\it P()i((, ()tt]('i;ils w<)rkill_ <)11 Iht' ];-IO<_ )

(It'si_n wtut' <lW;il(' ()l _i,Uhil(()liil)'s <ll('<i iult' <itid lht' [iitl ih<ii ;I lil()(liti(,(l I.LLO7 lll()d('t,

I)as(.<l ()11 lhai (()ll(l.])l. had a(tiil'+('(I stii)(us()lii(. +l)(.(.(ts iil wiil(I Illilllt.l lt,sl_,.

(]OliS_'(ltlCUlI])', the :\il F(ir((' r(,illizt.d Ihal Ih(' F-Ili2 was li()l Ih(' I)('sl Ili<il (JOlly,lit (()tlld (]()+

)l%'hil((ililt)'s cxiiiuiilit.iils had I)iovt.il Ih_ll ;I stii)('rs()ili( <iirl)Liiit. ',v;ts 1)()ssil)lt., ail(t Ih(' ,\ii

|;()1((' (I('(idc(I I() still(, tor li() I('ss. l'hc I.+l()<_ ) [)i.<)_l.alll ili<iiia<_(,i al Wrighl Fii'ld ill ()hi()

ilil()iliio(I (]()llV_iii lhlil i1 lh(. (()lill)<iii), (lid li()l lli<)(lit\, Ih(' F-102 I() _l(hit,v(, Stli)(..ls()lii<

t]il._]il, Ill(" (()llli_l(l I()r lit(" I]_hit,l/<iill(.l(.(,[)l()l. t<v()ul(l l)(' cllii( _'llv(l. <)'

hl(or[)Ol;llill_ {,%'hil(()illl)',_ illll()_,<tliv(.. (l(..si,t4-11 ;_ll)])l.()<i(.]l illvolv(.(l i'Xll;i (,xl)l,llS(. , bill

il()lhin<_ c()ill])<ii(,(l i() lhl' (()sl <)[ h)siilg Ih(, ('lilh(, I,'-1()7 (()llli-;l(l, (]()l/V<iir ilillli('(li;il(.I_

h<lh('d ill(.' I,Ll()7 ])l-()(hlcli()ll Iiil_<' <ill(I I)(.'<_iiil W()lkiii_ ()11 lh(' lii()diti(.(l (l('si<_il _,4']lilcl)iiil)

;iii(I Ilia\' (()lii])ali), ('ll_ill('(.'rs had di'vcl()l)i,d <ili(l l('sl('d, hi ()lily I 1 7 W()l'kill_ (la)_s. Ih(' ('(Jill-

, ()[.);ill)' II<ld I)uih ii II('W, <t1"('<1 illl('-I)ils('(l [;)i()loll'])(' (l('si,_liiiicd ihc! F-IO..A. '[']l(" F-IO<_),\ tl('w

JOf ih(" i]l'sl lililt" ()11 [)t'('C'lllb('l <.)4, I(.)D4, aild sliri).tss(,(l lli(" sl)(,i.(I i)[ _,()itlli([ i1()1 (lilly iit

]vvcl Ili<_hi, bill wilih' il 1_,<1_,siill hi ils iliilial c]iiul). l'hc _il('<t ltlI(' had ilil])r¢)vcd I]1¢' Sl)_,_,(l
()J lil_' |;- l(}7 (l('si_ll I)v <iii ('sliilial('(I iwtuil_,-iiv¢' l)('l('_.'lil. _:

3;'i. l)<)Hidd l). I))a;i] ,, aild \{'i]li;tlii 14. (;<)i]i'._, IIH.t I)1.;.+/,, +)i '\]1'_),1 ('Q_'_l',liiiil.{l()ll, l)(;; N.V_\ Sl ) ItO,

ng_i)> p. (_<J; I Ilili_l,ii,/-it<tqllf,<,/7## (,'/t_1)_3,, [). i{_/7; 'l\liil(()ilil). iiil(,I _ i(,w, _l;l_ 7. 1{)(.)-).

_Ii, Bill (',tiii.,l()ii, vd.,77., #/h_t).hd #17_h._ +!l 1_,_7_t_')_(N('w Y¢ilk, +N_] _illi(ili _iiid _( liil,,l('l\ 1_)8t), i ). I{)t

_13. I/mils aild (;())li_, 117.d 7h..,,/_ ./,\]I>,A, i ). (kl.

_1t_. \_/hil(()llil), ilii(,lti(,'_c, _,lll', 7, ]{)(iF); \_,'hii(()llil), "'t_l..,_l.,_lt(h i)ll Ptl('lii()(ln I()i l_('(lii(ili_ ih('

_\l'l()(I_.llltlili( i)lliL_ _il "l'l;ilin()lli( St)('('(I_," _()_,('ilil)t'i I I, I{)(.)I; [];llln('ll, #"##_v/#_tl i<'# (7h_<+'(7t,i)1). 1t;17-;1!),

]17. l{iiiil'. _lli(l (:()_lin_, llT.d /Tf#/.eL_ ./ ,\{ I.7,1. [). (ii{; [ |,tii_,{,il, JTlt,77#ill,/ %#t(;Dv##t_l', I ), 141{74:\Vhil(()illl), ilii('i-
ti¢'_, XLI_ 7. I{l{)_-).
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While Convair w;_s struggling with its F-102 design, the (,rural\an Aircraft Engineering

(]orporation was also working lo d<,,vclop its first supersonic carli<,,l=bas<,'d fighlcl; lhc

FgF/F-I IF Tig<,'r. _' Alth<,)ugh the art':t rttlc rcscarth ,,v;ts classiti<,'(t, the NAt ;A rrl<,';ts<,'(I a <,(in-

fid<,,nti,|l R<,_s<,+alch Mcmor;ul(tunt on lhc subj<,'tl to at)l)rOl)riatcly cleared _lil(r:dl

lll_llllll]l<,'ltll't'l'S ill S<,'l)t<,'ml)rr 19.52..lust lwo weeks at+trr re<,<,'iving thai ntcmorandtnn,

(;rulnlnan sent a gloUp of its rngin<,'<,'ls to l+atlglcy to learn tool<," abottl it. The intornl;ttion

th<.'v brt>ughl b,wk to l_cthpagc, Ncw x,])rk, was immcdiatrl+v incor|)oralrd into lilt" design,

and in F<,'l)rual_,' 1953, Whitcoml) was flown in to review lilt' tin;d (Irsign plums l)<,,for( +

<,-onstructi(m on tit<,' I)|-()lOtyl)<,+ was bcgun. ()n Al)ril 27, 1953, the Na'+ 3' signed a letter +ot

intent with (;rultnnan tot the tighter, based <)n thc Whilc<)ntl_-a|)pr<lvc(l (Icsign. ()n August

11$, 1¢.)54, thr (hunttnan FgF-9 Tiger "brcezc(l" tltrough tltc soun(l I)arri<,'l ill I<,'vcl Ilighl

without the t|sc of the aflcrburn+:r on its Wt+ighl 1-($5 lltrbojel origin<,'. _'+

Th<,' <..nltulsiasli( iTIcorl)<lration (_f \Vhit<,ond)'s innowtlion t)y (;rum\tan stands in suuk

c()ntl:lsl it) thr (lualifi<,'d CXl)crintcnlalion and rest\lanCe that chax_t<,lel-izrd (:t)nvair's

r<,,Sl)Ollr+.('. [_lll lh<," I",vo colnl)ani<,'s w<,'r<,' in (lit]_'rcnl siluali()ns. Convair had ahcady

co|ltl)lrt<,'(l ,i (trsign tbr lh<," F-I()_ _t|lcl had bcgt|nl consl|tlclion ()|lwt) prc)lolVl)CS and a t)r(>-
(ltwlion linlr. (;Yllllllllilll, l)ll lilt" olhrr hanld, was still won-kin_ It) drsigtt 1110 FI IF" Tiger

when l,,tnglcy I)td/lishc(I its cont]tl<,'tlli,|.l rct)orl oil VVhilco|llb's _l|-t';t rt|lc brc:tklhr(_ugh, h

was the l)<,'tlk'cl time to itworl)oVat<,' a I)rtt<,'r (hcsigtl i(tc.t, ;trill itrcolv<.'(t ti'w rxtr:l costs It) lhr

coml)aw,'. At [h<,' sam<.' lime, the N;tvv had not ycl t'()llll ;_l('l('d It)l tilt" fighl<,'r, ;trill (h-tmltn_ut

may wrli haw vcco_ltizc(l lh;+ll its <,+l'l:Ul<,'<,'St)f winning lilt" (()nlr;ttl w()uld br ilnl)rOvc(l I)v

inc<wl)OValing ann; ;tvail,d)lc ttcw t<,'<,'hn()h)g+y into ils (l<,'sign; rsp<,'cially st>nlrlhiltg Ih_ll \tight

improvr its Sl)<,'<,'tt.
Ill air+' rvrnl, Whilcolnb's innowttivr |(ira was incorpor_llcd into two prothlclion

milit:uv fircr,ttl only Iw('lllv-t()lll" m()nlhs _t|lCl h<r (onll)lrlrd his inilial win(I ltlllncl

lest.', ol/ Ill<," Ct)tl<,'<,'l)ll This il_c|'<,'tlil)lv "succrssful" cxatnl)l<,' of l<,'t'hntd()_y ll-;lllsf('l" t_,*_lS3

rcsull of IWO inlI/on'l_tnl fat/ors. First and tbvrmost, lhcr<,' was :t "'t)vol>lrm lot)king tbl a

sohttion""' Ih_ll lilt" ,ll'C;I I"IIIC X++';IY,abhc It) solve. Tl_tllSt)llit" (Ir;l_ w:ls .1 l<,",tl _tll(l .,,;<,.cnlill_-

I% tlnsttlnlounl;tblr ol)st;t<,h' to SUl)C|-s(>nic |light. Vthil(()tnl)'s :IFc;l rtdt" was not ()n<,' ()I

;i nunll)cl <)I l)otrnlial st)lllli()llS; it w;ts lIlt' r.t/)' al)l)ro_l<,h :dtl'+_()n(+ had (lt'vclopcd |hal

had 1)roy<,'\ itself <,al)at)lc of OV<,'I-COlllillg that I)alricr. h also had the ])_l(kill,_ ()t _t v<,.lv

pow<,.rftnl <<.tlSl()lll<,'l+: lhc Unit<,+(l Slates military. \Vh<,'|t Ihr Air Ft)lCC tlrcid<cd to hold
firm on its tl<,+tn:|nd Ihat (_tlnvair's aircraft t1_,' sttp<,'rso|lic;dly in lrv<,'l tlighl, (_onv:tin

could not simply scll its F-109s to ;+tnoth<,'v cttslOnlcr. Thr Air Fo|-cc w;is its t)nlv <,+li<.'l|t,

.jtlSl ;IS lilt' Navv w_Is for (;|unit\an.
But anoth<,_n . inll)ortant clement, CSl)<,+cially with t-t-g_tr(l t() ('.<),wail, was tit<,' COOl)era-

lion atilt individual r<,rlalit)nships l]l_tl existrd t)<,,Iw('<,'ll th<,' l,,u/glry l'<,'st"al't'h<,'FS, |\chiding

Whilc<md), ;lnd Ih<,+ industry <,+|lgi|a<,'cl's. Tht" nlo<lit+t+<l F-IO2A inodrl that I)rovrd to lilt' Air

Forcr Itl,tl _l fight<,'r c<)ttl(( achieve suprrsonic tlight w,ls _t c(>()t)<,'vativc rlt<)u-t t)clwccnt

Vfhitct)nll) and (]onv;lic <,.ngin<,'crs. V,¢ithoul |hal (()()l)rralit)n, or tilt" inf()t+tn_d discus\to|Is

_ll I,;Inglcy that laul_chr(l lhat work, the l,llr of lilt" F-I()2 nli,ght lla'+'<.' llr<,+n (liffrrrlil.

'3N. Thc l)rOlOtVl)C wa ++designated lhs! ;is thc I+'!)F-P4,and lhcnl as thc I+'9F-9, althott_,h thr <,tiginal
(;rtumtnan FgF-2 (Icsign ,,vii'.+lht" str:lighl-wing Panther irt. :ll_tl lilt' F_.)l':(i "++,'itstilt' swrl)t-wing (:Otlg;U. Thr ligc_

w_ls really an unlcl;ttc(t dcsiKn, bttt thr prott)types wrrc still ]al)clcd ;ts '+a_ianls ot lilt' FGIF drsi_n. The I,r<,duc-
tion modrl Tigers, howrvrr, wcrc t ;dh'd 1+'1IFs.

39. Michacl ].11. "l.tylot, ctl..]a.+"s I'mt',,+ht/)cdia o] Avialz+m (Nrw Yo_k, NY: Pottl;uld Ih>usr, 1989), pp,
147-48; (;tin\toll. IIh++t.ztr-d Itist.++ +!]I+'iffht+'rx,I ). It+)';';I l_tnscn, l-PigT.,,';-P+;;+(?hang+', pp. _+._+t+l-+10.

.|1t. Nuntcrous NASA aut(t industry engineers, intlttdint_ Whittomh hin_nt+l! (V_:hit(omb, inlcrvic'+v,
March '.)7. It+)7_;), ha',|" ltscd this phtasr to dcs(ril_c the kind ot situation lh:tt It"rills to It';IlL to qui(k acccptam r

Ol ;I II('W l('{llllolo_P+.



FROM EN(;INEERIN(; _(:IF',N¢:E Tt) BIG SCIENC',E 147

The area rule undoubtedly would have I)een incorporated into aircraft designs ew'n-

tually, regardless of lhe individtLals involved. But that timeframe could have been dittk'renl,

which could have had an impact on the kind of air detienses tile United States had at its

disposal in tilt' early days of the Cold War.

As it was, the success of tilt" area rtth'-based F-102 and FI IF was followed by tit<,' incor-

poration of the area rule in virtually <`'vet0, supersonic airc,aft Infih atter that point. The
Vought FSU "(_rusader" lighter and tilt" (',onvair B-58 "Hustler" llontbct; both ofwhit:h were

t)lt the drawing I)oard :it tile time the al'C_t l'ttle ++++isdeveloped. WClC redesigned using

Whitcomb's approach. The F-106, which was (:onvair's lbllow_m design to the F-IOgA,

adhered even more to the area l+ule. It was ;title to int+orl)<)l+alt • a nnt(h deeper indentation
in the fuselage than its predecessor, t)ccause it was an entirely new aircraft+ tmenctmtt)ered

by existing design elelnents.

The fusehtge of the Republic F-105 "Thundcrchiet" fighter�bomber, which tlew tbr

the first time in 1!155, incorp<wated the area ,ule in a slightly diflc'r<:nt manner. 11 could

n<)t be it|denied becattse ot +its c<)ml)lex engine inlets, so a bttlge was added to the att

region <)f the fuselage 1o reduce the sevt'rily I_(" the change in the cross secti<)nal al-t';l at

the trailing edge of tit<`"wing. The Rockwell B-I t)oml)er and the Boeing 747 conlmcrcial

aMiner also ttsed tilt, addition of a cross-sectional area to reduce their drag al Iranst)nic

speeds. Both tim B-I and the 747 have a verlit:al "btmtp" in tilt" tbrward seclion of tilt' |use-

lage ahead of the wing. h is perhaps more visible in the 747, ++vhere it h<mses Ill(" aMiner's

characteristic second stolT, but I)()lh aifhame n/oditications were added 1o sm()olh lhe

curve of Ihe design's cross-sectional aFt,lt."

The Collier Trophy

WhitcomlFs Area Rule research was classified lmlil Septentl)er 1955, st) hc did ,tot

receive any itnnlcdiatt" accolades or press on his discovery. Bul two months at]t'r his w_,k

was made public, Whitc<)nd) receivt'd the Nalional Aeronat,ic Assot+iati<m's Robert .l.

Collier +l'rol)hy in recognition of his achievement Ihe previous year, when tht' (htmnnan

F9F-9 Tiger and Ihe (_onvair F-IO2A t)rolot}pes demonstratedjttsl hmv signilic;mt lilt" area

ruh, was. The (:ollier Tr<)ph 7, cilati<m read, "'For discovery and experimetllal veriticati<m

of the area ruh', a c<mtribulion to base knowledge yielding signitic;mtly higher
airplane Sltt,t,d antl grealt'r ran,ge wilh the same p<)++ver."':

Conclusion

Although an engineering design apllroach using tin-nmlas or alg<wittnns does not lend

itself to the kind of notoriety thai ;l project like lit<., X-I generated, the develol)mcnt of Ihe

area rttl<`'+erasno less significant. The X-1 pl-ovt'd tilt, sound I)arrie, could be I)roken. The aftca

rtth" made that disc<_very practical lty enabling producti<)n ahcratt to operate at thai speed.

lhe t_tct Ihal the :trea ruh' was discovered by an engineer silling, with his ti'et t,p <m

his desk, ctmtetnpl,lting a vision in his mind, also sh<)ws Ihe importance of crealivity and

tilt" individual in advancing lechnolog T. Postwar science and research p,qjects may have

been growing in conlph'xily and size. but Whilcontb's discovery was ;t rt'minder that lilt"

,II. Whitton+h, intt'rxivw. Mat 2, 1993; Whiicoml), "Res,:;tr,:h on M,clho,:Is li,+ R,u<luting the

:\erodxnan,,it lhag al l'fans(mic Spceds," Novcmlml 14, 199.!. i>. 3.

42. Bill Robic. l'+J) the (;n'atesl A+ttir_eme*+l: ,,t tfi+t. 0 +![ Ihe :ten) Club ¢q .|)n+'tJr,',' and thr Naliona[ AF_TIIIIIIIIiI

A_mialt.m (Washingt()n, 1)(i: .%milhs()l'&m [nslilulion I)l,css, 1993). i ). 232; Ri(hard 'L Whil(_mb. tt'h'ph<)n:'
int,:fvie;s wilh aulhon; Mm 15, 1995.
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indivi(hml rcscarchcF was more thalt a ¢<_ ill ;t scientific, proct.ss-dri'¢t'n wht'cl.

EXl:,,L.rimcntatiot) and lh(" visions in th(.' t]lint[ of ,in indi,.'idtml +_l)l,t+Io pt,t ax_tilal)h' inl(>r-

lll_ttion lo_,t'tll('l- ill ;l llOW W+IV h;l_.'(' h'd it) ]ll_tllV +lln(>v;lli'.;t" "'l)rc;tktl+Jrou_hs '' in technol<++.+,_'

and kn<+vdt'd_c.
The history of the _tc_t rtth' I+csc;_rch _tlso illustrates that even +t +'bvc_tkthvotlgh"

di.,,c_+'¢ct+vdt>cs tlot _tlw:ts:s win itt)Fnt'di_ttt' ;+t(c:t'l:*t_ttlt-'t+I)V those whc, mi+.r,ht iml>lcmcnt il. +/k,,

<g+p<+scd to pr_pjects that wcre wholly ftmdcd, dcvcl<)ped and imph.+m¢'ntc'd by the NA(:A
_tnd its stl<:(.t'ss<+t +,tit<+"N:+ttional .+_t't'Oll_+ttll]{':';and SFDat<.'<_':\dministrali(m (N,&SA), of otht+t +

government agencies. Whitcomb's breakthvot]gh was.just an idea. It may havc l>eet+ devel-

oped at a NA(:.\ l;tbot':tt<)rv, bll| it was t+iol t,p to NA(:+& to apply it. In ordcF for the inn.-
vatio]l to have atlv imp;tot :_t all. itldttSll_+' h_td to _tgl+,['+L"It> ttSC it, w]+ic]) is not ;tlway_; as SilII-

plca process ;ts illltighl st't'm. _,_+llit(<)lllt)'s _ll('_t i+t]lt . w;ts lht" _.tnmw('l I<) _t tlt'mt't_(h)us t)r<)l>-
h'm that indt_stF,+" ncc(It'([ I() solx'c, but lh(' (.nthusi;tsm with which it was r,.'ct'iv('d dill_:r('d

,_rc;ttly htqwt't'l+ (:()|)'_r_.l-+l"._lllC| (;I-tltlllll;lll. Thc advantages ott+red by the illll<lX.;.tl+Oll Wt'F("

lhc samc; the costs of impl,_'tncnlit_g il dill:erc(l.

But t's,t'n ilt the ;tpplicalion ()I the _tlt';t rifle cot_ct'pl, in(lividt_als ])layt'd aH iH)l:*(_rt+tnl

role. :\n Air Ft_rcc (lc,n_tt_d was Ihc ])rintat+_ rt+as(>n (:otlvah ht(<)rl)orated the area rule

h)to the F-I02. despite the added cost. But the Air Force might n()t have h:t(l the ('ont]-
dct)ct" t_ m:lkc that dctnand if it had iiol been tot the m()<h'I work pcrtk)rm<'d by a small

ntttnl)t'r of individtmls at l+;tnglc+v and Ct)nvair. As st'it'ntifi( and engit_et'littg, rt'scal+ch ;uld

i_roje(ts |)t'<._.llllt" ttltHt + <_'xpt+t_sivt`, coral)It'x, and s_,,s;l(,ms-<Hit'tltt'(I, it was eas'+' I<) lost" sight
of the it_<livi(tt_als th;fl ma¢lc th<_s(" s.vstcms work. Richard T. ++Vhitcoml), in dcveh_pin_ ,rod

hell)ing Io xvit_ ;tc('Cl)tanct" for a c<mct'pt lh;t! ]c,+'oltHit>]_izcd high-l)Crl(_vm:mcc _ircralt

(h'si,_n, w:ts ;t reminder th:tt lhc i,_dividtut] s_ill m_tltctcd.



Chapter 6

The

Politics

X-15 Hypersonic Flight
Research Program:
and Permutations at NASA

by W. D. _'

Despite the titct tha! it is one ot the mosl celebrau, d experinwnlal aircraft ever tlown,

most historical writings have always had a rather peculiar blind spo! regarding lhe X-15

program.' The cilalion |or lhe 19(il (:oilier Tuophy, tot examph', holed thai the vehMe

had made "invaluat)le technological conlribllliOllS Io |he adVilllfelllelll o| tlighl." It also

commends "the greal skill and courage" oF its test pih)ls. _ In his lellel" nominating the pro-

gram for the award earlier that same year, NASA Depuly Administrator Hugh I,. Dryden

struck the s_tllle general themes, albeil in greater delail:

7b Ihe X-I 5 lCesearch Airphtne Team, the LscieJ_IAI,_. e.t,6*_eer_, tech.ician,, attd pilots 0[

the National Aenmautic_ and ,Space Admi.i_tralio_; the l)eparlme.l +!/ l)@,me; a_M

North American Avialio.. h.o@oraled fi_r Ihe co.ception, rb:_it.m, development, co.-

sirrario., a.d /l_.rhl operatio, o[lhe X-1 5 n',w'arch rtirDla.e, which rrmtributed valuable

P_.search i,!/mmatio, i. the ,uper_o.ic a.d Io/u'r,o.i+ .s/wed ,vgime up to the fi'i.ge_ Of

space, attd who have Ihe_vlq, made a. outsla.di.:_ co.hibu/io, to A merica, h,ade_z_hip

in aero._pace _ciemv' a.d led_m,lgt O, a.d i. the op,.ratio. +# man,ted ._pace fliLdtl.+

These two fealures--an outslanding piece ol m.tclfinevy, tlown by exceptionally brave

and proficient pilots--still stand ;is the primary legacy of the X-I 5.

(]ertainly, all of Ihis lame is well-deserved. (]onsidering ils technical achievemenls, as

well ;is its conlril)ution to knowledge al)oul 1he upper almosphere, hypersonics, high-alti-

tude piloted []ighl, and so on, lhe X-I5 clearly siands as one of the mosl successful research

programs in the histot T of aviation. Similarly, the men who tlew the craft illtO the fringes of

space al six times the speed ofs(mnd [)roved themselves lime and again to be exlrao|-dimuv

individuals. These elements of the l)rogrmn IKtve 1)e,.ql recognized repe;tlcdly, wilh I]le X-

15 and its members receiving sixteen atwa.rds in addilion Io Ihe (;ollier Trophy.

l. B,.'(ausc il was designed to litre'trait inlo the Iow('F tiingcs ot what is (ommonlx agre,pd to lie where

"space" begins (aboul IIR) kil(mlcltqs), nonl(' actOtllllS I(*tk*l Io lhe X-15 as a "spa,.c,ctafl'" ()r "npat cplanc" (ol
cvcn "Amcri(a's tirst spaceship"). See Milton (). Thompson, A/ the Ifdg,, _q 5_m.: The X-15 /,'light 15_<mm
(W;tshingmn. 1)(i: Smilhsoniall Inslilution Press. 1W92);.]mmlhan Mcl)owell, '"lhc X-13 Spateplanc," Quest: TJ.,
MaA.azim' ./,S_*me/hght IIAtm)' 3 (Spring 1!194): 4-12. Siu<c most ot ils Ilight at fi,.il', occurred wilhin the l'_mlh's
;ttnlosl>htqt', this cssay usually will use the term "airt rali,"

2. Bill Robit'. t+br the (;?ealc_t ,lrhwveme.t: A Ilislorv o/the A_uo CI.h o/Amer.a a.d Ihe .\'rtlhmal Amo.a.li+
.l_Jrialio. (WashingloH, D(]: Smithsonian Instilulion Press, 1993L pp. 192. 233; "NAA's ('xdlicr Award: A R_se

( ,arden All]fir." Nali..al ,b,m.autirs. Scplcmbcl 191i2, pp. 12-1!/. See also Rol>cn! (]. Scamans,Jt;. "(It)it{ ti,.cs and
A(-hilwUIll01ll_ ill Ihc N-lB Program,'" _emmks at X-15 Awards (imcm_m), July 18, 191;2, in NASA Ilislo_i(al
Rctcrcncc (',oiler lion, NASA t listorv ()ltit c, NASA I lcadquartcrs. Washingtm_, ll( ;. The award was oltit Jail,, in c+

st'riled m 1kith pilots rcprcscnting the i. ogram's zmtjm participants: Rol}erl M, White o1 Ihc Air Fort c,Joscph ,\.
_'alkcr _t NASA, A. S{ott (',FOSstield ol N_rlh Amcri¢ an A',ialion, and Fottcst N. Pelerst'n o[ lhc Navv.

3. llugh I.. lip, rich, NASA l)clmty Adminisnalo_, m Martin M. llcckm, Prcsidcnl. Nalimmt
Aclonautics ,\sso_iati<m, Mav 2, 1!)1;2, 1)el)Up, Adminisnatm Fitcs, NASA 11isto_i_al Rch'rcmc (],>lh'( fi.n.

1,t9
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The problem wilh llw pvcwfiling view of the X-IS is not so much that i_ is wro_g, but

v._lhcr _hal it is incomplclc. For mort. Ihan (hrec decades, the vehicle's technical design,

its scienfitic ;wcomplishmcms, contributions to acrospac<" engineering, its tligh! records,

and even 1he pcvsoHal storics of its pilots have been cxlolled repeatedly in books, articles,

monographs, and lccttu-es.' Very lillle, howeve], has been written al)ot,! how the program

was actually ru_, and virlu_dly nothing has cvcv been recorded abou! |us overall manage-

m_'nl." Mos! historical IIC('OUIIIS I)egi_ wilh lh¢" Nalional Adviso_)' (:ommill(w t_)r

Acvonaulics' (NA(:A) decision in lhe early 1950s to t)uvsue development ota high-;dlilude

I'('S(';[I'(']I phi.n(', describe the technical aspecls behind file st'letlion of IIH" (Ollllitct()l,'.;, _lllcl

lhcn skip oxt'r [o thc ()clobtq- 195_ vollout of Ihc first vehicle.';

|. St'f. MXTOll I_,. (;u}:,il/, tIt. ketshzp X 15: A BoM New ,_tep in Aviati,m (Nt'w York, NY: Julian Mcssm._,

19GO!; Joseph A. Walkcr, "1 FI', the X-15." National Ger(t.,_aphit, SCl)lcml)er 1':)1;2, pp. 42S-F_0; lolm V. Bcckcr, "The

X-I ":_I)_ Qjc( l. "' A _tm_muti_ _ ¢.¢ .'lemna_ai¢ _, Ft'l)ruat'v 191i4, pp. 52-61; \Vendt'll 1t. Sfillwell, X l 5 ICrserttg h l'_t._ulls

(Washinglon, D( :: NASA S1'-60, 196g_); h'_ing Slone, "'Tht' Quie_ Records ot _:he X-] 5," :li_ I';me/.'qpar¢'/)lLrl'sl, JllllU

[968, pp. 62-66, 71; "Thc X-Series," Aerophile, MaH'h/Apvil 1977, pp. 72-93; Curtis t'eeblt's. "X-15: First WiHgs

into Space." ,gpm_flt:dht, June 1977, pp. 228-32; Thompson, At the Edge ¢![ Spm_; McDowell, "X-I _ Spaccp]anc."

5. ]'hc maio_ t'xceplions ht'_c ave I1.S. Air F.v_c. Ai_ Fo_cc S_slcms Command. Tlu, 16uket I¢_'_¢'a_h

lS_t.,_am, I q46- 1%2 ( Edwards AI"B, ( ;A: AFS( : Hisl()rical Publicalions S('vics, I _.)__2), pp. 62-1 I O: and I,_bcrl S.

] Iotlsl()n, Richard E I tallion, ;tHd Ron;_,ld (;. Bosl(_, "Trat_siling h(llll ,:kil |(I Sp;t('(': Tlw North American X-I 5,"

i_ Rit ha_d I'. I talli_n, cd., The I I_p,'_m_ir ID'_,oh_lion: Eight Ca_e Slmlic_ I'_ the' ll_st_, 0 ,/ It_'pe_mtir "li'_hm_lo,t,,a, 2 V_ls.

(V','_ighl-I'allcvs_)i_ AFB, ()l I: Y,pc_ial Sl_ltt ()llitc. At-H)_auli_al Sxslcms I)ixisi_,_. 19,_7). 1:l-l_3, lacilhtq ot

_dfi_h has cxc_ bccn publislwd (bolh ;uc ;_xailal)h" at lhe NASA ttisl_wical Rt'l;.qc_((' (',ollccfio_). l'hc_c is :dso

a by|el dist ussion of some ;tspccls of _l_t' l)rogvam's managcmt'n! in Richard P. Itallit,_, On the l')_mtie_: I"light

I_e_ea_ h at lhvden, I q4:', 1081 (Washinglo_. 1)(:: NASA SP-4303, 198,t), pp. ] 06-29.

6. N'ol surprisingly, this is especially [ruc of [7.S. govcrnmcn! publicalions. St'c "Brict Ilisl_)v'¢ ot Iht'

X-l_-+ Proiet t," NA,";A nt'++s tt'h'asc, April 13, 1962, NASA t l ist<wical Retetcn( e (:ollt'cti_n; Stillwcll, XI 5 ICeseat+h

Results; "X-I,'_ t<) E_Ic_ Smithsonian. '+ NASA He_:s rclcase. April 27. 19(i_._, NAS,\ I lisl<)tit al Rctk'_cH_ _' (;oiler li_.

MaI_ dist ussi_s, ho_c,,c_, will I_lit'llv mcnfion the p_oblcms wilh lhc vehicle's tnail_ _'HgiiIc.
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Not only is this vit'w lar%cly hlcomplcte, t)ul it ;dso tend+ to give the imprt'ssitm th;tt

th<.' X-15 expcritmce was complett+ly smooth and lrt>uble l+t+ee. Evcn the pro gr;t]n's +++(>st

st't'iotts Itch+loll1 l+rol)h.ms mc seldom tlescribcd in any dctail, i+t+d sterne ditt_cuhic+, such

as the fact ih:tt the [)rt!jt.ct ran significantly,, ovcv its budget, hay+' ++ever rcally ht'cu dis-
cussc'd :It :Ill. +

+I_> take ¢)tlc cxmnple, which will I+c t,xl)l<>rcd fttvther btqow, the tlt+s,'t,l<>l)l't+t,,+l of tht"

vehicle'+ mail+ XI+R-9. c) vockt:t ¢'llgil+t" I_.'11 consider_tt)lv I)chind sched/dt,, ;It otle point i)os-

ing a significant thrtraI to the +++tire l)t+<><_ram, l_71titn,ilely, after much '+vrm_tgling with the

el+gilt+" c<)tltYaclt++', Air Force arid NA(',A otlicials opted It> c<mdt+ct initial tlighl It'st+ with

two smallcr XI+R-11 engines. Most X-I._ histories, ht_wever, dispose of this affair iu a cou-

[)It" of st+lilt'net,s, almost st+ggcstit+g that il w;++ ++othing more than a brief anm<_v:+u+c¢'.

h+dccd, in ccmarks made at the (2>llit+c Trophy Awmxt cet+emonv in July 1962, R<)t_t+YI (L

St'affront, .Iv., portrays it as a rot+tint decision, virtt+all+v [)lantwd in atlvance, vathcv thm+

l_>tct'd l)+v necessity: "hl Ja+itla.ry, I¢,)58, the F,rt+ject l+tlilt+:tgt, lllClll decided to t:o++th+iit" lht'

dt'vcl<>[:.++let+t ol +the ,"+7,OO(l-p<+tmd thrt+st t'tlgitlt +, but Io ttsc it +mi+ll cngil+t" as tht + ])o'+vt,]

phlut for initial X-15 tlights. TM

This acc<_ttnt of II+t" X-I._ is lml_HtH+:ttc t<>r :+ mH++l)t+r o1 lt';tstm+. "1"_>bcgin with, tht'

historical lilt,ratiH-t+--lmtdatorv as it has bt'tu+--;tcttt,|lls ttHdcrstatcs tht' magnit+ldt" t>t the

[)I(),_I'_+I++'S H('['t)+l+]llish+++Cl+tS, Tcch+lic:ll ii+:+l[tlll(li(H+s, delays, i+l+d (+(>st ()vcITttl+S :+1"(' ;.+ I+()l'-

m:d ])art ot aztv "tulting t'd,_c" t-t+scar¢ h m+d ¢lt'x'¢'l<>l)l_+t,_+t (R&'I)) pl<><_v;un, and t]+o+t, it+

(']+:t_'gt' t>l' tht" vt'hiclc's ¢lt"+x'l<+l)mtuH ;|t+d <>[)t'i'ati<_t+ th'scl'",'c t'vcn II/()I'C t't't+tlit Ill:+++ tht'V

havc vt'ccivcd tt>v wovkiu_ iut>++ud such ditfictfl_h'+. Tht'ir ell<+vts :uc CSl_t'cii+lly impvcssivc

il+ view _>tlht' I_tct 1hit1 Iht" X-l.r-> tX.l;,YcsctHt.d th¢" NAt',V+ (:+l+tl I:+tt'r NASA's) tirst t'ltk>Yl+ al

+++:t]+itgit+_ a ]argt+-sc;+h" [)w+jcct."

Scc<>t+dly, t:,ct:tttst' most discussions t>t' lilt' X-IF> ]+:tvc + l+cct+ st> idcalizcd, ctHrcllt

U+lited Slatt,s spit<-<. ])¢>licy, at+d ]):tvtictfl;_rly NASA ilscll, have S[)IIICIiIIICS stfl'Ik'rt'd l+v

(Oml)aZist>]+. For _'tutt-s, _>l)st, tvers ]l:t'+c (t>HIr:tstt,d the cost, tt'lial)ililv, :t]+(l [)¢'r[_>]-ma++cc

<_t Iht' X-I.'3 with tht + <mgoiu_ i+rol>lcms of tht" Sl);tct' shuttle tlect." Si_+ct. the hi+tow of

lht' shtttllc's dcvch>l)mCtH has I+t+t'_+ Cxl)lort.d r;ttht'r tht_rot_ghl_', th¢' extent 1_> which

such t'_m_imvisous :u-c xv:tN:tt+tt.d ca++ tmlv bc dctt'rmint'd I-_, cxitmh+i++g the t+ull hkst<>r'+

ol the catlicc ])rogcam it+ gTci_tt'c dct:til. '(

Finally, a full tmdcvstlmdiug- of th¢+ ,X-lF>'s athnitfistv:+tivc au<l m:+n:+gt+viltl hi+tow can

[)r<)vidt' st>me ilIl])(>i-liilll in+i<_hts i_+tt> the l)col-+It+ms _>I the ])lCSt,+H [ r++ilcd Ntatcs sl)ac_ l)V<_-

gYam. (;ivcn that pvacticltlly all th:tt tht' vchiclc is kn<>wt+ ti>r tort+}' is its supt'rl> th'sie;+_ it

is har<ll}' stH+l)rising tll:+t pilots and t'ugil+cc_s who Sl)cak of tht' "h'+st_n+ lear+led" h+<_m Ih¢'

X-15 CXl)t.ric_tc tt)_+t]t+t • thcmst'lvcs cxch_sivch tt> tt'ctHfi(al (lttCSlit>_+s. 'u
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?')H .\ I 5 m, kd airplane, ¢h'W.,,Iwd to Ill +it _p_'rd_ tw_ 4.000 mib'_ pet hon_ and Io tdlillI&'_ ah,_,e _0 mih:s, show_t it_ t_og_'t_

1 h,; I .ake a I the" NA .'_'A I'?qdfi I I¢,'_eal_h ( :,', lr_; I'M_ ,a _rl_. ( .'al!/orT_ ia. g+,het_' Ih+' n ._+._mh + ,eh i_ h" n p_d_'l_+,en I *_ t/ ex I,qt wee/l_t,rh I

/_/pmk_pn'm. (,\'A._t ]_holo _lo. 6(,c\ ' 7/).

As this chapter will show. the program still has a g, reat deal to leach abotll the

administration, and especially the politics, of large-scale and conlplex R&D programs.

After a brief overview of the facts abou! the X-I 5 that are aheady generally known, it vdll

examine some of the less ceh'bratcd aspects Ilf Ihe pmiccl, a.d shm_ what administra-

tive and especially politi,:al factors played a role in its grcat success.

Overview

The original mission of Ill+." X-IS was to explore the I)hen<mleml associated with

hypersonic tlight. Three of lilt" rocketplatws were ])llilt ])y the North American Aviation

(:orporation. Each was constructed <)tit o[ a newly-developed nickel alloy known as

lnconel X, and Ille;.lsured |'lfteen llletels hmg, with a wingspan of ncaxly seven illel('lS.

Missions took pht,.,t' wilhin the specially <.'()llStUll<.'lc(l t iigh Test Range, an aerodymunic

corridor that stretched 780 kilometers (by 80 kihlmeters) tTotn Utah across the Nmada

and (ialil}mrda deserts to Edwards Air Force Base, complete with radar tracking stations

and cmergcucy huMing sites. During a typical mission, the X-15 vehicle was carried Io

an altitude ot14 kihlmelers by a moditicd B-32 (of which two w<'rc lmih) and rch'ascd.

"['hc singlc pilot xv_mld ignite the XI,R-!)!I cng;ine, which w.uhl ])|itll t()l appr<,ximatel}

]lhlt'l'+' scctmds, a<.celeralhig to an avcrag,,' speed o1 Math .r-). After tlying ,i p:uabolic Ira-

jt'clot:y into the el)per atmOsl)hcrv, lilt" pil<_l would bring lilt' craft in for a Rlide landing

<_tt the Rogcrs {It"+ lake bed at Edwards.
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Serious planning f(ir lhe X-I 5 b(.'gall in lhe early 1950s, when the NACA began io con-

sider the problems that were likely to t)e enc(mmered in piloted space flight. ':_By early

1954, the agency had identified four lechni('al areas of c(mcern: lhe materials and strut-

lures ntx'dt'd to resist lhe high tt'ml)CF,ltttrt.s ()t I't'('1111"%;, il I)tqtt'r understanding o1 the

aert>(lvnami(s ol)crafing at hyl)crsonic speeds, svslcms i(_ maim;fin vehicle stahilir; and

control, ;.tlltl the al)ility o[ l)ilols to w_wk cilk'clivcly in th(' sl);Ic_' (.nvir(mmenl.
The NA(:A's l,angh'y At'ronaulic_d l,;d)or,tl(wv, Amt's Aeronautical I,al)orat(_ry, ;rod

tht" t tigh-Spccd Flight Sl,liioll t)t,gan slHdying lh(' [t'asil)ilily of dcvch_l)ing a rest'arch air-

plane" capable o[ex[>loring these (rilical issues. By the middle of Ihe year, NACA engineers

had settled upon ih(' 1)asic <lcsign ((mfigur,tiions [br a (:rafl capabh' (>t Sl)cctls up Io 6,600

P'('i l)crse<(ind (Math 6) and an ahiltt(It"in t'x('t'ssof 250,O(I0li'_>l.

The "agent)' quickly realized I11;|I developing such a phuw w(xfld bc Ioo large anti

_'Xl)('nsiv(' an imdertakitlg for lh(! NA(:A ,done..,\((:(_rdingly, in July 1954 ol'ticials nlt't

with t+t,i)ruscntatives of th(! Air Force" and Ihc Na,,)', both of which were considering dcvcl-

oping similar vt'hicles and saw the NACA prol_(_s_d as a rt'asonabh"compromise.

Thtts, in l)('c{'ml)t'r 1954, rCl)r,uscnl_tlivcs from lh(" NA(:A, tim Air Ft)vcc,and the Navv

si_iit'd :t Mcill(llalldunl ofUlidt'l.st_llldiilg (MO[i) t(tr Ih(' ([cvciopiliciil and tcslilig of_l
win_cd hyp('lSlllli( xt'hi('h'. Tllu M( )l! citlll!d fiw Iht! HA( ],& Io ]l;tv(' l('chlliC;tl C()llll'O] (IVt'l"
lh(' ])r(!il'ci, ;ilid tTir lilt' Air ];or((' _tlld Niil_' Ill [lind lhc" ¢tc'si_il ;ilid (onSllll(liOll pii_ls('S,

IllidOl ,,Sill"VOl'('(' Stll)i'rvisiilll. A[Ici i.olill;t(l()l It!.slin<_ w;ts conlplelcd, lhc vchich' would I)('
ltH-nt'd (iv('i I() lht" N,.\(]A, which wouhl con(|twI lilt! ;l(ltl;tl (lighl I(.Sls)' 'I'll(" Air Force

I?>. l'hc' txisk llisi(iz_ _bt the X-15 (fill lit' [i)llnd in lll_' _,,_lll(l's lislcd in nolcs 4. Fh ;liid [i. h)l ;I dis( ussi(m ol

ihc "plchisioi)" (d ihc I)lo<_i;illl (i.l'., lhc pciiod I)l'l(lll' 19.r)-t), s{.(. ['._. Niiliiiii;i] :li(.llililllllits and SlXilc

:%.dlllilliMl;lli(lll. l_in_h'> Rl'si';ll(h (]l'lllCl. (.).#f#>plinH ritld ]Jrtrl,]s_rmtfnd o/IJ: ,\ l'_ I>mlr<t. Jullc I{)li <j ill ._:k.l_,'l t Iisliililti]

R(']('II'II( t' C, dh'( Iil,ii; [ T,S. :\ii FOlC('. 771t']_(/¢17;'I [l#t_l't'llTit ]ltl{_rl(ll##, ](._1(2_-]¢)(J2; ;ilia I lalli_ln, O. lh¢'l')Tmht'#; pp. lfl6-1li,X.

Sll;l_'l' Aihnilliql;llil_il (N.\K;\).
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would also _v+'crsct* (;tll([ pay [bt) (t_llslrtl(+tiotl o[ i]lt' I [i<_h 'lk'sl R;t]lgc. The Naxa was itl

charge of the simttlaliol_ ;Hid training I)Ot'li()lls of Ihe progr:tm. '_ ,,\n illl('vag<+'ncy body, the

Rcsc;trch Airplane (]()mmittt'e (kn<)wn I)y 1)+,trticilYants as lh(' +'X-15 (_<mmlittcc"), (<)tlsisl-

it+g ()f ()t)t" rept<+,s<.,ntativc h-()m t'a(h ()f the Sl)()nst)tin _ ()lg_tni/:tti()llS. wits l()vm,dlv it+

cl'larg(' ()f stq)cFx'isil+g lht" pl-(+j('('l, alth<)tlgh it apF,¢'at-s to have played a largely _;vml)(+li( +

r()h'.'" ()11.Janualy 17. 1955, the plane was ofliciatly d('signalt'd the X-15.

The Air Forc¢' s(*tlt out invitati<)n-lo-bid letters to twe]v(" prOSl)t'ctivc ('+)lltl';+,('tol's oil

l)cceml:,,_w 30, 1954. and ;t I)id(h.r's ('(>nl_wen(e was held at Wtight-l:'allers_m :\it I;_wcc

Base ()11 Jatmmy t8, 1S155. Propt)sals wcr(" tcccivcd frt)m fi+ttr companies (m May 9. By

.\tlgust. [hi' :\if Fotct"s Wright All l)t'¢<.'lol)lll('lll (i('lltCl +++tll([ lh¢+ N,'\(_I\ had (otl(hl(lt*(l

theft North ,+\merican Axi:ttioll's l)r+>l)<_sal had the grcat('st merit. Neg<_tiali()]_s with North

,+_lllUl'it'itll W('l't" stallt+(l+ howtwt*r, l)v the (()mp,uly's ((HICCI+II ()V('I" tht' l)VOl>.Sed lillIUJl+il111( +

(il was ,_t th,tl time :tlso bt_ilding tfic 1:-I07A and F-10B aircraft). I:'rt+jc(t tnanagevs a_r('('d

it) t'xttqtd the program t'rt>m tllil'lx' Io lhirty-t'igltt tl_t_nlhs, i_t+(t iH Novt'tnl)cr (fi_llowing

l+t+io+` nt'gotiati<)t_s), tht' Air Materiel (_otnma]_d l)ircclov (_f l"rt)(uct'_t_t'iH ;_it(l l:'rt>dtwti<_n

issu('d th,t' l_)lmal (tllltl-_++cl ]t'lltq l<+ Notth Attttq-i(;_i] [()] the' (l('xt'l<q)Ittt'_tl _lll(] (<+t_stru('-

tion ol lhrcc X-I:+'_ aircraft. '7

I__. Mcmt;_;tndum ol l.*Hdc'_stm_din_. "l_;i_v_il)Ics li, the (_,_<h_t _ I); thc N.+",(;A. Nax,,. arid Ai_ l+'(,_,t. ,+I :t
+J<+i_+l ]'l_+jt'_ I I<_]_ Nc',,x l ligh Speed Rc':+,ca_<h ,\itphllt'," l)c(('tnl'+ct 2'.'_, 19-)4, NASA l list_wi(al R,t'Icvc'H(t' (:+,lh'( ti,+H.

16. St',.', llalli,n, ,'._++Ih.,'l')+_:Hict_ p. t(Y:_.
17. \ tht,_<_t_h discu+;si<_t _+I all I<_Htri_<t Ht',_<_ti:+ti<_t+s ass<;<iatcd '+,.ith li;t' X+IT_ c:_ l)c li_tHtd iI_

I l<_t£',l_+H+t+l. _I].. ++l_u_sitit_u Itt_tll .\il t<_SI>:I_t', '' C',l>C_i:tllx (lb. I.
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Separate invilations-to-bid were issued t() tbtu i)otcntial engine (<)lll]aelots <)it

February 4, 1955, and the final COlltl'_lCI [()1 {hc X-15 elgin(', tilt + XI,R-99, was issued to

Rca(:tion Motors on Sct)lcnll)er 7, 1956. By mid-1¢,)58, when il I)eeame elear th_lt the XLR-

%)9would no! be ready in lin)(. I()F the |]rs! r()ul/d ()[ test tlights, Air Force pr<_jec!managers
directed that !wo smaller XI_R-I 1 engines (als,_ built by R<'action Motors) be used toy !he
initial tests.

Construction on tilt" first X-15 began in Scpleml)ev 1957. i! was delivered (wilhout the
XLR-99 engine) to the Flight Test (k'nter in! Edwards on ()ctob,t'r 17, 1958. '_ Scott

Crosstield, an engineering test pilot t¢)r North American (who h_td catlier t)e_'n a Na_,,

pilot and NA(:A rest'arch engine(-w) flex',' tlw contractor (h'monstvation flights, including

the firs! captive flight on Mavch 10, 1959, !]w tits! glide t]igh! on Jura' 8, and !he fits! !low-
ered tligh! (with Ill(-' XI,R-1 I tug|nest on S('i)l(,nd)el 17. Th<' firs! gOVCllllllel]! mission,

with NASA DilolJ()s(-.|,_h A. Walker, took |)lace on Maroh 25, 1960. (:vosstield made tlw []tsl

lligh! with the XI,R-99 engine on Noveml)_,F 15, 1960.

By the end of 1961, Ihe X-15 had achicve(t its design goal of Ma(h 6 and had a('hiev(-'d
altitud(:s in excess of 200,000 fi'(:t. On At[gtlsl 22, 1963, _alkt'F a(+hievcd an altittude rcc<)vd

for piloted aircraf!, taking tht' X-15 to ++54,000 lbt't (tnot-e thiul 67 miles). ()n O(tol)_:v 3,

1967, Captain Wi]litttn J. "Pete" Knighl set _t w<wld Sl)(+(,d rt+covd of 4,520 miles l)_.r hour

(Math 6.7), whi(h wottld stand imti] the firsl mission oI Iht" sl)it(e shulllt, (,'olumtJitl ill ](,)_ I.l'+

In Maroh 1962, the X-15 Conmfittec al)l)voved an "X-15 Follow-o!\ Ptogratn, '' a
s(-wies of llights in which !he vehicle was conver!ed ill() il t('slt)cd foc use ill a viu'ietv of

s(ietltifie observations and technological d('vel()l)men! iit-(!iccts. These flights i')lo-

duced a wealth of s(ictllific in|orrot!ion in such averts _ts Sl)a(:e science, sohu sl)ectrmn

IlIC_9.S(IF(-'IllelIIS, IIli('l'OlllClCOlilc I'(!sC_tl'('h, uhl'aviolcl sleIl_lt" I)])()lOgl'_l])hy, _illllOs])hel'ic

density measuremen!s, high-altitude mal)l)ing. The final flight of the X-15 progv',un,
lhc 199!h, took place on ()c!ober 24, 1968. _"

Most of those involved with lhc I)t-ojec! had _xl)ccted thai work with the X-15 would

lead directly to _in ev(_n n)()t(' amlfili<)us era|l, tile X-20, <)v l)vna-Soar (short f()r "l)vnami(-

Soaring" v<'hi(le), which would at!tally fly !o mad from l':at(h orb|!. That pro.jet!, "how(w-

<']; was can(eh.d in Ill(_' ]!)60s. -'_It would not be tatHi] thc S])_l('(" ShtHt]c ])r()gratn I]n_tt NASA

would turn to the use ()t winged vehicles t_)r pih)!ed space tligtH.

Even an abbrcvialed listing of the X-15's a(conq)lishn|enls is truly iml)ressivc.:': As

noted above, the l)rogt-am a(hi_.ved, and in some cases stn])asscd, all c)l its initial ol)iec-

!ires. [ts top speed of Math 6.7 exceeded the original goal of Ma(]) (i.0. Similatly, |Is re(ord
ahitude flight was _hr above tit(' intended 250,000 fiw!.

In the areal <)f technology develo|)n)cnt, lhe X-I 5 saw tlw fits! use (>fa "man-rated," "[hl-()!-

lleabh:' rocket engitw, ill(' XI_R-99 (once again, the l)erf(wn)_mce <)|this engine would only

be surpassed l)y th<)sc of the shuttle). [! was dw firsl vehich, l<) employ a ]eaetio]l (()lilt()] sys-

18. The second _('hi(](" atriv<'d in (:alili)vnia Al)ril 1959. X-15 nutnb('r 3 was almost c()ml>lct<.l,,
(IcstF,),.vd il_.[um' 1960 (hum/ a ,_r_mml t<'sl o! tl_<' l_(mhh'd XI,R-99. At!or I)('i.g i('buill, it was dt'li_'vvd t_'_
NASA in lunc 19G[.

1.% Slot(', '+Th(" (._)tti('I Rt'(otds of !lit" X-J5"; .It'nkil)s, '/'tic IIi+l+.+'¢_/lh'_:elopiw.,r /he N+/ti+m:+l,_,/_+7++'
7?a_pmtatim+ System,1>1).7-8.F_)I;_('<nnph't<. list|ilK ol X-15 flights, s('e "X-15 t<, Enlcl SmithSOl]i;_n," NASA News
R('h'as(', April 27. 19fi9, i)1). l-I-21. For _ list d_al imlu(lcs _d)o_t('d missi<_ns, scc M(l),_w_'l], "'The X 13
Sl);w('planc," Ill). _-12.

20. Scv('t:d cl|O_ts 'w(q("r]_;_(h"t(_ c,)ml)lct<' Inissi.n Inmlbcl 200 t)('loic th(" p_<_gFa,nt'l_d('<[. "l'lw fil)_d
aft_'mpt, (_n l)cccml)cr 20, l!)fi_, was,;,m(']<'(l (hlc to snow at Edwards.

21. See .Jenkins. 'l:w Ih_tm_ _/ l)e_,rl,pin_, flu' Xatimml _]m:'c 7_a_ff_mtati,, 3_tem; (:laden(<' ]. (;vi_(',,
"Strangled lnl]ml: 'l'hc l_.ocing X-20A l)_ ha-Soar,'" in ! lallion, I/_'/u'_:_m_i_I_tq,_fful_ml. 1i185-370,

22. For a tholough list|rift, s('('J,)hn V. 1_,_'(k_'_,"P_imil>al l_'chn_do_y (:onl_il)uli,ms ot X-15 P_-g_m_,"
NASA l.angh'y Rcs('aF(h (:!'nit'v. ()(t_d)c_ 8, 1!)68 (in NASA []istot_. ()lfict'); and the s<_mt'_vhatdated Slillwcll.
X-I 5 Ib_wmvh l¢e_ult_.
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teen lor auitude ctmlnol ill space, a clcvice that would be insect by all the spacecraft that 161-

1owed. The i)rc>gram saw the develol>ntent <+f advanced bioastronautics instrunwntation

(including, Ibr the first Iillle, the ability to gather "real lhlle" bionledical data) and an

improved full-pressln-e suit. Finally, tilt' X-15 provided an essential testing ground I_)r

ad.+ances ill areas such i+ thermal pl+t_tectit)tl, guidance, and navigatit m. All of these new tech-

nt)It>gies were to bc used later in deveh>lnnent of lilt" ( ;t,lnhfi, ApoIlt), and shuttle pt-ogralnS. ++

With regard to hunmn |+attots, tilt" proiect detnonstrated that a pilot ctnlhI |+uncti<m

at hypersonic velocities, high altitudes, and during periods of weightlessness, lit particu-

lar+ it showed that it v,'as possibh" for a l)ilot It) fly a reentry path, that is, m cross the region

between relatively airless space and tilt' thicker h)w<-'r atmosphere. The Na'+a+'s, portion <ff

tilt" l+rogram--lfii<+t trainhlg--marked the litst extensive use ol nmti<m shnttlators, mlch as

its htunatl centriluge ill the Naval Air l)evelopnlent (;enter in lohnsville, Pennsylvania.

(;iven tlt<-' magnitude of its ol_iectives, its well as tile vehide's sheer complexity, tilt+

total development title of live years troll prt_+ect approval to ill-st powerecl flight (and two

years troll construction sta,t) is quite hnpressive. The esthnatcd costs of lhe program

'apl>ear SiTnilarlv nloclest, particuhtrly when colnparecl tt_ the space-related prt!jects that fol-

h+wed. The l)rtNnun's total cost, including dcvch_pnlent and eight years of operalic:,ns are

usually estimated at $300 tnillitm in 191+9 dollars. Each flight is estimaled to have

('omt +(+00,()00. -_'

l+,v the time it becante fully operational, the X-Ire could be flu'ned around in less than

thirtydays. Using all three craft, NASA was able tt_ tly an avetilge t)f four tnissi<ms per

nlonth. More important, the program had an exceptionally low castlahy rate. hi

Novenlber 19(i2+ tilt" landing gear on crMI number two collapsed, tlipping tilt +vehicle over

on its back and il_iuring pilot lack Mct_ty (who recovered and was to tl}, tit<_' X-15 again).

()It Nll'Vt:'llllIer 15, 1967, pih)t Mike Adams was killed in a crash thai destrt)yed cra|i nllm-

I)cr 3. These tragedies notwithst,tnding, tbr nearly 2(ttl missions in a high-pel+ti_rnmnce air-

cratt opetating at the thstest speeds ever attained in a region of the Ul)per atmosphere
abtmt which lillle ',.+,its known, the X-15's r,'_'Ct>ld liar sati'tv and reliability was really <luite

eXtlitOl-din;.ll-',L hldeed, lilt" llltly, t Ct)llllllOn Fe;lsf)ll tOl" llliS.'+,if)ll delay.+,; alld ;ll:_<lrts was weath-

er (which hact Io he clear along the elltile ] ligh Test c<Jrridt>r)._'

Finally, tile program captured the popular imagination at a time when many Americans,

and tnuct; <ff the world, believed that tilt" United States had ihllen behind in the space race

with tilt" Soviet Lhtion. Public interest (and media coverage) of the initial tlights was quite

high, althtmgh it dissipated quickly after Ihe beginning c+t' Proiett Mercury. Nevertheless, tilt'

success of lilt" X-15 prt>vidcd tit/+ first tangible evidence t_+ Ihe country aller ,%'pul_zik and

Vangtt;ud thal American s¢iencc at|el technt:,h)g_,' were on it par with that of the St)tier U,lion.

Administrative Achievements; Technical Problems

Even under ideal conditions, a successI_.d R&D progt+anl <_I tilt' scope of tilt' X-15 rep-

resents an extlaordinal_/managerial challenge. In addition to tit<-- sheer conlplexity of tit<-+

technologs, , lm+jet+t olilt2ials had It+ t_vercome a number of unique achninistrative ¢lililcultics:

As already noted, this "+,+,itsNASA's first foray into full-scale pmiect nlanlagetnt'nt. As it

ira+gram, the X-15 inv<+Ived far inore than the (lcveh>Imtent and flying tel tilt" aircralt itself.

23. "la, rit4 ]tisttJr'+ <_t lilt' X-15 Pmjctt."

2 I. Scc "(Zonll)anling the X-t5 and Space' Shuttle Ih<lgrams." h is impc+rlant I<l kt+cp iH mind, however,

th,ll ;tllht_ttgh thcst' liguncs apl:_C:-It n<mfinal hv nhc slant+lards o| tile (llllt'tll space' ply+gram, lilt+'+; ut'It + l_ll ill

CXt CSS tel" thc I)l(Igl;llll'_; _ligillal t,stitnalt'_+ lhc issue _>I X-I/'+ ¢_+sl ¢)xt,rr'tlnS will bc discusscd hlllht'l t]['I(+_,'+.

25. I lallitm, O++ I]I+' I,'l+mlo't, p. 117.
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Managers Mso o,,'ers_tw lhe preparation ol tilt + two B-52 bom1_el+s, lilt' construction of an

S00 kil(mlett'l_hnlg It'st l'itll_e, ilnd tilt + dcsi<,n.._,t>l the advanced full-l)resslue suit and the

(IIheF lit"+++,,' bionledical eqifiFunent. A compleleb,, ncw pilot ll'itillill_ l+e_illle W;lS developed

and iml)lemenled, hideed, in Inlttly respects the r;tnge of activilies associated with the pro-

gram (including dealing with intense media c<+Xel'ilgc) SCCIII It> foreshadow the practices

and procedures the agency (as N:\SA) w<mhl eml+h>y in the Merciu-y, (;emini, Apollo, and
shlttlle programs.

The X-15 is also nolable fl+r being a +ll+c+,+_]i+/]m;+U ]mJ<.t,,+nzm,bringing tc.gether Ihe
eltorts of lilt' NAt:A, NASA, the Air Force. and tilt' N;tvv. The t_lct that this collaboration

worked as well as it did is remarkalfle fiw ;t number _>tre:tsons. To begin wilh, the latel- hall

of tilt+ 1950s generally was characterized by a high th'grec of interservice and interagency

rivah+', l)arti(ularly on matters rehtted to space tlighl.;" Indeed, it is difficuh to reconcile

the military's solicitousness in building and testil|g, a mtthimillion doll;It experimental air-

craft (attd a lest range on which to Ily it) only to hand it over t(t (what by then had
beconlt +) NASA, while it was at the same lii+ne lighting with l'residenl Eisenhower over the

transl_'r of most of its space l_it'ilities It) the same agency.;; (;erlainly, tilt + whole _tITi:tnge-

merit seems uninlaginabh, today.

J<finl program ex])el-ietlces ,t)[ NASA itll(l tilt' l)el:mrlment of Defense (DOD) _encl--

ally have proved disal)poinling. In fact, lilt' prqject to which the X-15 is most ,t)ftt'n ¢'om-

pared--the Space Shuttle--is one o[ lilt+ lllOl't+' l'eCclll c;tscs where NASA lind I)()I) col-

hd)oratiml was h'ss than successful. (]rilics of tilt' program have charged that niodil_4ng

the shuttle orbiter to ('iuTy ottt milit;uv missions was one f_Ictl)r ill thal Cl;.ifl's kugely
itns,ttisl+_ittot+y pt, r fornlat|t.e. ;+

(]<mventional wisdom holds that a.joini pr<+jecl ought t_ have each participaln's roles
clearly iirlictdated. ()tit+ of the more striking features of lilt+ X-I 5 MOt:, howevez;is that the

divisitm of responsibility for the crall's design--e.g., lh;ii the NACA had "technical conlr<)l"
under the Air Force's "supevvisi<m"---dt_es not seem to be all l]l+tt well spelled out. Such
ambigldty is almost always a potential source of trouble liar any joint project, particularly in
view of the tact that the Air Force was providing the bulk of the prt+gram's ftmding.

,+kswas noted earlier, the inlet+agency X-15 connnittee was fi>rmally in charge of the

project, but it does not appear thai Ihis body had milch inv<)lvenlenI in day-to-day
decision-making, or in settling disptttes among the parlicipants+ ()lit" observer has

described its role as that of ofli2ring high-level sanction Io lower-level decisionsS' There

were exceptions: on one occasion, when the Air Force had started lo protest over btfild-
ing the High Test Range only to hand it over to the NA(;A (like the X-15 craft itselt), the

commillee's endorsement t)f the original agreement served to end the dispute.:"' For mosl

other areas of potential contlict, however, there is no evidence Ihat the X-15 eomnfittee

ever played any substantive role.

2(:,. See John M. l.ogs(hm, The lh'ci+ion to tZ+_to the Mmm: Project Apolh+ a++d the N++tional lnte_wl (( :ambri<lgt'.
MA MrI" I'ress, 1¢.17<)).

27. Rollert 1.. Rosholt, A, Admittixlt*lli_,e tli+lm) a/+\_IS;A, 195,4-1%7 (Washingl<m, I)C: NASA SP-4101,

I.q(;(;); I+,ilstein, (hders o/Maj,rrtilurh'. ] |istorit ;t] discussions of lh(' X-15 program can sometimes bccoznt' conflts-

ing (hie to the t,tcl thai mw ot the principal participants changes its identity. Thus, it "S+,r_(Sthe National Adxisor+

(5omndlt('c Ibr A('rt>natttics lhal signed tht" MOt;, but lhc Naliona] Aer<nt:_utics; and Space Adminislratiott lhitl

at t cpt('d the final dt'livcrv and conducted th<" Icxl tli_hts and I:(ter CXl)Ct mwntal missions, h will bc the prattle e

llIl_lll_tlt_tll lhi_, t h;tplcr to rcIcr Io lht' IXvo _)i _;tlli]illi(lllS ( <)llt(,ll111_lllilic(itlSl}, IIlltl is, l(l (IS(' "NACA'" ivh('ll It'Icl-

titl_ II_ <'t,t'lllS p_io_ t_ 1958, and "NASA" thcrcattcr.

2S. [,_L_sdon, "'The Sl_a(c Shutlh,"; K;t,,, "llcnl_ H_ _ and ,'Super lk't hnolo_i('s."

2!t. ttalli_m. On Ib,,,/'7o#t//_'t; p. lltg.

?,(I. t ll)ll'4_ln, t'i. _il, +"1 i_lil_,ililll_ ti<ml Air h) Sl)al c,'" lip. l I 7-1_4.
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Dr: ].w'pD t. IATdke_ stamA ht'_ule the l?t_l (.'ollm_ /)_ph_. uwmd_'d t_ t_im and the _/tu'_ X 15 pila/s /,_ I'trsulr_tl ]_,D_t E

I_eum'd_ INA._'A ptl.t_ ut_. t_2-X-201.



FR()M EN(;INEH_.IN(, ,_(:IEN(:I: T() I_l(; _(:IEN(:E [,_.)

/

C

d



l(i() rl'IN X--15 I' I"PI'R_(INI(: Flit;Ill RI+I_I+ \RCII! I+R<)(_R\$'+

Th<,' situalion was further c<mlplic:it<,'d by tilt' I_t<ctthat r<,'s!ponsil'fililv fro il,+t' dcvch4>-

m<,'nt ;uld tnantfl_tcturc <>I lilt" X-15's svstcn+s was spr<,'ad across ;u+ <,+x<,:eedin_]); fat-14<,'nunl-

bt'r ol,('<)t+tlractors and StLI)-contracl<)rs. 'l,'h(,s(+ includ<,'d not onl'.; North Allt('li(+tll Avi;ttion

lind R<,'action _'l()[()i+s, but also (;<,!ncial EIcctliC (which w:ts r('sl)onsiblt" l_lr if,it" Auxili:uv

Ihlw<,'r t!nhs), David (:lark Co. (d.<,'v<,'h4)('i of th(" pr('ssnriz+tthln snit), the lnt<,'rnati<+nal

Nickel (]olnI):UlX' (cr<,'at_n ol th<,' l,nctlncl X nitk('l :tlloy l_ll- Ihe l,usel_tgcl, I+_<,'11Air<,r:dl

(SUl)plicr of th<e 1)allislic c<mlttd rt_ck('ls), Spclr+v (;_,'ros<,o!pe (developer <fl Ih(' in-llight

ch'ctronic iudicator s+Vslelns), and ni:inv, nuui'+' rollers. In ;ill, nlorc than 300 privat(' firms

patticil>ai<,'d in th<,' prc!j<,'ct."
Fmlunatclv--:uld mnrl,+risingly--lht' inl<_'rnal <,+onl,licts that did oc<,-ur wev<,' !!lilt(if, +ttld

alpp<,'ar t<) have had no hnlp+t<,'l on th<," iprt)14ranl tlv('ral,l,. Early in ll,i<."d('sil4n pF<+(ess, l_)r
t,xiunl)h', lilt' N,.\(_:Vs r('(lu<,'.,+l l'+or a m<idili(+llion to allow Ibr !<,'sting diffcr<,'nt l+Vp('s <d

"'h.it<l,in<,4- <,.dl4cs" was rtljt'clcd by th(' ,\it !Fort<,'. _; l,n !at<,+ 195F), during tilt' n<,'_otilltions with

R('itction M<lttlrs, the N:lv)"s l_urcau <d Aer<)n:ullics mad<`" it bid l_l takc tlv('r resp<msi!bility

I_l +th<,' dcv<,'lolJnl('nt of lilt' XI,R-9_J. Th<," Na',_ rbas<,'cclthis claim on ll,lc l,;t¢t that it lind I)<,'<cn

w<trking with R<,+it<,'lioll M()IoIS I(_l" lilt' I>asl Ihl'c<,' _,(':llS d('v<,'lol:,ing the XI,R-?,O lock('t

('ll_iltt'. lh<,' d('sign ot +whhh w_ts t_l s('rvt' +is Ih<,' basis td Ihc X-15 p<ns,'('r plant. Th<,' Air

F_lrtt' r(_i<,'ct<,'d this iu,_ilnl<,'nl, citing (stllnt!whal il<_nicall_9 Ihc n('(+d to kccp nl+lna_<,'mcnl

rcsp<lnsilfilily within a single agt'iic), ;+ Fimtll'+', as :lh'<,'adv iltil<,'d, ill 1955 lht + ..\it" Force

s<)tLghl to !el+tin control ov('r tht" I l'ii4h "l,k'slt ]_:tllgt +.

()If(' ar('il <ff confli<,t, OllC(' +t<_aill I)('twt+<,'n thc Air Fol'Ct' ilnd the NAt:A, did pro'+'(" lo

bc rather scri<itlS, bnt in s(iill(' r('sp(+ClS ill:l_,' ;l(lua]l_/ ]l:tvc l)<,'<,'ns_inl('whal l)<,'n<,'ficial,. The

problcnl invok'<,'d ill(" dcv<,'lol)nlcnt ol !he XI,R-99, which proved be lh(+ tn<ist s(,riotts tech-
nical (:ind :idminislrativ<,') oll.,+l+t<,'Ic in tht" ('lllil'(" l)rograln. :u Tih<,+NA(-'\ had already <,oln-

pl;lincd to till<,+Air For<`<`' in late 1955 thai thc procul+<,'nl<,'nl ])roct'ss t_ll th<,' Uil_+il<,' %V:IS tak-

in_ to<l hln_, t-,roln])thl_, tit<.' htlt<,'r tit writ(' :l h,'ttcr <d rt+assurlul(¢'. Then, in April 195(L a

it'pi+t".;('llt:ltit't ' (ll th<,' ]+cx+is [,:ll)<)r:tt(llV x'¢ho had xisill'(I lilt' I_.t'a('litill N'l,(il<lln tacilit+v i'(+])lirt-

cd lilt' conil):In_"s ('H_li-ts on tlt<,' ('lll.._iil<,' Ill bc "ili+i.(l('(lllatt'" till s<,'v<,'x'all'i-ollts, l'h+ l,i.'h lhilt

the <Icx('h4;,ni('nl l)lO_t:un x,,+;is i +<,'tdv h<,'hind +tllcdnl(' :tnd !hat sonic of its tithe

('_,t+lll:ltt's X:,'t'l'<,' t<)<l tiptmiistic I)X its lllliC]'l ils it 'Vt':ll,

,\lth_tugh it is not ch'+tr v+'hat ilnn|cdiat<, +hnpa<,'t this l'<,'ptlrt l,t;td till th<," Air F<+lCe pro-

.i(+( I llliliID.gUl'_,, sul',s,<,'(lucnt ('\r('ll|_'+' W('I'<'' lo bear it!it th(' N/\(];\'s COilC<,.ins, In AUgtlSt ]t.)_l(i,

:ill Air l,;|irct + i<,'prcs<,+ntativ( ` nott'd hl il l<,'ttC'l ttl R<,+action M<+t_ws that a lest oi,+the <,'ngin<,"s
thrusl chlunlx'v, whi<,h had been scheduled for ,,\pril, had ilcit ):<_'l taken plat<,+. Bv early

1957, Ntlrth ..\in<,'rican had Itclz, ttn tti conlphlin about th<,' l)aCc <dthc C'Ilgine develolml<,'nt.

l,+h<,. prinl¢' conli-+t<,t_ir fonnd that n_it <>nb,' was the pr<i+u;r:lln I_>llt-mtmths behind schcdnlc,

but lhnl tlt(" wci,ghl tdthc <,'ngin(' was incrt,;ising while its pi_pict ted l)('rhlvnl<Inc( ' alipear<,+d

to b<," d<,'<,linin<_.
l'hc diHicuhics arising Iron! llividcd :ulth<nitx tnn bc ilhlstr:itc<,l !ixr tht' r<,'SF,ons<,'s to

Ntnth ,\lllUiiCiltl'S ('liti<,iSlll_,+ Ill l"clirll+U'_, r 1957, two s('ts of iil('t'till_S %¥<,'1"<," held b('tw<,'_.+n

Rc;lcthm M<ttt>lS t)<,'rst/nnt'l and r<,'l)rcs<,'nlati_,('s <dtht' ,,\il FoFtc (F<,'l)ruar_ r IZ nnd I_) :lllcl
iht +NA(+<\ lind North ,,\in<,'rican (F('])ltl+tr) _ I'_.)), For its parl, lh(" Air Pot+c<,' at)l,)('ar('d I<)

('oili<," Oiil its Itlt'('lill_ _tSnili('d lh+ll "<,'v¢'1"¢ <,'tt_ni Lwould I)c'l <,'xp<,'nd('d Io pi<,'_/<,'iil ttllll,l('r

<,,l+lqin<,• nch<,'dul<," slipt)a_('s.'"

?,1. _,cc "'X-15 Ili_l_nx," Nl_ilh .'_lnl'ri_;IH \'_i_ili_lii I'll,4++ 14t+ltgi4( ,, n.d, pl >. 7-14, ill NA,+"I,'\ llisl<_rital

Rl+'l_'l i'll( I" ( ;_>llct lion+

_>7. I h_ll'+ioil, t't. ;il. '+'h aii4iiin_ lil_iii Air t_l _p;i_ t','" lip, 51-57.

55. /l,d., pp. 6-_-(_7,

_,l. P,'+ l_u, thc ni_-,t in-depth +llttliiIlt ol !hi', _Hlitit +'-, it'_ _bX,'L (_li. ?,. It<tin whi(h lhc l,>It<_x+ili_ di',

( II+_+_it)ll i_, t,tk('tl.



;\s was th+,"cas_" Ill(' IIr(+'vious April, howcv+,u-, the NAt ;A was tin mort pcssimisti+,, hs r+,'porl
(dth+,' F('l)rnanv It) m+,'+,'tin<_.+,'XllVCSSt'd doubt lhal th+,' ll(+"ws+,h+,+dnh" (()uld be' llR't (althon_h

the a_(+nc v a_r+,'('d to accept a dclav (d lh,u +m(,nhs ill dcliv+,.rv and a weight incr(+'.is+,̀ 11om

5NN It) (+IB F,OUndS). Mot+,' si_nilic/mlly, this rcp(,l li.-th+,' lh".,l lillIU llt(+'llti()llt'(i lit(' possil)ili-

ty of usinb_/in intt'rinl ('ll'+d,iIW ill or(l+,'r It> mailmtin the X-lS's |light test schcduI(+'.

( )nc(++ a L_ahl, th+," NAt ]A's <,..r.l()()lll_; ass+,'ssnl+,'llt pvov+,,dtO 1)(' ('()rl+('(t. Ill.luly 1957, R+,'a('liOll

M()l()rs a<lvis+,'(I ti.' Air F()r('+,' their it W+)ll]d n+,'+,xt a llilt+,'-lll{)llth +,'xl('l+lS+{)]l (it _(IS{) rcl)<)rl+,'d
/lilt)tilt'l" w+,'i_hl ._ail], h()in 61_ t<) _3G p()lm(Is). Th(' ti)]h)win_ l)('(clnl)cr, it r+,l)()rl(+'d _lll()th-

+,'l six-Ill(}lll]l slil)l)a_-(., N+,'+,'(ll+,'sst+) s_lv, lilt'r(+" w(+'l-(+" S,tll)Sl/lllti_l] ('{)St ill('l+(++/tS+,'S a."+ W(+'I]: t)y.bunmry
} t.).r')_, (+'()SIS t<)l + lilt" (+llG_ill("s (]+`.vch)t)nl(++nl w(+'l(' _lllllOst (h)tll)l(' Ill(" _llll()tlltl +,.sthn/tt+,.(I jnst ++ix

lil()lHhs, +,'al+li(++F. ;\t Ihis l)()hll, Air F()r('(+' pl+(!i(+'cl nlan,t_+,.rs +,t'Yi<.lsh, (()n.+-;id+,+r(+'d (.'_UlC+,']il/_ tilt

R(+'act+()ll Molors ('{)lltl'/l('l _lll('l bl'il)_ill(_ ill /t II+,'W til'lil, x+'lli(ll WoIII<I h/(v(' (l(+'lav+,'d tnll-p<)w+,.r
I]i_hts nntil at l+,'asl I!}(;I (/tnd illi._hl t.v(+]l h.tv+,, rt'sllht'd in Ih( + {)tltl+i_hi (_tll+,(']htti()ll {)f th(+'

l)l()_,r/lln). I))v F('hrll/lrx I(.),"}<_, h()w(,v+..r, th+,' (Ic(isi()n was Ill/Ill(. + I() (+()nlillll+,' with the +,+UlT('nt

(()lll]/l(t()r, hill It) i)l-(:.(tll-(' Iw() sln_lll+,,r XIR-I I ('n_int's It)i lilt + illiti;_tl Its'St rli_his.

Th(+, tilll(+'lktll]+," {)f lilt + In_thl (+'nt_in(+' d(+'v(+.l()f)nl(.nl s+,'cln'+ h) h/ix+,' 1)+,'(+'ll lilt+" onIv 311-+,'_t ()l

diS;_l._l'(+'+,'m+,'lll ;llll'{)ll<_ lilt+" l)r<?j+,'+,'t's p:ll+li('il);tlltP.; illx{)l",'ill_, it ll//!l()l" slll)svsl+,'lll Oil th(+" X-] .r'), Hlld

+,.v(+.nthis was only a Ill/ttl+,'l + Ol" thnhl_. Sill('(+' .dl I).uti+,'s nlthnat+,'lv r+,'.t(h('d lhe sam(' (Oltchl-

st<Ill+" h is als{) w()rlh n{)tin_ her(' th,lt Ill+,' NAt '.A's and Ill(' Air For+, c's i)rhn/iry (()n+,+,uns w+,,r+,,

with th(' +,'ngin("s i)(+'rti)nn;u++,( , and ((mll)l('li{,i (talc. SI/t,+in_ within Ill(" ()l-i<_in;tl 1)n(t_+,'t (h)t's

ii()t app(+'ar I() have I)t,cn a nu!j()r ({)nsith.r/tli<)n in Ih(' o{)'_{'FIIlllt'nt's d+,'/tlhl_s wilh I,P.(',l( ti()n

_,[{)t{}rs. +,'v+,'n th()li_h lhis |)hast ()I th+,' I)l()gl+_llll ,ih'¢':t(Iv x+,:ts hl(nrring In:Issix'+,' ('osl <)V('llIms.

All ill all, each ()I lh+,' l)ri.(il)al ()rg/tniznti{ms w<)t k+,'(l v+,u,, +,,ell lo_('tll+,'r, l,tath+,', than

I_ll] int{) +,onq)clitiv+,. "++.;rallgling (/t ('()llllll()ll d/Ill,t'|" <)f j<)int ])l'{)_TktlllS+ F,..'licuht]'l_, l.vhull

i>rt)l)h'nls arts+,'), (++/l(h {)t Ih+,' l)artm'rs t)r()'ci(hxt /t ln(.:lsnr+,, o1 nll_ch-n('+,'(h('d r('dun(lan('v

/tlld in-d(+'pth tit(`'eking.

Ill (()nsid+,'rin<L_ (lifti+,tflli+,'s Ilk(+' th()sc snFr{)tmdin_ t].+ X[,R-!)!), il is in/ill)flail(1()

I(+'lll(+'lllll(+'l + thitt il x+',';+lsI]1(+" Ill()Sl s()l;,hislic_tl+,'d r()('kt+t t'n_-hl+,' })lli]t lip I<} Ih/ll lilt'Is.*, ill St)Ill(+'

I'(+'Sl)(+'(++Is +,+V(+'n m()r+,' c()nq)hcx lhan Ih(+' Salnrn V. _'' For lhcr(+' I() 1)+,_ signill(al/I (l+,'la_;s and

t+,'+,'hni+,'al l)r()hl¢'ms with Slt+,'h ;t S;,sl+,'lll is {)nlv t{) hc (.Xl)C(tc(l. Ill f:l(t, lh+,' lll{!j+,'('t t('/llll'S

(+'vt+ntnal r(+'sl)()ns(+' t{) th+," X[.R-(.)(.) issti+,' (l+"lll(}tlstl'/ll('s ',t't an()th+,'r ()f ils iml)i-t.ssiv(, nlnn-

_Ibr,+,'m(+'nt |;.'atnr+,'s, nan|{+'Iv that it was al)lt' t() aI-,s{)rh/l nlmll),m ()f (h,'lass and still Ill/lit|l/fill

st)nit'thing al)llr()achill_ ,ill ()r<h,'vly test s+,'h('(tul('.

A_, it II.ll'll+,+d ()lit, Itl+U Ill;till Cll(L+;illU W/IS II()t I+,g,ldv f()l l]ighl tlnlil N()v+,'nll/(+'r l(.}l)O, lilt)r(+'

Ih/tll tw() :¢+,!ars alt(+u (h,']ix:+,u-v ()f Ill(' t]rst v+,'hi+,l(+'. Th+,+ (ht'cisi()n t() Stll)stittltC th+,' tw() sm,tll-

(+'r +,']lgin+,'s, r:lth('r Ihall w/lit ()]l th+," XIR-9(.), /llh)w(+'(l /ll ]('/tsl ]l/IF( ()f tht + illili;Ltl l'lighl I+"sls

It) ,_() f()rwal+d: ()thcl" ,lir+`'r;Ift P.;Ysl('lllS C()llld I)(+' ('il+,'(k+,'(l ()ui and Ih¢' i)ih)ts (()uld ,_ain st)me

I_llllili;arilx: with 1Ill _ v+,,hi(++h ,.

[his r(d)llst]l+,'s',;, th+,' ,d)ilhy ()f Ih(+' ])F()_,r/tlll t() /Ill:lilt it) ill+,'Vit/ll)]t _ t+,_+,hlli(';,ll iidhIFcs,

X+¢_ISS+,'(+ll lilllt" ;-t]l{l /t,_/till thl()tl_,h()tlt lit(" lift' (d lh(+' X-l.r>. N() (|<)trill lllllth ()I + lhi,s v,,,is {lll+,'

t() th+," +,'x(('l)ti{)nal t+,'('h]li('/I] skills ()l + N()rlh AIl/(,'ric/lll /lit(1 Ns\_%A +,'llgill('+,'rs. During th+c

tirst gli(hc flight ()f craft Illlllll)+,'l" {)lit+" ()ll.[llll+,' _, 1()St,), t)ih)t ,%('()11 (;r()ss{i(+'ld CXl)+,'ri(+.n(++,.(I

wild t)it(hing m()ti()nsjns_ prior I() hmdin_: Ih+,' ._r()tln(I (+,'am (itli+,kl_ (and su+,'c+,'ssf, llv: i_
ll+,'",+,'] ()+,'+,'l]lT+,'d/t_/Ihl) +,'()rr(++cl('(| Ih+,' t)r()l)ht'm, and (_r()ssli+,'H _as al)hc Io hulk+,' the {]l-Sl

I_:-L I'hc <ml_ ()lh('l in(idcnl itholxc<l _, I.ief i)t._h)d _)1 (_).l.si<.l I)¢.l,,+,_.(ul tilt + ,\il I;(,i,.t' _ilid N()llh

,\lilt'l it'_ill '_+_Is ()\('I xvhi( h :+,an it,npi_ll,,il)It. {<)I ])I+_( lllil)_ lhr pTi.'s'*,llli/_)li()ll +,llil (i.t' , x'+]It'tll(+l il "+;;I_, hl I)<, il _<)'_-

('Ill[lit'Ill Ill _1 (I)lltl;l(l<)l })[()llll('lll(+lll), _(_1+ _ t_/)/_L, I)1 ). !)i_--ll}l, _111{I ,\[ilt'li(_tll hlntiltlI(' ()! ;\('l<)li_[Itks _]ld

;",.Sll()muflh n, "'lli'.l{)lX ()1 R,)t k:'t Ru'.(':ll{ h .'\hill;hit's" pt()_l_llli, Jtll'+ _, i!){;_-), _:_l-_t. tl_lllSt filliP, _l'+;til,lhl<' ill
NASA I [iSlOl i(al Rt'R'I ('m'(' ( :()lh'cl i( )l)+

:_;6. J('t)kin_. Ilisl(.:_ ./Ih'_,,t_,[_i. x lh+' ,%]).rY 'l}_H_s/_r.f./.,..'S'+sf_'m. i). +7.
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powered flight (in crafl number two) less than Ihrcc months later. ()n Noveml)cr 5, an
engine fire broke out on X-15 ¢ratl tmmlwr lwo, forcing (hossficld to make an cramgent}'

landiug, which, in turn, literally broke the craft's back; tirol particular vehicle was grotmd-
ed [br only 98 days,

One o[" Ihc mr)re serious incidcnLs of the detnonstralion phase occurred during tile

first grtmnd tests of the XI+R-99 engine in.lune 1960. A stuck l)ressule regulator caused
X-15 craft nunlber three to explode. Thc airplane essentially disintegrated aft of its wing.

Despite the t_tcl that it needed 1o be rebuih colnplctely, craft nunlber three was returned
to NASA and made its first successful flight vightecn n+lonihs later. The tirst use ot the

XI,R-99 in flight occttrrcd tm November 15, 1960.
The X-15 experienced technical diflicuhies and malfunctions of vatting degrees of

,+('vmilv |or much of the remainder of the" prt_granl, but these seldom atlc'clcd its overall
flight scheduh', l'rotlh'ms with dill_renl cotnptmcnts and stlbsysicltlS were tel)aired or even

c<mq)letcly replaced whenever ncccssary, and the vchMe returnt'd to duly relatively quickl}:
,.\s nt)tt'd earlier, the cnRmccring prowess of thc Ilighl team deserves a greal deal of crcdil,

but it would also apl_car |hal tilt! X-I."+_opcratitms crew I)cnelltted Imtn lilt, same lack of two-

nomic constraints en.jt)+vcd by Reaction ]Motot+s during tilt" dcvelopnmnt of tile main engine.
NASA cnghwers a! the Flight Research (:cnter wcrc routhwly rt:jecting twcnty-fi)itr t<) thirty

pcrccnt t)f nlmndaclurcd space parts as unusal)le. `+:v,+was tile case with the XI.R-99. the pri-

mary Cml:,hasis was O11 rcliability and l)crlbrn+lal+iCC, rather than staying within a Imdgct.

Discussion

This last ]loire suggests lhaI, tlw t.xtraor<linary l+icrl_rmance of lilt' X-IS project tcam

(l+ll:.magets as well its cn.ginccrs) notwithstanding, tilt" [)rt:,gr:.un l)crlcl]tlt'd from a tnnnbcr
of external factors th:.tt WCl-Cnot ncccssarily llnder any t)I |hi' l)arlicipants ` direct contr<+l.

+Ikl begin with, it ,tt)l)em+ Ihat the X-15 succeeded as a .jtfint undertaking primarily

IlccmlsC ill ||it" conscltstts on its specific ob}ectives am|rag all of the parties involved, a f<)rlu-

llatC t'itt'+itl+llSt:.tllt'e lha.t clearly could not Intvc bccn dictated by any one mcmbcr. Whcnevcr

:.till illtt'ragt'lli'y i)micct l_tils to lnect it+'+inlended goals, it is usually because <:ath organization

has brtmght to it a difli:rent (and somethnes evcn contradictory) set of priorhies.
This is csscnti:.tllv what occurred it+l the Space Shuttle progran+. In a.ttmnpting to

design the shutth' in a way that salistied both its own ol_.jt+ctivcs and those of lilt'

l)¢,pmlmcnI ol l)cli+nsc (as well as meeting tilt' cost requirements in+posed by tilt" ()llhc

<+l Mat+agemcnl and l+,udgel and tilt" (iongrcss), NASA engineers wt're l+orccd t<) t+nakc too

tnauy comprtmfiscs in thc Sl)aCc¢rafl's dcsign, with severe conscqucnces for the long-run

success of Ih¢" l)rograln. Similar sorts of probh'ms have plagu<:d the spat'c stathm as well)*

The rcfcrencc to ()MB and (;ongrcss suggests atl<)thct + hnportat+ll ditterencc

Iletwccn tilt" X-15 alld tilt+ shuttle (or, for lhat matter, Ill<_:spat|" station). The history {)t

tilt" earlier pr<_gram shows virtually no involvement in tile project (especially its design)

t)n the part ot +outside political or budgetary agencies. Indccd, one major advantage that
tilt" X-IS program had over nlany later U.S. space projects (and one which is seldom

mcnti<med in any X-IB histot+ics) was the highly favt>ral)le political+ cconmnic, and

social cnvirtmmcnt thal Stlllt'JtllldCd l+llOSt '{)1 lilt+ I)eliod of its dcvclopmt'nt and lhc carl_

l)hascs _I its flight tllmration.

37. Italliml, fJn the Fr+mli+'P;p. 117.
38. Sec W. I). Ka3, +'IsNASA to It,lame t<_i Confusiml in Sl>acc Effort?" l'brum/or Applied l?e_eal+ham1

I'Mdi+I',licy 7 (Winter IDg_): '31_"13.
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The X-15 was never l_tced throttgh in-depth hcarin<_s bclbre congressional connnit-

tees or protracted negotiations with the Btn+cau of the+ l+ndgyl (as it was then known), let

alone subjected to outside scrutiny each year of its t+xistt'ncc. Althtm,_l+_ responsibility Ibr

the project was spread across a numl)er of govt'rmnent a_cncit's and privatt+ firlllS, tilt's<.'

actors--the rail]tarT, the NACA, the NASA, and the acrospace contractors--rcpresent¢,d a

lit]fly tn+iliirm set of concerns: all wished to build ;t high-altittJdt,, hypersonic expcrimt'lmtl

aircraft, and there +trotsstfl)slanlial agret'mcnt <)n what specific design and ])crlbrmanct' crite-

ria the vehicle was to In('e[. This ensured th;tt the m;!ior design decisions on the pro.let] would
be made primaril+v acc<)rding to technical, rat|tot t]t+m political or t+ct)nomi¢: considerations.

This is most clearly evident with regard to the question of the l)rogram's original cost

esthlial<.+s and time franlc. It is seldom ackn<_wlcdgcd in the historic_d lheratm-e, but lht +
X-IS l)rogram was a vkthn of what has l)t,C<ilne ;i Ltirl,: common occtlrrcnct + in thc [r.s.

space program, ttamt'ly substantial delays and <:¢crrlms+ Three hlmdred million dollars

dot's s('cIII Sill;t|] ill conll)arison to the cost (_[, sit),, Apollo or tilt" shttttle, but it is still ill()l('

than LSI_P; times tht! original estimate oI $42 million. `" The final devclolmlent costs oltht ,

engine ;tlon¢! wt'rc more titan S(+8 million (1)lus a S6 mill]sin f¢'c to Rt'action Mottos), a

tess/Did il+(reas<: over what was expectt'd when the prqject I)egml. '<' hi allditimt, lit+." com-

plt'te vehicle, including the large cnginc, was rcady for tlight mort, than two yt'+ars hi'hind

scht'dnlt', l)cspitl' all (it this, dcvelopml'nl dnring lhc 1955-1957 period was ncvt,r held

np lly :t lack of ftmds, although in strait, ,,,t,:it+s nt,edt,d fimlling dM n<)t coin]' lhr<nlgh
until tht' last minntt'.

After the lannch oi' +S'fJ+,+tP++il+I it] I!)57, intt'rcsl in tlm l.-(+icct on th( + part of the mili-

tary+ 1)olilical leaders, and the ptfl)lic at large grew ral)klly. As ;llready noted, media c(_vcF

age ()1+the IllSt |lighls +vlls the lttC,st intt,nse ever st't'n al Edwards, and cw:n led to sont,t,

pitblic r<:lations mix-ltllS between NASA ;rod the Air F(_rcc. ++

(tilt't" flit" lli'st N1t_i't'tii'_' l]igltts ,_(iI undcrway, pul+lic attt't]tiolt shil+tt,d to the events at

(:alto (:amtvt'r;t]. This might, howt+xcr+ hay(+ nhhnatt'ly w()rkcd t() thc llro_ram's l)cnclit. A

mi_:j(tr c()ntrit/ittor t() the X-I 5"s sncct,ss ov<:r the long run wits its emphasis <)n incrt'mcn-

t;tl Ilcvt!lol/n]cnt :ind its use in highly specialized scitmtilic and technical rt+st,arch. _u As

cxperienof with many later spacc prqiects (inchHling Apollo after Apolloll, the shulth',

<:to.) has sh(>wn, tht' g,t+ncral pnl)lic tends to lose intcr<:sl in snch "rot]tint" nndcrlakings

rather qnickly. In shorl, il apF, e;trs as though the X-15 ,got a nct'dt'd t)_](>st of i)nhlic tan-

t,ttt + at prt+cis<:l) , Ihc right point in its hisI(>r)--Ihc later t+lt,velopnlt.nt and earl'¢ tlighl It'st

stair'--and then l)ccamt' regarded as ii low-key tdl<)rt wmthy _)l (rely occasional intcrt,sl

.insl its it was t'litt'i'iil,_, its less "llashv" i't's¢'iircil F,has¢'. Tilt'st" sllilts itl t'xtt!rn<tl i)t,rct,l)ti_)tl
[)roli;il)ly c(]tild l]()l ]iltv(' ])uuii p];tllii<.'d it]i)|)lilt'i-

Tilt! lack of exi_'rnal (i.e., (nllsidt! tilt" at'rosp;tce ('()lIillillililV) StTilliltV vt'rv [ikt'lv (¢)li-
Irii)tllt'(l I<l (Jill.' ill()l'(' iin[)oi'l_liil t'lii'ct. As s('('ii it'l)i'alt,t+t[} , in llie ('liSt" Oi" lilt" :"_I+R-99, ]is
well its in lit'ill;i| Iliahi (l])t'i'_ilic, iis , [)ix!iccl ol]icials ti'oni l)olii ih<_'Air F(irtt' iiii(l NASA wt,it,

iit,vt!i ]it'silaiil It) ]/oiiil Oill--;iilfl iliC, i'(' in]porllinl, work It) c()rrl'tl--])olt, iilial (or acliial)
It't+lii]itiil t];iws, t,xX.,ll wht,it lids it,stlht,d lit iil(T+,'iist'd costs. Rt't(.'iitlv, critics _lt tilt" Shilltlt"
pi-O<_l'itli] hHv(.' itc(tlS('d NASA of i_-n<)rill<L_--or Cvt'll ('(]vt, i-ii]_ tlp--Slt(]] ])l<i])](,lllS I_>l + 17<,at

of the polilical i'illllitit';tti<llls+ +_

_+i<:_. ]]_ltiston, t't. ;tl.. "Tiansilint 4 h_lni Air I_ Sl)a_ c," pp. 17,-15.

t0. Ibid.; st't' itls_l.[cnkiiis, little,#)' +!] I)¢'+,¢'h_[si_l_ th<' s\'tllif,##a] ,_/JrT<t'77ar_s[srJH:_lion ,"l"lsl_'##_,p. 7.

41. ]l<lii_,ll)il, "Trail,diiiil4 tHllli Air ll) _,[l_ll t,, +' pp, 11,,_-21L
_t2. l)_lll_t, "Tht" X-l_-): [,("+SOll_. ],t'_illi('d."

I -_'I. _('(' (il't',_ l_{;istt'l]lrl)l)k, '"1 hi' (:;Isc ,J,_,;tillSl N:\SL'\," ,'%'e'_+:17e/Jl+DI]_,.Jnl_ <"4,1991, pp. I,_-2 I: ;lllft "N_;\_.\'s

St)at t' <Ntatitln Zcil_." Set' als, L]<_S<,l_h .[. TIt'nlll, I'n_wrzfstirs>t ]7,t I)isr#s/¢>l: 1"7_#s#ID¢' (;/¢_#_ r![ :t/J,d/o t,, ID¢' IJ¢:t_ro'r:l e!/ ID+
.'_ht+llb _ (New YHIk, NY: (:I<)WII PII])]is[l('r'+, 1{t87).
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'I'(:, thr rxl(:nl dial lhis claim has _my validity, the I_.ugyr (lu,t'sli()n il vai.'.,,.'sis v,:hct hrr NA.";A

oIti,.i.ds ar,r simply m()r,." timid now II'_'dl lhcy w(.'r(." lor|y y(.,;us ago, ()r wh(.gh(.'r Ihr ]:,rcv.ailill_
i)oliti,.al and ,,'(.on,.mi,. (limat(" (r,.'aws (ondition_s more (ondu(iv,.' I() error dclc(li(m and

rr(.,.)v(.'lv. This is a particularly iml)()rlant l)()in! since, llw claims o[somc (rili(.s (_)[cm-rrl:)! U.,S.

Sl)_).('(:policy Fl_.)rwilhslanding, onr (d Ilw mos! iF,l,.qrsling .a.',,t)c(:l.s,.)f lilt X-1.5 i)ro,_ram is Ihal,

liu" fiom bring sul)stanliallv (tiilcrcn[ fiom l:al('l NASA cntcrp,iscs, il is in m_my rcsl)c('ts _

tmniliar slorv: ram|)anl (()st incrrasrs, Sol-ions (Irlavs, Irchni(al l,dlurcs, and (,vt'll loss o[ liib.

I"o I)c sin-r, the managcmcnl of lhr X-15 was stq)rrb, ])arli(ularly givrn Ihr (lifiictdl)
o[ its mission. Thrrr was some (Irgrrc of infighting, whi(h usually was st'llled (luickly. As

rxpcclcd on a ])ro.jcc! of Ibis n,_lur(', lrchnical (iitficullics arose, nr(cssilalin_ (h'sign c()m-

l)romiscs, additional c()sls, and sch¢,(hlh' slil)l)agrs. B('(ausr lhc [)z()gr_Im w_.is surlotm(l(.-d

l)'_ a sul)j)orliv(' ])olili(:al all(| c('()llomic (,nvil()imlclH, hov,cvcr, NASA oIli(ials and lhcir

(()untCrl)arls in lhr Air Force were al)Ir ((> l.wr these l)r()l)h'ms squarely, atl(l (I('_ ('I()1) s()lu-

li()llS, _;()In(.! ol tht'Ill qllil(.' inll()Vztli'_(.!.

Ncvcl'lhC]css, gi'¢cn all ()I lhc (OnllOVCl-s,, l)('s('lliIlg lhc ])r('senl [_!.S. sl)_l((' ])t-o_lam, il
is io(la_ a causr [0r wonder lhat an tm(lcH.IkiEL_ thal h_i(l _is many scli()us l)roblrms as llw

X-I._ wHs not ollly l()l('l-_Itc(l _).i |h(' [illl(', |)t|l is llOW |Oll[('(l _Is ()If(" oJ" ih(' "d,rc_|l 3.(q-().'.;D;l((' s_.l(-

(,'cs,'.; slorics, h), this ('()lll('x[, |),('l'hil[)s cv('ll lll()l'c II()W I]lltl/ Ih('ll, Ih(' X-15 ([(,S('lW('(| I]|("

(_()llirr "l¥,.:,|)h}' ,),s Ihr l)r,:)gr,).r,_ fi)r lh,.' m()st ()_.n:.,l_.ndin_ _(')-():..;t);.t((' ;wl_i(.'v,r m('_l ()f ils litw('.



Chapter 7

The
The

Collier as Commemoration:

Project Mercury Astronauts
and the Collier Trophy

b)'Jan,mlle _;u vcn-Findley

On October 10, 1963, tile sew'n astronauts o[ tim National Aeronautics and Space

Administration's (NASA) Projecl Mercul T gathered in the Rose (;arden of the White

Ht`)use in Washington, I)C, to receive 1he Collier Tvol)hy for 1962. In lhe brightness of thai

alttllmll mt`)ming, Presiden! John E Kemw(ly relished the opportunity to award wha.l lhe

newspapers tel>trod lo as "one of flw ha.lion's highes! space honors"' to [,l. Commander

M. Scott Carpentc'_; Uniwd Stales Nax T (USN); Capt. I,eroy Gordon Cooper; Jr., Uniled

States Air Force (USAF); El. Col..]ohn H. Glenn,Jr:, United Stales Marine Corps (USMC);
Capl. Virgil I. Grissom, USAF; 1,t. Commander 1,4,'allcr M. Schin'a, Jr., USN; Commander

Alan B. Shepard,Jl:, USN; and (;apt. Donald K. Nlaylon, USAE In addition to Ihe astlonauts'

wives, "l)icture-preuy" according to one nmvspat)ev account,'-' 150 guesls, including Vice

President Igndon B. Johnst`m, cabinet officers, and vel)resenlalivcs tiom Ihe aerospace

industt T heard Ketmedy urge Americans to it "grealer apl)rccialion of the space program

and its pt`)tential I)enefits It) the United Slales ,rod manki,l(t. ''_

Kennedy's remarks put Pr0ie(t Mer('vrv in Ihc (Olll('xl o[ spacefaring i)hms in 1963.

The cxciteme|/1 of launch and r¢,('overy, lilt.! lickerlal)C i)a|a(tes and media (overage wcrt"

behind them. The I_'rcsidcm said hc was parlicularly gl,td Io bc awarding lhe (:oilier

Trophy to lhe Mercury aslronalllS, t)ecausc "1 hope this awa|d, which in elt_.'ct closes otll

it parlicttlar phase of the pr<)gram, will bc it stimtdus to them and to the other astronauts

who will carry otu-flag Io Ihe moon and i)el-h,tl+S, st>me day, Imxond."'

The Collier Trophy was awarded Io the pil<_ts of Pt+oject Mercury "lov i)ionccling

manned space tlighl in the United States. `'_' 'I'hc 1962 awm-d ditfercd by definition from

earlier C<)llicr honors in several ways. For ont', l'r_!jcct l_'lel('tll+V WaS the I]1%1 Alnt.lican

space mission to receive such kudos; this was the litst time that the (k_llier I)ophy could

in [ilcl be ¢'onsidcrcd, as the newspapc|s claimed, one of Ihc nati<m's highest q,_m,, hon-

ors. II was, moreover, the firsl of several awards 1o NASA during the forlhcoming dr'caries."

The award hon,,red solo imrform:mce in space of the son d,vnlonsltal¢.d by airplane tcsl

pilols; al]cr Pn_jecl Mcrcmy, space fiways ;dways utilized teams of asllonauts, v

I. y,½_, )b,k 77rues. ()_t.bm l I, 1963, tlipping, NASA Ilislmical R<'li'rcntc (;olh'ction, NASA Ilist,wv
( )fib c, NASA t h'ad(lU;Ut¢'ls, Washingl.n, 1)( ',.

2. lbid,

3. Chi_ag-_, l}ibu_lr, ()_ l_b<'I I 1. I!W,3. clippinR, NASA Itislovical Rclc_¢'m <"('.olh._ Ii,m.
t. NvwYolk'limt.s, ()¢l¢)bel I1, 1967,. ibM.

5. Bill Robic, l'b_ the (;t*'rtle_l Ithit*uemrul: A tti_tmx ¢q the ,'te_J Cluh o/A merica aim flu' ,\a:iotml Aemp_autir

Ax_¢.ir_lio*_ (Washmgt,m. I)C: Smilhs, mi;m Instimlicm I'rcss, 199'3), Appendix A. i>. 233.
fi. See ,\ppcndix A m Rolm., /';. the (;'u'ttle_t A_hhvsem.,,_ll.

7. B', Augusl 19.r+9. the New Iq0jt'cts I';mcl of the Sl:,;u'c "lask Group was rc_<mnncnditL, g Ih¢' dr\Viol>-

me'hi ot a thrct'-i)cls<m Sl>aCct'latl fl_i t_an:.,pl_,rt Io and [tom a spat t' l+lhlH;llolV ;|lid ¢ it¢umhumr flights, See Alan
]. l,mine. 17_;':1lis_ilc rz.'*d ,_,parc ICare {Westport. ( aT: l'va¢'c_cv, 199-I 1, pp. 113-1.l.
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in addilion, unlike earlier practices, the (2)llicr Trophy tot 1962 honored the men
rather d_al_ lhc machines, Collier awards in earlier years usually',ven_ m designers, engincclS
alld illV('ll[Ol_, o[ illllov;t[iv(" _lviiHion haldwarc rather Ihan to [hose who t]t'w [he l_e'v¢

machines. _ The 1962 award Io file prqjccl Mercm 7 asll'onaHls could have I)cvn presented
for achicvcmt'nls in "big leclmolob,_:' if nol in "big science," as more fete'n! analysis have

chalaClcrized lwenlielh cemtu T dcvelol)mC,lls in large-scalc ICChlndOg, i(al un(h'rlaki]_gs."

l:'rt!jccl Mcrcut T counls ;,is "big technoh%,T" t)cc;ltlSe o1 lhe vasI nunll:,m's td &.signvrs, cngi-

lit'IllS, illallagClS, [t'sl pilols, and wmkc_s, bod_ militm T and civilian, fiom govcrmneIH and

illdtlSllW _,vllo tid)]icalcd and Hew lilt" hardw;irc, lh-t!jccl McrcllD: was in Ii.lc! 1)orn of and

thmn by Plcsidcnl t£iscnhowt'r's wo,,-isomc military-industrial c_mH>h'x. _'' fin SlOly is a case

sludv of ltm dcv,.'lo])mcnl, in tile lace of enormous limc, political, and collective psycholog-

ical pressures, of a specitically miliuuT-aerml, u'e complex. Pr_!jecl MelCU_ T was, tvom Ihis big

l<.chl_ologT,' pcrspcclivc, Ihc opening shot into a new world: and the award ceremony

marked "lilt' end of tilt' bcgim_ing" ot the space age.

s. Scc :\t)t)endix :\ in R_d_ie. I'bl the' (heal:_l A_hi:t,em,,,L

9. .";cc Ill<' discussion i.I ,lamt's II. (iapshcw and I_uen A. F.adcr, "Big S{iencc: Price lo lilt' PlCSt'lll."

()WP'Z_. 2rid .Serivs, ID92. 7:3-2.:'_ t_l t_ackgl_>tuld to lilt' _ontcpt _ll"'Big Sticmv," l aul ;ugmn_ that I:'._!jctl

Mctt ur', phlvcd at best ;i t_ansiti,mal _olc in the de',cloplneltt of big scicncc.

10. Eiscldltmcr _alncd in his ta,m_cll address ot the dangcrs of ctmlomit and politi<al t _m_ <.t_llalioi:_

i,, a militar',-itulu'mial tolnplcx. Scc _ctmcmc ill 1. Kcith (;lcnmltl, "l'tl,. I¢,i_Yh o/ .\'A,_'A, Tt: l)ia_,, ./ 1: K,'ilh

(i/,...._, I.D. lhmlc;, cd. (Washin',glon. DC: NASA SP-410-_, 1993), p. 308.
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Btll, in lilt' titt¢" t>l _t <<lml)tqlin g story• of ere'a! vt, engin¢'t'ring ;m(I inll>orlalll lt'¢h,t<_-

lo_i¢al iln(l athninistrati'+'t. (h+-ccl(ll)nlt,nts, the+ (.)I+'2(;<illi¢.r +lI-lil)]l,, r was ill i_i(l il'++_+ar¢l¢,(lto
tilt+ It.st F,ilots who rodt" fllt + .%+lcrtury t_ll_+ult,s. II thtut' is +t r(+_ll _tnom+tlv ill tht + _i',var<l tlf

tht + (:olli¢,r Ti<ll)hy to tlt,.+ Mcrtuiv ilstr(nl;tta.,+, it is thltl Irtlm tilt, i)t+i+sl)t.t{ivt+ wilhin NASA,

the Prt)jcct Mercur)' itsllonituts aF, llt+in+Ill hltv¢' lllt¢l rtqativt'lv litth" to tlo with tilt + (It.vt,ltll >-

ilIIclll of tht + l)rogr;un antl ol tilt + a_t+nt-y ",vhost. imlch Iht'y x_+tlrt,. +I'ht + (-ollt+cti,,;t • slmt-t.-_tgt,

vt'rsi<itts (if "l.uckv l,ii+(1)'" ail(l tilt+it wives _tn(l thil(ht'n wt'tt" tt'rtaiillv tht' Itlt)sl l)ul:,lit ` l)ilrl

(if Pr<!jt_t't .\,+h++r(.'lll'V. _,Vilhill all agt'ntv, ail(I _i l;,'tlt+rill ,_(i,,,'t'i+tllilt, lll,+ ill ",vhi¢'h t'(in|llt,ling

visit(]is <It" slr+tlt+git,m l_i] ('itrr):iil_ tlul ,+i)_tcc |nl(lt'rlal<in_P+ _;InI_ttc(l r('_til;_trl,.', l)(iliti(+_; and

[:,tll:,li¢: rtqati(ins dit+t:ttt,(t that t]w ht+r()t,++ .,it,r,,(: a_+a IO(us lot th(' l)]og-iain and l)t" (t'l('-
t)ral¢'(t +ic('(ntlingl+v.

Tht, (:ollit,r "l'l+t)l)h ), II;i(I I)t't'il iiw;ii+dt,d ;iliillili]])siilcC 11) 11 "i_li lilt' _it+alcsl ;itchicvClllt,lll

iii ax'i_llioil ill Atilt'(it';i, iht' x'ii]iit, ()iwtlich hlis t)(+t,ii Ihtii<lii_lilv dr'(no i_l ;ilc(I t)v tl_t! dlli+iii,_-

the i)lt,c<.+(lh_<14 x,t,ili -''it t/)' I_.)(i:/, flit' Irol)h ) had ])CCli I)i+t,_tulit,¢l llCiii'k tiliv Ihnt's (flit + ,,++'ill"ll'iii'_

I itl 7-11)E0 lili(l I)t'(!il skil)lit,tl ), Tilt' <;'ollli+itst i:lt'l'+_:ct!il tht' t'ai+lv _,',;iililt:is (tilt[ flit' groti l) ol

+t!vcil +lSli't)iiiilllS 1ii1¢'(1 till llt'hilid Prt'sidt'llt Kl'iiiic(l'+ ill Iht' R<;,_t' (lilt'dr'it lit ()t+lohci l_+)(i!+

._),lnl)olizt,(I [)lot_ltilld ('ll+lli_t!._ ill the' wa_,'s+ lhlit lilt' I!iiit¢'(l _l_ll('s lh<lll<_hl titai'i<)ii;illlit'+ ali(t

_ixvlii'ds I_li" a(']iit'x'<.'iliCiils ill iix'illli<)il. '|_) liil(Itu'+lali(l lilt + w_t'+ lilt" +%,lcr(+lii't, ' [)i<>gl'+liil (lt,v(,i<ll)t,(I

i+ 1<> ilia(I) (;is itt" tht' t'ili'k' It(lifts) ii ,+t'l'it++ Ill ('hilii_t'_ in ilul)li( ' ii(hilinisli_tlioii ali(l lit;it(lilt'-

lilt'ill; ilil(|Crl;ikiilg+ lit stit,lict ,, cil_iilt't'iiii<t_, ;lii(I Icchiitil<lg)'; dcvcitlt)illCiil_ in ccoiioiliic

oi_iiliiZlili<)il+; aild (+liail_t,x ill ])ol)tillir tlillillC liiiil, _t)iili¢,d tiv Wlll-kl \+t+_ii - II +lll(l flit' tlii+iillli]

_tii(I lt'ii_+ioils illlit(, (:old It,Viii lit,rio(l, li_lilst_iriii(,(I ill,tit+' t+h,ili(uils t>f liti, iii Iht' l_;nili,d _lalt'+.

P%Itith ]i;lP4 ht'tui wliltt,ii at)oul l>r<!it,t-i M('l'l'ili_,_ frolii iit+w_+l)a])ci" ciivci';i_t + Ill /.iif, illil_-

iizilit' ;ili(I t)llici" [)oil(ill(i iil_tga/ilit'_+ (lulili<_ lilt' Ill'(ill(t, I(i x'+(i]k>+ Iikt' tilt' ilitlntlillt'iil_il iii-

]l<itl_C hi.,+i<)i+x of Ihc Illlll(u-iakill_, 77#7+ ;\,'+,++, (<)<e<'#l#: ,Ji tli+lory +!//'m]+,+l +%1<,l+ul¥ (ll.tli(+). _+ ]o

cxliiiiilit, Pl<iii,tl _'[t'l(iil+ it+4 il lcsl (il_+,t ' <it lilt' ciii(+i-_t,ll(c {l[ tii_ Icchiltilll_' in till, _,])ilCC

llt'ld ill lilt + lili(l-lwt'illit,ili (t'liliii),, iI ]iii-_¢' liliillll¢u-tit llllllt'lials li_liii ii vaiit'lx ol'(li+('il>lhlt,s
all(I i)t'rsl)tx-Iivt.s wci-c t'Xalliiilc(I. Thit'¢' llal+litiil_u • st+l+ ol (itit.slioil_ t,illCl._(((l fi<lili this Iil-

Cl_ii) CXl)ltlraiioli, ilii(I llit'x ill;ill(, lilt' l_lil<lwiil<_ t':+,_iix,'.

Tht, tirol (jut!slit>(is it'iiilt, lo tilt" lit(it' in wilith Pri!itxt P%,lt'itiiix look t)lact ". l low did

lilt' t)olititiil, c(()iltiii/ic, Cti[llii'll], ;<(till (lii)loniiitit" coill[)t'lilioii t>t'; lilt' (;old st%'_ii" +lit{'ll

Allit'i'i('+iil It'(]liittl<l<l.'>ical (h'_.t'ltl[)iilcill+ ' liai.lil+iliiii.l), ill lilt' it';ilili ol lllilil;ii+¥ (l¢'[i+iist'7 " lit

I'll(litlist, It<iX++• did llial f>lli) ' tlul iii ih( + Ilt'(Igiin<_ ('ivi]iliti sl)ii('t, ilg, tUlC)' _lii([ PrQit'('i MCi'CliiV

ils¢'ll? Tllt' _t'(+tlll(I sol ot'(llit'+li<lii_, (+oilCClll'.; lilt' IIiiliSilioiiS h'<llii Iht" ])i'c(h'('csstli it_CliCi('_

ail([ lratliliOlllt[ ilra¢.tict,s in (h'sigii, tt'stii/_, ]ll<l(hitlitni ill('lii()(ls, _tli¢l iliiilla+_t'liltull It'(h-

(lit]lit'+: h<lw wt'l't' V('lV (lit'li'il'lll Wil)'_ <if" lil<_illliziil<t_ _til(] iillCll)i'Clill _ ([itl;i lit vari<)tis _,<)l'ls

n/t'l(h'(l ill(l> ;Ill _l_t+ll(') ' and it ])it)_l'iiili tlilil r¢'lit+(l ]0i i1._ +iltlt,++ ()11 _i (l.)llllll()il (till)roach

;lii(I i<l(lis? Hit' lhir(I s¢'l ot (iti¢,_+litliis I_l(iis tin Iht" Prt!it,cl X'It'lCtii'¥ itsli'tinalil_++ "i'll(' lat'l<

llfilillilvst's (if tilcSt' ciii'l',/;t([vcilttilt'l's l}Olil hrtm<l (tiltlilliI, gCll(ICic(ll tit sotial i)t.rslJt,iti-+.i,s

Itu<t.vt, iht' it';t(ici wilh liic iiilt)rcssi(>ii t)[ ii gTtlii]) (it i+lillslk ' /lliC-tliiliCliSitiiiiil i)ilols wilh a

ctlllt't'tivt • dt'ath wish. Yt'l tht'y ])laycd ii st'rills tit" I'tlh's ill +'\lllCli(_tll liR' illl(l cIIhtll'C+ (tilt[ tilt'

aW_li'(| of lht' (Jill(it+i Trollh ), io I]lClli tt!rl_iiniv il't|c(ls _oliit! t'h'ili(,lil of llial l)til)lit " i)i-(,_-

t'ilCC. _i+i']i_tl Wt'lC i]itl_ic i-olcs ali(l ll<lw did lhc ilubli( • i)Cl-_<)lla (if t';i(li ii_ll<)il;itll play Otll

(lilt'ilia Pl+<_jc('l M('l'('lliv?
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The Context tbr Project Mercury: The Cold War

Project Mercup,' lasted Ibm+ and a half years fiom initial ann<mncenu'nl to the IWClllV-

tw_nbit llighl of(;ordon Cooper in l:+6fl_ 7. The overall cost was estimated lo rt)t.

$38,1,131 dl(R), "of whhh thirty-seven percent went for the spacecraft, thirty-three percent for

the tracking network, and tw_'nty-tbur percent lot launch vehicle procurement. Flight t>per-
ations and 'R and D' costs made up the temaindcl: "_:_Those t_.mds paid "a dozen prime con-

tt_tCtOl.S, SOlt+t' st'V¢'llIV-tiv¢" lllajOl s+lt)(Onlli.+.('toIs, and al)ottt 7,_00 third-tier sttl_-sttt)(tH+tl-aC-

tors and vendors, all _t whom logcthcr mnphLvcd at +IIOSt about two million persons wh,, at

one time m another had a direct hand in the Im!jcct."" With NASA employecs, militat T and

civilian ctnph_yccs of the l)cpiultnent o|" Dct}.'nsc, and emph_yecs of other civilian institu-

tions, it+eluding <,,dttcaliOllal institutions, tit(? llttlltb(-i- of peol)lc mnploycd on the program

prol>:d)l v peaked atjttst over two million.'"
America's tirst hun+an space t]igllt program was announced t)y the new National

Aeronautics and Space Administration admitdstratm, T. Keith (;lennan, on Wright
Brothers I)av, December 17, 1958. h wits ti[iv-fiw' years after the events at Kitty t tawk. t+'A

unit lt+ansfk't{red to NASA from its prcde¢cssor agency, Ilw National Adxis<>ry (]ommiltcc

lot Aeronautics (NACA), headed by Robert R. (;ilruth and physically located as l.angh'y

Mem<)rial Aeronautical Laboratm T in Virginia, had done prelintinary planning lot a

human space Ilight pr_cct. The I)mject involw'd suborbital tlights using a Redstone rock-

et; longer std+orl)ital flights +|sing aJtq]itcr missile, which were later eliminalcd from thc

program: and _+rbital hutnan |lights using an Atlas booster. +: The progran], reduccd Io a

slide show it+ the period of planning from September l.q58 t<).]anuary 1959, could 1)t"

dcscribt'd in shorthand:

I. ()rbhal [lighl and rc¢()vcrv

'2. Matt's ¢apal]ilhh's in <..nvir<mtncnt

I_1_i, lJril+ciples

1. Simph'st and most rcliabh' al_proach

2. Mit+imtnn of m'w dcvch)pmt'nts

3. Progressive Imihl-up of tests

+'_lethod

1. Drag vehicle
2. I¢]BM booster

3. Rt'lr(+rockt't

4. ]'arachutc dr+scent

5. Escal)c system +_

Thc plat+ was r¢'tined as time passed, and changed or dcvclolmd as Itt'C¢'SSaI'V. BUt the

basic strategn of I>uilditLg increnwntally and using techniques atnd tcclnmh)gics alrcadv

13. Nx_t.ns_m, (;timxsoo<l, and :\lcxandt'l. 7his \','u, rJ++,++_l, p. 50,%

1 t. II*M.

15. IteM+

16. S+_t.ltS,m, ¢'1 al., 17_i_ .\',_+, O++'am p. 132.

17 Rl>Rt't I). I atlnius, ,\_++,+_,17 ,1 Ili+lm 30l Ihv I_.g. ¢.i+,il:_l_++++' I'_:+,',:_._ (Malalnu, I-'I.: Klh'gv_ I'uhlisliinV,

(;<m_l>am. I<lt.)-|}. p, _+9.

[_. N'+++t+II'+tlII, (;iillp+'+i)l+d, +Slid ,'_¢'Xatlld('l. ]}li+ ,\r+'71' I[)¢'+'++IN. p, 154.
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available whenever possil)le continued lilt- the life of Project Mercury. Th;,l al)proach

clearly dilI_'renlialed Project Mercuvy fr<)m )1)¢' Manhattan Prqjecl-lyl)e appr()ach ()I the
later Apollo pr()gram.

The space program it, the United Stoles develol)ecl its it did because of the (_<thl War.

World War II l)roughl significant change to tile NACA, (o its mission, and to tile spheres

of aeronautics, science, and technoh)b,D,. New <h'velopmcnts like atomic energD, radar,

large rockets, ,jet engines, radio te/eIl,elry and lit(" (()nip/Her all had the pt)tenlial to

reshape American lili, in the latter half of the twentieth century. _"

But the aftermath of the second world war did not bring peace and measured devel-

opment t)f these new technoh)gies. Rather, lhe rise of the Soviet Union and its spheres of
influence and the thll ()f whm Winsl()n (:tu,rchill called "tim hon Curtain" across central

Europe led to the inlernational political and [echtml()gical c(,tnpetition known as the

Cold War. The Anierican militaD_ played an atlive roh' and in[luenced direclly or indi-
rectly many Cold War developments. Indeed, as one slu(ly observes:

The essential .[i'atu)_, 0/ the mid-centu)y military-political lan&(v,pe wa._ the ('oM

Wa)'--a type _/.str(fi, radically unlike a, O, other in history. Weapons fi_r the first time

were de_igrned not to be used; th_3, were sozt_bl./i*r their ptvemptive value. I"ach combat-

ant had to continually imp_vve itL_arsenal, so as to deter the other]ram usint,_ it_ atw_.
l'_ver atM /ewer unil.g qf emh ,_ucce_sive weapon were made, but each was much mine

technicall), sophisticated than the la._t. A process q[ in,_titutionalized innovation wa._ set

in motion. ?Tte new./brm t_/wal]an,, almosph_qic rather ,ha, ,ground or sea, radically

altered both the conduct q[wa).makinL_ and the pr.ductio, complex that Jhshioned ,lie

weapons and support equ@ment.:"

Even where the military was only indirectly involved--and the NASA program, and
.Mercut T as the first human space ilighl pr()graln, were sell-c(msci()uslv non-military uncler-

takings--this new li)rm <)f warlare shaped the whoh' notion ()f a "space race." And the

"])r()cess of inslilulionalizcd innovation" shal)ed lit(' Sl),U'e [))()gram. ['he develc)pmenl of
that pr()(+ess began with lhe allli()tllWelllelll ()I' Pr(!je('t Mercm T.

World War II is recognized as tilt" (atalvsl for org:mizt'd, national rocket deveh)])ment
l)e(attse the war elli)t+t demanded new weal)()ns and Russia, the l,!niwd States, and

(;ermany began to deveh)p missih,s as weap()ns, u' The caplured (;crman rockeleers c(m-

tinued their work with captured V-2s and parts whM, they had l)t+<)u.ght <lilt ()l" lit(' Rei('h,
first al While Sands Proving (,round in New Mexico, and after l(,)50, al lit(" I!.S. Armv's
Redsl<me Arsenal in Alal)ama. +'-'

l)uring the same peri()d ()l+develol)mCnl lhal w<)uld h'ad t() Pr()ject Mer('u)v, the Naval

Research l+aboratory began t() w()rk with st)trading no(kets, [aun(hing VikinL_ I, it,flit by the

(;term l +.Martin (:()nq)any, li(ml White Sands <)n May 3, 1919. The Armv's l)r(!je(t l+)tmll)er
joined a Jet Pr<)pulsi<m I+al)ol-at()ry--pr<)duced \X\>\(: (:+)rporal missile' t()a \;2. The one

IlL I J.'ga(_, R('s()m,:e P',l;inag(.m(.nl ['r()gtaln, (;.ruing it+ I"r.m IIw (,.ht Hu' l)cpaPtmrul o/l)cfi'law, (.'¢dd i1"¢,,i
( c q

l'Pr+j¢'+l, dFall mam£s(lil)l hisl(>l', ol tht' (:ohl Wal, I.).)_, in p()snt'ssit)n ()| th(' itulh()l,

2(t. Ann Mmkuscn, t'l al, '/7w/PAr o/the (;unhelL- "l'h+' .Xlihla(+) I¢,.mappi.L+ o/l.du+hial .l..'*i+a (Ncxx _i))k.

NY: ( )xti)rd I'ni_crsit+ Prcss, 19911, p. 30.

')1. l'hc histoi'+ ot the (;c/man mikcl i)rogHln pli(,_ Io and drain g Wo/Id D,'al II is hill+ dcs(lilwd ill

Mi( ha('l I. N('uli'ht, 17.' I¢oH¢el and 17.' Ib'ith: I_rmt,.mlinth . and the ('.,m+tn,_' 0] Ihr I:lalhsl..'xhswl+,.I. W (N<'_s _)) k, NY: l'hc

l"z('(' l)tcss, 19!)5): [,c_itu'. Mi_il+, a*_d .'_/..e lea.', slu(li('s :\nlt'lit ;ul dc_t,l()l)m(,nls +htlin g and alt('v W(whI D,'av II.

'2'2. I,aunius. NA,"/, L i)i ). 33-3 I.
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PROJECT MERCURY

BALLISTIC CAPSULE

frill,, _sei(.'c(.'ssltd httmch [()(:,k l)ht('( ' ,::,nl;,_'hrullr,.' 24, I<..).1.(.).-'_l)tliin_ th<." ]!}50s. lh(." (',(..rm;iHs

_<)rkiH_ h)r ih(' t'.N...\rm¥ ;rod l)uil(liiL_ (m dlc \;_, dcv(-'h)l)('(l lli_' N('(Isl<)iw missh', firsl

hmnchcd (m AtL_usi _(), li),:)!_,, lr()il) (:iil)C (:mi_veiid, 1.1<)ri(lll. l_,('dsl(mc (ilrric(l (.n()rm()us

islil)orim)('c, li)n l)r(!j,t'ct NIulcl.ll_', l)('('i|LINt" il %%;.it,_).)tili/('(| to ];milch lilt' fins! ._|('r(m"_' _istr<)-

n;luls. _' l1 wlls hi tT.icl the I(:BM I)()<)sl('r lisi('d ()li the hri('fin_ ,_liclchi the ()ri/4hild I)hmniull4

i)I(.'s(,'lll_IliOll ill('nliOll('(i ;d)ov(,.
AI'|('I" lht' N<)l('illl %v_II', |l|(' dcv('l()l)m('))i of _li] inicr('()mhi<'nild l)idlisli( nii,_sih', ())

I(:V)M, look l)ri()riv< ;mi<m:_ lh(' miliillrv s(,ivi(cs. l'hv ,-\tray's Rcdsi()n(' _rlls ill(' llild()n'S

I]l'sl o[)t'l'illil)llill I);iilislic nli_sih', iillhoui_h its iliilillu'y ilill)Ollllii('(' l)i()_ cd l() 1)(' llil. "AI()II_

_iih Ihl' 1 l-I)()llih," li()l('_+ ,\hul.l. Ix'vine, "lh<' I(:I;M wlt_ lh(" crilic;t] w+.'iil)()n<4 (l('vl'](ll)iill'lil

()t lli(' (:ot(I \%_;i1" ('r_l. ,_lild... lhl' ])rincil);ll Imliich vciiich'_ ot I11+<' ,+l)iic(' liio,_rmli ill Ih('

]t.ltitt_ iiil(I lliit'l (itii(I i.V(,ll l()(lli,_) l,,,('ll' i)r(idlicl_, (>r I))'l)l()dllCl_ o1 ill+." I(:BM ('ttorl. ''_'

[)l,,+l,htt)iii('lil /,,'ii_, _l)('cdcd u I) (turin_ lhc l_:iscnhowcr ii(|iliil/i_lliilii)li l)ilrll_ (lilt' Ill ih( _ rcc-

_)llilliCil(I;llil)ll_, ill lhc _iliil('_i( P_li_ilc,_ l_:'+'ilhiilliOll (il()lil), i)r Iht' 'l't';ll)()l or \'()ii _(.lliii;lllii

(:(lliilllill('C. l'hc COllilliili('c x,,'itliicil Ihlil Ill(' l_llP+,_iiiil_ liii<_hl ])(" ilh('_lll iii ihv d('t i'lo])ili('lll

ot_llch iili,,+,_ilt'_ mid iir_t'll il Cl_l_h I)rli_rlilli I() ,_i'+'(" ih(' {Pilil('(l _lllll'P+ ol)('i;iliOli;ll x_'l'ill)_ili',

9: _, I ;llllliii_, .\A _; l. i)1 ). I<-)-I-t: [.('_in('. ,_1_1_ r_#l¢t_,/_<le<'/_)<#e,'.I)1). L)-N, 1l-Ili

'21 I+illlllillS. \A_,.t, I ). 13; [.t'sinc, Xl#ssil,'+P_++ltD,';lJ<+<, /_>+_+,'.I)I). <-J7-<-)8.

7/). [,c_hic. ,tI_/,'<_.U '_/_ /_'+_, t). L>_.
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iu .'+ix I() cight y('ars, u'' It+ Jat+luary I(..)51, (+_:mvair had r<.,ct,iv.<.,(,l a rt's(carch (<)llll,icl t() w,u, rk

()it whltt l:,(,'clmt(`" the' Atlas I(:li)M. l))v l(.)54, lilt' Alias v-:an _)il tilt' d+.'v(,'h)lml(`'ntal l+,ist-track,

with 2,0i)() c(>n+l)anies and 4(),0<)() work_'r,,+ iJlv<>Ix(,'d it< its llcsil.4n and llroductit)t+. :+

Th(," inilitarv's l)ush lT>r I( ',BMs ]i(,qlWd flay< • lit(,' ".,'-:av I(;,r (,iviliau (_'xF, hwation of Sl)aCc,

as did lh(: d(,.,'¢q+llllttlelit of t+(,'t'()tlllSli.NS_lll(,'(. + sattqlitcs it) tilt" n+id-1950s. In c<)ntra,'+,t t() nlil-

itary spa(`(`' w(,'alllms (,'fl_n-ts, wll;.it v-:t>ul(`l l)c tilt +Ids(,uillow+.,r athlihlistrati()u's ,,+vib'a,>l spa(`(`'

progranl l:,egan iu 1952 wilh th(e (,'ststlllishin_,nl, Its: lh(,' lult'rtlalion_d (],)ut+icil of Scie]llific

Unit)us, of lit(.' Int¢'ruatioual (,(,,<>l)hy,+ical "+,_'ar (I(+Y) liom.luly I, I (.)57, to l)e<.t'nll)(.'r 3 l,

19.:++S. Tht" us<" ()f i+()ckm, ts with iri'++ti+unl<.qlt itackagt,s t() h(,']l> study th(," s(,i(,+utific is,%tlC_+ ()I

tilt" I(;Y was r(,'cc:,nuncndcd in I!)52; hy 1(.15<I, tilt" or_<tni/ati<nl cc:al](,'(,l I_lt tilt" (:,t+l)ititL_ ()l

artificial satcc,llitcs to h('l I) trial> th(c Earth's surlact'.:' Tilt' Nath)nal Sc(,'urity Coun(il vc..,tcd

t)il May <.-)(L I!)55, to al)l)t+<wc a plan It) ,wl)it a sch.'ittili(, .<++attqiht+ i(,.'.+part of tlt(,+ I(;Y activi-

tics. ]h-t'sidcnt Eis(,uh(lw(`.r aml_)uticcd iu July that si+iall> itil()il.<.'ss sal+.'llitcs would hi"

launched l_+i thlts(,' llttt+l)()s(,'+. The Naval Rcs(,'at(,h l.al)_)rai<wv aud lilt' Arrny's Rt'<Isl_nl('

Arsenal wcnl it+_to irntllt'diatc c_mil)(,+tilhnl Ill dt'vch) l) the (,al)stcit+v to lauuc]') th(," s;.It(,'llil(,'.

Tit(' Navy'.,+ l)t't!jccc't Van<_uard wa: +,,cch<+s<.,n it+ S(,'l>t(,'tnht'r 19.'+Lr+>anld l.auvlch(,'d th(, + fir.'+t

Van<_tutr<l mission _)n l)ccc(,'irihct ("4, It.).+')(+. But Van<_tutr(,l ;',,+its sl(r.,v t() (`Icv(,q(il;, and starvt,d
fitr I_lnds. +`'

,.\s R_)g(,'r l.aunius points out, th<.' t!nit(,'d ,"Graft's ill tilt' nlitl-195()s thtt++ had tw_ St'l)a-

ralc SllaCt" off(liltS und(,'rway. Th(" high-llt+iorily ntililary l)r<)gt+anl, to Ituihl l(:l+,Pvls aud t<)

wf)t+k Oil l'CCt)lllt+tiS+illl('C satcllitc,+, was kt'l)t ut+(,ltq wrai:,s as nitich ;.is itossil:,h, ". Th(," I(,Y

l)riL_ram, Oll tilt' ()thor hslu(l, was l)ul)lic at+(l I_:,cust,d <)u tilt' ttt,t,d to Cll(()tlrltl._(' lh<.' [r(,'+<'

access t<> Sl);.t(,c _)f all Sl:lac(,'I<trhlg llatiou.',+. "I'll(,' Vau<_tuu-ccl l)ro_ratn was Mt+uggling lox'-:ar(,l

<)rl)it with linlitt'd fhulucial SUl)it_)rt. Tilt" l'_i:+.+cttliowcr adttliuistrali(trl, vii<lily (,ouccrnt+(,l

with it(hicvhl<_ th(," goal ()I fro(,+ acc('s.',,+ It) st>act,+ v,,;<i_williug to:, push tilt' Vaugu_nd l)t_igtatll

in ordcr It/ acconllllish the httiii(,h t)f Earlh's I]r<+l arlifi(,ial slttcllitc t'v(,'u sit ill(," (,'xl)(,'iis(,'

of lilt," iilililar)' ]tlalls+ _''

,STn+tP+ik 1, hIP+V(,'Vt'I, chatlgt!d <.'vt, rythitlg i)il ()(,t()h+.'r ,t, ltJ._7+ Th(,' E;Irth's IllSt artillCiill

moon wcig|l(,'d 1_3 l)ouuds iiiid ort)il/!d lilt' l_{aiih t'vt,rv hoilr itlltl _i haft ill ;ill clli])tical

Iti+t)il. Thc Eiscilhow(,'r a(,liililliSlralioil's i+ciicli<)ll Io this histoiic CVClll WilS r(,'shaiii(,'ll;

alihotigil ihc RtlsSiitiis wcr(,, coil/_,i-alill+ttt,d lin ili(,'ir hisl<)ri(, aild scit'l/litic a(,'hicvt'lli(,'iil,

otticials downl)laycd thc Sllalcgic ittt'aililig of lit(,' ]aliiic]i aiid Sli(,(,t'sstlil _lrhii. :u

Thc Anl+.!ri(,all f)eoflle, on the olht'r liiiilcl, w(,,rl, sllockl'd, h<n+ritlcd aiid IYight(,'ne(,t hv

the llCW_,, in (`Ollll+tsl to Ih(,' adininislxatioit's []tcadc ot'cc:allliliCSs and lack I)l'COlll'(,'llt, Wi()I(,'

V<ali(,'r Mcl)oligli]l. "+]'h¢' l)tihli(," OtLIcry afl(,'r Spuliiik was (,'ai-sltlitlin _. N<l (,'v0ttt siilcc Pearl

t lait)_li +_<.'1 oil _+tlch r(,'|i+.'it+il_SiOli_, in <)tit)lit< lit_'. ''_ Th(," rtl+,_ilill_ citli|li+li/t!<| thcir al)ililv i<_

]itiltith llii<_c .l+i(,,(,,l,_;ili(`l I<) (,'al+i'V hioh)<_ical i)iis_+(,'li_crs, ill lilitl (,'ii_4t"_i d<)<_, whcii lhc'¢ orl)il-

cd :_]H+DIiD 2 ()11 NOVClllttcr '.+.

_6. l+t,viue, At/_si/+,a:+d ++,]m+,.I+<'.+,,+'.F,I_. 30-31.
27. /Did.

2F; l+aunius, NASA, l)l ). 21-28.
2!). /Did., I)F,. 21-2F).
!+(). 1._11111i11+4, Ibid., lip. 27,-2.t.

31. Ihid,. i I. 71.
32. Wah_,'i /k. ,Mi l)<_tigall .... Ih++II+'m,t'tt+ attd lht" lTaPlh: ,t I4)IiIiHI[ ]h+lol)' t+] flit' ,'_7+1_'1_'#',ll_," ( Nt 'X%r]'<ilk, N'XI':

Basic l;o<+ks, 1!1,_5), p. l'l?.
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Project Mercury and the Transition to Big Programs

Tht" reactions to Sputnik 1 and 2 fell into a nutnbt'r of (al('g()rit's. Sore(' critics callctl

ti)l an inHnc(liatc iml)rovenlcnlt in Atn('rican scicntitlc oducalioli despite the t,tct that tilt"

Sputniks wcrt' [)rcdonlinantly t'nginccrin g tT,,ats." Senator l,yndon B. Johnson Ol)cnt'd

hearings il_ a sulicoillmittt'e of the Senate Artncd Stwviccs (]t)niinill(-'(-' ill Novt'mbt'_, arid

tilt" invt'stigation ti)untl too little being s[)t't/l on sl)ace-relatcd activities, and considt'rablc

ditD.isiotl (>t t'I[i)lt alnollg tht' tnililarv scrviccs. As Johnson's aidc, (;coi-g(' Reedy i)oint('d

ottI, ill ,i g,;ll)hic descril)tioll of how lilt' perception of world t)owt'r had changt'd "Thc

silnt)lc tklC't is that We can no lollgt'rconsith'r tht' Russians to I)e behind us in tct:hnoh)g'+,'.

It took thcm fi)ttr yt,ars to catch u|) to otlr atomic l+t)mb and nine months to t:at(-h tq) to

our hydl-ogt'll l+olnb. Now wc _llC trying to catch tq) to their s,ttcllitc. ''+'

hl _I. Hox,,+ lilt)r|' llr_('nt rt'sl3<)Ilsc to Russia's gauntlet+ tilt' atlministriltion scht'dltled ;l

test launch of ,t Projcct \:;tll_11_trtl boo>+tcr on l)t'tt'llll)t+r l+, I(.)57. That It+st, tclcvist't|

ilati<)nalIv, was disastrous ,uld cml)axTa,'+siilg whcn tilt' r()ckct rose bricIlv and fiql back to

th(: I)_Id, dimint(+gratin,_ ill l]iltllt's. "Flolmik, '+ tilt' press calh'd it; "I_tlmtnik." Tht+ second

V:lilglt;trd l:Ituwh, ill l"cl)ilt+UV, w,ts It() ill'cH t+ slittcsslul: lit(' r<wk('l g(>t ()Il thc l;utnch imti

but c,unc ill)_ll't ;It ;Ill Miitudc of fi.)ur milcs.

l)t,slJitt" tilt' Cili']iCl" dt't'isioll to allow tilt' Naxy to put thc iIliti;tl I r.S. satt'lliit+ itllo orbit,

tilt" Administration turncd t() tilt' /\Nny plo_ranl and lilt" (;('inl;uls ill l lttiltsvilIc It) pro-

]mr| + ;i l+acktn l) launch. The ,lct l)r(>I)ttlsion I,ab(watory repackagt'd iilstHllll(qllS lronl

Vangu;irtt, iilchtdillg a tosmit-r;ty t'Xl)Critilcnt designed l)y .James v, tt] AIlt'tl (if the

t infiv(qsitv of l<)w_l. (ill J,intmry 31, I(.)5_, thcJtq)itt'l-(_ taunthod l']xplmvr I and nooll +filer

math" ,trg;uallly tilt" lirst itIH)ottant st'it+lit|tic discovt+ry ol +tilt' Sl);Ic¢" Age l)y locating lilt' Van

Allot+ radiation l)t'Its. Ill add|titre, tilt" l)ringiilg t)f the ArlnV'S tt'illtl of ()('Hnatl r()ckct

I'XI)Ci'[S 1() tilt" CCiltCl of AllICl'it'it'_, _,I),I(+C t'tl_)t'ts rt+])rt'scl+tcd ;lit illlt)ol'tillll dt'v<'hJI)mc'tlla]

shitt I<_l htunlul sl)acc Hight i)r+)granis ]ikt' I)r(!jcct Mt'rctu+v. +'

Prt,sidclit Eist'nhowcr c<)tltinttt'd to t'xllibit cahll it+ thc [,tct' of the Sovict triulnl)h+s

anti Am('ric,ttl i_tilurt's, and hc (olititltlt'd l<) try t<) hold Fcdt'ral spcndinl4 dowl+. Sp,tcc pol-

icy, it; bolh thc milit,uv and civilian sl)ht'rt's, changed dttring 1957-58, h()wt'vt+r, itlitl it

st'|'ms (lt'_tr ill rctvoSl)cct that the d¢'vt+lol)nlt'nt (if both pr<)gratns wcrt' shal)cd l)y tlw

,Nl)utniks. Militarv ttt'vcl()I)Int'llts inchv{I¢'d lit(" |]rllling lip ()|+ plans lot nine Stlua(troNs of

Alias missih's; lilt' all|)rovM (>f pI+tns fi)r tilt' ,.\it- F<)rtc's Mittutt'niiul, a missilc w]fi(h (<)uhl

l)c kcl)t ill a hat|If'it'd missile silo and fired whcn ncccssar.v; tilt' accclcrati()tl ()I th<' rt'<<)n -

nld,'.,salwc satellite i)rogram, [)ointcdly l)t'rhaps, tiamt'tl St'lltl"V. "l'ht' g()-ahcad was given for

w()rk (it) tilt" Army's F'crshiug and tht' Nikt'-Z('tts. The Strategic Aiv(:c>mmai+d was further

strt'll_tht'llt'(l atld w()_k ()tl l)i:.+laiit l+',ar]v \'V_IIniiL_ (Ill'|W) ]iil(" ('()tlstrlt(li()il Sl>('t| iF..

Dt'vt'l()l)lllt'tl[ ()1 tilt" '_ilV\'? +,Sllbllhtl'illt'-l_lttll('hc([ lZ'olaris x+,'ils ;IdVillitt't+I tht('c '.,:Citl'S, s<) lJ1_ll

lilt" missile w<)tth| lit' l{';[(lv It)l" (>I)Crati()ns in I<,)60. In mana tt,cmcnt dt.,,'(.l()l)tlit,ilts, lit('

.\(Iv;lil(t'(l Rl'si'art'h l'i<!i¢'ci_ Agcn(" v (ARI'A) was vstal)lishcd ill iht" ])t'illa_()ll ill Pt.I)rii;irv

I(.)SS..\RI)A'_ i<)lt' wlls t(> ittl _i_;_l (-I(.iiiill_-h()tis(' ;iii(l t,'¢_ihl_tlioii (('nlt'r t()i i(t('ii_ illl(t vtfiirls

Ill)in ;tll lht' _,t,lVi(t':_. ill linlc, lilt" A_i'lity Wil_, _i:,+P_iillit'(| It) I)t' .sl;ltt'(l to lltkt' ()v(.i tiiilit;irv

_i).l(t, tlll(h'rt,ikill_+, ])r+.'stitilal)iy ili(+hi(lin<_ Alili'ri(;iii ])ih)tcd _|)a((" (.ftort_. _''

(]]iiiii_('s ill i(+'.'+,l)()li_,t' I() SI)Ulilik whi(h Wt'l( ) lli()rt' i)[),¢i()ii_ I() It|(' <ff('tit'l_i] l)ul)lic

o((llrrt'(1, il._ di(l Ih(' t'_l_illli_liiilt'lli ()t :\RI):\+ ill Ill(-' oi<_llii/atiolial ;ire'.|. St'li_lt()r |.'¢iit]()ii

B. J()hlis(lii (l)-'lt'x;Is) (<)llVt'lit'd ht'_lriilgs, ()it lh(' Uiiilt'(t Stall's' _,])iit(' i)i()_l_llii <)1 la(k

53. McDou_all. Ileaven+ _#_1Ih+' I::+#th. I>. 113.
_tl, (',('<)l_C Rt't'(I). (Itl()lt+(t ill l._iililillS, N.t.g:l, I). 76.

<35. l cxiiw, Midrib' _lnd .%Tuuet¢:u+', 1)I). f)8-(:)(-i.
'.',(i. I#mt.. 1)1). (_(.I-70.
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thel-cl)f, hl Nov<`'inl)c1 l(XS?..lohns<m's goal was to push the a(hnhlimtratRm to SUpl_Ot+t lilt"

leclull:,logi(al dcvch>pnlents ltI2C{+SS+II'y t'() the u('w Sl)aCc :\g<+.and to a<`knowlcdgc lilt" nt'('d

l_::,l+ inteinal+onal l)ow('v and rt+co_n+t+on that a +pact' pl-llL_latvv would enlail..lohnson's

ctmgl-cssional ht+ai+hlgs found tlm ctnwcnl AllVt'l+(illi ++;]+il['{+ F,r%_t'aln seriously wanthiR, and

]OII,L_-IC+IIII plalmilvb_ viv-lually ust.lt+ss. As a v+csull, OlV ];t+liYuaYy (+. I_.+58, lit<."S_'nal<." '+'<+It'll to

<.'stablish llvc Spccial (_>Inmiltcc on Sl:,ac(, and Acl<m;tutics. Its task spccil]calh would l)v

to elaft Icgislati_m to Cl't';tl(' ;v nt'w vl,lliolva] SF, aC<`' ,tgctIQv. TIw' ]lollS(' of Rcl)t;cscntlttiv<'s

soon tollowcd svvil. _+

\Vhile the l.<..gislativc I-uanch d<.'lil:,('ratcd, lhc adlniniSllati<m also took sl('ps to ;td(h-<`'ss
the space elisis. Ill Novcmb<`.r 1_.1..37, Eis('nh<nvcr established lit<`" Prcsi(h+nt's ,";lilly(t,

,'_dvis(:'v+y (_(:,Innnittt'c (PSAC) and nam(,(l [amt,s R. Killian his .Sci('n<`c Advison In F<`'l>lVlaiv

1958, I_7+isenhow<..i- asked tlm I'SAC to crcalt + a plan loY ;t ncw civilian spat<. + ag<`'n<`y. The.

n,pxt month, Killian and his committ(+c l),+_+p<_scd that ;ill tmnlnilitai+y space activilics bt"
mcig, cd into an cxpand(.(l National Advisoi+v (_(HVllVVill('+.'()II Acronautics (NAt;A), tht"

FcdcIal agency whi(+h had bt+('ll t+csponsil>h + Ibl basic l+cscaich illt,:> at'ronautical lll<d+lt+ms

sin(<." ICJlS. ()u tlm basis of that a(Ivic<:, th(' athninistIation drafted legislali<m establishing

the National A('ronautics and Space Admiiiistv-aliOlv." P]<`'sid<`'nt Eis<.+nh<m+t.r sign<.'d it on
2t.) July, and N:\SA l)cgan to function oil ()clolml- l, I¢.I.r_8.+'+

I h,wal+d Mc( ',VVl'(I_ ;,tl+_tl('S l]lal tlm C'VI]ItlIt+Swhich various lH't+c'tui+sol"a_cn('it+s l>v<nle,-ht Io

NASA h<`'Ipcd to shap<., tilt+ ov'+.Z,atliZati<m;+t] cultuJ(' +vithin which Pmj<`'ct Mcr<`tlV)dt'vtq<+pcd. +++

++Lslilt" a gcn(+y took sluvp<' lhuing the cally }-,]vas<`.,'+vh<.'ivPI<W(I M(,t-cvuv was the I:,i-illv("
hlll+nall Sl)a('(' lli'd,]II IlVissi(tIl, it sc<`'llVS Cit'al" that the in('Iding <_Idivers(" Rmups of CVI<IZ,ilI('t'I'S,

sI'i<`'IVIisls, avid VIVIIVI;I_tPI'S ill,(:, (HI(' '(:,I'_'aIIiZ;VIioIV t'hal1_t'd lit<." way that all did l)usincss+

\Vh¢'n tilt' shill fi-om lhc l)V<`'-Woild W;vr II tnilitaiy mSt'lval sVsl<`'m to the All F,.m_<."s

cotvtractinL,;, sysl<.'tH is also lactoI'<.'d into tilt' dcvt'lopnltmta] p<.'li<+d of lit(" spa<.'( plogtam,

the changes not only within NASA's conslitVl<.'nt glOUpS bill OtllSidt+ ;tvt +widc-r:mging. The

vnilitavy aisenal svsl<`'in was (sial)fished <`'ally in I.I.S. histor'< Both lilt" ,'\lvny and the Navv

d<.'vclop<.+d, dcsig]vt,tl, and lilbIiCatccl thc we,vp_ms llSt'd I')'Vthtgv troops in _()'xrtH'IIIII('II'I

t_tc+ilitics. Thc Rc(lsl<mt' Arst'n;ll ill Alalmlna, the sit<."wlvtu(' lilt' (;clvnalV lockt'l tt'allll was

ilvstalh,d in 1¢.15(_,was onc ;llVlOll g llliHl"; such lilciliti('s, a lair" ni£1nl)ci _dwhich v,'crc cstab-

lishcd ill the late lg:+0s or t'arlv l_.140s for WeaF, ons F,,odi,cti<m <`hlrinR- World War II. Th('
Nax_.+YaI'd in D,_ashivlglon, I)( '., was (mc o1" the nitliouv's <d<`h'st aist'nals lbv Navv w(_Ik.

That systcm scivcd until the Air Foic<.' under+took lit 19.r_3 to dcv<..lol), on am t'llI<.'t-

g<.'n('y basis, an I(',BM capability lot the' ttnit<.'d Stall's. Using thc MallllallalV ])l-<+jccl as a

int_tlcl of all-out dcv<`'lopnltmt (a signilicant and pCl+]laps t]awcd uw+d<`'l which turlvs up

i-<.'|)catc(lly ill the ('avh. days ot space activily), Ill<`' Air F<.cc "ath)pl('d a svslt,ln o1 p;uallcl

tonliatting+ wh('rclr+' hund,cds oF l)iiValcly o'e,'n('d <-<mH)alvi<`.s Silnultalvt+<mstx dcsiu, ii<`.d
and Iitl)licatt+d F,i<L+z,raln t Olnp<m<:nts. The Air F<+icc ('yell r<.'li('(l Ul)on ((mtra(l_)I-S to ht'Ip
('()()l'dill;llt" ()tilt'l ('()IVII';II'I(H's. `'H

Th<.! asSttlnlHiOtv was that a "nalil)llal" <.'ttbll of this S(:,I+I d<`'malldCd ([ill_.'lCiH Ol+<`litJct-

<`'ttllv adapt(!d Stl'al<.'Ri('s t(:,l" t)l'Rallizillg , ])lanl_inR, buildilvg, launching, and (valuating

activiti<`'s. T. Kcith (;h'tmall, N,L\SA's tit-st adnlinistlahm de<. i(l<`'d lo build a ]}lOglillll similar
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to lilt' Air Force's contracting progranl. This decision canle partly from his support of lhe

reslrained Federal spending advocated hy the Eisenhower administration. But (;lennan,

1tle president of Case Insiiluie of 'lk'chnolo_' (later Case !Areslern Reserve I.!lliversily) in

(;leveland, came to the_jot, ,,f chief of the new organization understanding that more

Ft'deral sl_elldintz, and htrger governmenl slaf|s would l)e expected by old NACA hands. :cs
he wrole:

llaving Ihe conviction thai our t,_m,ernment operati_m._ wtqv g_owing too la_L_e, I deter-
mined to avoid excessive addilions to the federal pro'roll. Since our organizational

struclulv was to be erected on the NAf_A str_]], and their operation had hee_ condueted

ahmx_t wholly 'in-houw, "I knew I wouhl./me demands on the part _!/ our technical _ta[ ]

to add to in--house capaciO, . . . hut I wa,s convinced that the major portion o/ our /unds

m tl_t be _pettl with industry, education and othtq institutions. '-"

When .lames E. Wel)t) succeeded (;lennan as adminislralor of NASA [i)lJohn

Keime(Iv's adniinistralit)n in.lalluary ll.)t:Jl, his inlenl was lllu(h the saine, Ihough his locus

W;<IS IIO1 'tile size of gOVOl'lllllell| Imreaucracy. Rather, Webh had a grand vision of using
NASA and its work to huild science and technological education in the [!niled Slates. He

walled, as his hiographer pointed out, "to use NASA as a vehicle to move the whole nation

lo a 'new flolllit'r" of enhanced lechnt)lo<t,'7-based educational and economic develop-

menu." Space policy was Io tie inlegraled with ecom)nlic and industrial policy. Webh's

vision came loo late till lhe t'rojecl Mercul 7 program, however, b:s

In the heginning of the Prc!ject Mercury period, in t_l((, the syslem was harelv devel-

oped and transitions of organizational culture unt]nished; niuch ()t what was done relied
Oil Ihe earlier work and established organizalional (llllures of Ill(" v,lrious units (ranstT.wred

into NASA. The most illipCill_<llll inilial gltmp transferred into NASA was l]le organization

of lhe Nali_lna[ Advisory Comnmlee on Aeronatltics. AI leasl one hi.sloriall of lhe period

asserls thai lhlgh [)l)'dell, then NA(:A dil'et'l_lr, activ('lv cailipaigned t_)r the role. The
s/'hohtr adds,

NACA was not an inevitable choice. A small applied-re.search ag_enry oriented

mainly' to wo_7¢ on ainrrail, it had no expe_4ence in developinl4 hardware or manag_tnt _

bil4 piot,_am_ .... But it was already at b,rtgt on the JHnA_e._+?[space with the X-15

research emit. and it.s I'ilotless Aircraf t l)ivision and the Lewis Fliltht l_ahoratmy wrJv

doing ._i_,,n!/hanl research on space (the latter campaiA, ned active(_' /Dr _[mceactivitie._). ;'

This new t)rogranl was shaped againsl a complicated backdro 1) of lechnological develop-
llielllS, culltlfat chalige, aiid political ilnperalives Ihal had (olne at)Olll ill all excee(iin<_ly

siiOl-I period _lt lime,
l'he Pilotless Aircraft Research Division (1)ARI)) al the I,angley Research (]enlel was

Ielialned NASA's Space Task (;l'Otlp, alld in 1962 relocated as lhe _/alllled Sl)acecraii

(]eiiler ili ltouslon. '['lit'se engineers were cliafged with the responsibility of Project

,%,lt'lt'lllT. l,aligh'y ilself lit'came a N:XSA field cellk'F and early activilies, illchlding Ill(" early
Iraiiiillg of lhe .%eveli Mel'Clli)' ,iSll'Oli,iliLS, took place ill Vir<_iilia. Adlililli.slralor (_]ellllall
descrihed lilt" heginnings of lilt" illlderl;Ikillg hller I)v l)oinlill¢ otll lh;tl "lhe l)hil_ls()lihy of

lilt" t)r_!it'cl was Io Use kill)wit lt,C|ililllogies, exleiidiilg Ihe :_lale of lhe all as Iiule as lit'ces-

12. (;Itqlnail, HiHh _;1NA,'gA, p. 5.

t3. _%'. Ilcnr_ lambril4hi, I'm_,erinl_ Apolln: .ptm+'_ I'L W_.bb o/NAh'A (l_,ahimo_c, MD: .]_lllls Ih>l_kins

I'lfiVc_si b Picss, 1095), pp. 99-101.

tl. Ix'Qnc, MA_ile and ,_,Tm<eHam p. 103,



FR_ )M [']N(;1NEERI N(; _( :II,IN(:1.:T( ) BIt ; _( :1EN( :t,i ] 7_

sin% and relying on lhe unproven Alias. As one looks back, il is clear thai we did nol know

nuwh aholtt what '++,'t+wcrt + doing. Yet the Mc'rclny l_t<_gram was one of the l)est organized
and tnanagt+d of any l hay+" l)ecn itssoci+ll('d with. ''r'

As lilt" nut'lt'tls <>f NASA, the NAt5\ Cml)h_yccs hro++ghl +.,'ill+ lhem t'lc+nc, nls ol+ lht.h +

l<wtner insthl+lional ct+hm-t +. As l luward N,Ic(hn+dy dcscriht.s it,

[NA('A] empl_{+'ee,sbelieved ltmmug4+l+, it+ /he ht+/mrl+ltue _/ resear+h m+d le+liTt¢. "l'hG

ittsisled opt +eekin K lerhniral ._oh+ti,m._ to ._/m,'e /li_,ht [n'oblem_, with ct mitt+mum o] oui

.side inle{]i't_'m'e. A._.sociated a_ thin were with lhe t,'._t pih_l._ (![ the astmnaul crops, th_'+,

athJpted the ethic ff]takiuK risk_ I+_[m._h pe_'Jin'mttnre]r, ttlier_. In only oue _'spect did

[/he space "lhsk (;roup] depart .siKni]icanl/_. [iom /he I.anKl_ 3, n'_ean:h rttllu+v: it tilled
_iq_+!ficanlly upon conhmtor_ ]i_r _[mcecrt_]l ]tzkHctttion and lerhniral glL_._iLS'tgl}l('F.+''

The NA(:A had hexer bccn l)ar_ o[ the miliu+ry'_, arsenal svstcm, alth¢>u_,h w<wk lhal it

had dont+ fiw the military scrvit+c:.+ bctmt +World War 11 may t'dtimattqy have cntled up in
military [itl)l+it'_++lioll :',lit>p:',;. "['ht" N:\(:A ,c,])t'ralt'd I,_ s,_ttlc t'xlt'tll likt" an alst'nal, h(l'+";t'Vt'lZ

il '+'¢ot+kcdwith its <:_v.:nmachinc shol:.S aud "hattds-<.F' cnginccrmg work was a Iradcmark
o[+eml)h_y+ncnl lhcrc. Thtts lhis chang_ +had iml),_ru+nl implications fi_r Ihc ways that w<wk
was (hlnt' in lilt' nt+w ¢)lganizalion.

'+lland+on" work was a tradili,m which NA(:A Cml+h>vct+s Iricd t<t lransler inl<> llwir

jobs its NASA cngint't'rs. Years of r¢+.,+catch had prclm+cd liw l,angle:+' cngint'crs I,_ design

Sl)aCC Cal>sulcs +hal conld safely carry lhci] l|Hman cargo ¢>+_1oi' and hack into F:arlh's

atmOsl)hcrc. Dr. Max+me A. Fagot of the [,angle) It++++++dcsigncd lilt' Mct+cmv Slmcccralt,
and a contract to build il was awatdt+d it+ late 1959. But the contract did not ¢"nd the wm-k

of tilt+ [,angl¢'v tqlgit+t.t, rs wilh tilt+ Sl)acccnal+t. Nit( :urdv l)_>inl._ oul thal lhcv [)t,rl< wmt+d +tit--
d+o I) studi't,s (rod 'teslt+d cscal)t, rockcls. Thcx made l)itmt-bodv wind llmm'l stu<lics. They

t'xatnint,d landing tcthniqtk, s. "'Ibsts like these,'" Mc(:t]rd;,, conclttdc(l, "kc])l NAS,.;_

tmlph+yc'es directly involvt,d in thc mcchanics of Sl)aCc llighl.'"; Much of this If'sling t+mdd

havc l)ct,n cmTicd out and rcqnircd of tilt' contractm, l)ut NASA t'llgillt't,l+s '+vt't-t" dt'tcr-

mined to l't'Itlilt c<)nlrol (>I as nnwh of lilt" cnginccring l>r_w¢,ss as l)ossihlc.
The At'tlty's (;CI'III;ll/ Illissi]C" It'+tit+ itl the Rcdslt>nt, arscnal, transE,rrcd to NAN,\ in 196(I

after nmch cltbr! hv NASA otiiciab+, '+ had dcvch+l)cd lhc h+tmchc_: Thc sccds ol¢_msidt'rahlc
contlicl within NASA wcrc sown hy allenH)ling _<)link I<+gt'd+cr lhc NAt :A cngint'ers and tht.

(;crman rocket temn. A:.,.I lov,,md McCurdv p,{:.inlt.d ,_:.ul, "alllt,:>tL_h lit+,' t',',,_ gr,+tq_s shared
trimly cullttral norms, such as lht'ir bclief in rt'scarch and It'sling, th,t.'¢ dcrivcd Ih_+siPn<:.rnls
in dittFr{'nt way.,,." F<>nncr NA(:A Cml)h+yccs Ira+led tmm a pt,md mtditi<m of Amcricmt
aircntt+! design and tesling. The (;crmans ret]ectt,d a similar dct'p i:.rid¢, in (;crman
appr¢_achcs and It'chniqlws. l+,olh gt+<)t_i)s worked hard Io ]ctain c¢tntrol ttl + lht+h . work,

allh<_ttgh the (;t't'lltilll:+, F.rovcd to llitvt+ lillh' tailh in ,'\lll,{'Fi('+lll at!l'OSltaCt' c,mnl)anics.'" The
issue of control ol+lilt' [)roccss and <)I the product shaped many conlli¢-ls l)ctwctm lilt' Ibrccs

within the vottthli_l SlmCC agc]w r, and l)tqwt_Cll then+ and tilt: oul.,+idt" world.

The tcchnical cullmc which both prcdecess<w agt'ncit,s hrtn_ght int,> NASA ,.volkt.d

well as long as thc l)mjccls Itn(h'rlaktm it+ COllllIl<)tl WCl'C limilt'd in SCOl)C. When Pr, pict't
Mcrcnry l:.cgan, however, lilt" mtfltimlti<tna] cnginccrs <ff lilt' new NASA lhct'd a nt'w +mi-

vcrsc oi prol)Icms. "We m_w had t<_ build sonl+.+lhing," lh_ward Mc(:mdy quolcd ont' of

,t5, (;It're+an, It./Hh,_1,\: Lg.+_,p. 13:l.ammv,. NASA,pi ). :+,g-39.
41L McCmd'+, /;++hb'N.I+:i, p. I.%
-17. IhuL, p. H.
t_. (;It+man, I_i_lh,1 ,\:'l";,l, pp. 9-12,
LI_)+ MC(:tud',. htsid,_N,t3,t. pp. 18-1%



l 7(i TI IF ( ](/1.1 .IER A_, ( '.( )MMEMI H.L\'I R )N

theu/ as saving. "Wv now had Io tly something that we buih. Wc now had Io inicrface with

the ctmmwtors to gc'l that done. We had I_ build an orgalfiZalitm. 'V_,2" had to make things

hal_pcn that w<' had not t'vcr been associaled with I_ctbrc."""

f'r_!jt'ct Mcrctuy paled in comparison 1o placing Americans (m tilt" Moon and ltqlllllill,t2,

thcm salk'lv to Earth, bill ti:,r Ihc period 1958-19fil at least, the comph'xity otlbrcd by Prt!jcct

MclCUl'V Wt_ttld Ml'ulch NASA's statf to its livnits, NASA workefs had to tiglltl`' ottt Wllal

nccdc(t'ttl bc done, and instead of walking ,icross Ihc Slll't'[ I() thl`' nlachinc shop with a sketch

in >land, lhcv now wrlilt' detailed spel`it]l`:ations lilt its IIlalltlt;lt'tlll'l`'. ( ]tmll'aCltlf,_ bid till w(irk

using tilt simciticalions, and qul`.ries fionl tluisideis tlad Io Ill" (onsiderl`'d and aliswerl'd. The

t'iilift' COlllraclillg st'el>oil of NASA had Ill t)e din'eloped fftllli S(Talch |)C('aust" >Is l)ledcccs-

st)r il`,st'artli agt'lRy tiad llt'vt'r net(led Siltit all i)i'_,anizalioll. NASA slat] had Io work wiiii iiic

(-(lllll;It'll)l':4, ovl`'fst'r,'illg work its well its tt'sling il whcll it C;lllll`' II|]" lilt" ,Is:,;l`'ll/I)ly line.

A thial clialll`'ng_' lo liic old ways of research and dcvcittllnicnl ¢iiliil`' tltllll ttic need, t)l/Cl'

l>rt!jccl Ml`'rl`-iliy gol Ulidi'lWay, to work directly with a nclwtlik o| al`'i-t)sllatt" coilll;iClOl-S alid

other gliVUl-ililll`!llt il_(,lllil`'s Ill inakc tilt' wliolc space tliRtil prttccss work. Pol lil_!jcct _<IUl't'lll'y,

Ihc tilt)suit`" (dcsigned ill-bollS>`') tallR' ti-Olll Mcl)onncll Ailcrati (]orptmttit)n and lilt'

Rt'dSlOlll`" it)ckci fxoln lilt" Atlily'S (',oilllan iliissiit' lt'aiil ill ttiliilsVille Who ]iad Ihl`'lii [{ti)i'ical-

t'(t I)v (]hl_,'slcr (]_litlt)ratiOli. l,altq; Alias hulncllt'is wci-c ust'd, (tllllll'_;v o1 lilc Air Ptlltl`' ]lul

liiadt" ll'¢ (]tlliv,iir (]tllpllialioii. l>rt!icci MciClli _, Ilights wt.it' Ill>lilt lied fioill llie Air FtllCl`"s

lit>lilies al (]apt' (]alllivtW_ll, I;Itlrida. The Nave' picked u I) ihc aSlltlll;ililS. Thus, >is Pr_!icci

Mt,fCtll "_, dl`,vch>l)ctl, tilt' sh_tlill<_ ill rcsl)onsillililics wilil Ctllll])clill_, OlU;tllJ/itlillllS took

i<ill_:,idt(l';tt)h ' c[]illt It) tll_alli/t'. |)lilt till.' ltllig-ttq'lll t't]<ll-I lctt to tilt' th'%l`'ltll)lllt'llt ot _t

lcthlltlCl>illit" Ol"_tlli/alit)ll capat)lc tlf Cal'l'yillg tlif lilt" M(iI)II lalldill<_ _l ttccadc ]itlt'l "'l

'Hie lt'sl,'iil'th ;<tlld dcvt'l()])lllclll phase tlf I'm>cot [\'IcI't'III-V lasted l-Ollt_hly fl-Olll ()l-till)>`.l-

of l_,)3bl to April 1961. in lilal lime, tile spact" tat)Stlit', tlcsigned by Max i;a<t_cl aiid Iluilt

]llilllari]y liy lilt" Mci)ol/nc]l (](>lpOlaliOll, was rcadit<'d. TIIc Sl)aCCClalT, iiil CXallll)ll`" tlf

which is Oll display ill Ihc _lllilhsolli;lll'S Ndlittllal Air ;tlld St)act l%,lilSt'lllll ill "_Nasllillgl(lll,

1)(;, was dcsigiit'd to CallV il ]Olli" aS, ll'tlllillll I<ll all tlrl)ilal .itnu-m'y ot >lilt)lit _1 day's (IiIla-

iit/ll, httc<_rniillii tit lltll)slt'is alid t'apsiilcs tic,all in 19(i(i. (]tliislrllClioll of ii ctllii|llt'x

_voiltlwidc t'_lilllillllliCalit)ils svslCili, IlaCkilig sVSlClilS, ,>lid ii v_isllv C×l)andcd laililth t'Oiil-

plcx lit (Jill)t" (]>ilia'tel-at, Fltlrida, att Olill)aliit'd lilt' lal/ricalioil _)f Ihc lit>lilt ]l "cchiclc.

Pro.jeer Mercury and tile Htllnall Dimension

of Space Flight

In a(tdi/itm i_l tlcvchqfing ill it COlIICX/ _>l'(:old War UlgCnc)and t{tcing thc cnorinou,s

task tlf iiltt'_lalillg xaricd aiid t0rnialivc work tllilliit's h-tllll civilian and nlilitar _, cnl_i-

nt'crili_ <lrl4alliZaliOllS, Pmicct MCll`liiy l/rt/pvlicd NASA iilio hunl,in :,;pact" lliRhi oi)Cl'a-

lions. The illst ,4c,Vt.ll Aliitqicail aSllOllalltS wt, it' introduced I_l tile press Itil April _.i, 19,'39. '-'

Tilt Mcrclli-V iiMltliiallis, i-t,cipit'llls ill Ihc 1967 (;ollicr l'r_li)h)', l/ic_;ililial)l_' Motif[, iii ihc

iiiilitl i>t lilt' Allit'l-it'_ill t)tllllic, t(ll" the lgt'llt'y, the t'li_illt't'i:_, aiid lilt' el)tillHell>IS. Thus,

ilic parl ltic _, look ill ilic Mcicilry ])iogf_llil aiid in Aiilt'litltll tii]iiil-C tll'tlic late ll,),_l()s lilid

ll.)(_{)s tll`'Sl`'lXt's il t'losc look.

The role lhal the aSilOliauls played in the callv hisiol-V ot NASA, of Alilt'liCall spacc

Hight, alld in AIiiCli<;lll tliillllt' dCllt'ndcd Io StllllC t'xlt'ill Oll the lllCallillg assigncd Ill tilt'

30, (_iL_il'd in ibM,, II. 91

31. lhid, p. 131.

3'-'. S_clls.ll. (hilm_ood, and \h'xavldc_, I'hi_ .\7"_, (beam pp, IO!l-q?,,'-L 1 aunius, \: t'.;A, pp :;_-I 1.
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entcfl)risc. It SlmCC C×l)loration is seen t'ntirclv its a mechanical e×evcisc (which was die

l)t'rccF.tion of many cnginct, t-s and scit'nlists involvctl with l)r<+jcct Merctu +,, ;is well as tilt'

Eist'nhowt'r administration) lhtm tilt + astromtut's rob' is rt'lativt'lv nlinor: hc'_<)t.s ahmg for

the t+idt , atld to m;ikc min<)r adjllStmt, tlts l<_ lilt' eqtdl)m<.Hl. ]'_'stin_ llttmat+ rt'actions is

siml:.ly part <)[ lilt' tt'chnological tcslitl_ i)roct,ss

But a second Itndt+lstanding of lilt' tllt';Itlill_ _)[ Prqjt'ct Nlt'rctH_' was _llso p<+ssilflt'.

Bcyond the sht.er tcchnol<)gical basics, ;l nu.c ,tmlantit notiotl, of imlividlml chalh.llg-t,
and (<)tli+;t_£ +ill CxF.lol+alion of lilt" tlniv<,lP,;t. (:.l dt'E.ns< • of the homt'land (';Ill l)(+ SCt'll +Is the

reason l_)r making lll;l('hill("G timt "+,:ill c;trrv C×l>It..cj_+. hl thc sct+ond cast.+ tht. f,{>Ctl'+,;i_;

dccMcdly diflk'rt,nt. NASA, with its stall o1 nla,ihillv-m4kcrs From tilt' <>let NsX(];\ ,rod

Pt+enemfhldC and administrators ill a Cl)llS<'l'V;llivt' Rt,l)ul)lican adnlinislrati_m m_l;, have

hegun the pro.jcct with lilt' lh-st+ struightI_)rwardlv Icchlfical vision. NASA and lilt' K((tmc<Iv

;t(Imillislration. I<_r p<)litical rcast)n,+ in (:-ngTcss'mld +tt++<_tlg thc Anl('ric;tll l)CoiIl(' , ht+ll>(.¢'l

io shift the focus to lht' sccond. A nlClnO writlt'll hy l;llllt':-, E. Wt'Iib, tilt" '+,;(+(,::qld N,\S,\

._tdministrator, to I+resith+nt.John F. Kt'nnt.(ly, dcscrih(,ti lilt' llnlt'ils); allianlcc:

All of lilt" rhetoric (>f lilt+ early years of space flight ¢,ml)llasi/cd lilt' lccht+ologi(a] n;ttttrt'

of tht' c<)mpt'litio,i i,/ st)act, I)('lwt't'll lilt' S<)vkq l.'ni_)tl and lilt' t rnil(,d Stitles. +'TILt' I;ttmclli_l_

<fl" :_'pul++il+ I h,td it 'l'carl I larhof cll+,'cl (:,n Amcrican imhlic (>l)iniott .... " wr<m. NASA's t hi('f

hist<+ri,ltL '+Tht + evt'nl crcalt,d an illusion ol a IccllnohLe,ic;d g.ll>. '''+ As thc Sovit'l I'nion

_tchic',cd mOlC space Sl)CCtaculars, lhe ti'ar gtt.x,.,_ in th¢' I hfilcd Slalt's lhat Russia',; i)t.r(civt,(l
tt'cII]l(fl,:>gica] l)]<Y..vcss lind uladc lilt' [!nil('d States a st'c<:,_Id-<'lass ]lati(m. W,{:,rries ar<_sc lhal

tilt' nations <>f tilt' non-aligt|cd world would cllo(),+c It) li)lhm' the Suvi('IS ht'(mtsc of their tt'ch-

noh:,g-ical SUl)t.t-i(_ - ty ThHs lhc Amcrican spa(<, l:,r(:,g-t+;im slr_v,c I<) r('c'slahlish lilt' prct,nli.cn(t .
<)fAtnt'ricitn stir'net, ,mtl It.<h,l(flog T in a w_Hd t+hat)gcd l)v:'G()vict scictllilit ,It+(l cng-inccril)g

challt,ngcs Sill(+t ` World War It and lilt' t';Irl)(I;tvs _)f lh(' at<mfic age"

In tllitt S('II'-;C. W'; Mark E. l+,xHit's t)<)inl(.d (Hit, Iht' C()lnF, t.lling- imilt2,t.s t(:,r tilt' (';tlh' d;l'¢S

ol sp;tcc rcliItt'(l to n;tti<:,tlltli:-;m ;t_)(I Ihc ni'cd ti:,r Ill+.' t it)il<.(I Nl;llt,_, Ill it+il:+,_;t'rl il_.,('lf as Ilit'

illO%1 iml:,orlitnl v,'()rld p< w,'cr. ..\s hc s_li(l,

h_ il_ m+/_l ,_rm'lal fi_rm, mzliomdiwtl ha.s rmpha_i_'d Ihal :lmt'ri¢'¢_ musl be' aHiv¢' i_1

[m_<q'retm7_/mu#d¢_l aml m¢/_limpmT:xnl .bjc:'li_:¢":_ "tln'em_labhdnm,_d aml memd.n¢m¢,,

./ :__Inm<q"mxti:m.l c:/p¢dJi/iO, I. .prral¢,i_ ._Imr,'a.d 1. u_r _pa+.lidl_,i. I/ : ..li,,..l

in l_'n'._l. " ,'_'mh a ¢'aimldlily _+,oubl ,_'iv+' Ib' mtl/:m '.'/re,dora o/¢h.ic+. I:_ ¢a__ ,,ul _+,I_¢:!

:vrr mi_sitm_ the t_aliomd ]_/I:'t_l mcty wqc¢in_br Ih O, 10_ m_liomd [m:_li_'_,, milil:_'_'

n'quitrm:'tt/._,w ir++l(fi:l:_+¢+_+,l¢':l_v,,m otlwrpmpo.w<+. "'l'.,/i,i..qvi, _I,¢.+,+,,.uld:_1_)_
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Ill this context, big science and big tcchnolog6' will unite to support lind sircngthcn

:\ltlerican powcr on the international scene.

If, on the oilier hand, the viewpoint through which the U.S. space progranl is studied

stilliS with tilt' notion Ihitt a IIt'U' SCI O1"pionccrs will ride NASA's tccimohNical wonders to

the stars, a ditli'rcnl kind t)[ nlurativc (()nits inl() plity. Added It) the impcratiw (if nation-

alisln arc various ways o[ secing the potenlial o| lilt' spit(|! program. Tilt" t]]-sl is the spite("

frontier as llWlapho(; lilt' view CXl)rCssed by scholars like Willianl (;liCI]lllitllll illld Sl('pllCll

Pvne.': hi I'vne's clearcsl ti)rnullation of tilt" role of lilt' s|)acc frontier in world cldtural

d_!vclopnlctll, '_ hc argued tilat tim Inlcrnalional (;cophysicltl '_'k'ar (It;Y) ill 1957

"announced a ncw epoch of Cxl)hm++lion, it +l'hird (;rein Age of l)isc_lvcry, l+ikc ils prcdc-

cessors, the Third Age would claim special rcilhns of geography, interacl with dislinctive

SvlldlolllCS Of Illotlght, pOSt" ililllIensc IIcW problems of assimilation tor politics, econl_ml-

i_'s and sch_larship, and dclnand a new moral dranla to give it Icgitilnacy.":"

NASA itself eat+Iv l)egiln to use tilt" iniagt'i T <ff Cxl)hmltion and of lilt" wontlcrs and l)OS-

sibilitics of il new wt.stcrn frontier liH + tilt" United Slates+ A iUltllbCr of authors, int;luding

Patricill Nclson I,ilncrick,"' cxaniint'd lilt" fronlicr imagery used by NASA. l ,ilncrick pt')illlcd

out lilt" |)crils of using historical analogics Imdly. +'' Wilert + Nlt'phl'll PVllt+ finds solltcc and

indeed apl)cltl in lilt' inlcrior-cxtcriorjotlrncy pro(htccd lr<m+ lilt' melding of modernism

ilnd cxphmllion. [Jlnerick lllldS Catllionitl+}. , lill('s. Running awil} li-oln llomC, she ll()lcs, is

sin "inctlicicnt way of leaving OliC's individuitl lind c<+llcctivc t)rol)lcms behind." Sctth'nlcnts

tlclwndC,lt on ore" li)rln of trans|)ortation--sclllcrs and railroads, Ol" SpiICC slation ilsll'<P
nituts and slnntlcs--arc" likely to find thelnsclvcs cc<monlit+ally dcprt'sscd and victimi:cd lly

at SlCllt" S(ltll'tC thai has tilt + ai)ilitv to (-ontlol their t'(+'!)llOlllic atilt| I_ClS<ln;ll iigt'lldas. F+qual

distl+ibution of lilt' fruiks of coloilization and sell|chiChi are riirt'; [Jntcrick nolcd lllat,

I., .,,,,_' +gle++, IDe ./iomier comparis+m.s sDows, +mr /Wl:++m _ Iwm:fit inca,is am>lDer

peP:so,+ i_ Im.v A t+gl,+-A,m.rica+++ a+ quil+'d p,+,pe,(+',wl, ik, l+MiaP++ am/llk+pa,+ics lost it:

itim,lc,.ptt/+ ce_lur_' miiH'ra+,_++>r._got the pl_+/_l_, _l,t_ile /+,+a/ m/m'_:s ,got /imilt'd wa_c_,

+m_ _id,'rahle /*&L_i''a I d" _ge_; lJ_'q Ue_t I,W!/]_ a _ d liUle i_ _u ra me .r older p_otect/o m

./u:,/r,'._ cl+'allv, /De i**l_'*v_l_ +!/Val'iOt+._ _>_ource-u_er_ _om/*el_'d.""

++is Stcpilcn Pvnc argucs tilal lhc ncw agc of discovcl+y will I)riug dilti'rcnl chllllcngcs,

l.iincrick nulk,.'s lilt' cast' llllil lt'itrllillg from lilt' past may involve tllldt'rsl;ulding sl dilli'r-

fltl sct ot Slol'it:s+

()ihcrs havc cxanlinc(l lilt' nlethods and nlylhoh>git's l)y whirh tilt' spilcc l)l'()gl'illll WaS

Inlu-kclt,d by NASA and by ils Sltl)i)orlcrs. Michltcl I.. Smilh, in "Soiling tllc M_u)n: Tilc

U.S. Miuulcd Sl)aCc Ptogr£ml and lilt' l'riunlph _l'('.<)tnntodity Scit, ntism ..... cxilnlinc(l tilt'

57 St'c, tin cxamph', \Villiam I l, (;_ctzmann. X+'w l.aml_, +\'_'_+'M+'*+::tm,'+i+a aml ID,' ,he,ore: ¢;++.al ,Ik_,' o/
IJl_+,n,:P_ iN,:+;+,"l_llk: _A'.'W. Ntllton and (:o.. l_}gll) nll<l .NIt'phcn ]. P: n,p, /7+;'I+,': .t]+,l++_l+3I_*_#lla_+l/++l (l_l',+,a (;il',,

I.\: t:ni+etsitx ot low:a Press, 19861.
5S. Stcl>ht.n.]. P}nc, "'Space: a ['hird (;real ARc ol l)is_<,xvp,>'" .+I+,'+H"I'Mi 0 4 (:\tUgtlM 19SS): IS7-99,

59. IBM., p. I_7.
60. Patti(ia Nelson [Jmmi(k, "Fl()lllicr l.ili',+' revisvd vmsioii ol speech m Se(on<l ANnual (:,,It.ado

>,pat c l'olii x \\+_t kshop, l{ottldci, Coh.tad_+, blcptctnl:,cr N, 19S9+ p. 2. In additioN, +,ct' works Ilk<' l_,<"+vt1}J+£locl!}c,

"'Making lhc Fiontim ?vlv=h: I+'(dkh+nt' Plot c_+,sill a M_+<h'rn Nati_m." ll'+'+l+'+*lI,b/IU+m',1t; (()t lol}t'l 1%_7): 2'3F_.
til. I>atlit ia Ncl_,¢m l+intct i_k, (_lum; "N.ssi_m 3: _,%'llat is tht' (:ultuial Value {it Space I".xp],,, ati<mT'" in \Vhal

is tl;c Vahlt' t+l Spa(+.' l+xl)lotalitm? A SXml>OSium Sl)Ot+s_tcd I_ th<' Missi_m liom l'lancl ['iallh Nltt(h ()lilt c, ()llit c

t)| NIl;It t" _ i¢'ll('C, NA_._ I h'ad(luatlcpn and the Uni'+ctsitx <,I Ma,',land at (;_lh'gc Park,.]uly I<"4-19, 199.1, I:'- 13.
(i2. lJmt.lit k. "FiOllticr l.ile,'" I>. IF)+
ti3. Mithacl I.. Nnlilll. '+ScIling Iht' Moon: lhc t..N. Mai'lil<+d Sl)a(t' I>illglalll and the' ']liuinllh <i|

(:,,liilil<,(tit'+ S(itqlti',ln, ++in Ritlia,d \'x'ighllnali Iq_× and I..1..J a(kn°n [.c;us. <'<b,.. TDe (.l_<llu#r r!/ (+,,_l,,m/Jl/o#_'

()_l/+al t'_a'¢_ i_ .Xmo;_a_t II/_;.v;, l&_,'O-I_)<k'(#(Nm_ Yl_Ik. NY: I_anthclln P,ooks, 19S3). lip. 177-20%
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rhetoric of program supporters and Ill< packaging of flw astronauts. Starting ill more or

less the same poin! as Pyne and I,imerickIWifll the exph)rer-scientis! who mapped the

West and filled museums wilh artithcts and imagesISmifll argued lhal 13y Ihe 1950s

tlational advertising agencies in Ihe l_!nite(t ,%lilles had crc;|ted three particularly signiti-

Ciltll patterns of technol<_gical display: dratn,tfi( unveiling <)f prodt,cls; Ihe transferring of

tile special attrit)tttes of the produc! t() the (tlstomer ("tr;ulsilb,,ity') tnstually 1)y using a(t<)rs

in ads; and establishing throllgh lhose actors a character type with which Io identit);. In

Smith's view, a major 1950s image was "the helmsman, whose mastery over his environ-

ment lhrough lhe products of lechnoh)g.), provides a model for consumer aspiralion." The

hehnsman and his machine--like I_indl)erg and "The Si)hh of Sainl I,otfis"--made a pair,
tile illlribtlles of each enhancing flw abililies <)t Ihe ()lher. As Smith noted,

Each _:[ the helmsman's rti._pbO, qualities rYmvo,ed value t. the product, which in turn

appeared to _mUfinre preci._ely lhow qualiti_ i. its rm,ne_: Foremost among them wa_ his

mn_r'ulinitv. In a mah'-dominaled society"in which .wchat/izathm has beel'l /#q'c:ived alte_

nat< 6, a._ a _ource r_/power a_d a threat to indepemlem'e, arh,ertis_' [br/.red aT_ alliance

helween lechnoh_L4cal and £,_ender rli._pl:O_.... ?hhnoh_t,&al w_phL_tication and socittlly

admiwd ma_rulim, traits were com,¢3'ed each through LS(_'li_'dvatialion,_ o/the other:"'

'Whell ,gplgDlik was launched in 1957, the ground was prepared Io (ombine 1he adverlising

images of helmsmanship and technolo_,_" in it (;old War race fi)r space.

The tirst group <fl aslronaHls, flw helmsmen <_f Sin(fits advertising world, w:ts inlro-

duced to lhe press and lhe American peo[)le on April 9, 1959. While the debale abou!

Iheir role or lack Ihereof in l'r<_ject Mercury COnlinued among the engineers working Io
design a caps<fie and Ill(Ill-Fill(" Ill(" r()ckel, the ilSll'<)lliltl|S hcf'ante the space pl+()gFiilll t()l"

most <)1+their fl'll<:,v citizens. As Ihe <)lficial history ()1 Pt+<)ie(+l Merctlry notes,

7hese /u'7:_onahle pilot.s were introduced in civilian dress.s;many people in their audiem'e fin-
gq_t that the_ were volunteer t_st .sul_ject* and military qffh'te:_. 77u'ir puhgc comments did

not elrts_.s /hen1 with au elite int¢'llil.'<qH.sia, t¢¢zlher ttuq: were a con/iu,_¢ent <?/ matutt.

American_. averaL_e in build and vZ_a:fr', ,/,mi(_" men all, ¢<dleLre-erhwrtted a._ enL#ueetx,

pox_e$,sing ¢,xrell_,tl/ health, amt pt_?fi'ssionally committed to /l_,ing advanced airoFfi. ":

()lhe]s saw lhem somewhat dillbrently. They had "the righl stuftT' ot)se_'(,d writer "fi)m
V+_)ll_,, including the l)()lili(ill sense in llw case o1 one successftfl ca]]didale, I<) recrttil his
esl_;mged wili" liotn lheir sepa_tiot_ to lhe cause of his successfifl career ;asan iLslrOllillll. '_ Alan

.]. [,(!vine argllt.!d lhal l]le [_ix!je(l Merclll-y itslrOllalllS were in [,lcl presented in it way designed
to make space l_t'¢el as mechanical at](l ordinat% as risk-liee its F,ossible. "NASA's publicity
machine and the Tim_-l.¢fi, empire, which gained the rights to the 2Lsll()natlLs' stories," l.evilw

commented, "conlrived Io show lhem, and to some cxlcnl, the Mel'cl.ll)* project i_s a whole, in

a misleading way.": NA,%,\, in this x_iew, wanled lo minimize risk: ] h'm T 1.uce, o[ Time-l.ip, on

the other hand, worked to show them its "typical middte-clas.s while t:_roleslanls. ''''_ Michael

Smith's process of preset_lali<)n ills the introduction of lhe aslr<)nat]ts to lhe ptx'ss.

64. /hid., p. 184.

(15. SwcnsOl_, (;firewood, and Alt'x;HIdi'r, Thi_ N¢'w O¢cu,. p. 1(i0.

li(i. HIt' itSll()ll;llll ':,'t1() W;lS _;cI)_tl'_ttt'd ([lllill_ II1(" _,_']('( tJl)ll i)rl)(-css wils (_ol_rll)ll (_()o|3('1, it_ ((lldiltg Io

li7. l.vvmc, Midrib' ¢_ud ,'_/mte He.r, t). I 10.
{i8. Ibid.
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Time-l,!fi" played a particular role ill lilt" illesenlalion of tilt: t'lOjecl Mercury aslronauls

])t,CatlSe lilt' _lSll'OllalllS signed an exclusive Collll'_l('t with lilt conl|)ally oil J\II_IIS[ ,'). 1959,

10r their "'personal stories." Tilc dc;d al)t)alcnlly originalcd inside NASA. As lilt' Projccl

}lt'l't'llly llislory ('OIllllI('IIIS,

partly becau._e _J . . . nuluml publD i_m'w_t a_ul partly becau._e the _ivilim_ _pme

a,q'emy had a slatulor'_ mandate I_, _onduct edutulio_uU publicity, _\_4.S'A

th,adqua,ler_, _{fler inve,_tig, nlio_ a_ut deci,dou, eucoura_ed the asltwtauts Io sluy

t,4_ether amt t, _urepl tDe /?inlZe Iwm:/Tt,_ ,# a ._mgle pivvate e_te_pl'i.w publi._DmlZ ,ll;'r
arr:uq_ed in outlitte even hffbw their seh,c*io,_. Thi,_ p_vcluded _e_mud compelilive

I_id,lm,¢ fi," individual _to_7 r4ght<'"

The aslronallls were Io i-t'ccivt" $500,000, ill bt" divided equally, without regard Io wh_ was

to t)c lilt" thsl Alncrican--and, il was hot)cd, lilt' []l-sl tllllll_in--in si)_l(tL Th<' slorics, lo i)c

XVlitl,t'll b} l.![i" sial]; Wt'l't" lo ])t' 1)lt's{!nlcd till(if'l" lirsl-l)Cl'SOl/ I)ylincs, and lilt' ilSll(HlitillS _lllt[

Ihcir wives had final apl)rl)val mcr lilt' contents. Lift, ls illlcnlion was lo nhtkc tile _tsll'oll:tllls

and lllcir tmnilit,s look good. The ;_tSllOllalll'S wiv(,s WClt' lull parlncrs ill lilt' dcal and ill IIw

slol-it's Illal were told. The _ll'rilllg('lll('lll W_IS ilnlnedialcly and COlllillltOtlSIv conlrovcrsial; as

Thi.s New Ocean obst'rvcs, "Few olhcr pvril)lwral l)_tlicy dccisions rt'_ardill,g I'r_!j{'cl Mm-cury

Wt'l'¢" I() I)t'l'OlllC SO tolllr_i'¢t'rsial ill lilt' ]oIIg I-liil. "'>' The COlHlat'l, tllll]linkal)lc ill l_l[t'l gt'n-

cl-alions, g, ilal-alll('cd a COIllillilOIlS [loxv of illlkwln;<ilioll ill)(Itll lilt" IICW s[)at't' ])i(>ll('t'l'S _llld

lhcir lmnilics throughout the 1960s. /,(fi'could not send its [)hologlapht'rs into Sl)aCC aboard

1'7"iemlship 7 _)l Faith 7st) thai ils ability to iclt file slorv as l,i/e sitw il del)cnd('d on Ihl' t'xclu-

sivc sharing o1 tile slorit!s and eXl)erit'n(cs ()f i)l]lcrs.

l'lw l,//_,COlllr;.ltl alld tilt' Illlt'Xi)('('lCd Wolldwidv inl(TCSl ill lilt" _.lSlloll_llllS pl<lycd illlo

lhc cullural crisis set o11" b) Russian Sl)aCc spcclaculal-S. Thc Eis¢,nhowcr administration

look Iiulc public ilOlitt' of Spuh+ikT+ orl)iis <lx('liit'ad I)iil Mcllillt'l-S ot (]Oll_Tt'Ss alid lilt'

pu[ilit" l't'iil'll'd. ,_Tnl/s'lik rt'])rt'SClllt!d tincxi)t'clt'd l)rowt'ss Oll lht' p_lll ill + lilt" U.S.SR. and a

llit,:.lSllrt'/)[ iniliiary ini<ghi; bul il also rt,vt, aictt, in Ihc vit'w/>f if/any, :\lll('lit+allS its sotIs t]al)-

i)v, adritI in il st'it ill inalcri<ll _<l<lds. In lilt" 1)Cl+i_)d during wllicll lilt' <qi)act ' ,.\el was ])asst'd,

NASA was lli'_alii/t'tl, and lilt! 1960 t,lt'tliOli was held, lilt" llalion t,lill)al-kt'd <tit a st'al-(li

ttil+ lialiOlia] _oais--a I>lcsidcnlial COllliiiisSiOli, ii Special Sludics Pi+oicci funded I)y

R_lckc[t'llcr lilOlll'y, and I,!/i, Ilia_al, illt' itself all flt!'¢olt'd allt'llliOll Ill ilalioiia[ rt'iit'wal alld

disc_ivcrt'd SOilit' version o| _a loss o[ ii St, liSt' of i)lll'])ose Ol + of nlissi<ln. Tile Iilniiil2 , Ill ]lcr -

tectlv alid, ill Michael Sniilh's vicw, "lloni lilt' oulst'l, Iht!ll, lilt' archilcCls of Ihc Si)aiCt' pro-

_1 all+l vicwcd ii as a lit'w SOlll-Ct" o| nalit)nal iCOliogra])liy. ''r_ Tilt' ict)n_)gial)]ly of scicncc and

t,Xl)l_lralililt inaskt'd lilt" [)o]ilic_il (at iionit') and dip]oiilalic (abroad) inii)Ol+lalitt ' ill

iialiOlla] l)rt'sli<_t' as Iht' ilalioilal ill'i'd iillilt'iiin _ Ill;illS 17)1-a silact" plO_lalli t_llWald. _"

l lchnsnlcll Wt'lt" llet'dt'd t_)l lhc _lt'_i[ advt'illtliC, ;uid lilt" []_lilt'r iiih)i aslrollatll

t'nicr_t'd _is lht" t]_lllt' iiiosl w<)rlhy of Cal-l-yill_ Allit'iica's ])alilit'i I<l lhc Mars. PCol)lt' W(!ll!

lit'it'SSalV it) lilt' ])lO_lalli in oldt'r t/) achit'vc "l)rQicclion o1 lht" lialiOlial hlla_iilliliOll iillo

sl)iltt'," It) slltlltl ill till" oilit'lS w]lo could Sll{tr(! lilt' (ll't'illll vical'iOilSly. "MalllilleS itllillt" will

ill)l sullicc il lilt'It alt" able Io t_tlh>w," oliscrvt'd ajoUrllalisl lxThiil_ ill 77U' :%<'f?/iu#l. "'file dil;

t'crt'il_ t' is I<,rl llial ]lt'lWt't'li adnlirin_ ;i WOlli'<iii's t)]lol<l_i;llili and lilalTyili_ lit'i; ''_

(ill. _.l_.l,llStiil. (;rini_llod, Ah.xaildci, /'his ,M_c (he,in, pp. 237-3S.

711. IDid.. f ). 2:18.

71 Snlilh. "Y,<'llinR ilia' Mllon." I)p. 192 _.)'.L

72. IImL

7?,. Quoted ill itml., I). 1¶)9.
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7h_.laumh _![],h, (;Irun k "'l')u'nd_hip 7" _pmr_d/i ,m k?h_ua_x2(L 1962, alop Ib;Alla_ h_um h vehi_h,.?'h.,'/i_l Am,._i,dn
odfital /li_chl,(;h'n_ made thn'_'_hit_ +![l';a_th. (NAS;A/_hotr_m_. (_2-AIA(_112).

I+1 the early days of nl_aCe latmchings, as Ihev were then called, the Mt'rctnv astrmlauts

al)l)ear<:d to be SUF,erllu<_tls; lheir "lhnctional role in the flight was not unlike th;tt ol+a rather

elal)orate h<+od ornatn,mlt. ,':+ _]'t Alan Shel++ard, (;its (',rissom, attd ]ohn (;letm l)Ct+sonified

the rural [,um vonl]+ or sin,ill-town white' male' daredc'vil image necessary Io l)<qmlar mxth.

I,alt+u +astromtttt+'+ it+ [)r<_grams that lbll<>v,+t,d l)r_pjc(+t M<w(.unT, sharing lht+in- (-al)stde+ with mtt +

01 I'W<) (',C)ll/])a.tli<'qlS Io<)k on a dilfer<._nt look; [ ;.S. Nrw+ and Wm'ld/¢,+]u;.t?M)s¢'u'vod thai "A ncw

I)rc<.'d _>l"cosmic ,rxl_h+rer has emcwged. (;one is the earlier image _[ the t<+ckt't-riding dine-
devil, tit+.' su])twmml of the 'wild I)]tle yond¢'r.' The aslr<_mtul now is seen as a d_.'dicaled

7t. IBM.. i). 2111.



scientistconcernedmorewithdiscovelT than with setting orbiting records.";" The tighter=

pilot was now transformed into all explorer-scienlisl ready to convert the void into aq

American landscape (ironically, only one scientist, geologist t larrison Schmiu, se! foot on
tile moon or worked ill the earl',, programs of the space age). But fiw ]:'rojc¢'l Mercury, tilt"

hehnsman as quintessential American hero was the job description, and NAY,A and the
media worked to make tile candidates tit the F,rofile. ;';

There was, ill fact, no formal job description liar the tirst astronattls because nobody

working with I-t'Se_lFch _lll(| dcvcloF, mCnl expected there to bca job [br tilt' men. ,_s a con-

scqueIICO, the roles tile?' played ill Project Mercttry developed as tile program developed.

One of the key points which nlark the transition from avialion to space flight resides ill

the rolc of the human being on board..Joachim P. Kuettncr, one of lhe (;erman rocket

tcchnici:tns brought to tile United States after World War If, described the difference.

"While it is admittedly an oversinqllification," ht' wrote,

the d![]i,_vm:e between the two/aim ol%_ies ma_' be ._tated in the JiJIlowin:+_g_em,ral term.s.
From an aviation ._tandpoinl, ma_t is m_t oM_, the sul_ject O[ transportation, and as

such in treed o/protection a._ a pa._eltger; but lie i._al._o a too.st important intet,uvd part

o[ the nlachitle over which he/rule'_ has control ....
ht colPttYtsl, rotkel lechttolo_'r ]ta_ beet1 .]or twe_ty yeat:_ a mis_ile lechmd%?'

g_overtted by the requiremet_t.s o]taI_et ac(utvlr)' tirol maxilttulll r(tlt_e. As silt'h, i/ had

to develop automatic a, ntrot_. I."Pdike a human payload, a warhead ha_ uo use excq_t

ott the target. Ottce a mis.,ile J?til._, it ma_, a._ well destroy itse([ duri_g]li,t,dtt.
The development +!fmanned LSpacefli:zht is m_t just a matter q/replaci_tg a war-

head b_'a manned cabin. Suddetd_ a .u_,itch i._ thrown between two paralb'l track.s, ttu_w_

of mix'lie technolog,5, and tho,se O[_u,iation technolokr_', and an attempt is made to move

lhe ]_reHous human payload /iom one/rack to the olheP: /t._ it_ all la._t-min ule switchint_;

mw has to be car@d to assure thai no derailnwnl lakes place.;:

Ahhough lilt" nanling of astronauts assured that the space race would involve human

SllaCC llight, the role of that htmlan being vis-a-vis tile role o1 atmmlalic controls t_f all

aSl)t'tts of spilt't'Cl'ilfl _lllf[ launcher optq-ations tlt'c;unt" a stlbjet:l of SOIlIC ('onll'llvci'sy.

Many+ including tile astronattLs" fellow It'.',;t pilots ill the X-series test.,+ at Edwards Air Force
Bast(in California, considered the Mercury aslronaut to tie "Spare-in-a-can," a passivc pas-

senger ill the space flighl. Many of the engineers working on Prt!ject Merctu T l)refiwred

that option, l)clieving that automatic controls could prolccl hutnan cargo mort+ e|lk'ctivt'-

Iv than tilt' |llllllilll cargt> cottld control lilt + nlisSiOll.

The astronauts, ill contrast, had strong views abottl what they lhoughl they ought to

be doing. :X_';tl'Ollatll l)eke Slayton spoke to the isstw 1)eli>re tilt" Society of Expcrinicntal
Pih_ts, when hc observed that "Objections to Ihe pilot range from the engineer, who scmi-

seriottslv notcs that all problems of Mcrcury would bc trt,nlcndously sitnplificd itwc didn't

haxc to worry about lilt"bloody astronaut, I<) tilt' military m;ul who wonders whclllcr a col-

Icgc-traincd chimpanzt'c or lilt' villagc idiot might llOl do its w<.'ll in space as an cxpcri-

cnccd lest pilot .... " Slayton argued that tilt' html;++n roh' was vital: thc astronaut should

lit" "not truly a pilot, but a highly trained cxperinlt'nt;tl It!st pilot is desirable . . . ;is in any

75. Quutcd in ibid., p. 203.

7ti. Src t'clc_ Biskind, Seeing i+ Ih,lie_+ing: Ifou, lhdl+wt.ul 7huk, ht _ '_ t++Stop Worr+,it+g am/I.mu' Ihr/+_/ii+_+ ( New

Yolk. NY: P:mthcon t+,<_)ks, 1983). pl >. 101-59.

77. Quotcd in Swcnson, ¢;rimw_+.d, and \h'xandcr. Thi+ Nt'w Oct'am pl >. 171-72.
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sci('nlitic endeavor Itw individual who cau collecl maxinuun wdid data in minimum time

Illld¢'l" adv<.,rs(, (ilctllllstanc+t's is highly d('sirahh'. '':_

After Pr¢!ject Mercury had ('udcd, (:hHstoph('r (:. Kraft,Jr., chieftlight dir('cuw tot the

Space "I_tsk (;roup, descrih('d tl|t" shift in flfinkiu_; Ihal gax(' Ih_!j¢'ct M('v(urv astroi|_tuts a

largt'r r()l(" it+ sl)ac('¢+al! (onlr<_l, ,rod latt'Y aslr<)n,ttHs a Img('r volt" still. "The real knowl-

(+tiff,(+of M('r(t+rx," Kraft Y¢'m(+ml:,('t-(+d+ "tics it+ lit(' (hatter' _)f lh(' bask philosol)hy <>l tlt('

i:w,+)g-ram. At th(' t:,(,gitming, Ih(' (+almhilili('s <_fMan w('t-t' llllt ]+:.ttt)WIt,SOIh(+ s+',,'sl('tlls had to
he (h'sign(+d to timeliest+ aul()malicallv. Bul with th(" additi<m _)t Man to lit(" loop, this
1)hih)s<)phy chang¢'d l g0 dt,gr(,(,++ sit+(+." prituary stw(t'ss of flw mission del)('ndt'd on man
hacking u t) at+lonlati<. <.'qtfipnwnl Ihal (()ldd Iitil. '+:+'This _+hifl in [:,('rSl:_('(liv(' was funda-
st!sally it++ ('I+gitwering d(,cisi<m, and did uot ,it ,ill rut',u+ lh,tt lh(' +L",;,tt'on:Attts +++','(+t'(+h¢fing

gix'(+ll it gt+('Ull light t() drag litc(+ ill st)lit'('+ Y('I+ +Is lit( + ol'ti('ial hislorv of l'l-ffiecl _/l('tt+tltY

notes, it had imlJlicatious t_r th(" way Ih( +Sl)aC(+ rlt(t' mid Sl)aCctiuing activities tnt+d('Ylak<.'++t

I:,y lht" Unil('d Nlat(+s wt'r(" tmd('rslood h'¢ lh¢' g('ncr_d ptthlic. "The tield mauiig('rs of
Merctuy had r(wtidlv discov(,r(,d," r('ports the hislovy, "thai t)('<)lth ", or at least r(+l)Orl¢-rs,

w('r(" utott" itltt'rt'st('d it) i)('opl(' lhan u+achiti('s, so lh('v allow('d "Shorty' Pow('rs to skew

l)ttt)li('it) toward tlta(hin(+-l+athl_ Ih(+ st'It rath('t + Ihat+ Iltan-lathtg tit(" machines.' ....
I.ik(' (h'et)-s('a div¢'rs, Slmct'tm-t'rs had to lak¢' flwiv t'_+vh¢>nm('t+t with tht'm. ]n th¢" (as('

of lh(' M('rctuv caps+fit', tlt(" ('ttVil',t)llttl('tll v-,qt_,tv,;(Hi('r('(l: th(" stilt, which was it mim-

('tlvit+otiilt(qll withiu ils('ll; told tlt(' (al)Stfl¢', s('ak'd it_ilhlst all lh(" Stl('_s('+.i itl+(l ('Xtlt'tllt's ()l

launch+ orhit att(l l+('('tltt+',,'. Th(' B. F (;<H_dri(h (:_m+l:,au :, '+,,'a_awm+(h'd tlw (<retract Io (l('sigl+

tlt(' Sl)a(¢'sttit <,t+.tidy 22, 1959. Suit (h'si<u;n +.,,,,t'ittlht_)tLRh J+lutt+('1()tus (hatig('s and sod+lita-

tit+its during 19-+9 a_ld Its)tilL tlttti] th(" m_d¢'l tinallv Ilt('t the' al)pr<v+'al ¢>t+aslr_>_+attts mid
program mamtg¢'rs in May 1960. The infidel tiw Iht" still--tort'rails, ht'hn('l and ghw('s--
¢mtl(" tvotn outfits alr¢'ady Iithric,llt'd tot lhost" lfil<_ling high-tl:+'ing aircraft. But ('v('n wilh
t_wmal approval _>fSl)¢'cilicati<m_ t0r Ih¢' mod('l Sl>a(c still, th(" (h'sign (onlimwd I_>,m,olv(,.
h was, in lact, ()n(' _f lh¢" ('h'nI('nts oI" Pr¢+j('cl Mt'rctu+y lhal cha_+g('d m_)st (:,ll('n+ duritL_ tlt("

liR +of tit(" tm(It'rtakitL_-. +_
,&s (h'si+z,n('r'+pr('pm('d Io cm+('l<_1) Ih(" pil<)ls in Ih('iv pr_l('cti'+'¢' gmh, ¢)lh¢'r ('tlgin('('vs

d<.w<.'Ioped i)laus t_>r whal ro](" llw ilSllOtlillllS would atsally play it+ llight. At lhis t)oittl in
pr¢+jt+cl (:,+gal+izali()it, th(- +(stl+<:qlltlll l)('_itll I() r,.'s,.'mhh" k'ss tlt++"passix'c' "hood oruanlt'iH" _+I

earlier conc,Ul)l.s, and mot(" a l)hysiolog-ically (¢m(liti()ut'([ itlt('gtal ('l(+nwnt of lit<.' Sl)a((' tlighl
sysl<.'m. This was I)v n<) nwlms a move Io a ((+ul(('I)t _)1 "l)ilol¢'d I]ighl"; hul Ih(' iim()tull _1
(:oY_trol Ihat lhe I)il<)ls (ould asslun( _ _1 fit(' (rali, i)mlicuhuly in au enwrg('ucy t'Xl)antl¢'d

som('whal. A lisl ()f a(livili('s showed Ihal th(' M('rctuv itNIl()lliiiil would h(' ('×l)('(lt'(l h_ '+('Om-
llltllli(+ilt(" wilt+ <_rouutl stitli(:.llS, lllilk(' s('i('ttlilic ot)St'l+'..:ittioll+, ll+(>nil<)l + ()ltl)(:.itl'd t'_ltlil)ll+('lll,

Collll'()l ('apstflt' itllilt+,:]( +, navigate + im(t lit(' Yt'lYoY<)ck('ls, infitialt' ent('rW_'n( T t)roc('dUlt's,
aclixltl(" Ill(' ('+_(al)t' s',slt'lll, if n¢'c<.'ssar), aud d<'pl<_y tlw llmditl+u; i+arachtm • if reqldrcd. ',_:

()+her tmd(,rlakings, which had origins it+ th(" ll'sl pih_t programs of tht' military
_+('rvi('('s, itwlud('d wst pilot and astr<maut insl)t'cli_ms of Ih¢' cquipmct+t which x_oul<l (arty
lh('m it+l<_ Earlh _)rhil, mv_t itHCl+siv(" training I_r itud simHlati<)n of in-Ilighl t'Xl)t'lit'uct's.

Traimug was lmrti_ularl:+ complex Iw(ausc _1 i>_cvi_msly tmli+mililtr (ouditi_ms _t spitc_"
t]ighl, stuch ,is wt,ighlh,sst+(,ss. AlthotlE]+ it+ili+tl (o1+( C'l)IS ()t _lstl(:,l+_lllt IraitlitL_ i_l(ltt(l¢'(l a_l
t'xl,.'nsivt" a(a(h'mic (_>urst'. iii<)'.,l _)lth(' ,t(ti',ilit+s ('udc(l tq) _ts hau(l'_ (m--or hi+man h('itL_
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in--work ill mechanical aids. Simttl_ttiotl of weightlessness, (lisorietttati(m, exposure to

hm(I n_ises, acceler_tti<)n [)mlcrnP+ ¢onditit)ncd the _tslr<m_tuts to _l t_m_e of e×F,ericnces. _'
That! the training was slt('c<_.ssfttlseemed to be verified when e_t(h aStl'Ollatll wenl _th)ft _ut(t
cmd]rnled tlmt every plantl<`'(l-t_)r sensation feh f_lmili_tr. As Tom Wolf+," observed ()[ AI

Shepmd's std_-(_rbital tlig, ht, "hi' was imrodtt(:itlg+ the er_t of |)rccre_ue(t eXl)Cricncc, ltis
l_tttnching w_s _t,I utterly novel rvem in Americmt hist(_ry, _m(t yet he cotH(I feel n_mc of
its ii(l'+'t'lty . . . hc could only conlt)_ue it to the htm(ht+(ls <_1rides hi' lind t_tkcn on the ('cn-
t rifuge at,]ohnsville .... "_'

As the _tstronatlts trained in the summer amd thll of 1960, however, Project McrctH)"s
existence becmne incre:_singly doubtftd becmlse the boosters necessm), to inselt il caps(de

itlto orb|! kccp t_tiling. And NASA's rocket t_ihtrcs wcrc veil' public, p:lrtictdmly i. a time
of high politicad |merest, as lilt, 19_0 c_lml)idgn tier t|lc PresideHcy of the United Slates
hctv+'t'etlJoht_ E Kennedy m_d Riclmrd M. Nixon intensiticd. The litst Mercttr+v-Atlas Hight
oft July 29, 1960, took t>ll' _ts sche(hded but, _t|_<:,ve +l thick bank of clouds ovt't +ill(" Clip('

Catmx'er_d l+tunch pad, it +tpl);trentl)' disitltcgr+tted. Thc ('l]<+ct _I this l_dlttre rod).' tritons|lied

lhc tlc'×! ntmlth, when the Rttssimts ]_iitnched +t mltellite with _I l)io]o_ic_d catS,o: "tnltttniks"

Strciklt mid Bc'lk+t; ntis; mice; flies; phtnts; fttngi; mid st't'ds. :\ltm IN <lrl)ils, lilt' Rttssi_tns
rt'covcrcd tht' dt_gs +trial tilt'Jr Ir+tvt'lling l/mtncrs. The next Htomlt, Soviet Ptt+mier Nikit+t
Khrltshch<`'v +tttcndcd tttt'ctit_gs at lhc I, Ttlited N_ttions mid told the press tit+if the Russimls
w('I+crc_It|¥it+<+l'l)il+t hIllll,tIl.'"

The nex_ sp,in_, they did. The Soviet Union t,rbilt'd Major Yuri Alek.++eyevich (;+_g_I,in
ill _,++.+llJkI _+tt April 12, 1961. (_i_m-in, thlts, l)ecmne the litst htlHtatl ill SI);ICt' l)y IItakillg

<mr" frill rcvohttion o1 lit(+ _++lIt]I.s'+ l.+/l + ltt;tg;tziltt" st'ttt rc|>ortt+rs tt_ cover the victoriot_s wel-

c<+nlc of (;agmhl |)tick to Moscow. The clips(tit" in which (;a_,min (-ode weighed 10,417

l)Otttlds, +dmost three times biRgcr tlmtt the MeI't'ttt+ + capsule l>ein_ re+Idled Im" A+IIII_+I+C+III

_tstrmtattts. Flight apogee w:ls 20++ miles ;tnd perigee, 112 miles. (',_I._;triH xv+tswt'ightless fi_r

N9 utintttes of his 108 minutes _+f Hight.
Tit(" I)ictm("+ lrt+nt M<+sc_w Iitken l)x' I.+]+,til:tg_tzittc rc[)_>t+t('rs diH_'t-ed profi>imdly from

tilt' ])h<)l<)._ l+tkt+ll mt+tHttl Atltt'ti('Hn sl)+I.('c' l_ttlllchill_,s. lh(.t(, wcrc tl_ vit'v++s<)i rocket+,+ ()n
ImHtcht'rs or h_trdwarc tntcking the flight, none (_f_l)scrvcrs sem-chin<_ the sky+ R+uher, these

l>ht+tos +ere cleml',+ +tiler tht' l_icl; (_+l_m-hl and most of hi.'+l_,llo,+v Soviet oftici+tls were dressed

it( re|lit+it T tmil<+rms or lhditl+urt_ v,:inlt+t+x'+,t'm mid (;+tg+II'ill +,'+'itsl>ictttrt'd w+dkin+_ d_wn _lv+tst
r('d t;Itl)t't it> rc<_civc tlt<.' ¢ongr+ttld_itit)ns <)f his cottttlt+"s ruli_ig group. N<,lhing ill lilt" l)ht_ -

togr+II)hs of tilt' c<.'It'l)ntli<m indict(ted that a llight into Otlter sl)_tce h+td occttrred, th+tt

htnn+in space flight wits now it t-e+ilit)+ or that hum;in histot), h+td l)ecn l)r_+l_)xtttdl+v afirecal. _7

Pt_jcct Mercury h+td non('theh'ss been eclipsed b)' the RItssi+In +ichit'x,etttetm Still, +is

:\str<+tl+tttt .lulm (;hmn cotnlittmt('<l. "1 +till, ttmttr_tll_ +, dis+ipp<,int('d ill+It wc did tuft m+ikt'

tilt' first llight tt_ t)petl this n<.,+v<_'nl. The importmtt g_mls of lit<picot Mercttr+x', hm, vcvet-,

tctlt+thl tilt' s+inw--ours is l)e+tcetttl ('xi+lor+ition <it Sl)+tce. 'l'Itt'st" litst flights, wltcthcr

l_tt_++imt or Amcticmt, will gtl _l h+n+ iv+iv ill d<`'t¢+rndtting tilt+ dirccti<m <_I fttttuc t'Itdt'+t'++<Irs.
There is cet-t+dtllv wm+k l_r +ill tt_ st+lye the trenlt'tldolts l)r<_l+Ictttm inv_lvcd. ''_+

_ LI ' '+V<_IIt'. TI++'I¢+._1+I,%'I++]].p. 231i,

NIL Pt't_'r P,_>n<l. II+++_ ', i_+ _,/+'+'+++':/P+++'++(;+z_mq++ I++Ch++,ll+.PP_eJ,(l+<md_m: B+t.,il P,l_t_ kw<+ll. 19N7), pp. 12-17.

ST. It/e, +",lHil 21, 1':+61. _>x_'t +t_td itltt'titlt" ph_tos.

NN. (_tt_>l'_'II +It _l'_.r('tlst+ll. (+l'illl'+v_+l)(]. itl+(l .\h'x;tndt'+. 7"hi_ :",+'it, ()¢+._¢, I:+.<,+,_,7_.
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Project Mercury Operations and the Astronauts

April 1961 brought the end oflhe pilotless lest phase o[lll{+ Pr<_.iecl P_+,'I'('II1)' progranl,

and fortunately, ills() the last lna, j_n tlight failure in _,l{'l{tnv. _' Delays plagued tilt, program

and the decision to fire one last attlOlllaled les! ill March 19f_l, rather ihall begin the pih)t-

e+,t tests, gave lh+," Russians the opl)ortunily to launch (;agarin first.

The test of hulnan space flight broug]ll to tiuithm all the various pro+,esses and persp+,,c-

tires thai had charact+,wized the aslrollalltS and tll+,'ir t)ro<_ralllS sill{'+." their initial naming on

April 9, 1{)58. Whether lhey w+,'re to prow? to be "Spare-in-a-can" as detractors saw the space

I)ilol role, or aclive pilots of new kinds of craft would become ch'ar hi practice. V+_lelher Ill+,"

agency view of th+,'ir relative uniu_portancc to the program or Ill{' press' and i)ublic's vi+,'w of

their cenlrality would l)+,+cotne title hist<)rical ac+,olmt of lh_+jcct Merct,rv "+voul+,l now be tested

as lhor<)ughly ;is tlm hardwar+," that lh+`'y rod+`: tim> sF, ace. Whcth+,w they would prove to be

paper Imroes or celebrated as the nation's fin+,'st would dclwnd l)artly on how their test flighls
l llrll('(l Otll. `'_

As a consequent+,,, the first Ameri+,an piloted flight carried a good deal of svmb<dic

w+,+ight, even lhough it was not lhe first hun+an flight into space. The first Atneric;m Io Ix'

h>bb+,+d sul>-_nbitally was Nax T C<mmlander Alan Shepard. (_h<_sen flotn two other final-

ists--Gus Grissom and.lohn (;lenn--Shel_ard's hist<_ric tligh! was l)OStf>oned three times

1)+,'tor+,, its final latm+,h on May B. AI 9:34 a.m., th+," M+,+rcutT-Redst<mc combination heft the

launch pad while about terry-five million Americaus watched on televisi<)n and many more
tuned in on the radio and held lh¢'ir c(dle+,liv+,, I)realh. _'t

Shepard's flight in the caps{ill,+ nanmd l+'P+eedo,+7 took tit_+,'+,'tl thin{ties and IW{qlty-tw<) s('(-

ends. Its ahilll(le was 116.,q mihvs, its maximum speed w;ts 5,180 tnph, and it travelhcd ?,02 miles

II'()lll (:ape (_all;.lvera]. l'}v,,,-lo,+ 7was lit{" last vershm <dlhe capsuh, designed l:,ef+or+,+ tlt{" astro-

nauts b+,'gan to shat>+,, the proc+,'ss of cal)muhe design. It had only i><+rth<>hes instead ot+a window,

and Shepard made his Earth obs+,'twations Ihrough a periscolX', lie clearly distingttishcd

between cloud masses and land masses and r{'cogtliz¢'d various laudmarks :including l+akc

Oke+,'clmlx'e in Florida, and Ill+, + islan+,ls of th+,: Bahamas. Shepard look control ot the space-

craft twice lot bri+,'f periods; his llight plan calhed tk>r him to roam{all} position the capsuh" t_>r

retrofire, and he +,orrected a slight ])itch prol>lem <m tit+,' positioning oF th+e +`:raft in oue

instance. In tim second, h+," took control for a brief period +`luring re{,ntt T of tile capsuhe's alli-

rude. Shepard withstood space tlight condflions well, includitlg live mintu+,,s of weightless{ross

and ev+,qTthing about tit+,' flighl, flom ignilion 1o recovery and d+,'briefing, weut without a hitch.

Machine-rating tilt! humans had I+egun. This initial t+o,ay proved to ,,Mnerican cngi-

n+,+ets and technical designers I]lal huntans could functi<m in space', +`wen while weightless,

tints bolstering ill+_" argument Ihal the aslronauts shouht b+," part o1 lhe working systems <d

lh+," sl)a+,ecraft rather lhan l)assive lJasstqlgCTS+ Moreov+,q; as all <)I)Cll news eVelll, cOVel+,'(I

by Ill{+ media throug]lout+ th+," flight earned (:old _%tr l)rol)aga]l(la points by illustrating

the openness of the Am+,'ri+,an space program, in contrast Io Ihal oF lhe Soviets. Ahhough

in strictly comparative terms, Ihe th+st American in spa+`+` + did not co,he close to matchin<_

the t+++ats o1 his Soviet cotmlerf)arl , Slwl)ard notmtheless t)+,,+,+am+,• an imm+,'diat+,,, tttll

fl+,'dged American h+,'ro through his c_mq)ctcnt, laconic i)crlorman{c +. Ihesident K('tm{'d'+

awarded him the l)istiuguish+,,d S{'rvic+,, Medal on May 8."_'

St). St"+_'tal Id lht' lil_,l tt'st fli_hls ,>I 1_h']cutv Sl)a(,p( la|l wilhlml human F,aSst.ngt*ts liulcd on holh the'
Rcdst+mc and tht' Atlas I)<_oslt'+s,

9[). St.+.. l.aunius. ,"/.t£'L I). 40. an an <'Xaml)h. o! lht'sc kin(Is c)l l)iCS,+tncn.
!]1. SWt'IlSl)II, (;Hin,,',_od+ and ,\lt'X;llldt't. "l'k/+ +\++++,O+e.,, p. 311.

9_. It, d., pp. ?,52-1H : Bored, II,'_r,:_ i, ,'+_+_a,',pp. 27-31_.
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The conmtst t),t'iw_cn the acco,nplisllmcnts of 1.'bsl0k 1 and FreMom 7, llowcvcr, (lcmon-
stralt'd lhill t]lc Soviets had wha! h)okcd like ml ov(,rwhchning tc(hnoh_gical a(lviullag(';

Shcl)ard's tlight had I)ccn in l_lcl little lll()l(! than a illitll shol otll otit ('itllllOll ()n it V('l_' l;tl-_<."
scah'. 1"o address Ih<." I_'ars and c<)ncelns of Ihc Amc'rican public who perceived a real

danger in American sccond-l)lacc slaltl_ in 1tic Sl)aCc race, Kcnl|cdy had _,dl'r¢'d Vice

Prt,sidcnl l,vndon B. Jc>hns<ln I(_ make an overall smwcy of lh¢' possibililit_s l(Ir American

Sl)aCc tritmq)hs ati.¢'r (;;tgatin's initial tlight in mid-AF, ril. Atit'r stnrvcying, the vi_'wl)oinl.s <if
NASA statt, Cling, ross, acr_lsl),l<.,u contractors, and Cxp(qls in s<.i/'nc<.' and te(hnolog3;

Jt_lnls()n t)rodu(t'd rcc<)mnl<.'n(lali()ns ti)r Kennedy on April 28..Johtls<)n argued thltl world

lcildcr_+hi t) incrcasingl+v dCl)Cnd('d tin "(Irlunatic acc(mll)lishml'nl+s in Sl)aCc"" and Iha( con-
tinttal Sovi('t (h)nlinanc/' in Ihat r('alm w<)ul(t i,himalcly l('ad It) lhlqr l)rcsmncd (hmlinan(( _

in ()lhcr inlcrnational aft'has, t Itmmn ('xl)hwali()n of lht' M(>()n,J()hns()n th(lughl, would It<.'

an t'lli)ri worth it gr<.'at (lcal, and il was l)()s_+il)lc thai the (!nilc(t Sl;ttl's could gel ih('l<.+ iirst.

F()lh)wing lifts m<+'m_l, .]<_hnsmi std)millctl an()lhtu r<.'l)Orl io K<.'nn<.'<.lv, with NASA

dir<.,ctm-Jamt's Wt'l)t) and S<.,(rt,lary (it l)t'ti'ns<.' R<_l)<.'vl McNanuua's cmictnr<.'n(<.'Y _Thai
h'(I, in m,n, It) a shift in th(' Amt'ri<iut g.<),.<.:rnm<.'nl's Sltitct" lit)lit7 an K<.'nt|c(ly c(mmfitt<.'(t lit<.'

nalit)tl It) going to th<.' Mt)_)n and back in lhl' (lc(adt' <if the 1960s. Ki,ml<.'tty aml_tm<.<.'(l his

(hwisi<m, and th(' n<.'w l)()lic+', in a lni!j()r Sl)<.'c<.h to aj()int st.ssi<ln t)f (;<mgrt,ss (in May 25,

1961, I))saving, "1 I)<.'li<+'v<.:that this nlni_m sh<)ttl(I c<mnnil ils<.'lf to achit:ving lilt" goal, Itlqi)rl'

this (|<.'<.'a<.lcis Otll, t_t" la.n(ling a man tin Ih<."nlo_tn and "(+lnrning hini safely to l']arlh. ''''

Fro l_r(!j<.'(t Mcr(m_', Ih<."i)()li(y (+hangc coming (in th(' he<.'ls of its tirst sn(t<.'sslill |nnnan

tlighl a(l(h'(I nrgt'n(v l_ imm('(liale acct)ml)lishmt'nts and al lh<.' saint' time, (liv<.,rtcd the

allt'nli<)ti (ll NASA iii_(l its stq)l)oricrs and stq)l)li<.'rs to larger gt_als ;m(t mort' (+tirol)litatoll

l)r<!iccts. The Eis<.,nhow<.'r-('ra basis (in whi(+h Prt!i<.'<.l Mt'rcm 7 had l)('<.ui dt',sign<.'(l, l<_its(" Ihl"

siml)ll'sl and ,n_)sl r<.qial)h' al)l)rt>ach with a mininmni (>f new (h'vl'h)t)mcnl+'+ and in(r<.'m(+n -

tal st<.q)s was t<.'ltl;t<.t'(11),, Kt, lmt'(lv (it)Ill War +'regent nali_mal n(,(,tts" and an Cxl)h>si<)n of

(m|gr<.'ssion;d l)ti(Iw,'tary slq)It_)t t. In mm'ing to th<.' Manhattan Pmj<.'tl ;tl)I)r()a(h it> ,Sl_a(e

t,fli)rts, l)r(!it'( t M<.,r(ttrv I)t'c:tm<.' part ()l,i l)rogranl larg('r than its<.'If, ltt_,t ;is Al',m Shcl)ar(I's

tli_hl w;ts ('(+lil)s<.'d bv _'uri (;agalin'n, st> was l>r,ti<'<lMr,itill}', ill :",()ill(' ",('il+"+t+:";, eclil)st'(t I)'.

lilt" ()l)<.'ning t)l lilt" rat<.' I() Iht' Moon.
Amctit:a's tHigin;d st.vt,n itstr<)nants tnay hln'c Itccn lit<.' only l);trt ()I lit<."NASA hi<.+|archy

that rcmain('(l i()cttss<.'([ ii]int)sl sol<.qy t+n Pl'<_j<.+l'l_t'l't'tll+ _+,,l)tlt the' Alll('ri('all ])ill)lie i+<.'lil+iiil('(l

liwtlssc(l (In ihc astr()naitt.s. 'l+h<."sc(;t)n(l of ,seven l)lamlc(l snl)(>rl)ilal t<.'st,s carric(l Virgil I,.

+'(;ITS" (;l'issliili ah)ti ill I,iD+'+?+If+'// 7<in.July 21, 1961. (;lins<)tn I)riitit<.'d from Ii'ssot/,; h'ailli'tl

lilt Sti<.'t)iud's tlight all(| t)lh('i ;tMi'(>llliilt <.'()llllilt'lil_ t'all'¢ in tht' calt_+tih" d('sign l)ioccss, lJl)crl_'
lie//7 had it ct'nlr;il +vin(h)w inslt';lll i)l i)orlhtilt's, All ilnl)rovc(t itllilli(h' t< )nli_ll _Vy,l<.'iii iilloxv<.'<.l

t{)i liitir<." itsli(llllilil l)iltlliil_. A lit'w h;il<.h, ariiil'(| with t'xl)losiv<." I)olis, was aitlilhl'i iilll)l<iVl'-
lilt'ill. (_ii++4lllll tlcw t<ll" l_l illiliilW+ all(I !+_7Y,l'l+lililiY,. ill Sl)<.'<.'dsI)l';i+ Illlit+li lit ."_,_,ll<)inih's iiii

htliir tit ;lit ;ll)()gt't' (it" 1l_ inilt's. lh¢' tli_hl was virluall)Illiwh'ss iil/lil Ih<.' I+('tov<.'i) I)has( ' Wilt'it,

iii ii ])rot<.'ss Ihai has iit'+,l'i t)<.'l'n liilly <.'xl)lain<.'d, lilt" halch b_lts _;lidllt'iilv lilt'w. (;iiss_iilt
lotlii(l hiinst'lt iii ih<.' wal<.'r, wilh iht" (>x),g<.'n ililt'l "lilly(' iii his Sltlicl' still ol)<.'li. Ill' iit';lll_, '
drownt'lt ttt,tiirt" lilt" l't'_l+ilt" h<.'licolli<.w l)ick<.'d hiin ill), and Ihc Calistil<.' l,i]J+>lt)_Bell 7w;is lost.';"

!13. I,_ti(hin 1+,.I<_hns(itl. "Mt,nl,)ittinhnn I_)i thl' I'it'ni[h'nt." ,\l)i il 'J_, I11t_1. Iltitli('ll in I.llgs(t<lll, g('it, i'[I.,

/w,l+..t_ fit, I '.h/if/w/l. i}. t77-79.
{It _t't' ];itilt's I'], %%'tq)l), N,\%\ ,\[llilillinil;lli)l. {lll(t I_(lli('il _. X|(NiIIIIIII_I, I_('(l('lill% I+l I)(,h,n_l'. io th('

Vii t' l)lt+.,illt+lil, _xl_ix _, 191iI. +_itli _ililt( hi'd: "Rt+((liliiilt'lilt;tli lilts tilt ()Ul Nali<)lllil %11;1(c lll(l_lalli: (;liltll_t'n.

tMli_ it'_+ (;_,al_,'" in l.(_'4_(l<_n, _t'n. t'd., 1+3+/JDxH_ I/l_' I '.l¢_l_)w_+, I)1 ). t{_,{I-?+)7.

95. ](,hn F+ K+t.iitlt'll_, "1. iK(.iit N;lii()n;ll Nl't'(Is" Sl)_'l'( h tl_ _i I(dnt S,t,ssi<_n ,d (]tili_ll"_'_, _l;tx 971, 1961, in

ibM, II, l_l_i.

!14]. I_,(nl(l. I1+'.,,_ i_x _,/J<_++',lip. 53 ;+,5.
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Five more sttl)orbita] flights wet(' planned, but lilt`' Russians incrcascd the prcssulx' on

NASA I() launch an orbital ilighl whcn l]w)s(`'nl (.hcrman Tit()'`' art)trod the w()rld 17 limes

it+ 2,I h()urs in Atngust. Three of lhos(`" ()rl)its w(`'rc <)vcn the [!nit(`'d Stalcs. As a t-t,sult of this

pressut+c and the +t+OlC _cl+(`'t++] i)l+cSS+llC It) w()l-k t()wav(Is the InOl'C ('otnl)lt.+x Ap()lh) I)l'O_l'alll,

only one more std)orbha] |attach look l)la(`c, It) test the Mctctn+y-Atlas c(`)mbhmtiotL with a

chimp named Enos aboard. Altcr +hal .s+n(`:cess, on August 18 NASA ann()unccd that the

Mcr(`'tux+R(`'dst(`)ne sub-()rl)ilal l)ro_ram had a(llicv(`'d it+,;()l+jcctivcs and ',+'as, lhtls, ended. "+

,-ks a tom+fit <if flint canct'llalion, John Glenn, originally s(`twdnled to be ()lily the thind
stfl)-()nl)hal aslronatH, [nst(`'ad l)ccat+t(`, lit(." lh-sl Amt'rican t() orbit the Eatlb. That l_tct was

somewhat bionic, since (_-lcl+l+ had tna(lc 114.),';,CCI'CI O1"his flu.'`: at lit+trig passed over for thc

initial sub<)rbital space mission. "_"First," tie said, "is tinst." (;l('lln+ ]+;td worked hard to build

a pttl)lic persona anti become the I)t,sl-known of the astr<)nmlls, trot his aulbition and

straitlaced pets<trial life contrilmted t() a lack o1 pOl)t,larit.x mn()nlg the other scvct+ space

piotwcrs. Al)l)atently, this lack ofstnpl)ort l)]ay('d so)he volt' in his being chosen as l)ackul)

pih)l and his qtmsi-l)nI)Iic complainls caused NASA hi_hen-+ll)s to suggest that lie sh<)w

some restraint lest he not fly at all. _'
John (;I('nt+'s three orbits rcncwcd the faith of Aint'ticans in their ctdttu'e's scientific

and lechnological know-how. But when his turn finally (amc, the assignment dcmanded a

,_()od deal ()I' patience. The first pih)tcd <)rl)itat flight was poslpont'd Fepcatcdly in a pct+iod

starting in December I(.)61 and only lhtally r('suhin,_ in launch +It (.):47 a.m. on February

20, 1962. (;lenn',+.; five-ho+)r spa(t" flight saw thtcc stinscts and lhret, sunrist's; as a l,+]e

magazin+c rest,archer ('stimated. lit" spent l()tnr Tnnvscla'`s and lhree Wtxlncsdays in orbit.' ....

Dust slorms and clouds ol)sctHed much <ifAfrica. Whcn+ (Hctm l)asscd over Australia the

first time, it ++,+;isnight and the citizens (if F'(`'vlh ttHne<l tht,ir house lights on. To (;lenn,

l)erth looked |lOt++ s[);l.cc like a small town sect+ front an aircraft+ .,Ks the mm rose fi)r th("

first time, (;lcnn notice(| thotnsands of particle,',+ swarming around the caps+d<:'. "It is," he

said, "as if I wet+t • walking Iiackwaid thr<)ugh a fit'ld of lh-elli('s."'"'

Ahhough the flight l)egan routimqy, a numl)cr oll)rol)h_n+s dtwel()pt'd t`htring the mis-

sion <)1 ]:riend.+hi/_ 7. An +mexl)ectcdly rough ride into ()rl)it, (attsed partially l)y nearly

empty Athts fucl tanks, caused (;term to comment, "They really bool you ofF' as he entered

orbit, free of the Atlas SttF.erstr+tclure at last."'-' Mort_ st'ri()tlsly, an attitude control prol)lem

(lcvclopc(l it+ tht" first titbit, in which first one and then the scc()n(l (if two yaw-controlling

atttopilots stuck. (;]CIill, proving the elfica<+y oF having ]nunans on b<)ard to compensate

fo+ automatic system malftmcti<)tL took ()vcr the attiludty t'()t+tr()l n+nantlally and controllcd

it lot lhc remainder of the flight. Fit+ally, gr<)tmd controllers had received what lut-ncd out

to be an erront'ot+s signal that tlt(." landing ba_ on l:rie.d.+hi[_ 7 had deployed in orbit. Such

deployment would Inca++ that thc Cal)nule+s heat shit'ld, cru(ia] ('quipmet+t to kccp the cap-

suit [r()m l)ttrning tip (htrit+g reentry.', could rip oil during lhc reentry process. Gr()und

controlh'rs, in consultati<)n with Maxime Faget, the capstdc's dr'signet, instructed (;term
not I<) follow the rcgttlar proct'd+ut's and.jeltison the rclt+oro(kct package +hal held the

lan(|inld , bag in placc after rctrorockel lhing. These insln+ttclions tttrned out not to be nec-

essary.', sincc thc signal received was erroneotts, t)ut Astr()t+aul C,lenn was not frilly

inlormcd (if thc siluatiot+ t,ntil.j,tsl lit']or(" hi' l)cgan the reef+try l)rocess. I It`: took great

!)7. IMd., p. '3(;; Swcnson, (;firewood, ;llld Al¢'xandcr, ?'his N,.w (hi'an, lip. 370-78.

98 l+.ond, lh.+._+ in ._;/_a<+', p. :+,7; l+oudon Wait)wright, The (;)+'r,'t Ame,,'.+.,. Mal4++x+i.e: ,4 n M_ide lli+lo) 3 ./I.+/,'

(N(,w Y()_k, NY: ,.\l|)c(l ,,%. Knopf, It.18ni), pp. 272-7.+++

':)9, Wahnv)ight. (h_al A.z+"rirr*. ,"d,'+¢azi,'.'. I). '-.>7?).

|litn. I)()za la.(. tlaml)lin, lhat wa', lhe l+![i' (New Y<)rk, NY: W.W. N(>rt<)n. 1(.)7"7), i ). 81.

101. (_u()tt'd in B<)nd, lh,m:',/. ,"))_a_¢'.1). t_.

l(nZ Qu()t('d in Ibid., i ). !:)%
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exception Io being treated as a passeng(,r ralher lhan as a pilot, and gromM controllers

J'l'()Ill Ih;J.I |lighl oil WCl(, mtl(]l IIlOFC Op('ll wilh the :lSll()lliuIIS al)otfl Ihe slalus oflhcir c,q)-

sulcs and llighls while lhcy wcre ah)fl. '":_

John (;lenn's return m Earth was cause liu em)rmc)us cclel)ralh)ns in lllt" [iniwd

Slalt's. Presidenl Kcnncdy lelepll()ncd his (ongr,mdati_ms Io the ilSlFOIl_lll[ aboard the

re(ovcry ship N0a. Kennedy also lllil(|u :I M:ll('lll('(/I |(1 lilt Nation, in whi(h h(' said

I know thai 1 expre.ss the g?ral happin:_,_ a.d Ihank,wiving _¢[ all O/.s that

Colonel (;h'.n ha.s complrted hi_ trip, a.d I k.ow thai Ihi,_ L_parlicularly,fi,# b_, Mrs.
(;le.. and hL_ two childre..

I aI,w_ wahl Io say a wortl.p_r all O/Iho_r who parlic@alrd with C.Ionrl (;h'..

al Caplaz,,/'ra[. "l'ho, /aced ma.y di,w@poi.tmenl.s a.d dda_:_ the b.nh..._ aport them

wmv pval--baI I1. 3, 1¢@1 their head_ a.d Ihrn' made a .).d_mr_l, and I Ihinh their

jltdvme.t ha.s bee. _,indi_ alerl.

We have a hmg way to ,_o in Ihi._ _pace race. Bill thA i.s Ihr new ocean, rlttd ]

bell:re the l:.iled ._lales nlu._l sail on il and Dr, i. a posili., w'cond lo .one. ""

Alth()l@l (;h'nn got 1lit" bulk o[ Ill(" l)rais( , from 111(' mt'(tia, those of tht' u'chnical t(',uns

cam(' in lot some note" one pcrit)(lical i)raiscd the "h'adcrs ot this w(hnic.d warn who did

their work on civil scrvi(c pay and sold no serial rights to national magazines."'"'

(;l,:nn and Ill(' olhcr astronauls i)arach.d l)asl an cslinmt('(l 25(1,000 F,(,ol)le in

Washingt(m, on lh('irway to a lwl:111V-l|lillllt(" sI)('('('h t)('lor(' a.joint session of(:()ngrcss.

NcwYork ('.ily heM :t li(:k('rlal)e 1)arad( , and i)r()clainwd March 1 '_John (;h:nn 1)av'" in th('

Big Apph'. The h(,ad(luarl(,rs ()f Ill(' (Jniwd Nali(ms hcl(1 a v('ccplion in his hon(n. (;lcnn

',','as grt'('lt'd t)y 75.01")0 l)C()l)lc wh() mrm'd oul in New (;on(()r(l, ()hio, his h()nl(' l()wn) ....

An(I, as Ill(" NASA historian nol('(I, "NASA (lis(()vcr(,(1 in Ihc 1)rotcss ()f this hoopla a p()w(,l_

Ihl l)ltl)li( • nt'lalit)ns Iool lhat il has ('nq)l()ycd cvcr sin('(..""':

Tin('(, m()r(. Mt'r(tlry 1;mnch(.s t(.)k i)la(c I)(,rw(.cn Fct)ruary 1(.)t-;2 and May 1963.

Malcohn Scolt (;arpcnt('r was lmmchcd on May 21, 1962, in A.r0ra 7 f(ir a Ihv,.'c-()rbil mis-

si(m. The launch wen! p('rlb(llv, but nmn('rous i)r()l)h:nls d(w(q(_lled (llning Ill(' tlight

t)ecatlse (;arl)Cnlcr's tlighl plan was Ioo 11111 and h(' was t()_) int('rt'slc(l in ol)st.rving the

Earth I() ('al(ulal(. (aft'fully the it111()lll/I Ill fucl hc was using. Slill, tw() thrcc-()rtfil ,nissi()ns

(omphg('(l st_((('ssFidlv indital('(1 h) NASA a(hninislralo,s lhal Ihc i)r()je(l Mt'r(tlry mission

might 1)(" I('ngtlwn('(I tor the n('xl flighl. _....

Wahcr S(hirra was n('xt, t)ut in Ih(' m¢'anfiHw, th(" Russians orl)iwd lbstol¢_ 3and 4 ti)r six

(la)s ill Sl)aCC. wifll a coml)in(.(l tolal ot112 orl)its. Schirra':, llight in 5)i(,,+a 7, ill (Oml)mison

to Ill(' Iiccwh('('ling ort)ils o1 Scott Carpenter, was to I)c all test pih)ling with tbw additional

s(icnlilic (,Xl)(,rim(,,lls. ()clol)cr 3, 1q62, was Ill(' hmn(h dat(' ti)r S(hirra's tlighl, six orl)i_s wilh

a sphtshdown ill the l'a(ili('. Schirra's missi(m i)r(Mu(-e(l rely low tiwl consunq)ti(m and oh'at

I),'()(fl" ltutl a 1)ih)l c()ul(I Ilv the M,:r(my sl)a((,crafl in an ('tlicicnl, v(,ry a(ttuaw m;mn('r.""

Th(' tinml tlight in lilt' I)r¢_jcc! Mer('m'v st'ni(,s wa_; I:aith 7, tlihm'(l t>} t l,. (;()l"(l{)ll (]()<)J>('l;

Jr., v,,lm was hum(he(t (m May 15, 1963. "lh(" lasl latmch ()1 an Alias with a humml al:,¢)ar(t,

1((3. Ibid., pp. t2-17; %v,(.ns()n. (h im',w.)d, and Ah'xandt'_; '17_is,\_'w ()r_'a.. pp. t29-30: [.minim,, :VA,,,I, p. ,_0.

III I. l',csid('nl ]_,ImI_.I/,clln('(]}. (tuou'd in S_cns, m. (;timw_._d. and .\h'xandc,. "/'/._ ,\c., ()rca., iL t31.
ILL')./hid.,1),13_').
1(16. /hid.

1(17. l.;m,fius. ,\',1.%/.t ).sl.

1(18. S':,cnson. (hi,m_(M. ;llld ,\l('xan(h'_, I7,s ,\,_¢, ()_ra., pl ). t-t1_-I;0.

I()U. /bid., i)i).t61-86; st'(' :tim() (211)tain Wahc, M. Nthi,'ta, .It. :vilh Ri_luud N. I_.illin_s. 5,hz++z+'+ _1..,
(BoslI)II, M,\: ()mnlan P_t's',,, ]gNN), i)l ). 79-95.
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this mission lasted tor 22 orbils. Cooper's ground observations and the surprising level of

detail he reported being able to see had implicalions fi)r securily undertakings in space.

The major ditficulty in Ibis lasl tlight involved the loss of lhe automatic control system in

the twcnty-lirst orbit. (:;(>()pet had Io l)osilion tile capsule manually fi)r leclltry and fire lilt"

retrorockets manttally. He did so with great accuracy and showed once again that lhe

htmmn presence could save a mission with serious mechanical [aihlres.'"'

(;oo])er's Project Melcul) 'tlight was truly "the end of the beginning"'" of piloted

space undertakings. Some discussion had aheady occur+red within NASA as to the torm
lhat commemoration of these early days of space exploration might rake.' i_ Almost a year

l>cfore (;,)oper's [light, in Sct>ienfl)er 1962, Wet)I) decided t(> commission arlisls It> capture

each stage of lhe launch-and-return pr(>ccss. A:s _k-1)b c()inmcntcd al the time, "inq)ormnl

cvenls can I)c interpreted by artists to give a unique insight into significam aspects ()t our

history-making advance into space.""'
With more hyperl)ole, It. l+ester (;ooke, (urator of paintings at tile National (;allery

of Art who servcd as the first head of the program, said in 1963 that "not since tilt" hmg-

tlsh slithered out of the oolitic ocean haw" lMng crcaltncs sought u> change flleir basic cnvi-

]omncnl, mid il wa_s [i'll lha! this cllic SlCl) musl t)e recorded in evc] T way possible.., whal if

Queen Isabclla had senl along a lo[>-flighl arlist with (]olmnbus? or artists had been at Kiuy
I lawk? or at the Whiw Sands Proving (;nnmds? And wha! a slrokc _>[genius to send Winslow

I h)mer to the Civil War I]om!" And hc added, "Perhaps Ibis pl'QieC[ will hel l) 1o prove 1o t]llllre

genera|ions thai the [!nilcd Slates in lhe sixties produced no! only engineers and scienlisls

capable <)t shaping the dcslinv of our age Iml also artists wor[hy to keep [hem cOral)any. ''H'
The [hsl artists arrived al Cape (:anavcral in May 1963 to cover (;ordon (;oo[)cF's

Mercmy t]ighl. Seven arlisls worked ;.tl the Ca])e ilself; one flew ou! lo the Pacific io cover

the splashdown. Pc[er ]{urd's visual scnse mani[;es[ed itself ti-om Ihe airplane:

Artivitv on the Cape i._conti+tuous lhrouc, hout the day a_d _i._hl aml my im/m,_sion

/ram t/ie air was o/u vast and dec+'pliv,,ly Ji'._tive <li_pl,y. _Tlelher l_, desi.q_,, t_' ,'haree,

or.fiom terhnical need, the score or more _/enormous grttt[_5 _<ranch, which seemed to

_tride in a Lweat marching pmce.s_io, along the show, were painted a, intense aml

subtl_ beaut!/id shade (>.[red. The vrane._ are _!]open steel work, an i,ttql<u'inLr maze o[

,_6rd_;t:_and tubing, lavishly liL_hte<lJmm in._ide and out,/.,riving an u_believabh, wal-

i:_tic f[]_'ct o[ incan<tescent filig'_ee.

l'hc routine devised for the mlisls began with a tour of the (;ape. The Ihst night was lhe

las! of relative quiet. At the Mercm T Control Cenlel; "moonligh! ruled the slagc, making

pools of deep shadow tiom which emerged a long narrow scaflold of crisscrossed girders.
This in lmn was suNnounted I>v a l>r()lilsion of I(-h,vision antennae like tiagilc Sl>angles of

silw'r gleaming in lost-and-iound pattern against the night sky...." A substantial portion of

inliwnmtion abottt NASA was impat+ted during the tour inchuling a descriplion of safi,ty pro-

(e(hll-es and a l'ecolllllillg of the "shake test" in Ill(" Whiw Room, where the Mcr('tll_' <al)sule

I>eing assembled was shaken to reveal loose bolls, screws, [ilings and hairs?"

110. S_rc'[_()]_, (;firewood. and Alexander; Thi_ New (hea,. I)p. ,t88-501.

I I 1. Ibid.. p. ,t92.

112. Memo of.lames E. '_V,:t:,I;, to l)r. ]tMcn Cox, March 113. I!1ti2, [mpa_l-Art. NAN:,", 11is0)_ical

RcJt'lt'll('¢' ( ;ollc¢ lion.

112_,, Qtlolcd in Robert S¢ hulman. "Space Atl," ,h_mte "lim:_, N_)vcmbcr-l)cccmbcr 198% p. 5.

l I-I. It. l,cstcr Cooke, '+(]Oltllldl)%ll itt (;anavcral," A_I ill Amerua. N_>. 5. 19t13, p. 611.

I 15. Ibid., ]), 1;2.
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()n Ma_, 15, Ih(+ "_i_ Morninf' as ] lurd called it, the ;utists w+,_r+,"tlrivcn to a ro:t+,tsidt, _i+,'x_

ing ;u+ca wh+,+rt+Ill+,",/welt, smrotutdcd b v rt,s+,t,<.++,+rafi;ln+,l news +,r+,+ws.At T nlhn]s (+4+)s+,'+,t)nds,

i hnd slopp+,*d t)+,gng :tt)le It) wrh+,'; ;is hi' expl;_incd I;it+,'r, "l pit+k up fiom mt'morv lilt" susp+,'nsc

of ihos+, + last scconds--t,t+rril_+ing lot us. lot wt' u,'t'r(' each <d Its in thal c:tpstthe'wht, tll+,+r c<)n-

s+,'iotts of it or not." Ill IiT,ing to +,,xl>lain his I_'clings, hi' ad(l+,+d. "l++,.rh:tps it was in wilncssing a

stnprem+,+ g;lthering <fftorccs, till,+sight of so mare,, indb,'idnals <.'ng:t_cd in :l wid¢" range of te+,h-
niqtt+,*s, ;tll addressed to a+,hieving on+,+ol!jcctivc: th+,' succcssfltl +,onlph,'tit>n _ff;moth+,w orbit:tl

tlighl. The thoughl kept o+,ctnring t<_tne Ill;it a similar m;tss t't|i+rl bnilt Ih+,+grt,at calht'drals;
tlt,.: s_un+,• d+,'she of man It) attain t_ his lfltim_llt _capacit,+,. ''+'+_

Thc arlisl +,al)ttn+<_.+,ltlt+,' awl,' that most +,:ivili;ln <d)_;t,]++,+,,rsIbh l()v th+," st,v+,.n daring test

pil<)ts oi Pr_pi+,.ct Mcr+,tn-_' and tilt' slnlctnr(,s and scit'ntilic and cngint+ering l+.'ats lhat s+,'l|t

Ih+,'nl ;lloll inlo that new oc+,+an. ]nnlt,s Webl) xwts right t_ capttn+, +lh_:tt in art am well as in ph,>-

tographs, :tnd inl wh;ll llli_]lt I)t" +,'all+,'d big +,+nltln'+,'as w+cll _ts inl big s+,'i+,+lt+,'(' +;tl/d Ic+,hn<dohm,.

+I'll<.' ;tw;trd of tilt' (;oilier "l'rophx to th+," t+ri_imtl ilsll'OllillltS +,<mlhmed their inll)orl_t]lc+,, to
Ill+.' t'll_ill+,'+,*ritl_ t+-;tlt,rllil} +ill NASA and Io Am+,'cicnn ctlhlll-+,,. Wchl) +,'<lllllll+,'lltud ;d:,out th+,'

;twartl _)t thc (;o]li+,'r Tt-<_phy that "Thc r+,'c,)gnition ot th+,'s+,' otltsl;ulding Am+,'ri+,:lns by lhc

rcpr+,'s+,'ntmttivt*s _)t th+,+ N;ttiomll Acr<nl:mtic Associ:lli,m is indc+`*d ;t hi_-h honor, and i tcel

th_ll this h<>nor will I)c one of th+,' hi ghlights ot th+,'ir c:n+,*+,.rs :tnd ,t highli+..+,-ht in the ,_rowth

and dt'v+,'lopm+,.nt _)t the Naliomtl A+,*r<)nallti+,s :llnl Sp;l+,'(" /\+,hninisll';lt]Oll. ''11:
"I'll+,"award was nndoltblcdl,+, :t hi,ghli<_hI li+)r lh+,' National A+,'ron:tt,Iic Associati<m +is

w+,'II, l_.>r lit<.' Ol_alli/_lli_)ll honor+,,d th+,' piOll(*+,'r pilots r_ttht*l th;m the en_ht+,'m-in<_ h;lrd-

witrc ilnd .join+,'d the gt'llt+ril] c+,'l('l)ration ol +hlllll:ttl ell+)rt ill l'r,+ic+,t Mcv+,+u|-v. Not qnilc
lt_)od _)l-llltlll+,'tlls, t_ol i)_lssi,:c ].+,ass+,'ng+,,rs, bnt m>t I+,'st pilots I+t+,,t+ t_) t_flh)x_,, lh+,'ir _,,',,n

instincls +,.itht+t+,Illt• [\|(,r+,+tn_ +.N+,,v+,,]lw('re lh+,' last ,_rot_ I) ol;tslrtnl_ttltS It) st)h> in l_arlh orbit.

The transition gr<)tt|) t+etw+,,+,,n airl:,lan+,' I+,'st pil<_ts _tnd ;aslloll,ltllS ot tilt' lalcr F,rograms,

th+,+v'+s+,'t+,+ h_n<)rc(l l_)t b+,'htg Ih+,' firsl--nn(l h+ :_ rc:ll s+,.nst+, liar 1)+,'ill_ th+,' I_tst. ''_

116. /hid., p. 64.

117. I;m]cs E. Weh.l:. to Mmtin M. l)ccke_ Pr,,'sid+_'nl, N+_i(_+:_l ,,\t'ron;_t_tic Assoti;ni_nu S(,l)tt.nlt)c_ I(I,
191;3. NA,"; \ Ilisto_i_al Rt'|('_cntc (;,dlcc_i<)n.

I I;";. l_,_>n+l, //,'P+,+ ill .",],+a+¢, 1). 67,.





Chapter 8

Managing America to the Moon:

A Coalition Analysis
l)y W. l]cnry l,aml)righl

!,%:itll<_tlt qucstion, the lunar landing pnogra,n--Prt+ic<.t Apollo--was <mc ol the grcat('sl

examplcs of tc+,+ht+ologi(.al atchim'+,'nwnt in histol_:, h was als<_ a ,gltqtt manag('rial thai. Finally

the th(t thai it suslained i:,<diti(al SUpl>ort hmg cnough Io imph'nwnt Ih(" Kt'mwdv goal vv:{s

also r('markal)hs. +lbday it is dilli+,tdt to maintain ttl+,)mcntlt£m l()n any gov<.'rnm('ntal l)rogram,
it sccttts;, bcyond a singh, presidctnial chc(ti<m.

Thc (kflli+cr Ir<,phics hay(: un(hqstandalfly ,_ont, ill N:\SA's +,lire+,ti<m a ttl.llt/I)(,l o[

limes (_)r ('xlraordina|-x .-\t)+,fllo-rclaucd /l+,'+,'c_ittl)lis, lltttt+ltls ' This essay CXl:,h_r+,,s lit(' story
I)('hi|td lit+,' t011owiue awards:

1965, awmrl Io .plm+,+ E. W_'bh, A'ASA +UlminAl+r+lo_; und Ilugh /hW/+'n,

l)e/mly Admit6+hrllm; a+ n'/m'.+entalive+ +3/.\:,13;A wml:ing on a proj,,ci lhgH
_&,6/i,m_t 6` _M_,amed the h,+,,,m, rxprriem'r in _pm'r./liA4_l;

1967, a _,:1Pd to I. m+,Pence A. t ll'l:l n d ''l+J) P'l'L_rPl liPt_"Ih :' £'ur+,+*x'orl'm qn.a,m 7_,,'.,m

,++//fug-h,:s ,!.inraft (:+,mp:++O', Ihr./r/ I'mpuL+io,+ l,abmrm, r_, a _ d :lx.+oci:lD,doli<rl-

nizalion_ Ih¢tt /ml Ihe _3_'_rind hands q//�u" I Inilrd 3;lah<_ _m the Moon ';"

196& m+,anl h_ (',oL I')+m1¢Bm'man, { ,%'AI+I. ()q_l..]mm_ A. I,m,dl,.fl:, I ,%X; and l.I.

(),1. Willimn A. Amh,r+, I N.II", n'pn<wnli,_,g+lhee_lim spm.e /l_gd_!h'am _4Al_olh, 8,
fi,* Ilw _m_*_,)]i+le.\*'_ulhm o/ Ihe fir_/ manm,d hmm tobit miwion in hZ_h,r',':

/960 +'n+,:tPd Io Ned A. Arm.+tr+mg'; Col. l+,'dwm E. Aldrin, .fix I!+_'_1+. ¢,',d.

Alicflarl ':;,/fi,_, t '._'+'1/'_'7+br Ihr _'pi, fli_'hl ,/,.\1)ollo II ,q/l.d Ihc/h:_l �am/in,g"

+,1,,ran +m thr _m/_ce ,Jlhe moon, ./u 6, 20, 1969": raM.

1971, m_,mrl Io Col. I)m,M R. Scotl, 1%11"; Col..fl_m+:_ B. Irwin, I:'._',t1";mid

1.1. Col. Al/n.d M. tl?,nh'u. I 'h'_l +',"/'be dem+m.qralinL_ _uperh _hill :rod +ottra_'_,
and to I¢olu'rl Cihulh a._ w/m:_'_l:tlive +_/Ihe +'_,¢rim,mjng'<_,'rnitt_ _/ t/w m,'l_+n_'d

_/mcr /l(ghl learn _ulmin:_linL_ i_ Apolh) 15--mm_ 7_most pml, u¢+,d aml _ i+'_
li/ical& producliv_, lunm mi_i+m. ""

Tit(,/twar<Is w+,'nt [br dis+,r(,lt, a+,(_ ml)lishntt,nts, along, Ih(' wax+,.but lhcv. w+,'rc ]tart an+,[

l)ar+,'+,'l _>t'a hug+`' i)rogram IIi/tt ])('galt in 1961 with tit<.' K+,'nn('+,lv goal "l)+,,liw+,, lifts +,h,'(a(h,,

is out. ot hmdin R/t man (m tit<." moon and r('ttu+|ting hiut salbix to the l:.arlh." This l)r_-

Rt+am, which +,'xt+,'n+,l('+,lto 1975, wh('n th{' lhtal Ap<fllo tlight {ook place (A/mlh,-.%_u:.)
('<)tl](l lilt',,'+, + Lr/lltt+`'l('+,[ Htl't, Ittlttthut + ()f ot]tt+r/t'WaldS It)i"/ttl",., Ittltlll)(q- ()[ <)lh('l/t+,'hi+,,v+,,m([nls.

h is sont+,'xvhal :ul)itrarv 1_) singh, out any [)arti+,ular cv('nl, simx' what is at issu+,, is /t

pro+gram in which on(' d('cision Imilt Ul)+,>n anolh+,,r. The (;oilier awards rcallx idcntil\

partictthu l}.'/tls lhal _tl(' t+cpr+,.stq+tativt , ot lhc nlany. +0{hilc Iht'v tncttti+,m tnming+,.rs. <_r

i+,S,II'+,)II_tttI:s, lit + it _OVCl+ltltt('tlt - dt Sll'} It':ttll, wh/tl lht'v HI'(' r('allv +tl)<ll.tl is _t ]_tl_+,' glOtt]) ()[

in(livi(luals and or,_anizations lhat co|nlfim,d tor a r+,'lativ+,,lx+ bricl + i)(,ri<_+,l _t lintt, to

a+,'+,Omlflish ,,vital in r('ll()',;i)+`'+,'l s+,'('lllS ('xlta(w+,litl/tt'v. '++¥1tal tna+,l+,' tit(' ]tlllar hm+,ling
pr%oam possilflc? Who did wltalT- t tow--
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Approach

This chapter approadles the sul_jecl of Apollo as an achiewmcnt ill program manage-

lilt'Ill. There is a great dual of acatlemic and practical interest in this suhjecl.' In her intro-
dttclion It) this volume, Panlela Mack raises lilt' isstle of "hig science. ''_ "Big science" SlalldS

as a s\mhol [in billion-dollar research and development projects. T_day, large-scah"

programs include tile Space Station, Ill(" (;enonle Project, tile thihbh" Spacc Teh'scopc, and
lile Earth ()hservation S,vslenl. Tilt" ManhatUlll Pr(!iect and Apollo are hislorical e×ainph's of

"hig sci('nce." For lhe illosl part, hig s('ience is ii llliSllOliier. %Vtlal is (.niaiied is leciinoh)'sry,

hiige ;nat;lines siicli as the Nubble Space 'Iiqescol)e. Tills is especially true tor Apollo, with

its $24 billion cost. Apollo was a large-scale technological l)lOgValll whose i+aliOllales wer("

pride, prestige. ;ill(| Cold tA'ar co;riDer;lion, iiol specitically science.

There ill'(" inallV wavs sudl enierl)rises ('all be analyzed. Many socioi(igisls have tavored

;t "'social collslru(li('llliS(" approach, ill which societal tortes slial)e science and l(.chnoiog_'.

John Law and Michel (]alh)n, in ionlrasl Io other social constrilCliOlliSls, sl'e society aild

lt,chnoio_,_' as a|i('Clillg (>lit" ali()tliei; hi Sllldyin,_ [)arli(ilial big science progralns, they tiave

isolaled ccrlain "aClOlS" wile ale protagonists hi'hind progialliS. In conslrucling i)roff, ralliS,

siiCll a(-lol-s build "local" ;lid "ghll)al" Ilt'IWOlkS. _

Thoilias ] highes, all liislorian, has wrilleii of socit'ly and lecliilologr_ ' as "a scan;less

web."' r_ut Ill. also t]lids thai cerlaiil aclors, t)lirstlhig {irdel and conlro], hecoliie "svsl{.ili

huiidt'rs" providillg technological Iraicclories ;lid lliOlli('iilillil. [iicse conccl)is liave ilill(h

ill col;Ill/Oil wittl ;;IV own apt)re;fit, rooted iii p_dilical science, wilich tbcuscs _lli lhc

dvilainics of laige-s("ale ieclmolog_:' as a political process. "[lial is, the progeliilors imiht

c()aliliollS of Sllpl)orl i)ellind lhese prograiliS, co;Ill;oils of hllerllal ("local") alld external

("global") a(tors. Coalitions Call grow, change, be slrengthened, weakelied, or ill;ravel. The

silape, scale, and direction of the I)r()glatll depends Oll the coalilion--ils size, cohesion,

aiid h'adcrshii). [.eadership in particular ill;tiers greatly ill coalilion building, ti)l leaders

;dlt' lilt" coalition bttilders. Their strategies make the big s('i('ll('e pl't)gl-_llll go."

[.argt'-scale i)l()gl;llllS take liille lo I)e iml)lenlellled, el}ell a decade or lll()lt'. Alollg

lilt' way lie;it;clans ill lilt" White ttotise and (]OilgleSs (hange. lilt" e('(lll()llly ,_o('s Ihl-ollgll

c',clt's, .llld inlcl-iialioilal aild do;;leslie crises alter llaiional pi-iorilies, ttVilal is possihle li)i

;idiniliiSlr;ilive h'aders at OllC It;lie lliay hi' inipossihle al allolhel;

This chapter look._ al Apollo as a long-lernl, large-scale l)rogranl llial ;lad a I)cginnilig,

iniddle, ;lid end. Thc (Jollier awards ietle(l N:\Y,,Jt achieveillelllS aiolig the way as well <is

I. lhct(, atl. lii;iiiv I)(ioks on Apollo. Th('v inl ludc: (](lilrtlll'V (,. I_r(ioks,<l;uncs M. (,iiltl_'(l()(l. and [.(lyd

S, S_,_l'ilnl>li,.Jl., (:t..iols ]m tpollo: ), Ilish._ <,/Ala.rwd l...ar ,%]*a.'t#rt/l (V_itshingim_, 1)(:: NASA S1'--t2115, 1979):

A_nohl S. lx"dllc, Mam#.6.KX, tSA in the ,'lfi.Ik* I',m (Washington. DC: NASA S1'-4 Ii1<2, 1982);.1ohn Nol)h" VViltiJtd,

lt7 +Ilca+l.'d tile Moo. (New Yi)lk. N_l': Bantam. 1969): Charles Muli;i'¢ and (i:llhciine IIt_ (;_Dx, Ap.ll,,. 17: Ila<r 1o

t]_t' ,*_l(.a#l (N1'%%_l'lli k. _¥: .SilllOll ;lid S('htisll'l, 1989): :\lllll Nhl'p;lld _tlld Ih'kc SI;1%11111.Jl:.sll ,_]tl>/.' 77w ht_,h Story

el A#m'r.a]s 17m_ I. th+' :tie.. (..%-I]allla, (;:\: "l'lllql('l Putllishing, 199l); _illd Aiidll'W (:ha;kin, .| Ala#_ .. tl: Alo<.l:

Th,, l}aa_.,,, ./:II,,,ID, (Nc_ 'tk).k. N'¢: Viking. t994).

2. lallll'n 1I. (',apshcw aiid K.irl'll A. Radl'l; "Bit4 SI it'llt('; Pritc 1o lhc I'rescnt," OSII¢IS, 2lid _,clics. 7

( 19{12): 3-2.-i. Set" ;Is,) Pl'it'l (;alisoll ;llld Bl'li('t' tlcvl}; cds.. IJi,t. Scif'.te: The (;nm,lh ./I.alg_ t_'fah l_:_+vmh (Slanli)rd,

( {,-%.;_lalltiild [:lli_l'l'SiP, Pl't'ss, 1{t{)2).

3. [_)lm I_tw lind Michel Calhm, "Fnginccling and See;oh,g; in a Mililarv Aircratt l'r,!ie<l: A Ni.Iwolk

\nal_sis el '17.,t hnohlgical (;h_lllgt'," ,_f*(/(/_//¥1*bh'l//_, %-'(1t, _t.r). No. '._, 19bt8, pp. 284-97. Scc als_l Wicbc Iliikv, and

I Idill" 1 .aW, eds. ,'_hahing 77'<h m>b,g),/Bnihting .'_<.ietw SI .d#'_ i. So+ iolet]11171 a[ ( :/111ill_t' (( ;{linl)rillg('. M A: M I'I. 1992 ).

t. []illnlas I1ughl's, "The Sl'aliiless "_4_'1): Tcc]inology, Stir'rice. El(cll'la, ]_]l(('lt'rll." 5h. ial SIitdi_<_ OI

S_ir#l_+'. V_lt. Ill. 19;46. pl I. 2;ql-97.

5. .]aincs_m 'W. l)_fi R and Er_in (;. ttargrove, cds. l.ead+'r_Dip a.d #...vati,m, (l',ahinl_i'c. MI): .I,>i,n_
Ih,pkins t:niu-,sil) I'r_'ss, 1{t87). Scc ;list; Robczt Sinilh. rile .%Tm<e 7;,l_'_co[J_': .t Stmly ./X<15;,I. S,i,,.,,.. /$,,Dn./.£n

aml I',dil_c_, ( Nm_ "ti)ik, NY: ( :aiill)ridg(' [ rlii_l'isil', Ihcss, 1989).
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.VA?sAAdmini_lmtor p*me_ E. Webb and l)elm(_ .Idmini_trat_,_ lh: Ilugh I.. Ihwden J_'_,'ived the 19(_5 Collir_ 7_*rph)' [m elli,c

live managemerlt _![rl la_£_e_ule _:_'_tl ipl_tilutio*l. ,'_'tloll,pltlr_, a_'. l_Ji Ir_ri£_h/. Admint_trrz/_n |_/ebt*,1.7_eIb_'_idl'*ll Ilubr_/

I1. Ilumphw3:. and M_s. ItuLdt I)_wl*'u, *_'presen/inL, hrt hush_nd and m_,'[_/ing the awa.I p,r all _j flu, (#'mt_li team_ u,ht_
wg._!fica_ttlv advamed huum_l rx[.'rieme in q_a_" /hg4t/. t,\"15; _ ph_l_.

lhe total achievement. This process had an i_+lernal dimension (geuing the work done)

and an external dimension (getting lhe resources and political supporl). Behind the rise

and cotnplelion of this progtam was a coalition building process. Behind this process were
NASA leadcws.

Seen historicall}, Apollo marked the ¢uhninutlion of many trends. It entailed [he

NA(;A lradi[ion, set long lmforc World War II, which linked gowwnmcnt with huge in-

hous<." facilities and lal)malorics. It expanded upon trends sol during and atlet Ihe war by

which govmntncnl accomplished big science through COII[I'i{CIs with industry and

universities, h added the visual drama of veal-time reporting of man-iu_-spacc lhr<)ttgh

satellite-based television. More than any R&D program before, Apollo merited the title of

"naliot_al" endeavor, tot the nation truly was involved and engaged, at least in the 1960s.

There has tmcn no_hing similar since Apollo, tiw the conditions thal Hlade it possibh, haxc

not repeated. The space program has conlinued, ;-rod buih on sonic of Apollo's legacies,

t)ul il has never had Ill(' national priority it re!joyed th('n. %qlal is significant is Ihal NASA

took advantage _+tthat pniorily, making the most of the historic c<mlhmnce of political and

l_.*C]lii ()l(:,gi{it[ ci t+ct i111s till l<.'t's.



l!)(_ MAX\I;IN(, AMERI(::'_ I(I Illl' M(I(IN" A (_(I.\t.I'II()X A_AIY_I _,

The Apollo Decision and Its Impetus

The Apollo decision of May' 1961 was a reaction to tile large potilical forces then at

play. The Soviet Union was clearly ahead of the Ul|iled Stales in space, and (_ongrt'ss,

media, and the public were deeply voncerned. American pride and prestige were t)elll.

President Kennedy, who won an eleelionl by pronfising to get the country tholing again,

was depressed. The space flight of Gagarin and the Bay of Pigs fiasco sylnbolizcd

Kennedy's own fruslralion, tie--and tile eounttT--needed somelhing dramatic as au
asserlion of nalionaI will. NASA had conceptualized Apollo in its plans since Ihe

Eisenhowe,- years. But there had been no malch between what NASA wished u_ prollOSt'
alld what Eisenhower wished to receive. There was now such a match in the case of Apolhl

and Kennedy. Apollo solved the iinnletliale need tile President and tile nalion had Ior a
b_ld at'tion. '_

.bunes Webb, NASA administrator; understood lhal he had to ust" Ill<" impetus of Ihe

decision to maximize NASA's adminislralive and polilical advantages |or the ltmg haul.

Prior to Kennedy's announcement, he had told \,'ice President l.yndon .]ohuson thai

reaching the moon would require political supporl lhroughoul Ihe decade. Webb knew

thai this was lhe prinnu T faclor ill success or t_tilure. Some people spoke of a national

"commitment," but nol Wcbb. ! le regarded lhe decision as a beginning, one Ihal gave hinl

a brief honeynloon period he could use Io gel Apollo off Io a I_tsl slall. 7

Before 1961 was OVel; NASA had lel nlany of ils nlost inlporlanl ((:,nllacls: Ihe Ihree

Saturn rocket stages lhat would sequentially t/oosl Apollo beyond Earlh's gravity wenl

respectively lo Boeing, North American, and Douglas; tile Apollo spatt'craFt Io Nol'lh

Annerican; and tile Apollo guidance system to M1T. Ill addilion, the decision was made Io

cleale a lleW Manned Spacecraft CeFnl<'r (MS(:) and locate it in the area ,ff H<)uston, Texas.

These decisions and others were all justitiable on technical grounds, t lowever, lilt:.}'

also had the ella'el of building a coalition of SUl)port for NASA in variot,s regions o| +the

tOllllllV alld _t.lllOng those legislators who lt'l_rescnted Ihem. M<_sl n<llabh" was the
decisi_ln I()locale MS(_ ill tilt' I tOtISI(HI al('a, Ill)lilt' ()f tilt' (',hailIll,Ill (IF Iht' I [_luse applo-

pri,tlions sul)tOllllllillee responsil_le lilt- NAS,.\'s I)lL(lget, Rellrt'sr.'lllative eX]bel-t Thonlas.

N:\S,\ leadership was indeed trying to acconlplish multiph' ol_jeclives, with coalilion

huilding being one of lhcln. For cxa,nph', NASA needed 1o work with universities Io

a(conIplish its ob.jecliv('s. \Vcbb cslablished a spc('i,d program, Sustaining [Yniv,t,rsil_,•

Proglall/ (SI/P), with I)load goals. N,,\SA had lit'eli accust'd t)} tTiti('s _d' taking scicntisls

and engineers from othel nalionally-im])orlalll <,lldt'avors. V','ebl_ lc'asoned that NASA

would rcph'lfish th<' cot]_.'rs Ih|ough SI_:P, a t)loglam wilh a robusl Ph.I). lelhlwship

<_mlt/o|lenl. In ad(tili_m, this i/|-ograln helped link polenlial trilics ill Ihe lhllion's scien-

lilic c_mununitv nlole closely to lilt" space pvog]a[n. '0/inning SUl)l)Orl and neutralizing

Ol)p_)siliml were key Io managing big science. NASA was a relativcls weak and insecm'v
aRt, ICy bchnc lilt' Ih-csidenl's ,,\p_dh) decision. It had to by It,chnicall_ and adlninislra-
lively I)olslt'red inlelnallv and t'xlerliallv aflerward tof Ihe lunar nlission. '1'_ t)t' sllong

lectmitallv and adlninislralivt'lv, il had 1o 1)t' sll_mg p_ditically. _
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NASA's Managerial Coalition

Tim coalition concept was applicahh" to NASA's nlanagt'mcnt, used al the very top <_t

Ihe ageil('y and exlendin<g OtllWal([. At lilt' al)ex ot NASA was a lnana<_l, tnl,ilt "tliad" of

lhree ni¢'lh Fil's,l was I4t-t)b, WliOs(" t)ackgl'Olliid was law aiid adlilinislraliOli. ! h' had I)et'li

Bildgel [)irt'clor and Undei SeClClai-y of Shllc in Ill(" Titilliall Adininis,lraliOli. AI N,,\,_A,

Webb had overall responsil)ilily, bill palliClllarly COli(ellll-alcd Oil exlernal polilical i-t'ia-

lions: President and (]ongress. The Dcl)uly Adininisiralor, I tugh l)rydcn, was a hlng-iiine

civil y,tqValll and h'alh'l o[ NASA's pledcccssof Ol<_;tllizaliOll, l]1¢' Niilionltl Advisolw

(]oininillce till Atqonauli¢s (NAt|A). ,,% physicisl, l)ivth'n was, "MI. Science" in lh(" iiilt(i,

and look special inlel-csl in NASA's hllelnalion;i] sciciicc aclivilics. The lhird inenil)cr was

Rol)Cl-I St'alilailS, |tit <'ii_ili<!ci with bolh ililiv¢'ls,ilv aiid ilidlislrv (,xl)el-it, l/C(,. Ih, was

,_{_,social¢" Adlilillis,lrltlof and "(;cnera] Man;i<_tq." Thcic was Ihus it t)ll!iiding of skills at lh¢"

top of NASA; the l|ll'l't" I11('11 ('()lllp]Cill('llilp([ ()if(' itllolhl'l itlld _()l {ll()ll_ wclI. 'i_,k,bh was

defhiitck ih¢" donlillanl i)cisoilalil}, bill lit' lll'oug>hl lhe olhtq Iwo hilo ihc lllOsl iilll)Ollanl

(h'cisiollS aild tlSed lilt" triad Io help his own cicdihilhv wilhili lhe lcchnical orgaliiZalilln

lhal was NASA. The lhrct' inen ]lrt',S¢'litcd a uniled'icadci-ship on decisions, a slancc

parlicularly slicnglhening Ihe t)osilion otScainalis. _'

Below Ihc lriad wcie ihc pl¢i<_liilll lllalia_t'lS. For Apolhl, Ihe key a('lOl wits lh¢"

l)ireclor of lilt ()tlhc of Mainied Space Pliglil (()MSF) all otticc crcalcd I_y tim 19til i¢'¢ll-

gallizalion wilun N'ASA wils ¢tl;lllgl.,(I Io l)t'll¢.l 111_11(]1 lilt' Apolh_ priority. "tile OMSF

[)il+t'ctof |lad Vali<nls stll)<il-dillal(,s. As ()MSF developed, l]l('l'{' Wt!l't" lililnligl'l'S t'_ll" lilt

lii;!jor iilalinl'd pi-_!jccls: Mei'CUl',\', (;('iiihii, Apolh_, and Apollo/\pl)ih-alions (|tic" l)lalined

inlet|ill [¢li]ow-oii Ii) Apollo).

Then lht'l(' ca|lie lhc Ct!lll(qs,--lhe hil<_l" ol)¢,lalioiis Ilial s,crvcd as iu-housc lai)ol-alo-

iies alld tcchnhal liialiagers for iliosl of Ihc COlllracis. The lhi{_e OMSF CCllleis w¢'r('

Mail|it'd Spacecl-afl (]{ullCl; Maisha]l Space Fligill (]t'lilei; alld wilal Caliie 1o I)¢. calh'd

Kelllle(ly Sl)aCe (]t'ill¢'l\ ['he Manlll'd Sl)at-l,Cl-afl (]t'lllt.l tk)cils,Cd oil spat+t,(la[l dcvclop-
lll¢'iil alid asli'Ollaill llailliii_,, Mat-shall oil rocket dcv(,lol)nlenl ` wilh Kl'illl¢'dy Spa((,

(]enl¢!l 1)¢'ilig r(,sl)<lnsibh, tor lhc aCltlal lailllcht's,.

This was lh¢' It)l-ilia] NASA <)l<_aiiizaliolia] ai-ral/gt,iilt,nl. [lil<ll+illallv, NASA was, COil|-

posed of dilli'rcni cilhiires: lhe Nalioiial ,,\dr|sol), (;oil|ill|lit'(" I_ll A('iOilatlliCs Ctllttlre, Ilie

(;{qiiian i-o('kel ctlhlile h'd by !i_,'('lllil¢'i" Villi |/latill, Dii'eCtOl" of Marshall, alid the svslt.iliS

ellg-ill{'er ('llllllr(" which largely Iali O.MSt," al headqilall(:is, till'hal tliiil(+d ihc at'lOilalilics alld

Iock¢'l (tlhili('s wtq(' Ih(!ir aflinily t_)l "]lands-<)ll" lechlli(al w+lik. '|'h/'v liked to l)t,l-[_lliil
I'CSi'ai'C]l alid/of build haidW+llt', alld had Io t)(' pi-oddcd Io }leCOlli¢, (Ollli-atl lilaiia_ClS. 'l'h(.

svstt'llis, eii<t_ili¢,(,is liked to pull lilt'it and Iliachili_.?s l</gclhcr oil _i lal_C scah'. Th(',, wci-c

a(Cil_;loined Io coiillaCliii_ Olll +|lid iilaiia<_illg. NASA's sVslt'ills, cn_ill('iTS 'tv¢'1"¢, IIlailllV'(|iaWll

[}oln ill(hlslt)' alid lilt" Air ];orcc, specifically Io lilt'(!l lhc'adnihlisllalivc denlands ol:_pol]o.'"
Undei" lhe thsl NASA Adininislraioi; ]- Kcilh (;hmiian, lhe decisi_ln had I)cen

ilia(h, io ('Onll-lt(l Oil\ IllOsl o]' NASA'S, wol'k Ill ilidllSll',_ and univt'ishh,s. Wel)l) COlilill-

lied ihis [)all(Tn, aild ofl¢'ii poin[ed otll lhal ¢.)0--¢.),'Ip¢'rcelil llf NASA's Almlh_ work was

sl)¢'iil oulsidc _oV¢'l'llliielll, I_

9. ()ii N_\S_,\'_ Icadclshil) ' st,t, l.auiblil._hi , I,,,w_,m_,t, Al_olD,. Scc als_l Rohl.lt S<'_inlallS, ,,limi#t<_al '17_#_,1_
tBt'Vcll}. ML\: Meln<_irs l_nlhnh_.d. 199:1).

I0. ttm_iud M_(hlid_. h_i<h' .'_'.1.';.1: II_,L,D 7;'<h#mD(_'_ and ()tt, atti:.,,tlilma/ (.h:_#t_t' i#_ Ihf' lm<vi<m_ .%7m_.
#_mt,,w_tm (Bah|nil)it, Nil): Johns ]h_l)kins I'ni_crsil) I'lx.ss, 199:_).

II. l,e_inc. ,'_lt_mtTDs_q, NA _;,I t_; th+' Ap*dh_ I(tt_.
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I h'nce, lh_" NASA Olganizalional coaliliol_ included headquarlt'rs, C(,ll|('lS, illl(l(OII-

II'aCI,:)IS. It was divt'rsc and (olnl)<'liliv('. \Vhal these (,lcnl('nls had ill colnlnon was a

goal--to gel l(i the Moon. Tilt",,' also had a NASA administrator, Webl:,, who b('li('ved ilia.l

;i mall:.tgcnicnl svSlcln had m I_a',,(' hicrarcliy, I:,ut also chtwks and tmlanccs. Thus, OMSF

w()ul<l havc ils o_vn sul)p()rl (ontl;,l(tors I() givt! it tcchnical sll'cIlglh Io col)(" wilh (('nl('rs

and lhc in:.lior hardware colnpanics. Thc (-Chiefs would l>v kel)l slr()ng, inslituli()nally as
lht" Icchni(al c(irc of NASA st) lhcv could lit'a] confidently wilh induslly. 'i.Vorric(I lhal

an iml)alauct' c()uM exist lit, tv,'twn NASA in-house expertise and induslrial (-ontra(l()rs
ill Ill(" cl(,clro|lics ticld, Wt'bb t, sud)lish('d a new El(,clronics R('scarch Center in

( :alntlri(lg(', Massachust'lls. _-'
Wcht) SUl)F,h.'mculcd lifts vast syslt'lll wilh F,t'rsonal consuhanls Io himself, men hv

(alh.'d "s(()uls," who would rovt" around iht" NASA-industry-univt'rsib' system and give him

(,arlv l;_-cdt)ack on t)rot)lt'lns. Th(' inf()rmal siq)l)lt'lnClm'd lhc tbrmal chain of conunand.
AI iis ht'ighl, the NASA syslcni iii('ludcd ,I00,000 govcrnincnl'<il and n()n-g()v(,rnln('nlal

licrs()nncl, held l()g('llicr hv mutual dcpt')idcncics and the hlnar vision. I:'

Technological Choice and the President
as Coalition Member

The Prcsidenl was tilt' inosl iml)Orlant mvlnllcr of Ihc NASA t.xlt.l-lla] coalition.

kt,nnt'dv's Apollo decision inadt' hhn as dt'l)cndtqll on NASA as NASA was on him.

N,,\SA's SIICCt'SS O1" faihut" redounded I() tlis ()Wll ])it,sligt'. Th(" dot)ale over how I() g('l 1()

lilt' Moon ilhlsll-alcs lilt' lt, lali()nshi]). ]1 also shows h()w Icchn()h)gital, I)()]ili(a], and

adlninislralivt" ta(lOlS conx(:igcd in Sl)eciti( (lc(isi()ns r('_ardilig Ap()lh).

Tht, rt" had |)Cell i'll()ilgh inll'rnal sludics fol- NASA Io klloW lhal Ill(' ltlllitl- lalldilllZ ,

was wilhin ihc rt'allii ()f scicnii[ic aiid (,ii<_ilit't'lilig feasil)ilily. Indc('d, Apollo was ililwh

mort" all t'illZ, ilit'('iilig Ihall scicntitic t'lilt'rpi-ist:, as scit'nlit]c ciilics would COlllinllally

(-onllilain. t|owtw('l: lht' t, ligine('rillg ()f A1)olh) was lcchn()logfical d(!v('h)pultmt ill It/('

llll)Sl datllllillg, St'liSt'. Thcrt' had it) I)(' sul)stanlial adYall(('s ili rotk(!lly, heal-l('sislanl

inal('rials, all(| COlllpulers if NASA was to succeed. Tilt" Unlliannt'd st)ace(:rafl NASA

would st'nd It) ])holograph [1111{11 landing sites and uhilnalt'ly land ()n Ihe hlllar Slllla(t"

also I)usht'd lht' slale of technical art. Tills was l(t('lillOlOgry at lht" ['rollli('r o[" illiltllllVlabh"

ti('lds. ]t,chnical Sli((('ss was 1)ossililc, I)ul t)y lit) lli('_-lllS assiirt'(l, and lhc addili()n of lllall

Io lilt" t,qualion addcd a host of novt'l l('(lillit'al lCqtlilt'int!lilS and illlilit'liS(! iisk. W('I)I)

1('1I h(' had Io shield his Ic(:hnical ()rgalii/ali()n alld ('ollll-;i('l()rs ti'oin I)olili(al inlt'rlt'i-

t'ntt" and []llalltial inslat)ilily 1o givc l|lt'lll ;I t]ghling Chall((" Io SllC('ct'd. hi Old('l Io

att()lnl)lish Ihis, h(' i/('t'dcd lilt: Presidelll ()ll llis sidc.

_.Vht'n Kt'llllt'(|v ;lllllOllllCt'(I lilt" Apollo dt'cision, NASA did llOl klloW ])reciscly whal

ai)pl-oach it would list" to gel io the Moon. Tht!rt" wcrc Itlrvc oplions. Onc was called dirccl

aSCelil, via at 1z,igalilic lit'w rockt'l 1o tit" devclop('d, naiile(I Nova. J st,con(I, (allt!d l;,allh

orbil rcn(le/vous (El)R), t, nlailcd aSselnl)lilig t, quiplncni in lht: Farlh's orbil Io go Io lhc

Moon. Tilt' lhird, lull;ll Olt)il l-t, ndezYOtlS (I,()R), also inv()lv('d aSSClllblv, t/ut ill hlllal"

()iliil. Dire(l ;,is(('lll v¢_ls SOOll r(:iccled l)vcaus(,! Sll(]l ;i l()(k(g would take io() l(inlz , I() dl'vel-

()i i. Tht" tonl('Sl w;is ])(,lw('('ll E()R and l,()R. Wvbb alh)w('d lilt" dcl)al(' Io i;I_(' wilhin his

agt'lit)', h'vling that this was the nlosl critical Ic(hnical dt,cision ill Ap(ilh) and his a,g('n( y

12. Ibid. S,_.._.,al'_,a Ruhl'll Roshoh, A. :Dlmi.i_lmtive Ili_tmy _J] NASA. /75_ 1967 (¥Vashinl41Oli, 1)( :: NASA

S1)-41(14. 1966).

I:t. l.alnbli_]ll. ])fm,crl#1_ .ltJollu; l.eOllald S_l_l('s _llill Mar_al'l'i (]|lalldll'l, 1_.laJlcl£_ill,l_ l.<lll_t' ,_l"t'_l#>m_:

O)k,¢ltti:.tlli.._ [+. the ]')ttult; (N<'w Yi)lk. NY: ] larl)'Pl alld Row, 1971).
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had to be united hi+hind it. Evt+nttutlly, tht+ agt+ncy went with I+()R because it promised lht+
most savings itl wt+ight over Iht+ tolill mission without adding significant costs.

This (lt+(ision was cllallcngt+d by tilt + ]'rt+si(lt`'nt's S(icn(t. Advisor, .J,eromt+ wit+snt+|-,
largt+]y on risk gTOl,nds. [t l)t'camt+ an t+arly it+st of who was in charge of Apollo. Wt+bb's
view was thai NASA had to prcvail on such an iml)ortant tt+chnica] decision. The conflict
went It:, the President who backed V_k'l)lJ, and thus NASA."

hi 19(P2-63, Ihere wt+rt+ otht+r disputes within NASA and I(t+twccn NASA and outsitlt+

torccs, l'erhal)s the mosl important intvrnal dislmtt+ was 1)t+twct+n Wcbl) and 1). lhaint+rd
llohnt+s, lilt" head of lilt" ()flit+.' of Manned Spat(+ Flight, an t+xccutivt+ rt+t`ruitcd to run
Apollo. Ill lt..}6Y, lhlhnt+s ft+h Apollo was [hlling bt+hind schcduh+ and nt+t+ded a substantial

inlusitm (fl lunds. Hi`" askt+(l Will)l) to gt) to (]ongrt'ss fi_r a SUl)plcn|cnl it) tlm nmnt+v

already FUovidt+d. Will+l) was +lnxiotts to show ( ',ongrt+ss Ihat wllt+n NASA ])rt+:,;t+nted it I:,u([-

gel rt+quest, it wits a crt+dihlc inunbcr. (:<mgrt+ss did not know nntch at)()tit lilt.' details of

space; il h:td to tltlSl Ihal NASA was wt+ll-maltagt+d. (:|ctlil_h, Imdgt+ts wt+rt+ c|-itical to ihc
tnanatrt+nlcnl itnagt' Wt+bl) wished to (tmvt+v. Wt+bl+ sltid "no.'" 110hncs |hcn askt+d Wt+bb to

litkt + lht+ I_>tlt*_ r [t'_)_l] less iml(ortant F,;irts of lilt" NASA pr<+granl. Again, Wt+l:,b dt`*clint+d.

ltolmcs took his cast+ Io thv |ncdia. Tht+ dispult+ escalated, rt+achin_ tilt + Prt+sidt+nt, wh<_

again t)ackt+tl his administrattm Ih)hnt+s s_u)n (lt+l)arlc(I NASA. _',
In gauging the na lagc nc It I,t(lors critical to tilt' succvss <>fAt)olh_, there is no itn(h!|-

t+slinntting lh(' iml)O|-la|it roll+ Kt+nnt`'dy ])layt+(l as a SUl)portivt+ n|c]nl)t+r t)l+NASA's inq)h'-

nl.+.'nlatit:,t( constitut+ncv. Whilt+ Wclll( was n.t a mt+mllt+r t>l Kcnut+dy's inner cirt`lc (a'_ was
Robt+rl McN;unara, St+crclat-y o[ l)cl<.'nsc), h(" was a man Kcnncdy rt+gaMt+d highly for his
accomplishnlcnts. Kennedy was anxious lot NASA to s(|cct+cd, and l:,t+lit+vt+d ht+ had a good
adnlinistralo|- in Wt+bh. The NASA Adn|i|listr;itt:,| + told Kennedy that if tht+v wot+kcd
trig(stilt+r, NASA would succt+cd, but if lht+y did not, Ill' could not guarantt+t+ lhal would bc

lilt`' t`'asc. Kt+n|lt+dy chost+ to stick with V¢cl>l>. l lowcvet', Kvnnt+<t_+ also hurt Ap<_llo and VX'cl)l>

at on(+ point in 1963 wht+n hi+ annotmct+d Ihat ins((lad of compcting, lilt' tr.S. and t+.S.S.R.

might co<>pt+ratc ill spacc. This l_t+i_ttghl a nt+gativt+ rcaction l)otn NAN+,\ critics ill (:<mgrt+ss

WhO Wt`'lt+ ittllXit JtlS to CUt lilt' iigt+llt'y'S l)t|dgt'l. Wt+bh workcd ittlt+ll_,t'lv +ltl(l clost+ly +vifll Rt+p.

Thomas to tttltl l:,ack this assauh. N,.\S,Vs I)ttdgt+t wt`'tll u l> over what it h;td ])c't+tl lilt' vt+ar

bt+Iorc, but tilt + rt+qt|t+stt+d raise was rt+duccd std>st:mtiall). Mt+anwhilt+, lilt + Kctmt+dv

U.S.S.R. initiativt+ did not go ,tm'whcrt +, and tilt' raft+ It+ lhc Motto continut+d.

NASA and the Defense Department

(;(+fling to the Mot:,n rcqtuirt+d lilt +ct>t:,l)t+ratitm oftht+ l)t+pilrtntt+nl t>l [)elk'nsc (D()I)).
;rod for tht + most ])art, NASA rcct'ixcd lhc c<_opt+r;tti_m il s_>ught, lh_wcvcr, lilt" Air Fot-cc

was ;t rival of NASi\ Ibr SlmCt+ l>r%<rams ,t|M l)cl_.+nst+ St'tlt'l_llV Robcrt McN,unara, whih'

not it "Sl)nt (' Imll," saw spat(+ its a place 'whet+t+ 1)()1) ]laid ;tit ,tpl)rol]riatc roll+, at lcast iu
t't+gat(l It) using llt+al-Eattlt orbil f()t + tlliltlllt+d t+('('tHltliliss;lllt+t+.

McNamara wanted conlro] ol tht+ (;cmini iJrogra|n, which could girt+ ])()I) lhv c.qmbil-

it'+' hc sought. (;(+mini had llct+n [brnnl]att+d aflt+| the hm;tr dt+cisi+m to fill a tt+chm_]<+gical
gap l:,t+twt+t+n Mt+rctu+,. and ,\polio. Xlcrcut), ended in 19(i3. Apo]h> flights wt+rt+schcdtdt+d to

commt'nc(" in 1!167. (;t`.mi|li (v,'hich carrit+d two nlcn) wot,ld llc |no|c conlp]c:_ lhan Mt+rttn-,,
(which carrit'd <rot+ man) and h'a<l |ht+ way to Apo]h> (thrt+c mcn). With thv I+()R dt+cisifm.
(;('mini was critic,t] to NASA [br learning It<w,, Io c,p,'eratt+ it| SF,aCt+and dcvt+loping d<Hkin_

II,

,++t /h U.v'/v
15.



and rendezvous techniques. Finally, (;cnlini was impormm ill keeping lhe media and gen-

('ral public part of tire NASA coalition. It would show activity in lhc cvi!i('al middh: years

of tile hmar progranl, between Mercury and AF, ollo tlights, and kee l) NASA before the

public eve.
Wet;b and McNamara met, with Webt) determined to hold the line on conlrol.

McNamara, who had to light various battles on olher bureaucratic troms he accorded

higher priority, backed off. Webb, tor his parl, compromised by permiuing DOD experi-

ments 1o he ca,Tied I)y (;emini. This agreement symbolized lhe basic relati(mshi 1) ou space
where NASA aud I)OD were concerned: NASA was lhe senior parlner, even though D()D

was lhe move i)owerlhl agency, l)Ol) was subtly enlisled in tim NASA c(mlili(m, largely on

Webl)'s lerms, anti gave NASA important Iogislic supporl. 11 also St|l)plied a number of key

managers to Apolh) after th)lmes h:ft hi 1(.)63, inch!cling Air Ft)r(e (;enerat Sam Phillips.

Phillips was app<finte(l direclor of Al)ollo, reporting to (;eorge Muelh+r, h(:ad of the Ot]ice

of Manned Space FliRht.

President Johnson as Coalition Member

Afler Kennedy was assassinaled and l,ynth)nJohnson hecame Presi(lenl in Nov('mb(_r

1(.)65, NASA continued tt) have an ally in the White lhmse. As Vice Presi(h'nl,.J()lmstm

had been a strong ariel)cat(" of NASA's g()ing Io the moon. This support conlinued

tim)ugh his presidency.
I h)wever,.lohnson also wante(I to buiht a (;real Sociely and Apolh) seenwd far aticld

fronl this n('w national i)riorily. Nol so, said _k't)t), who arguctl that lilt" space pl'Ogl'al]l D/as

fully part of the (;rca! Socicly, indeed embodying ils deeper meaning. Webb's ,holt)vie
soared as h(" (h,scvil)cd !he Sustaining Uuiversity Progranl as Sill)wing ht)w i,|ves|u]('|us in

space could F,av off in enha|lced lechnological spinoff on l'_aNh, how regi()nal economic

(h,vclopnwnt an(t educational adva|_cemcnts could transform d()nwstic A,nevica int() a

"Spat(" Age America. '`_';Johnson was elated and had other agencies look tt) NASA as a
model f()v linking lechnolog,_', edt|cali()n, antl econonfic (h,velopnwnl through universi-

iv-based science (enters Ihroughout 1110 country.: (;oing !o the M()(m and (-l'('aling a

(;veal St)ciely were linked rlmtori(:ally and s!ra|egically by Webb toy I.l_].

,l,)hnson also wanted it) use the space progranl Io l)|(!jecl his image as a man ()f pea(('.

! It' st'n! aslr()nauls u) li)reign c()unlvics as amhassadovs ()f Rood will..]()lms(m in()(',tsingly

I()()k('(t lov ways It) lint)rove Iris 1)eacc|naking imag, e. Vietnam, a relalivt'ly modeS/ (on-

l]()ntati(m wh("n.l()Imstm came inl() ()flicc, was es(alatin_ stcadily l)y 1965. lh' h()l)ed his

ass()(-iali(m wifll civiliau space wouhl (()unter some of the |lcgative I)ul)licily Vit!lnaln

br()ught him.

Catching Up to the Soviet Union

Whal really hell)cd NASA wi!h.]ohnson, Congress, and tlt(' :kmevican l)eol)h' was [hi'
SlCl)-hy-ste p, liighly visil)h" s|u'('ess ()f Al)ollo. Tilt' firs! Collier awar(t toy tire lunar landing

pl()gl"alll (alllC ill 1¶)65 when (;emi,fi (livmly identified as a NASA pr()gram) was acllit'xing

(mc spcctacular flight allt'1- ;m()thev. l'(,h,visi()n was now (al);d)h' ()f enhantinR 111("sl)a(('

])l'Ogl'i|lll [h1"()11,_11 illlages ll-allSl/lillc([ t'1-o111 space Io each Aill('l-it;Ul'S living i-()()111, The

II;. Wah(') A. M¢ l)()ugall .... the' Ih'.a_,'._ a.d lh_' I')_zlh: .)l l'.lili,.l /IAb.s: ,I lhe ,"eli:.; .!_t. (Ncw h_)_ k. NY:

Basic l_)ookn, 19,g5),

17. W. I h'nt_ l.aml)ri_ln. I')_id_'.li:d Ma.a,W..'.l ./ S_ie. : a).l l_',h.,,I,,,'43: "l_.,.].h,*w). I'n,_ider._ C\uslin.

TX: l_iliVt't siIV o_ T('xas l)tt'ss, 19S3).
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Atncri(an l)coplc l)articil)alcd +is st)ace Ic<hn<llo<k_, a(Ivan(cd and men and nm(hincs

sccnlitlt41v workc(! 1o pcri_,'(lion. The coalition t>chin<l the hular lan<lint4 t)rotz,rani extort(l-
cd to the mc<lia mid 14choral put)li(.

(;cmini was inlcn<|c(l to 1)c a tcchnolc>gical tiri<lgc t)ctwccn _+Icicurv anti Apolh_, and ilmt

it wa._. Maior lessons wcrc learned and u+mlsndllc<l hy(;cmini about rcn(lc_'ous and cl<)(kinl4

in Sl)aCc, at)out hutnan t)ciiL_s (>pcratin_ otntsi<h" o[ their (rail ("cxlia-vchi(ular a(livil_:').

N,:_";A lcarnc<l Ilmt moll (ottl(t live up to two wc<.'ks in sl)a<c and how _ustroimuus cotnl<l work
wil]l Ol)Crat<)t-s +'(m the ground, in the (+otllrol n-(iotlh atotm(I Ill<,' tra(:kitlg network, aiKl in
industi). "> (;cmilfi a(lvallcc<l tc(:hulo]ot, _ in t)l-o[>ulsi<m, "[hcl <ells, environmental (-<)]ltro] sys-

tems, space navigatioll ,Sl_a¢+csuil.s, an<t other C(lUil)nlcnt. In the dcvclol)ulcllt sm_c otAp<dlo,
the bank of knowlc(lgc t_oln (;clnini t)ai<l off in hull(lrcd,s of mtb[]c ways. The I>ri(Igc Im<l
bccn I)ttil[."'"

(;cnlitli, ot course wi+.sn()[ wilhottt Illishal)S, t)ul NASA scclncd (-alml)lc of ttu-iiing [)roh-

lcnls into opl)orlulfitics.='" All lifts (:oniril)utcct t<) an inmgc of cOnll)Ulci:-gui(h,d nlana.gctial

cfti(icllcy. Wct)b had t)ccn using Ihc rlictori( o[' ln<ulagclm'nl inllovatioil and calling NASA

the I)cst managccl a_cncy in W:lshin_l(>n. l_l;[nv ol)scrvcrs liclicvcd Wcl)l). For Wcl)l), the

wor(Ls wcrc not mcrc rhctori(. They wcrc ._osi)cl, and hc invitc<l i]l_l|_|_._(fl|l(,|]l| scholars [o
come into NASA and ol)sclvc t_>r thcln+sck'cs.

Many, il_(lu<lii/g,I<flmson, also t)clicvcd thai the t:.S. was (al(hing tip [o the S()'+'icl

Uidon nmvl)c cvcn surl)a,ssin/4 the rival. ,%(>lnclhiii_ ]m(I gone wl<)ng in the Soviet pr<)+gl_un
in the nii(l-l(,_60s. Its lea<lint4 lcchno]ol4ical genius had died ;tnd there was no one inmlc<li-
alcly al)h: to pull the [_t(li()ns of the Soviet s};.:,l+(ccmcrprisc together. Thc U.S.S.R. was no

IOll<_cr (]('lll()nstr;tlil]_, _i vitally a<livc l)lo<_r_un. It sccmc(t I_) I)c ill l/'otll)lc. In (c.litr;tst, the
U.S. lunar landin<_ l)ro_r_un was in full Ihrusl. By l!)fi6, (;cndni was 1)rovitG4 to t)(, c'<clT'lhiiL_

it._ initialor._ hol)c<l it would I)c: a/4rear Ic('hlfical lcarnin2 CXl)Cricncc, conlidcn<c l)tlil<lcr,

and i)ubli( rcl_tli(>ns to(>].

Also, in the same year, NASA s('nt its first sttrvc_+,or Sl)aCc(r tft to "soft land" or+ the Moon.

The Ran_cr l)rO<_rmn wa_ l)rovi<tin_ l)hOto_ra[)hs of the Moon. Stn+vcyot +built on thi_; and

cnga_c(I in tch'visc<l <li_<_int4 into lhc lunar Stll[_t(c. There had I)(,ctl sonic s('i(,l+tiIi< ,sl)t.tu-
lation _tl:,<)ut the risks o[ +a humr l:In<lin_ I)) a rclativcl); hca+,7 tn+mtlc<l SF,a<c(ralL Stu-,'cv<)r

++'itsdcvclol)Cd to ])rt,(t,<l(. astronauts to the Mooti. It utili/c(I utii(lUC nla(:hinl.,t T and lm(l I<)
filliCliOll _liilio.sl t)crt;c(+il) ' l(i StlC(t't_(I. ()li ltill(' ?]+ ]_.i(i<_,ihc [lrsl _tll_t'voi lail(lc(t Oil ihc hlll_il +
Stll+t{tc( ', _lliVc)'Ol w+i_ _i t)r()l)c al)]c 1o sli()w "lh_il hili+il soil x_,:ii+thc (()ilsi_lcn()' ()t wt'l s_tii(l,
[]rlli ('notll_h I<) Sll])l)<lll hln_n-l+iildiil_s I))' ihc hill;U lli()(hlh'. ''_'' h/ l{tilT, the l('(hni(al It';Jill
rcsl)oi_lsit)lc 1_)1_III'V(!V()I" Wit_, _iwar(tc(t a (;o]licl +Trol)h ), R_r thcii +cl]()rl_,

The ()lily (lrawl)a('k 1() lhosl.+ +tl((l'sst's wa+ thai lhc Apollo i)ro_ialil al)l)t,_il-Cd 1o I)('
,_()in<_ so well lhc +\lilCri(+_ins wcrc _t'llili_ (()liil)la(l, nl This (tiiiil)hi(l, li()'--it,]lt,(I(,(l I)_,'Ih('
I+rt!si(l('ilt all<l (:olG4rc,s,_--did ilOt iiiil)a(l nc_-ali'<t'l)()li Apollo IUll(lin_. It()wcv('i; il did
+ltt_.+(l NA<SA's (triv(' I() _t¢(itlirc tilil(Is t()1 l<)ll_ I('_i(I iiinc itcin+ 1)c)'oti(1 l_ul(lin<_ Oll Ih('
Moon..Johnsoti, ili i)+irti(+ular, wanlc(l 1<) (l('llt)' ])ost-Alii)ll() (lcci,si<)iis. hi ]_ti(' ]_.)ti(i+ Ihc
Pi+t'si(lt'ilt lilt+ill,, (Oli(+c(tc(t I<) _l ino(l('sl ct]oi+l in "Apollo Ai)l)li(:ali(>ns" lh_it (()tistitui('(l ;<ill

ililcl'im [)Y()_lalil to kc('}) _t ])ro(iu(liOll 1i11("<)( _ttllili l()(kt,ls _li/(] Al)ollo _i[)_i(('(l_t[l ,_Oill<_
Ulitil _l I)i__cr (lc(+i,si()ii (t_li _i _l:iis tri])or S])a(c <Slati()ii) was ])_ls,sit)](,.
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The Apollo Fire

rilougllts about p()sl-Al)ollo were [)lit on ht)ld in Janua[ 7 1967, when tile t_ntht+

At)ollo efii)rl was Ihreillell(!d. :_ A tire ignit,'u(i ill die Apollo si)::l('ecrittl, while it sat on it+,;

phtltiwn) at Kennedy Space (]eniel-, Florida. "Fill{:(' aslr()nallls weft- killed. Ull(ter lilt'

NASA svsletn of nlanageinent ttlis should nol have ])ap[)ene(I. ln(It'e(l, lilere tla<l been a

warning ;_tl)olll l|le tire danger issued IoJoe Silea, Apolh) Sl)a(ecrafl nlanagcr ill I |()ltF, Ioll,

t)V a tectulical SUl)port contractor. ]_llt lilt' warning was nol heeded. In lilt" wake of tile fit+(!,

a nationwide lilror erupted. :_L,+ tilt' space t)rogram had become an icon 1)e(ause of its

:+,eetnillg l)erlection, it now was (luestioned unnlercitillly by tile nati()nal nledia. Tile coali-

lion thai had I)rottghl NASA It) this ])()inl was in (langer (if unraveling.

No <)he was niore t()gnizanl of Al)()lh)'s i)olilical vtthleral)ility tllall Adnlinistrat()r

\%'t'tll). tit" (leterniine(l that NASA liad to thl(I ()tit what went wr(ing, fix the prol)leni, aii(I

gt't back inlo spact'. All of this had Io tit" accoini)lished in a llKiliiit'r thai kept the coalition

(if sill)l)orler._ Iogelllel;

J()lnls<)n held th+ill 1() tile coalili<)n, ,granlili_ Webl)'s re(iue,_l lilal NASA be allowed to

iliV(,sli<gliie ilsel|. (]Ollgress agi+eed It) tioid <ill iD; hivesligation unlil the NANA in(luiry was

ctnnl)lt!te, lleiweeii ]anuarv and .&tJri] 1967 lilt" NANA hivestigaling re+till (lid its work, (Olll-

plcting a rei)ort tllat castigated NAY, A and the spacecrafl'._ i)rhne (+(illlra(lor, Norlli

Atllt'ri('iill, lilt + sh(id(ly ellgilleerillg all(l c4relessness. The life was lll().',;l likely caused I)+v +ill

exposed wire. ()nee lilt" tire started, il could n()l i)e stopped lit'cause the si)a(e(raft was

tilled wilil highly conil)tislil)le iiialerials and aii all-oxygell alniosl)here. Moreovei\ lilt"

(l(l{ir ()t the caiisule ot)ened rrl)lll lilt' ()ulside, adding it) tile dill]cuhies of (,SCal)e. Tile

lilt'dill _ili(l (]Oil_l+t'ss a(+(+el)ied Iht' reiilirl',_ credil)ilily, bill (lilt'slit)lie(1 the At)oll<) liliielal)le

and whether l|ie Ila+lc Io gel i() ltie Mooli led to sh()rl(iils aii(I thus (atis(,d lhe dealhs.

The subse(lilent ((liigressiOllal iiitluii+' w('ill l:lev()n(l the NASA invesligation, which was

t)ritnarily le(-llnicai, fo l)r<ibe the NA_A-Norl]i Ailiericaii relati()nsllit). A '<Phillips Reporl"

ti(lin 1965 ilad suri_lced in whi(h NASA Al)()lh) lllllllli_-er _alll Phillil)s ll+l(l shail)ly (Tilicize(l

Noi+th ;\llletit+_ill'S w(irk and left ai least the hnplicit Ihl+eat of g(}iiig l() _ui<ilher ('()llll;t('l<)r

if Xt)rlh ,-\llleri(_lll (ti(I II()l iliil)r()ve its i)erfoFlllailce. (]()ll_icss waiilt'd I() kli{iw in(ire _il)()lll

lhe I)hillif)s Rt'[)()i+l and alr¢ ()lher illlerllal sttidies el' NA_A4oiilra(t()r i)r()i)lelliS.

Wehl/ ]lilll,_elf ]la(l i)een tlllilWitl+e <if lilt' Phillips Rel)orl and I)llilnt'd _(,illl/{llly; it)t II()l

I)cller alerting him Io l)rot)lt!lllS. <_(,;ilii_iiis had 1)ecolile Delitlly A(hnilliStlalor ill 1!)65 afler

l)rv(h'n's (lealh, wilih" retaining his l)OSili()n as ++(;enerM Manager." I{xc('e(lingly tiusL

_eiliililliS rt'lie(I (ill ()M_I; l)ireci()r Mueller [()r illt_;)llllltlil)ll, ilil([ Mucilcr (lid ll()l Waill

inlerli'rt'iite front above. Muelh'r lh()ughi he had hlken (are (if Ihe N(irlh Alneri(an issue

iii 19t;5-66 ali(I dial lilt' woik ;v_is t)_tt'k (ill far<gel. As inf()Fniati()n had nit)yell il l) Iht! ]ilit'

t]()lli Phillil)s t() Mueller, Io Seainali,%, Ill Wel)t), Ill(' I)iiSi(" ilit'SS4gt' ill the Phillil)s Rel)l)rl

ll_i(l liec()nlc increasingly si'(l<lled. Allgl}, at I)olh _(!_llli_iliS iiiltl Mue]lci; %Velll) was laking

Ill'Ill (Otllrol nllw. I it' made "Slitgica]" thlitlgey, in NASA rei/hlcin g a li'w key I)cople wh()

hli(I cleark' made lnislakes, IIIIlY;I notal)ly _hell witil (;eor_,e Ix)w, [)elluly I)ire(lor (if lilt"

Malille(I Nl)a('eciMl (]t'nlel; He also ",_ui)[)leinenle(t" ,%eainaiis wilh l larold Phlgei; iii tOl)-

_i(Ic liiail_l_t'illeill, _ili(t lli</vt+(l the individual wh<) w()rkcd (in 1)u(lg('iin,_ f<)r Muelh'r illi(]_.'r

Ili_ liwii wiii_. \Vt,t)t)'s iilleni _il tliis lilli(' <dcrisis was I() iliiillli_c AI)olh) illil('tl lli()rt' ('h_sel_

;lli(l I)ersonM1}. l:inail_,, lit' lilrccd N()llh Alneli(_lll I() lCl)la(e ils l)rincit)al space ill;tll;ig-i,'l

wilh alil)lh_.'i in(tivi(lual, _i]i([ <)r(Icrc(t the I)rcsi(Icnl ot N_)ith Alii('ri( _iii 1() hike _i('all'r l)('i-

S_)li41 iCSl)onsil)ilit ) t()i Ai)(tlh) hiniscltL li) sh_)w lit' illeanl I)usincss, Wehl) 1)i()u_hi l_()eing,

22, Ig,i _tll _it t (lillil lit til)_ NAN,\ ( (,l}t.(I with th(, At)(dlo lirc. st.t' I.ainl)lighl. />.we_/.._ A/.,lfu. i)1 ). l<t<_)-_S.
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Lawreme A. tt_land receivedthe 7}_ophyin / 967 "repre,senli_l*the Sa_'_uTorI'_l,ram Team at ttugla's Aircraft (',mnpan_. the
.Jet Pr_rpuL_ionl,abmatmy, and associated otganization_ that put the e),e_a_M ha_M_ q] the United States m_ the Me,on."
lq_land and Vicel>re,_id_,nt/tumpht D, are _hown with a modalo/ Nu_'v_Vm:(N,4,_;,4photo).

aboard to superwise the integration of North American's work on the rocket and spacecraft
with that of other contractors.

In the congressional hearings that followed the NASA investigation, howevm; Wehh

was evasive about the Phillips Report and his actions in connection with North American.

Wehh did not wal]t Congress to get involved in his negotiations with North American. He

fell that NASA should manage Apollo, m_t (]ongress, and that there were lhose in

Congress who were anxious to use this moment to assert control over the space program.

Congress was suspicious of how North American got the lucrative spacecraft contract

in the first [)lace. Was "polities" involved? D,rhat aboul the rumors of Bohhy Baker,

Washington wheeler-dealer and one-time aide to Johnson, and his involvement in the

deal? More and more, Webb became the target of the investigation, and long-time

antagonists of Webb, including Senator Clinton Anderson, Chairman of the Senate

Space (_ominittee, looked for the smoking gun that would gel Webh out of NASA.

No smoking gun could he fimnd, lmporlant elements of the NASA coalition held

together: Frank Borman, speaking on behalf of the astronauts, said thai they had conii-

deuce in NASA management. Wehh's allies in Congrvss, especially the inosl intluential

Repuhlican on lhe space commiuee, Senalor Margaret Chase Smilh, stuck with him. The

cong-vessional investigation petered out as the svmmcv of 1967 came on, with NASA
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Flu" Sut_,e_m pr_.am w.'h,ed the Collier ?_oph) in IUg_7 trJl._ethe_ with the tlul.4w_ Amm]i Compa_% tke pq t't_]mZ_i,m

l tthmutt,_),, amt tt_mittl_'d ,.,_'am:.atim_ wht_h put the _m:_e_qul _¢T_e_ ,,/ ,p,_,-,_,,,t/to_ the Moon, a_td [mililrtled the _m.'_,

it_ /O6q. o[ the Apolb, Imm_ btmlin_ ,_/ humat_ m_ am_lhe_ platwt. Thi_ .uuk-_qp _J] lk¢ ,_tlr_,_7o_ _ptt¢_'t'rall _l,a_ lakett iu

/q()6, (N.'LgA photo n.. 6l, tt-17t_)
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promising to keep (k)ngress better iniornled of eulerging problenls ill the fnture+ Webb
did show Congress the Phillips Repot+t and other internal d()('tllnellls--htll Oil his lernls,
in closed session.

Of course, many legislators had aheady seen tile report via leaks. A great deal of pos-

turing and appeals lo "principle" were involved. Wel)b interpreted his jolt as manager at

this point to shield his agency and, if need t)e, even North American t+rotn excessive ('<m-

gressional stficlnres+ tie succeeded tltlt al c<msideralfle cost to his own credibility with

Congress and the media, lie expended nnlch of his political capital, and the coalition

weakened--bnt it continned to function. Then, ill November 1967,.jnst 10 Inonths after

the Apollo fire, the tirst Saturn inoc, n-r<}cket was lannched. It was a great snccess, Ieilew-

ing confidence in NASA among t|onbtels, and proving the wisdom (if W]l;H WaS lt'rllled tilt"

"all-up" decision. This was a decision Mueller had earlier made, and Webb backed, to save

considerable tithe hy testing various conlponents of tilt" S;attlfll systelll all at ()rice, ill tilt'

first launch, rattlel + than incrementally, as yon Brann's it'am preferred. NASA had taken a

large risk, and it paid ot1. The Apollo program conld now reconp lost time.

Success

Tile next two Collier awards went to Apollo 8 and Apollo I 1. The fornler was the th-st

circunllunar tri 1) and tile latter tile actu.tl htnar landing I]ight. l+eading np to Apollo 8 were

a sequence of unmanned flights capped by the litst manned flight, ApolN Z in Octol)er

1968, ,_stronants flew in a spacecraft that had been signiticantly redesigned to nlake sal>-

ty changes ill tilt+ wake of tilt+ AI)olh) fire. These included a new escape hatch, tirel)rool

nlaterials, and heltef distribution and proteclion of Ilannnable nlaterials. The spacesnits

were made virtttally lircproof and changes were nlade in lilt: spacetraft's attnosphere to
enhance sai(+ty.

A moving torte ill redesigning Apollo 7 was (_.eol+ge Ix)w.": Low had heen Depnty
Director of tile Manned Spacecraft Center ill I h)uston, tte was 1)ersuaded to head the

Sl)acecraft developnlenl ol]]c:e in Houston with tlt(" tnissiou of redeetning NASA's rel)nta-
tion following Ill(" Apolh) title. Ill 1968, whih' wot+king <m Apollo 7, Low realized that the

lnnar landing lnodnle that was Io be developed and tested on the scheduled Apollo 8 Ilia, hi

later that year would not I)e ready. This could mean delays and ultimately tnissin_ tilt'
Kennedy deadline, tnlless :.l flight schedttled ;after that was moved ahead. The Inor(,

advanced cilcnnlhniar flight would |lave to I)eiolnt" Apollo & Flying men aronnd tilt" Moon

was all extrenlely bold decision, not only technically, bnt psychoh+gically. Bitt l+ow believed

the technical risks wet-e ac¢eptable since the rocket and basic spacecraft would be t_.llly

tested together in Apollo Z Robert (;ihttth, Director <)f tile Manned Spacecratl ('.enter,
and yon Braun agreed with l,ow.

Moreovel; thet+e was strong evidence, much of it classilied, that tilt" Soviet space pro-

grain ]lad been revived, and was pushing ahead again. The sense of conlpetition bttrned

deeply within NASA. The Soviet Union nlighl well be geat+ing Ibr a circnnllnnar t]igllt and
Low and (+thers wanted to ac]lieve this litst.

What wonld tleadquarlers say? A key decisi(m maker was Toni Paine, l)epnty

Administrator, veplacenlent for Seamans, who had depat+ted NASA at tire tleginning of the

year, a casnalty of the Apollo fire and deteriorating relations with _+bb. Paine supported

a circnmhular decision. Webb, abroad at tilt" time, was contacted by telephone, and at []rst

inclined to say no. Chastened by the fire, he saw the stakes as the nation+s snpp<+rt lot

2_{. ,_J{'t'+'_l[Ifl;l_p r and (_ox, Ap.llo: 7h+' Ita+eIo t/: Moon |O)a (h'sclipti<m of thc Ap.llo S d<'cisiou I)fOC('ss.
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I'h,,/light rww _/ the,kp_ll_ _ mi_imt.(.'ommamh'_ l')_k I_or_.rm, 4;,,mma_ulill.dub, t%,t ]am,'_ ,I. L,.,ell. fi:, a_M Im_m_
.U_,duh'I'_h,t ll?llmm A .Imh._, tuJMa w/di_u _j the (,'_dlu.t7i_ph) awut_b'dh" thei_ histmu /i_:_l/1_4¢1I. Itu. ,_l_,rm.(N,'I);_

Apollo if anything went wrong. Never heft>re had an altcmpl I)tPcn made to send men lhe
Vasl dist,Mcc trom nt'al-Earth Sl)aCC to I|lt_ Moon. ()n Ihe other hand, he was aware thai

tmless NASA took the risk, the Apollo goal might nol be reached. Wcl_b so¢_n came

arotlnd ;ul.d gave a guarded decision to move ahead with the planning, l.ow had 1)trill a

ct_alitiot_ within NASA fbr a major decision that was critical to NASA's Apollo schedule.

:l/mlh_ 7 t)r_vt'd Slll/t'sst].l] and lhe slagt" was sel ti)r/tpollo 8. Wht_n the A/m/lo 8 tlight look

place, _tt_d astrot_auts went around the' Moon on Christ!has Eve 1968, the t.f|i.:cl o_ Ih_" c<_Hn-

Ira/ was _tlll_t_sl magical. This had bccn a drcadftfl year: Vietnam had taken a lurll lbr the
worse with flw "lk't Oft_.,nsivc; Martin la_lher King and Rot)erl Kennt'dy had been assassinal-

cd; lht'rc had 1)_.en riols in Washinglon, 1)(1; and l.yndon Johns()n had gone on loll'vision

I_) sity h(" would _l rllll [()1" reelection. The COtlllll_ _ St'_.!Ill/_(| It) t)c C()lllillg ill)ill'l, Btll Oll

('.hrislmas Eve, a qu:trli'r million miles from Earth, [llr¢'e brave men Wt'lll itroHIId lilt' Moo_,

and rcad trom the book of (;thesis. A dividcd counl_ T came logelher, al lcasl tiw a while.

Ncx! came tt sequence of manned tlighls, equipment testing, and maneuvers i_ Earlh

twl)il (Ap,Uo 9) and Itmar orbil (Apollo I0). Finally, Apollo I 1 was latmchcdJuly 16, 1969. ,_s

Apollo 8 had united lilt" C()tllllUa,', Apollg_ 11 brought the world logctht!l_otlt' fifth of [h._?plan-

t'l's popul;_lion rt'p_)rtedly willlt'sst'(l lilt" Hlomcnt, ['_)tLrdays lal_qk wht'x_ Nt'il Armstrong lo(>k
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A .qu'ctm'ular vine, o[the ruing. Earth which £rreet.ed the Apolh_ 8 a_tmnaut_ a_ the.' cameJh_m behind the Moon after the lunar

od_it in_ertion burn. Thi_ vie_L, wa._ al._o u._ed fin a United State_ p_lag_e ._lamp i._ued in 1969. Additional&, the vin_,_ q/Faith

taken h)' Apollo 8 and ,_ub._equenl a._tronaut_ are credited with L_ving vi._ual _timulali_m t_* the envinmm_.ntal mo_etpu,nt.

"one small step for [a] man, one giant leap fi)r mankind. "_4As the three astronauts splashed
down saf_ely in the Pacific four days later, Kennedy's 1961 challenge was met.

At the hehn of NASA at this point was Paine; Richard Nixon was in lhe White ttouse.

Webb left NASA the previous October, in part to give Paine a chance to show success in the

remaining 1968 flights. Conscious of the disruption in momentum a presidential transition

could cause, Webb wanted to keep as much of the NASA management team together afier
January as possible. He wished to enlist the new President in the Apollo coalition. Without

Webb, that was more likely. The best way to get Johnson's successor ahoard was to "depoliti-
cize" the agency. Nixon inherited Paine and kept him as Administrator. The coalition

behind Apollo---minus Webb and Johnson--carried Otlt the remarkable f'eat of Apollo 11.

Voyages to the Moon

The final hmar landing program Collier award came fi)r Apollo 15, described as "man's

most prolonged and scientifically productive hmar mission," cuhninating a series of voyages

whose intent increasingly differed from Apollo 11. The Apollo program had focused on tech-

nology development up to 1969. After the first hmar landing, the mission of succeeding
flights shifted increasingly to acquiring scientific data about the hmar surface. NASA was n_'-

ing to get scientists and engineers within the agency and outside to work in closer harmoni,.
This part of the NASA "working coalition" was ditticul! to assemble, |)tit it was essenlial thai

scientists and engineers cooperate to make tim most of the hmar voyages. _' The scientific

24. Bilstcin, fhd,.r_ o/ Ma,_mitude, p. 91.

25. For voyages Io the moral, sec ibid., pp. 9S-100: and William l)avid (]ompton, llT.*rv No Man Iht_ (;row

Be/on,: A Ithtmy o/l.una_ Fxplmali_m Mh_ion_ (Washington, l)( :: NASA SP-'t27,l, 19S!t).
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comnumity had not been enthusiastic about Apollo, although a space science community
bad been built from the hundreds of millions of dollars NASA spent in universities in the

name of Apollo in the 1960s. Now, however, NASA needed scientific support and help
because scientists were in many ways users of the technological capability now in existence.

The w)yages to the Moon lasted fiom 1969 to 1972 and were designed to learn more

about the Moon. Apollo 12 essentially repeated the Apollo 11 journey but at a different

lunar landing site. Apollo 13, launched April 1i, 1970, was the flight that almost resulted

in the first death in space when an oxygen tank ruptured, causing serious damage to the

spacecraft. The trip to the inoon was aborted and re-routed; tile lunar module was used

as a temporary "lifehoat." Through outstanding technical ingentfity on Earth and in space,

tile three astronauts made it safely back to Earth.

Apollo 14 lifted ot]Janualy' 31, 1971, and began move extensive scientitic exploration

of the Moon. A special cart was used to acquire rock samples and bring them hack to Earth.

Then came Apolb_ 15, launched July 26, 1971, which won the ('oilier award. Apolb_ 15
den|onst_ated the introduction of the lunar rover, an electric-powered, fi)ul-wheel drive

vehicle, develol)ed at a cost of $60 milli_m. Us|rig tile Roven astronauts roamed lar and

wide heyond the|l |turned|ate landing site, obsetving hmat + li'altH+es a+ld collecting rock

samples. They covered seventeen miles of hmav surt_tce during their visit, taking pho-

tographs tff Ilie craters and raviIleS. Becatlse o[ the Rover, they consetved their ('ll<qgy _|ll(l
dot_bled lilt" ;-tllIOHIlt ,[)1 time astrollanls wele ahle to stay ¢)n the Moon.

Not _u_pr_iugl'_ in U_i,O. \?il A, Atm_tm_k_, Mi, h.el (;oiling, _ml I(dwiu I'., "'Hu:.:.'"Aldmt, the ,_cw _)/.\p_,ll_ I 1. me|red

Ih, _Sdli,._ li_[itn. Ih, ¢m,.zff tumrm_d the (_cw [m their high ,,m_l,ec _,1 _lu_nme _u,r.'_ i_t ¢h; a_¢m_pli,hmc_tl _,/ rme _1

ht_tmxi_ m_,_t _/_c_lmulat mh,cullu_:_ the ]i_l maimed 3lmm la_dmg, I)_,dc_4_k B. l.e_,, tl.._ /m'_idet_l _[ It. NalOmat

• _.mm_.t_ , _,. mli_m, p_cw_t_ the, ,zwa_t l_) '_li_hael (,oltm _ aml "'lht:.z" AhhJtt. I,\.L",._ ]_hol_ m_. 70 It 7721.
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A vi¢_, o! a_tnmm_t/h.I/.4.1_ i. the' I..m _il at 7_..q.ill)l_ I;,_v. I_.di._ _ih' ,1 ,\l.dlo I 1 m].h' I¢_6'_. !,",:I,_,Al_hr_t_
m_. r)_tl112_8).

In ApHI 1972 came Ap_ffl. /6, ,rod o. I)_'ceml)cr 7 Apoll_ 17 was laun(hc'd, th(" l;isl

.)_m,led flighl to the Moon. Bolh missi(.ls wcrc scic.liti(allY t)rodu(liv(,, wilh A/mllo 17
being a harl)i,L_cr of due fultll-(" ill having a ])rofi'ssional geologisl. I Iar,-iso. S(-hmill. as a
m('mb(T of lh(' (T(,w.

With the."cxc_.'l)lioul of Apr.,ll,'., 17. lit(" olhcr Ilighls did I1()1 h;l",'l." th(' dranhllic impact o1"
.ll.'oU. 11. :\m,.'ric.ms hztd dit]i'rc, nl pHorili_,s now. (;re,. social ch_mg_" had t_lk_.'n pl_Lc_'

(>v,.q lh_." y('ars sin((, lh_ ,\polio missio, bcgau. N_'idwr g_wcrmn,_'.l nor l('clH_oh_gy w('r_."
i. t.vcoz: ,,\ r.',.tY_sctWalb.,("rcgim,." was in llw Whil(' Ih.._s_.', .rod _m anli-.'clmolog, y cotmt('rcul-
fur(' i. lh_.. univ_.wsilics. TIw \'icl.am war soured _.w('_)lhing. l tug,.'ly CXl:,,_,.siv_.. i)r_grams
like Apollo seemed Io many m_ _'ml)arvassing hill.

The Sl:,a<'<'race was over: ..\m,_'rica had ,,','on. Wifl_ .o l)OSl-.\l)olh) d<'cisio. COl.l:,:mdd,_,
Io Ih__"Kcm..'dv choice, t)olilically l)ossil:,h. ,, Nixon in 1972 s('k'clcd S])ac_. Shullh.. his min-
imal mauned Sl)a,:_. option. Io kc,.'p NA.g,& goi.g. Th,.' Sl).._ program, wh_se t)udg(.I had
t)egu. (h*clini.g in 1966, had only om'-flfird _hc huyiug power in lh(" ]970s i! had i. ils
twyday. l'h_." coalilio, behind .,\F,ollo had (h'cliucd ;rod was nov,, disin.'grali.g.

The lasl Apollo tlighl vc_s lh(' A/mllr;,-,SrG.: missio, ol 1975. As Cold War c_)ml)(.lilioH
had lauuclwd Apollo. so a thaw i. lh(' (:old War I>r<)uglH lh(" w_Hd's two Sl)aCc pow,.,rs
Iog(.lh_..r I]. a m_'clilLg in Earth's oF1)il. Apollo en(h..d .rod mov_.,d i]_lo histovx.
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Conclusion

The lunar landing progl_am was line of tile great technological successes ill history. It gar-
nered five (_ollier awards, all of which were well deserved. Recognized were Gemini, Surveym,

and Apollos 8, 1l, and 15. While the awards cited specific individuals and achievements, they

were really tor an entire progFam and all those associated w4th it. This chapter has focused

on the management of Apollo, specifically NASA. In the language of actor-network theory`,

Ni_%*x was the actor that established local and global networks (i.e., huih and maintained

both the working and political coalitions) to carry, out the mission. Within NASA, the leaders

of the agency did what actor-network theory suggests is essential for technical success, becom-

ing an "ohligatory point of passage" fiw decisions afl'ecting the course of the program. ''_
What other factors were critical to success? How do these relate to central historical

nwnds facing the agency, cited in this book's introduction, such as: (1) the growing web of

bttreaucratic and political obligations, (2) the increased complexity of R&D and disconnec-

tion between technology developers and users; and (3) changing attitudes towards funding?

Apollo did not succeed because of a mystical national "commitment." Such a consensus
lasted but a nlomeqt in time, hut it [gave NASA leadel.'s a year or 0,to to procure major contFacts,

reorganize, found the Houston center, hire key managm.'s, and launch a massive team of orga-

nizations capable of taking Aanerica to the M_m. The commitment m an ongoing coalition

building and maintaining process was NASA's. Webb and his associates created a "hmar land-

ing coalition" across Congress, the Executive Branch, and interest group constituents.

Combined with working arrangements invoMng government, industry and universities, these

political and administrative alliances were key to Apollo's technological success.

Strategies to mobilize such a huge coalition hegan in 1961 with the critical center and
contractor decisions: choices not only of "who," hut "where." Such strategies included the

Sustaining UniveL-sity Program, which sought in part to neulntlize scientific critics and Will

their favor till the space progranl. They continued in the mid-1960s, when NASA's Cold War

rhetoric was stq)plemented by the rhetoric of the Great Society. Throughout, NASA man-

agement stayed in cha,ge of the countless bureaucratic and political ti)tces impinging on it,
tending ott challenges external and internal to its authority, therehy keeping an inlegri W to

NASA decision-making and leadm.ship in space policy. _kq)b created an "apolitical shield,"

using his political skills to insulate NeLSA's technical core from the political pressures of
others.-': This w;cs a relative aumnolny that did not survive much beyond Apollo.

Apollo engaged 400,000 l)eople from government, industry, and universities at its

apogee. WiOl the Apollo deadline as a discipline on all parties, NASA leaders stressed man-

agelnenl excellence and Ilacked rhetoric with clear-cut technological success, gradually
overtaking the Soviet Union in space feats. The technological coalition had outstanding

personnel wilt) worked with zeal, insulated against political disruptions. Internal struggles

over R&D priorities among progranls and Centers, and between engineering developers
and scientific users, were nlinimized by the unmistakable prilnacy Apollo possessed.

Whatever else it was, Apollo was a gianl technological development program.

Developing the technology to go to the Moon took precedence over other aspects of tile

space program. Scientists might not have liked these priorities, but they knew what the pri-
orities were and tot a hmg time--until NASA reached the Moon--there was little anlbigu-

it}, about NASA's mission, ttaving a clear goal was both a t_tctor in success and a "connlect"

for the disparate parties of NASA's technical, political, and administrative system. Ranger

2ft. l.aw and Calhm, "Engineering and Sociolog2, ,' in a Military Air(raft Pr_!ject," p. 90.

27. The concept of "ap_ditical shield" is developed I)y Eugenc Ix'wis, t'ubli_ I'.',trepwr_eu_hq): lbwa_d a

Them?, o/Huwau_rat, t_olilit.I t'owe_ (Bloomington, IN: hldiana Univmsip¢ Prcss, 1980).
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an<l Surveyor wcfc science in support of the Ai)ollo goal. The SUP provi<lcd additional

funds for space scicncc. These, howcvcl; wcvc t_ossibh, only because <)f flw larger support

AI)ollo had, and many a<adcmic scientists rcalizc<l this rcality.

Then came thc brief scicntitic use in the early 1970s of lhc tcchnolo_i<'al capability

flint had bccn so arduously developed in |he 1960s. The lunar voyages ad<lcd enormous-

ly to thc stock of scientific knowledge about the Moon, as users gained a measure of

vcward [_>r their long wait. in suc<'ccding years, however, the interests ()t <lcvclopcrs and

uscfs would divcrgc shafl)ly and eventually rcvcal outright <ompctilion.

NASA leaders wcrc fi)rtunatc tha! they ha<t moved quickly and a<h-oilly enough ltt

make visibh: progrcss lovvard tile Moon t>y the mid-1960s. (;cmini provc<t a ])olitical as well

as technical link between Mcrcu_" and Apollo. There was thus an im[)Ctlls in the latter +

1960s to c<)mpIctc what had bccn slartc<| in 1.961. ! h)wcvct, tilt' coalition sut)portitl g Al+o]l<)

eroded steadily as the (hcat Society an<l then Vietnam changed nalional i)rioritics and put>-

lic attitudes toward funding large-scale scicn(:c and technology. What was possiblc Io

launch at the outset of the deca<le was not possible at its conclusion as NASA learned when

it sought to sell a post-Al)olh) program. This advocacy |)roccss w<mnd up willl lhc S[);-t<c
Shuttle (Iccision in the catly 197()s. (:onsidcfati<>ns of ('<)st-l)CllCfit WCl+Citlflttcnlial in Ihc

shuttle decision, n<)ncxistcnt when Kennedy decided t() g<) to the Moon. It was a new era

in terms of public and |)olilical attitudes tt)ward funding R&I). Rca(hiug (onscnsus wilhin

NASA and among NASA and external [or¢cs would bc(omc slcadily more difficuh.

Nevertheless, what NASA demonstrated tlu<)ugh A[)ollo was thal g-real a¢'hicvcmcnt l)',

govcrntncnt in allian(c with II+¢" ])rivatc sector is fi'asil)lc where lca<lcrshi]) is l),-cscnt and
political and tc(hnologi<al conditions arc ripe. Occasions tim| make an Al)olh) possible arc
rare, l)crhal)S singular +.]+Jut ()l]'icl Ol)l)Oftttnilics can au+isc. Whcn lhcy d(), and individuals

;l.nd t)l'gatli/atit>lls t'oalcs(;c al'()tltl(| a ('If'at" goal, a llali()H can iisc I() awt's()mc challcngcs.

Thr ( *<"wo/ Al><)lh) 15, C.I. David R. .% .#, I ?_AI,;" (:ol. .]<,_m+_ B. h_vi:+. I 'NAI';" n,'.l It. Col, AI/wd M. _17mh','+. t "SAI", ,'+,:.1

,�ok:+ ,.m ,_);n.. C.,'_+te) di_,,,tt.r 1¢.t.')t 1: Cihu¢t+, n',.'ivvd the Colli,._ 7h_/.,t O" in I t:71/in ttJ,; mo',l [;.'_.,l+m,¢ed a;,.I ",+irt_ti/i.,.ll_

l'..g. ]htL_al /kr Apolh) 15 htmliu_ _ile m_ Ih¢ Mmm, ]ul_' 1971. (N,'|._A pk_l_ _m. 71 1l 1414).





Chapter 9

The Human Touch: The History of
the Skylab Program

by Donald C. Elder

On February 8, 1974, astronauts (;crald P. Carl, Edward (;. (;ibson, and William R.

Pogue, after an eighty-four-day mission in onter space aboard an orbital laborat<)l T named

Sky/al+, boarded an Apollo comnmnd ulotlulc and rcil.nncd Io carlh. Their splashdown

nmrkcd the end of a venture involving Ihrcc separate crews lhal had sol lwenly-fivc

hllcrnalional Acronaulical Federal(tin w<>rld records ;ul<t had nlanagcd to colnplclc

ninety major scientific cxpcrinlcnts, t It thcrcliirc surprised no one whcn two months later

lhc Collier Connnittcc annotmccd that it had sch'ctcd the 5;k)'lab progranl as thc rc,ipiclll

of tile 1973 Robert J. Collicr Trophy. The otticial announcenleni of the award duly noted

lilt" imporlallce of "lhe |)rodllclioll of data o[ t)CllCt]l Io all lilt" people ()11 Ell(Ill," bill ]lad

prcf'accd lllal praise by asscrlillg I]lat ,_1!lab ]lad proved "beyond qllesiioil lilt" vahlc o|" lllail

in |JilL(ire explorations o| space. ": Tile ,Ykylab pro<krralil, Ihcn, had ;i grcal inuncdialC iilll)aCl

iii aiding the CxpallSiOll 0[" scicnli[ic knowh'dgc, bill also otli, red lilt: loilg-lallgc I)ellCli[ of

dcmollstratillg tlle illlptlrtallCe of the Colllillll;,tllCO ()1" the htinlan comp(inent in the

American sp;tce progl-alll.

This essay cxanlincs the history of S]<ylab. The sll.)l-y 1)cgins with lilt' tirsl suggestions

|7)1" a laboratory in (itilcl space, Ihell llirlls to it discussion (ff how such all idea gaincd (ltl]-

cial acccptancc floln ilic Nalional AcrollaUliCS alld SllaCC Adllliili,slraliOll (NASA). F;acil

of ttic inissions will I)c consi<lcrcd, and Ihc rcsiihs lilt')' yicldcd will I)e assessed.

TtlrOilglioul the slory, I will ;liialyzc how vari(lus groii])s coil(poled wilh each olhcr lo

control the design, timing, alld |'llliCliOll o|" the pr<>iccl AIIIIolI/Z,]I slressing tilt" rolc icc]l-

nol(igical illllOValioil t)laycd ill lilt! eVClltlial SllC('Css of lilt<: ,_'/Q;lab pl'ogFalll, I wilt dt-lliOll-

strate ]low lhc tllllllitll clcIIIClll WilS crucial ;tl cvci)' slage o1: tilis "exceedingly COllll)]cx

enterprise. '':< Finally, i will suggcsl the ways in which lhc program rcsonalcd with, and still

inthlences, lhe goals an¢l ot)icctivcs of NASA.

The Promise of a New Day

The idea o1 placing ;i vcsscl with a hunlan crew into F,arlh <lll>il Ih'sl appeared in 186¶)

whcll itll AlllCFiCilll, Edward Ev(,i-cll I lille, wl'olc it Stll)l'l sl()l), it])olll litl.lllC]lillg it 1)rick

slruclurc large ciiough Io house a crew o| llliily-scvcll illlo Oilier space. Dtlriltg Ihc |]rsl

half of the twentieth CClllllry individuals (rOll( the scicniific colnllltlllity, including

KoilSialllin "Esiolkovsky and tlcrlnaiin O|)crth, iook lip lilt" subject. Thc possibilily <if plac-

illg such all objcct illlO orbil SCClllCd Ft'IIIOlC ill lllal lime, ilOWCVCF, dllC lo lhc illlSCllCC ¢1i"

a viable launch vctliclc.'

1. w. David (:(iml)ltlll ;llld (:h;lih's I). Bt'lisl)il, I,ivin,_" :l_lrl llT;rkivzA_iu Spa+r: A /tistml' O/ Sk_'/ab
(Washingiml, 1)(;: NASA St'-47()S, 19W3), pp, '379-38C_.

2. AsD_in:lulir _,and Aero_+aulirw. 107.t ('tVaS]lilll4loll, l)(;: NASA S1'-4019, 1975), I>,9F>.
3. Ibid.

't, .]ohii M, l,ogsth>n, "Spate Sllilions: A llislorhal I)clSliCtlixc, '' ill Mircilh' (;Ci;lid _llld IJ;unct;I !iV.
Edwards. cds., Spate Stall<m, I'oli_a' I'lr+_/x+i_k,and I:lilizali<m (Ncw Ym k, NY: It:.EI£, 1983), p. 1<I.
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The Sk_lab ffmr e _tation duster m od_it. Note the _olar _hteld. deph(_'ed bx the w, rmd _rew. _,lm h _hade_ the (hb_tal II_Jrk_&¢J.

"lhe OVt'S _o&r pam'l on the left _Me wa.s Io_t on laum h day. NASA '_ Sk_lab pn_t,_am, with ffu_t ial t_'t ot(nition to pml.wam direc

to_ 14711iam C. S_hneulet and the Skybth a_trmlaut_, _vceived the (;oilier 7?_rphy in 1977./or the p_odu_tion t4 s_tenti/h data

rthm_t hm_-te_m ff.t_e /l_h/. ¢.\'A._iA photo m,. 74-tl 9,_,).

The prospects tot an o,l)iting Space Station improved remarkably with the success of

tile German V-2 rocket program during tile second World War. In the postwar years, the

United States Army combined German lechnology with work done during die war by the

,]et Propulsion l,aboratory to create successively more powerful rockets. Aware of the

progress in this area, individuals from a number of countries soon made detailed

pt<,posals to take adw|tHage of the launch capabilities rockets now offered. But itl spite

of the tact that latmch vehicles t}+,,'lhe mid-1950s had demonstrated great potential for

lifting payloads into other space, no government proved willing to commil itself Io back-

ing ;I veiHt]re l<) place an ob.jec[ into Earlh orbit. A manned orl)ilal laboialory the]-el()Fe
retnaitwd a (lislant goal.

But official intetest in the concepl o[ a Space Station soon carrie in tile wake of the

latmching of Sputnik 1 in Oclober 1957. To develop and |tilde a systematic American

response it) the Soviet accomptishmetll, in 1958 (:ongress passed a law which created a

civilian space agency, the National Aeronautics and Space Administralion. Shortly after

NASA t)ecallle operational, T. Keith Glem)an, the agency's first adK+ninislrator, aK|noutwe(t

that the United Slitles wotdd launch a peFso]| into outer space as parl (fl ils program of

operalions." Etlcouraged by this development, certain individtlals a! NASA soon began to

explore lhe possibility of placing a Space Station and operalions crew into Earlh orbit.

5. For a lull treatment of Ih0jett Mcrctuy, scc l+ovd S. Swcnson,Jr.,Jamcs M. (;J imwood, and (:harles

(:. Alcx_u+dcr, "17_i_New ()++'++t+:/1 ttistm 3' _4 Pro� c+t .Xfe+_uzy (Washit_gton, DC: NASA SP-4201, 1966).
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This grotmdswell of interest soon fi)und support tr_)nl the higher echelons of the
space agency. Appearing I)ef<)rc lilt,Scll_Itc(]c:,lllllliIlel. • <)ll Aeronautical and Spact,
Sciences on Ft'bruarv 20, 1t _,t• .b.), NASA l)¢'])tHy Adn|inistralor Hugh 1,. Dryden and
Assistant to the Director <7tSpace Flight l)c,vt,h)l/mcnl Dr'Marquis Wyatt discussed the mis-

sions the agency eventually hoped to accmnl)lish; a Sl)act' St)lion and an orbital manned

lahoralo|y t]gur_'d pr<Tmint'lnly in their plans.' Indccd, NASA w<Tnld reqt|esI two) milliml

dollars fi)r tiscal yt'ar 1961) to condtwl a l-i'asibility slndy regarding tilt' building of a s[)acc

• + (_(lahoralo|+v.By the spring of I.),7.),NASA had dt'l]nilt'lvt'mh|,iccda coi|ct'pIwhich two

years earlierhad seemcd quit|"|t'n|ote.

Other groups also l)t'ganto express an ilncrcslin tht'i<lt'a.As parl of a l)rOgr,unto

itlvesligale Ilqe p<)ssihilily of crt.aling a military base <)n the moon, Wernhtw v<Tn Brann of

the Army Ballistic Missile Agency, in lime 19_9, suggcstcd lh,tt a necessary slt'p in such a

venttn+t TM would involve firsl bt|ilding an <wlTilal Space SInliml. As a "quick fix" to accmn-

plish this lirsl slt'l), v<Tl| l+_raun prol)OSed nsing |hi' final sl_tgt' of a launch vt'hich' which

had achieved orbit as tht' fimndation upon which t_) build such a vt'ss<.'l. Although tilt +

Army would never iml)l<:mcnl snch a l)rOgl+anL ','on l_l-ann's id('a would |]gtu't' l)rmni||t'nt -

ly in shaping th<: thinking )horn the conligtnalion <+[S/+y/ah.:

Onc monlh aft('r v(>n Bran|| st|hntiIit+(l his l)|-()l)_Tmal, a mt'('ling I(7<)k l)la(t, al NAS,\'s

I+angley Rest'arch (k'ntt'r to d('fint, th(" g<mls <71 |hi" s|m(:t, ag('n(+v f<Tr the <)rl)ital Sl)a(t.

lal)c)rat<Tr T that I)iTdt'n and Wyatt had lestilit'd al:,(Tut in April. At this (+onfi'r('lwt +. ht'ld ()n

July 10+ 1959, thc ])articilTants agrc<:d that such ;t VClltlll'C sh(>uld stm+'e three ])urp<_scs. l"il'sl,

it sh(Ttfld all<Tw s('it'ntists I<) study "|hi" psych<_h)gi(al and ]Thysi(71(Tgic t rt'a(+li(Tn ', ()[a hnn+al+

l)¢'ing in (mtt'r Sll;tct+ ()vcr a long ])m+i<)d (Tf tim,m St'cm+(L it w<+td(l l)t,rmil It'(hni¢ians t() _ma-

lyzt' how ll|_tlt'li_t]s, [)ox+,:t'l ` s()tll't't's, _ill([ conlr()l lllt'('h.tlliSIllS WOtl]([ I].lll('li(Hl "ill a ll'tlC" sl)3tt'('

cnviront|tc|]I." And lhird, a siT)c|' lahorat<wv wotfld l)rovidt ' atcst of",_<)l|||t|t|l|icali<>il _wl>it

((Trill+ill, and l+Cn(lczvot|s '+ ttwhniqtws, and wonld alhm the (+v_tlnalion of a |)t'rs<)n's afT|lily

to gathtw It'rrt'slrial and astrm|<Tmical infOrm)lion whilt' ill ol+hil. +

Thc lllilltllCs ()[" this ('C,III<.'I+CIWCclt'arly ill(lit'Hit' that l)v |hi + t'nd of 1959 NASA had

taken significant-slt'l)S t<_ward (Tt'atit+g a l)r<_ran+ I<_ Ilia(| ' a l;d)oratory ,tnd <Tt'W in <wl)it.

Bill Eh(" rt'co]d alto<)shows tht" agency rt'(<Tgnizcd cvcn al lh,tl t';trly dalt"that landing ;, pt'|-

son on lht+ Moon mighl r,mk ;is a hight'r I)ri+_rity l),(Tgl-am in the/\mt'rit';ttl sl)+lt't' l)l<}gl';llll.

lnd¢'ed, the [larticip;uHs ,it tht'.luly l0 tnt't'ting nolt'd theft lht,v t.nvisi<)nt,d |hi" SllaCC ]ah-

()]+;tt()r+'•"as ont' ()f |hi' it+ili;tl stC'l)S it+ |hi" ;ttttl;t] landing <)I;t imu) <Tn tht' mo<)n in 11)-15

vt'ars."" This I_:)cus stl_g+..sts that Il+<)lll tht' h,uginniltg tht' ;t_CI]('_+' Sit'+++' at+ oHTil,d lal)o],m_rv

+Is tnt'rt'Iv a C<)lnl)ont'iH <)la largc| missi<)ll, l'ltl]lcl + th,m as a l)lO_l_tlll which c_)nld stand
on its own techlfical ItltTil.

This+ |'valuation <ff tht' l)olcnlial prior|tit's of thc :.;|)act a_cncy st,t.mc,d t_) l)t, born _>nt

ill lh(" nexl lhrt.t . vt'aYs. In 196{), NASA Administrat<w T. Ktqth (;It'nnan fitvorcd nlaking a

hlnal + ,VXl)Cdili(:,n lht" llH(H+ity ot his agmwy allt'r tilt' t'<m_l)h'li,mt <J Ih',!!jcct Mcr,inr'+: in
May 1961, l'rcsidt'ln .l,,h. I". Kcnncdy annolm,,'ed his g<_,ll _t plztcing a Ill'|son _)l_ tht'
.Moon bv thc end <_1lht' dccadc. \'Vt'rnl+_¢'r v<_n l+,r,ttm and _>tht,rs argncd t<w ,tdOl)ting _t

li, It.Y;. (:<HI_ICSn, ,'_<.'IIilIC. +_+':.\_,\ +\nlh(nizali_+n Nnh_ _+mmill<.'c ,+I the (:_mmfilt<'t" on .\t'H+n;mti_;d nnd

St);lll' .gl icIllCS. ;\'.lLg. t gHll/l/+'l#+'lt{+t/ .lulh,Hza/i+m /'+ 1'7+++:/ :+}':tP 105+1; I/+'r:P++:_+ +m 5;. /OOh. ,';tith ('._mgtvss. I st

_,t'm+,i<)tL 1959. l)p..IlL NI.
7. R_)Lm<IW. Ncx_:kirk. Ix;It+It. I':rlt'l, 'ivilh (:_HIIIIII't, (;. Br+,<)ks.:';/,';/a/L".I (:h+.'m,t,:.,+,-+(x_,r:ISllill_l,+ll. I:l(::

NASA 5,1'I<)I I+ 1977) I). 9.
,_. l'.<'x_'_lxZ. lh'm',, It., .\ct_+mtnli_+,l Rcsvat_h l':n_hlt't'l, M,,'m<)_;tn,:Itm+l<_I :\'+,+,_._ialt'l)i_._<_t,

()I h)hc, '5. I!I:)9. ",++'/r+/_, l+.<+x 01L, ]:ih' %k_lah/A,\P 1)_+_ ,,ntt'nlatii+t_ I!15!I, N \Y;+\ llist_)rical Rcfi'te,,(¢, (:(_]I,.'( ti<_n,

X+\SA I li,,t<,_ _ ( )lli_ v, N.\'.;A I l_'ad,+itt;,t I_', s. Washing|tin, I)( :.

9. //m/. llw pvc<li<ti_+n t,l lht' l>ar, i_ipant ,, al><,tH lht' (';nli('+,t l)_>..,il)Ic iLttc li>, ;t Itmm Im,<li,,g _x;t,,

,vm;u k_thl) l)t t's( itLlll.
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mission contiguration which would use an orl)ital vchiclc as a staging base Ibr a lunar ntis-

siolK sll('h ;+t VCSSC1. lhcy l'C'ilSOllt'd, cotl](I also SCl'VC as a Sl)aC_' l?tbol;ltol+v bt.lv.¢(_Cll hln_t.i-

missions. _"hi June 1962, IIowt,+'cl; NASA officials opted tbr a plml involving a command

module placed in orbit arotmd thc Moral. Such a scheme did not require a vcsst'l and
crew as a way station in Earth orbit, thus efti,ctively shelving yon Braun's conct'pt tor at

Icast tile duration of the lunar program (known as Apolhl). _

Althotlgh disappointed by the decision, proponcnts ot a pcrnmnt'nt lab<watory in

space rein,lined tlopefill that NASA would eventually oral)race that cmlccpt, and contin-

ued to plan for stroll all tg/entttalily. ()n Otqol)cr 17, 1962,J<lscph E Shca, l)t'l)llly Director
tilt Systems, ()fticc of Manned Space Flight, asked the agency's centers to submit ol)inions

oil how NASA could use attd benefit from an orbital vessel capable of sustaining a crew.

The M:mned Spacellight Center (MS(',) qtfickly responded to Sheets request, putting

together a prol)osal detailing the areas on which private c<)nlractors would have to do

studics to determine the I_.-asibility of such a vcntm+c. By March 4, 1963, work completed

in this arc;t allowed Hugh l)rydcn to tcstit)' 1)clq.:,rc (]ongrcss tll:tt ;t manned laboratot 7 in

Eartit orbit had bcconte an "otwiotis candidate" ik_r a place in ttic spacc agency's program

(muncd the Apollo Extension System) aficr tile completion of Ap<_llo. _:

Rctlccting tile optimism of the dcpttty administrator, tile MSC in Jtnlc 1963 engaged

thc Douglas Aircraft Company and tilt' B<wing (;ompany to do studies on possible con-

tigurations [br such avt, sscl. Additional support tbr tilt" concept of _111orbital space labo-

ratory came in ()(:tobel 1963, when ofticials from tile Dc|);IFtlllt+'llt OI l)cli'nse and N/LSA

agreed to explore the possibility of jointly developing plans lot such a _csscl. Although

nothing cvcr canle of this pr<_l)osal, it did aid NASA oft]cials in inore clearly defining their

aspirations regarding such a program."

Up until this point, all <ff tilt" work done on pr(>jects 1o succccd Aptlllo had a classifi-
c:ltion of "atlvanccd study programs.'" But these ti:asil)ility studics and reports, suggt_sting

tilt" potenti;d bcnt'fits lrtml such elfilrts, soon l)cgan to cll:lngt! lilt" pcrspcctivt" of lht' sp:icc

itg+t'ncy. N|tn+t'oVt'l ", tilt" rc:dization that witllout concrctc plans ill tilt' \'cry near l+utttrt t much

o1 tilt" Apolh+ workibrct" wotdd bc idle iora significant i+criod <it+time prodded tilt + NASA

hicranchy tO consider innncdiatc steps to prt>vidt+ ctnllinu<'d work lklr them. Acct>rdingly,

ixl Augnst 1965 NASA <)flicials decided to cll;Inge the status <ff the [)ost-Apolh) pr<lgranl to

that of "projtwt definition." An part of this process, one tnontil later the agency ch;ingcd

lilt: ll;3.11lt"of tile prt_jcct to tile Saturn-Apolhl Applicati<ms Program (:L&P).

(;t'orgt' E. Mttt'ller, NASA l)ircct<w of the Otficc tffManHcd Sl>aCC Flight (()MSF), had

known Ibr somc time that thc litlure o| his Ap<_llo workforcc dcpcndcd in litrg¢" l|lt';Ism-t"

on tilt' viability <+t tilt" plans witich would comc out o1 tills _tfict'. I It: :list) h;td sccn tilt' two-
simt <dStnl)l+Ott ill ('.onglcss t0t +a c<_nttinut+d Sl):lc¢" pr_gr:lm <,1 tilt +scale <_FApollo. Quickly

iccognizing til;It an t>i+llhal st)act" lal)tn;itoly rcl)rcst'nlcd Ihc pl<il)osnl _lt the A,\P witil tilt'
lit'st cii.lntt' tifi'+linin_ i.lili_.rl.sSiOli:ll :il)l)ioval. ht' Ill'<_:lll Io .ltt t'lt'rnlt' woik tilt thidinl4 ;tit

acci'ptilblc c<}nt]guration [_ll tills idt'a. ++

1i) I.ilnst Stnhlhit4ci and Ftt'dclitk I. ()tdxs;tx Ill. llT'_,D+'_ +.,, lhrmz+: (:_,_arl+'+ /_, .Sire.. ( _.l;ll;il>;il. I"l.:

Kric_cr Pntl. <;o.. 199 IL lip. 17'J-79.

l 1. (;olnllilln _ind tl_t'nsllll. Livinl..,,d llbd.>/,g i, S/talc. p. 9.

12. [l.,+q. (]llll_l+t.SS. IIousI.. ('.Olllnlitlce i111 Stif'net' rind AMiOlltltltiCs. 1_7(7[ s\'.t.i_.t .tuth._izalio.: ]lt,li,g_

+m II.H. s46_) f.'_ulwrw'dcd t!_ /IlL 750(1), _tli (;llll_lt'SS, l_t _t'ssil>n. I I. 20.

13. l)a_id S..\kins, .'_k)bzh: lil.o.tcd (+hm..D,¢_, ilhmisGIh>, At. MSI;(L 1973). fi_otnow, p. 11)5;

"qcln_Hndtml 101 Ihc It<old, ,\lnil 12. 19t;3, P,_x N,\%\. Adnlinisnaun's I'oli¢_+ Mcclings (19{i2-65), F_ld<'r

\dininintlatoi's l)olit+ Mcctings_2. Iliil+21111it+ 1{tl;3. NAN.\ ]tinl<nit_il Rt'tl'lt'litt' (;_.llctli_il; (](>ml)t_>n :nid

Ilt'listill. l ivi,c, tittrl It;,l+i,g i, Spa+.'. pl ). IF)--18.
l-l. Nlt'inln;uldlnn .ill NAb;.\ tllllllt+ plans. |loin (;i.Ol_t+ _lllt'lllJi..\snt>l i;itv .\dniiniMialoi Ior M_iiliit'd

_lln<-t. Flil4hl..\piil 2_, 19G|. Box. 0G, .%k_l;tb. IZollh'i _;kqal>.'A.\P DlllilllIt'llhllillll 196t. N.\_.\ Itislltri<;ll
Rt'ti'll'lU (' (;t diet li_ >n.
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Mucller considered a number of possilfilitics, but soon cllosc an idea sugt_cstccljointly

by the Douglas Aircrafl Conq_any and the Marshall Spac¢, Flight Center (MSFC). Ironically,

it involved embracing tilt" idea, first suggcslcd 1)y Wcrnllcr yon Braun, of making a labor_l-

tOt)' {)Ut t)|" lilt" final slage of a launcil vehicle thai had eXl)cndt'd its tirol and had gone inlo

orbit. A second launch vehicle would take a crew ot asttOtlattt.s into OlllCl S[)il('C tO

Felld('ZVOllS with I|lt" Sp(qll Stal._t"; {ht!st' individuals would then tiush _ltly l'cSidllC oltl ;.llld ])ttl

ill the COlllp(ltl(HltS Ol" lilt+ laboratol T. +l']tt' {OtlCt'pl, kl/oWtl its lilt' "w{'[ workshop," had tech-

nical nleril, but also had an ccononlical appeal ats wcll. Mttciler recognized that lilt' rapid
progress oil the Apollo progranl meant lhal NASA would not need all tht" Saturn ro<kt'ls it

had originally ordered, therefor\: freeing hint |roni Ihc necessity of purchasing additional
launch veil|ties for the AAP. At a title when tilt' financial dcnlands of the Vietnam War had

.just started to t:onipclc wilh NASA's l)utlgclary I'(_(]tI('SlS, Sllch polential savings |ionl eXAP

had grea.l appeal to the agency. NASA :_ssotiale AdtllitliSlFaloF Robert C. Seamans gave

Mucllcr his approwd tot lilt' proposal ill March I!R'_I_, and in Novmnbcr Mueller madc a

tilrmal presentation to NASA At|minislrator.Janms E. \Vebb.':'()lticial backing came when

Congress, acting upon V_'ebb's recomnmndation, appropri,ncd approxinlately $45tl million

|or tile iL_kP in the 1968 Fiscal Year budgcl.

',,Vilh initial timding secured, Mueller then turned Io the task {/|: deciding what scicn-

lific experiments to conduct aboard tilt" orbital la])oralot T. NASA otHcials saw a potential

tot investigations to yit'ld intbrnmlion in seven areas: litb sciences, solar physics, Earlh

observations, astrophysics, nlaterials science and manttfacluring, engineering and tcchnol-

og T, and sllldt'tll experiments. ''_ Mue|ler soon decided th;t.l ()lie of tilt! expmiments should

involve photographing solar activity. ()rig|tally NASA had inlt'ndcd to use a satellite called

Iht' Advanced Orbiting Solar ()bset_atory |or thai pin-pose, bill Imtlgetat T constraints had

forced the cancellation of thai pnojecl. ,'\|\teller fch thai the crew of a space laboralotT¢

c<nlld c<mtplete those photographic tasks, and had directed AAI' t'ttorls to develop a Ich'-

scopic mounl tot +such a ]mrp<:_sc. After cxtcnsivc work at a ntnnber of NASA Centers, on

Sel:llember |9, 1966, NASA's Manned Spatt' Flighl Expcrinicnts Board (MSFEB) acceplcd
the phm to include sttch at device, known as tilt"Apollo 'Iblcscope Mount (ATM), in lilt+

s[)acc la|)Olalol T pi'ogFatllt. 17

Viqiile lhe idea of lilt' ATM had nloved steadily ftotii proposal Io approwtl, iht, seh'c-
lion O|()tlll'F expt'Fiinelils look Inlith l()ilgt:F AliilOllgh Ihosc ill lhe AAP knew olov(,r 100
expt.'rimenls being c()nsidt'l-Cd by individuals al lhe Valious spatt" ('t'llleFS, a lack of ftiildS

at|t| stlpporting ilianpowcF |)rt'velited tnaily of lilt'st' |)olcnlial colllriblitors fro|l| illovitlg
quickly Io sol|dill' plans tor siich t'tldt,aVOl-S. Bul eli{_tgt!lic wot'k invok'ing visits to ihc vat-
ious COIIICI'S by Douglas [.ord, ]lead of tilt Advanced Manned Missions ()llicc l_]xpcritnt'nts
I)ivision, s|llirrt:d inlt!lcslt'd individuals to COtlilllell! lht'ir ti'asi]lilily sludics. By lilt" end ot
1966 the MSFEB had rcccivcd alid apprt)ved lifly-lw() slich l)ropt)sals. 1.

hldividuais involved ill })t-t'f)ai'aliolis |i)i" a lll_ltlll(!d lai)OFalOl'y in le]allh orbil ti'li qui-
etly optinlistic as 1967 I)('gittl. Thl'y had St'i'll tilt' ,_4| ) i't'ceivt" filrlllal apl)roval |'l'{>lll
PresidentJohuson, alid ktlt'w Ilia| lhc ])FOgi'alil had I)ecolnt, a lint! item of NASA's 1)udgcl.
Alltlough SOllit" cxpcris itl thc field qut'stioned iht' liliit!tablt,, the ,_*lP leant llelievt'd lhai

15. M,<'lnoralldulii tioln R,_II_'II (]. S('anians, ll., l_i Ass_>{ iail. \dininisilalol ti,i Mallncd Spate Flighi.

MalC}l 78. 1966, Box 119, _,kl'htb, I",lldcr ,q-IVB _,%'olkshop, HAS:\ ]tisloiilal Ri'lt'l<'ll( (' (7o11('( lioll; ('aiiill)ll_l/ {llld
l/_'lls_)ii, I.iT,i*_A_ a_M 117,r4'7_17 ip_ <_,pa.,, p, 38.

16. l.c_' B. Sunnncrlin, {.'l_/_o0m i_* S!mc_' (",Vasllint4loll, 1)(: N:\5,.\, 1977L pp. I 1, 12.

17. (;Omlmm & I_,cns-I1, li_,i_* E aml I{}**1¢i_g i_ Spa_c. pp. 69-76. %sl],.ionlcrs, whih' mitialtv disirt.sscd

I)_ till' h>ss ol lh{' A(Ivanl ('d ()rl)ilin_ Solar ()llst'ivall)l_. "lVi)ll](t t]nd the dal;i Raihci<'d I)x \hi" lit'c<' 3,kv/<,b_.ic',_,s

had <'di_'n Ihcni "lhc lmsl _lbscl_alions cvcr ol)laincd tioin Slla< <.,'' #1)7<1,i I. 3t I.

1<',4. Ibid, pp. 76-79: (;c()1t4c Mul']ll'i Io Rol)<,ll (;ihulh, I)l,( (,liibci 71. 191;6, Box (t9, _,1),,,/_1),t"ohh'l SqVB

Woi ksliop. NASA ] tislot i_ al Rcf/'l i'll( i' ( ;_llc_ lioll.
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N,-LSA could place a space laboral(:,I)' into od_il by flw middle of 1968. l.!nderslandat)ly, flwn,

(;e<wgc Mucllcr considered lilt lime right 1o reveal his plans to the national media; at a press

cont,'fence on ]ammly 26, 1967, hc spokc publicly, for flw tirsl time, alx)u[ thc ambitious space

labol_m)ly program of flw agone',: But an event which <,<curved the \cly next day put tile h<,pcs
of lhosc involved wifll flw project on hold, and camc close 1o scullling the idea entirely.

/
f
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Battling Back From Adversity

In tile late afternoon of January 27, 1967, a disastrous fire swept through an Apollo

command module perched atop a Saturn launch vehicle at lhe Kennedy Space Center.
The conflagration caused the deaths of astronauts Virgil "(;us" (,rissom, Edward White,

and Roger Chaffee, forcing NASA officials to tee<resider many aspects of tile Apollo pro-

gram. This process of review nleant that the agency would n<;t move as quickly toward a
lunar nlission as originally planned, which caused lhc new director of tile/L_P, Charles W.

Matthews, to recognize the impossihility of meeting Iht! proposed orhital laboratory
latmch date.'" •

Unfortunately, the impact of tile tatal the did not end with tile postponenlent.

Congress, concerned about tilt" efficacy of NASA programs and recognizing tire irrcreasing
financial burden of the Victnanl _/al; apl)r<)priatcd <rely $30<) million of tile $457 million
asked by NASA for the ,M+_,Pin tiscal year 1968. This re(iuction forced officials in the AAP

to further l)ostpone the orbital labol-ato_ T schedule, which would involve three separate
missions, hack into tile 1970 calendar yeai:

These setbacks put ]ntrdh's in tile path of the space lahoratot T progranl, but paled in

comparison to the challenge soon otti'red within the agency itself Robert C. Seamans,.lr.,

visiting space centers in.June 19(57 to mtmitor activities in the wake of the Apollo disastm;

tbtmd that many people in the agency wanted to express their str<)n,g reservations al)tmt

the +,L-\P mission design, hldividuals at the MS(; in particular believed that the idea of con-

verting a spent booster stage into a lahoral<)l 7 in outer space posed too many potential dit:

ficuhies. They asserted that building a workshop on Earth and then putting it into orhit

offered a greater chance for success. Encouraged t)v the response of Seamans, personnel

at the MSC decided to make a presentation on the stfl).jcct at a. c<mtm'ence to discuss plans
tot Earth-orbiting missions, scheduled tor November 18/"

At the conference, both sides i)resented their views on the wet workshop proposal.
(;eorge Mueller feh that the proponents sullicientlv answered the objections to the AAP

plans for an orbital lahoratory, and reported favoral{lv olr the concept to Robert SeanlallS.
But the top echehm of NASA ,nanagelnent still had' reservations hased on the concerns

voiced during Seamans' summe, tour, and theret_)re NASA AdministratorJanms Webb feh
compelled to call for a total AAP review, which lie scheduled for DeceInber 6. At that

meeting Wehb f(mnd adequate reasons tor placing tile wet workshop proposal on hold
until the agency could conduct a total review.

To examine all the possihilities for NASA iu the post-Apolh> era, including the concept

of a manned space lal)oratoIT, Webt) couvened a special committee in early 1968. This group,
chaired by I.angley Research (:enter Director Floyd I.. Thonlpson, soon demonstrated

agreement about the w.rltle of all orbital workshop. The inelnbers, however, recognize(I tilt +

limitations of the concept as then constituted. Ira March 1968, Thompson's group suggested

that if tile."agency cotdd not overc(m|e the technical pvol)lems which beset the program it
should consider "g, rountl-assemt)ling the workshop and lamwhing it dry. "='_

This idea, which had circulated withiu the agency tor some time, had great scientific
merit. It would require the use of a powerful Saturn V launch vehicle, hut would allow more

th'xibility in mission planning. UnforlunalelT< tly tilt" timv of the Thompsotl c<mmlittec

rep<)rt it ha(l hecome apparent that (]ongress, heset hy tilt + increasing financial hurdcns of

19. Complon and Benson. Lit,ingand Wmlc/_g**_._[_*ue,pp. 83-84.
20. Ncwkirk. Erlvl. wilh Btx_oks, ._'kS'lab,p. 123.
21. (:Omlmm and P,m_s,m. I.ivi_aml _l.},ddn/,/_ ._,_ate.pp. !1(:,--!17.
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the Vielnam \_,'ar, (;rea! Society etIorls, and the space progranl, would not appropriale tUn(Is

for such a modification. Moreover, NASA Adminislral()r Web1), who at one time had strong-

ly supported _&l', had by this time become a lukewarm prop(menl at best. 1)iscussing ,.LAP at
a meeting with directors of the space (;cnlelS, V_,'ebb asserted that the program was merely "a

surge tank liw Apollo." ('onvinced dlat no other space agency program should demand timcts
which N,_SA could spend on Apolh), Webb authorized only those expenditures tiw tile space

labonttolx regarded as absolutely necessaryS:' Malt)' wondered if NASA would launch the

workshol_ in any conliguralion, much less agree u_ a dry worksho F, program.
Just as the prospecls for AAP seemed to have reached lhe lowest point, however, a

set+ies of events transpired which revived the flagging program. First, NASA Administt-ator

.lames Webb announced his retirement in the tall of 1968. ltis successor, Deputy Director
Thomas O. l'aine, had demonstrated a much firmer commitment to the concept t_t a

manned space laboratory, and would become a valuable assel to tile project. Second,
NASA successtully [lew a manned Apollo mission in ()cruller 1968, icesloring public conti-

dence in tile spa_:c program in general. Finally, lilt" mcmoral)le I)ecember 1968 tlight of

Aflollo 8 seellled t() have made Congress more amenabh_ to NASA |mdgelary requests; by

April 1969 NASA t_ll]cials knew l]l;t.l they would have at leasl $252 million to spend on
AAP. Thus re;tssmed, they could I)lan for tilt' space Ill)oratory with conli(lcnce.

Revising the Configuration

With lheir hopes bolstered by the recent mrn of evenks, NASA oil|ellis began to tirln

tt I) phms for an orbital space lal)o|atory. But as those involved ill tilt, prqject resumed their

work, they noted a subtle change in tilt" auilude of (;eorge Mueller. The man who had

long championed the concept of a wet workshop now seemed delermined to ntilize lhe

proposal of Floyd Thompson's connnittee as well. Indeed, at a conference on May 3 and 4,
1969, Mtteller announced I.o those involved in the i)rogram his h_l)e of developing a seties

_)t"missions which would include bolh a wet and a dry workshop.

Muelhw's plan struck many as impractical. Some pointed out the tinancial |mr(lens of

redesigning AAP missions, while others holed how adding a second type of worksho I) would

delay lhe program. But it occurred to I,eland E Belew, lhe director of tile Marshall Space

Fligfit Center's Saturn--AAP Office, that NASA could save time and money by merely

replacing the t)lan |i)t +a wet workshop with one |or a dr'/workshop. Mueller imnwdiately saw
the logic of this suggestion, and called upon those involved in AAP to voice their opinions.

(;radually, a consenstts emerged in tavor of launching a prefhbricated laborato_' on a Saturn
V rocket as tile sole AAI' eltbrt involving a manned hi)ace workshop. Thomas Paine made

the decision complete when he gave his lormal approval on July 18, 1969.
Public n_lice of this change had lo wait, however, until NASA oil|tills could otlicially

attfllorize tilt: use of a Saturn V by ,_&R.James Webl) had insisted upon a commitment of

those launch vehicles exclusively [o Apollo; unlil a successtill landing on die M_on, lhere-

fore, NASA could not guarantee the availabilily Oil Saturn V ti)r any other purposeY _Bttt

since tile hmar module fi-om Apollo I 1 would touch down on the hmar surfitce only two

days after Paine's action, Mueller li_ll conlidenl that such official notiticalion would come

22. /hid, pp. 99-10.t; W, 1 h'nrv l,;mltnight, I'm_,,'ri.gA/mll.:fltm_s E. Webb o/NASA (l_ahim_m', MD: .Johns

l hlpkins Unixclsit_ Plcss, 1995), pp. i93-196, Whih' ag_ccmg wilh (:_mlpton and Bcllson on IA'e.I)l)'s attitude in

19168 towaF(Is AAI', l.aml)rig, ht disagrees wilh thelp, ab,_nfl how 'Wcbt) had h'h ;,d)oul the program mnil (hat time.

(:ompl_ln and Bcnson assert that the NASA administrator "had nCVCF Iwen ;m cnthllsi;Ist [or .,_;\P," while

I.ambrighl maintains film Webb gave post-Ap()llo a high priolity through at least 1966. For tile rt'sl)e( tire argu-

Illt'llIN. _s('(' ( :_llll)t(m and tStmsolL l,ivi.k_ aml W.@i.,_ in .4pace, p. I O.i, and l.alnl_righl. Pow,,'rit(sg Apollo, p. 13%

23. l.amlnight, l'.:wtrt.l.(Apolln, pl ). 195-9G.
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stlortly.Ill fact, on July 22, 1969, those involved in AA]' received tilt" word to proceed _itil the

dl T workstmp progvanl. _' With the goal of tile Apollo [)rogrmn successt_.llly attained, NASA

could devote nlore olits attention to planning for tile future. An indication of this shill came

ill February 1970, when the agency chose a nanle ti)i-the dry worksilop proposal. Afler con-

sidering over 100 possible suggestions, the NASA PrQ}ctl Designation (;omnlittee selected the

title Sk),'laD, suhiniited by I_!.S. Air Force l.ieutenani (:ohmel l)onald Sleehnan. But it soon

turned o111 thai not everyone shared/he optimism of the agency regarding the tilture of thc

American space pmgnml. Tilonlas Paine had hoped to use the success of the Apollo program

as a springboard tor/unding nlore anlhitious prqiects; nnlch to his f,-ustration, however, lit'

tound ill September 1_.)70 thai the Nixon Adnlinistralion hoped Io (tit tile NASA budget stth-

stantiall_: On the fifteenth of thai m{mtll, Paine resigned.

His acting replacement, (;eorge M. ix)x< tried 1o salvage as nnlch tilnding :is possihle

fronl tile Nixon Adininistlaiion. lie succeeded in nfininiizing the CllltS t(i the Skylab project,

i)llt Low kllew that this would still ilecessila.le a readjuslnlenl of thai pl-tJ_l;t.ln's schedtLle.

The ()ftice of Manned Space Flight linally set the dale Ior the Ihsl launch of Sl¢._,_lab for April

1973, and work on tile |_rograin began iu carnesl.

In its final contiguration, Sk_'lab would consist of tTve conlponents: a conunand module

(which would.join the other cOlnllonenls in orbit), a service module, a docking adaptel; an

airlock, and a worksilop. |'tie workshop would ilself have lwo separale sections. The upper

COillpaitlllent would hollSe Ill(" work station :lid etlllipli>eill for exp('lilllellts, tilt' |t<lz(,li

food locket; waler coillainel's, and tiiii> i/illS+ The lower conlparlliienl wotlld conlaiii "the

kitchen and dining roolll, hedio<>ins, all exi)eriinenial work alea, and the toilet." Tile wolk-

shop, t(Htl<'-olle ti'ei IOllg tiv lvtt'lli,V-Iwo tt'('l wide, w<luld prol<'ide 10,476 cuhic feet of work

space |_)r the astlonailt (Tews. Satisfied with the desi<gn, NASA <ltticials finalized C<)llllalls

with private conliaclors t_)r the valiOllS components+'-'"

By this lithe, the Sk_,/a/J progralii had lost oile c]lanlpi_>n, hut tlad gained allolhel.

(_eorge Mueller, lile pelsOil wilo had ,guided Itie idea oiall orhilal ]ahoi-al<)l)r ihrougil trou-

bled linles, had resigned tioiii NASA in 1969. Whih' lm would t)t" missed, \4ril]ialn (].

Schneidel, wi/o ilad hecome the dileclor o[ the AAP ill Decemhei- 1968, had aheadv

deilionstialed itie same elitilusiasiii t0i tile orbital workshop concept thai Mtleliel had

exhibited. Building oil \hi' t_>lllidalioil eslal/lishcd t)v Mileih'r, Schneider worked sieadil}

till ways to expedite lhe plO_less 1)eing Iliads.' Oli lhe pl<!ject. The t()l-llleF Apollo IlliSSioI1

director tTlllnti the NASA systelli of levit:ws, iiil])lelllenied dlllill<_ the Apollo pFoglalll, of

great help ill keeping tile |)l-O_lillll Oll schedule. ['he procedure, which involved fOllllal

assessnlenls al seVell diti_'reiil stages of devehipinent, iliSliied ihal l)rogi'am oMcials could

qttickly ideniil)' potential ditlicuhies. -''_By the end of 1970, Schneider had approved tilt" last

<)f the modifications necessitated hy tile change to the dr), workshop CollfigliratiOll, alld

had authorized tile testing + of tilt" ('olnl)oiielilS |_ll + the llmiect.
While lilt" various coilil-aClolS hegall lilt" preparation of lilt" liialerials to I)e ilsed,

NASA otticials thlalized their assessnielil <if lhe hahitahiliiy of Skyla#J. In the fall of 1969,

Sclineitter had already authorized a nunlher ¢1t inodit]calions in this regard; tht" <)rhilal

laboratory would llow have a rooln tbr the astioiialils to holh sleep aiid dine in, and an

ohselwat[on window lor the viewing pleasure ot the astronauls. By late 1970, tile (>Ill), serf

Oils qtiestion relIlaiiiiilg ai)otit livinl4 conditions involved t_lod, The MS(; wanted a more

71. Ncwkirk. Erlcl, wilh Bto_,ks, Sk)qaD, p. 169.

25. I,eland F. Bclev,', ed., Sk'_Dd*, Otul'7_st .S_are.S'lrmrm (Vtashinglon, I)(]: NASA, 1'9771, pp. 16.-34.

26. Compton and l',cnson, l.i_,iT_g and Bb_,4"in_ i*_ Spau,, pp. 118-2.3. Iq>l a discussion ot lhc Ap_dlo sys

|('In ()t In_ill_t_t-llit'tll s('t + Rot)_.'rl (]. N{'dnlallS+.ll. + :lid Ft¢'dcli(k I. Ordwa); ]11. '+l.cssons _lfApolhl Fol l.ar,_c-S_ ale

T¢'<]lnolok, T," ill Fiedcri_k (L I)uranl Ill, cd.. tIHwe¢,n )lT;uluik ruul Ihe Shullh': ,\'nt, I>er_l.wclit_e_ ,n ,tmema_

/lsl#ollrllllifS (,i_illl Diego, (:..%: trnivcli, |11(., 1{181), pl >, 741-,"17.
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elaborate system ti)t storing and preparing meals than the Marshall Space Flight (;enter

felt the laboratory could accommodate. In the end both sides compr<mfised, and

Schneider faced no finther controversy involving the habitability of Skylab.

Conlident that agency oflicials had designed a workable program, Schneider then

turned his attention to the private companies supplying two m_jor components lor Skylab.

tie knew that in April 1969 workers at the McDotmell Douglas Corp<wation's t hmtington

Beach, California, thciliff had started the process of converting a Saturn IVB final stage

into an orbital workshop. Schneider soon fotmd that the work of the company had t_allen

behitld schedule. The vast numl_er of pieces, many supplied by other contractors, involved

in assembling the craft proved especially daunting. But by utilizing morc c[ficicnt man-

agement techniques, McDomwll Douglas proved able to increase the pacc and improve
the quality of its efforts. Indeed, in 510 hours of lesls during the summer of 1972 compa-

ny technicians lound only minor technical flaws. Confident al)otn Ihe finished pr¢)<htcl, in

a ceremony on September 7 of that year, McDonnell Douglas oiticially presented NASA

adminismltors with lhe completed laboratory. '-'_

One month latel, NASA received the other major component of the Skylab vessel°

Technicians at the space agency had designed a docking t:acility and airhwk fi)r inclusion

in the project; lhese would allow a crew in an Apollo command Inodule to rendezwms

with Skylab in other space and enter the orbital [al)oralory. hi the stullmer of 1970, Ihc

Martitl Marielta (;ompany had buih a mtthiple docking achq)ter and ha<t sent in I<) the St.

I.otfis tacility of McDonnell D¢)uglas where workers would COIllleCl il with Ihe airlock they

had constructcd. On Oclotwr 5, 1972, ;t NASA Super (;up[ 0' airphule th'w Ihis htsl compo-

II('[lt IO the Kcm_edy St)ace (;enter (KS(:).

,,ks NASA lechrticiailsjoined lhe varit`)ns parts of Skylah l¢)getht`'r al KS(], agency ol]]-

cials finalized lhc process of preparing the astrt`)tmuts who would evenlually live and work

in it. Initially, the selection of these individuals had created a controversy within NASA.

In 1965 and again in 1967, the space agency had recruitcd a number of s<ienlisls for the

aslrtmau[ prognun, and these individuals saw the Skylab program as a logical vemw in
which NASA could ulilizc their talents. They hoped that NASA would illcltlde two of [heir

number <m cach mission. But Donald K. "l)eke" Slayton, NASA Dirc<lor of Flighl Crew

Operalit)llS, hitd <.'ho,";Cll it.) include only one scientist in each of Ihc fin-co l}llee-persoll

<rews. In spilt of slr_mg protests fiom the scientific COll]lllllllily, Sli:ly[llll held his ground,

arguing thai dw missions mighl riced lwo individtmls lraine<l primarily in l>i[oling.

Backed by Rober (;ihulh of the MSC, Slaymn won his case, and NASA finalized lhc com-

position of lhc lhrec crews. An all-Navy lcam of Captain (;harles "Pete" Conrad, Jr.,
Comman<tcr ],_seph P. Kerwin, and Commander Paul J. Wcitz would fly lhe t]rsl mission.

In Seplembcr 1972 all the crews slarlcd a program of mission simulalions, preparing fi)r
the sche<hdc o[ latmches. -'_

Persomlel al KS(; began working longer hours in 1973, gcumg all systems ready tow lhe

long anlicipatcd May launch dale. lnclcment weather threatened lo disrttpl lhc schedt|le,

t)u! by May 14, 1973, conditions had improved stfll]cienlly 1o warrant initiation of Ihc

cottnldowtl seqttctlce. AI 1:30 p.m. the !',34-1oo1 Saturn V carrying Skylab liRed oH tram its

lattnch pad, on<ling thc years of platming arid prcl)aratiotl. Now the question l>ecame

whelher the program could deliver on the promises ils prt)pomqlts had math' for il.

27. Ncwkuk. l_hlcl, with l_,l'¢_oks,Sky&b, p. 279.
2S. (;ompton and Bcnson, l.Jvi_gat+d Wrokin¢in .s'pme,pp. 218-30.
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Saving the Program

Telemett T received at the Johnson Space (tenter (iS(]) indicated that the powerful

Satttrll V had taken only tell nlintttes to place its cargo ittto orhit at a heig]tt of 270 staltlte

miles. At that point various electrical systems ahoard Skylab hegan to COllie t() lite7 +At first

evel 7 indication suggested a normal process, hit( soon Flight Director Donald Puddy

noticed readings that gave him pause tot concern. Afler a few hours of investigation,

NASA officials determined that two things had indeed gone wrong with the mission. First,

the two solar panels, which would provide power for the lahoratory, had failed to deploy

properly. And second, it appeared that a shield designed to hoth protect against microm-

eteorites and provide shade for SIg'bzb had heen lost. Both of these developments posed

serious, perhaps even mission-threatening, challenges for NASA officials to ponder.

Analysis by engineers at the Marshall Space Flight (k+nler revealed that the loss of the

rnicrometeorite shield would cause the temperature inside the orhital laboratol T to rise to

190 degrees fahrenheit when hathed in sunlight. This heat, they realized, could damage

the photographic fihn and fi)od ahoard Skylab; more omirJous still, it lnight nlelt plastic

inside the lah<_rato_', releasing tc, xic fuilles. The mission control team could change the

attitude of the orbital lahoratol 7 to reduce the angle at which the rays wottld hit it, thus
reducing temperatures, but that a¢!justment would also limit the amount of sunlight reach-

ing the solar cells of the ATM -Skylab ++-major remaining souit e of power The attitude [inal-

ly chosen hy NASA lowered the tempcralure inside Skylab to 130 degrees and allowed the

generation of 28(10 watts of power, bttt NASA <_tticials hclicved Ihat they would have to

arrange for some sort of sunscreen to protect Skylab if they hoped to save the mission."'

After NASA postponed the launch (if the first crew of astronauts tor ten clays, individtt-

als at theJSC and Marshall inunediately began to exph)re possihle methods for providing a

sunscreen. After discarding a number of suggestions, NASA ot+icials finally narrowed the

range of options to three. One came fi+om .lack Kinzler of the JSC's Technical Services

Division, who sttggested creating a collapsihle parasol otlt Of aluminum-coated mylar sup-

plied by the G.'I: Schjeldahl Company. Kinzler felt that the astronaut crew could deploy such

a device through the scientific airlock of Skvlab alter docking. A second suggestion inw_lved

having the astronattts aftix a twenty-two-by-twenty-tbmqbot sunscreen to the outside of the

laboratory while standing in the hatch of their Apollo command module. Finall); a third

idea envisioned attaching a "twin boom" tmtne to the ATM and then hoisting a sail between

the two rods. While finally tavoring the Kinzler recommendation, NASA officials decided to

have Conrad, Km_qn, and _k'itz take ;ill three devices with them aboard the Apollo com-
mand module. +'

NASA officials also hoped that the astronauks could salvage some power capacity froni

the solar panels. Data received fiom Sks, lab indicated that one of the panels had remained

attached to the lal)orato] 7, htlt had not deployed. If dehris from tit<_'micrometeorite shield

had trapl)ed it, (kmrad, Kerwin, and Weitz might have a chance to ti'ee the panel. To f_wili-

tat( these repair eft()lls, the agency requisitioned specitic tools from the A.B. Chance

Company and included them in the cargo which the astronauts wottld take into ottler space.

The astronauts lifted off on May 25, 1973. After achieving rendezvous with Skylab and

29. Alter the death of l+yndon Johns<m in .]a,luat y 1973, tilt" Scualc iXlSst'd at resolution it+ Fel)rtulp,, to

l'ellillllU tilt' [_J;rlllllt'd Spacc ( '&'lllt+l" ;lltul lilt' indi'ddu;tl who ha(t |)t'('ll ill nlallV Ways "the t.tlhcr of the spacc pro-

gram." Itch( 7 (]. l)ethloft, ".V,udde*l(t,, 'lbmm+_m, Came ..... • ,1 l t istmy .] the.lobation ,_,]mr+' ( ;,mtW' (Washin'4ton, D(]:

NASA SP4307, 1993), p. 214.

30. Bell'w, Skylah, pp. 41-$7.

31. Interview ol Mr. Don Aralliall, Manager, l'rogHm ()pt'rations ()if'it v, ]<_]ms<m Space (;<'titre, June

12, 1973, l',,_x 05, .";kylah, Folder .";kylab Oral 1 listory lnlm_'iews, NASA l listork al Rel_.'rt'nct' (Mlleclion.
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eating a meal, tilt, crew began tile planned repairs. Conrad took lhe Apollo conlnland

module away from the docking port and placed it next Io the remaining solar panel

which, as it turned out, had not deph)yed because of a strap titlm tile micrometeorite

shield which had beet)me wrapped artmnd it. Weitz attempted mightily ttl fi-ee lhe stllar

array panel, but had no success. Finally abandoning that endeavm, Conrad decided lo

dock the command module lilt Ihe crew's rest period. But this lime when he auempted

lilt" procedure, (]onrad found that the latches of tilt, respeclive enlry ports would not

engage, tie tried a number of other docking techniques, but these Ioo failed. _%s a last

resort, the aslronauls effecied a manual modification of their craft's docking port, which

allowed (;muad to tinally couple lhe vesscls. After a IWelllV-Iwo-hlltlr day, lilt, ('rew went 1()

sh.ep in lilt, cominaiad module) _

When the crew awakened, Weitz entered Shylab to detellnine if Ihe high lemper;.tltlres

had generaled Ioxic tumes. Finding no Sllch dangel, the crew lllen entered the laboralol T

and prepared Io deploy tile parasol lhey had brought along. Working caretifll,v, they man-

aged Io unfurl the device, and noliced an ilnmediale cooling inside the laboratory. The

tenq)eralure inside Skylab would soon slal)ilizc ill ninely degrees. The parasol did not

cover ;is wide a Stil-t_tce area as originally hoped, I)ul il would allow llw crew to begin lilt'

sclledtlie t)f experilllelllS ill relative Ctllll[(irl. (]llllr;t([, K('l-Will, alld \_(eil/wt)llld wlisle i1()

liille ill inili;lling lliesc el]ill'Is.

The "Can Do" Spirit

The crew soon established a regular schedulc which involved carrying oul expert-

lilt'illS, cxercisiilg, ealillg, lnailllaillillg lilt" vessel, anti sleeping. They tOillld lit) dift]cuhy

ill adjusting It) ltle St, llsalion of living in iitller space, ex])eriellt'illg Ill) IllOliOll sickness, but

[])lllld lhe pace of tilt" lasks .Issigned Io lhenl verv delnalldillg. 1,41rilllin days (]Olllad Stlg-

gesied revisiilg lilt' lillle aliolinelils [()r experililellls and olller dillies, aild his crew soon

sellled inlo a cllill[Orlallle roulille. '_ Bill lilt' crew SOOll ietol_nized lllal illSlli]lfienl ptiwer

levcls nligili ilol allow lilt' cllnll)letion of a illilllt)cr o[ ihc Ilioposed i,xperillielllS. NASA

olticiills concluded lilal lilt' iiSIl()llitlllS w(luld tiavc lo Illilke allolllcr atit'lllpl It) [let' lilt'

renlitillilil_ , solar pailt'l.

NASA officials llad prepared (;onrad, Kerwin, alid \Veil/ till iileir exIra-vehicillar

repair etl()rt l))' having Ihelti lraili iii a zeri_-gravily neulral I)iloyancy siiiitilall)r. Ker_,_ili,

howevt.r, had iiol lount[ lilt" leclniique practiced on Farth any help lo tliin ill tits I]rsl

repair atleliipt. Therefore, NASA otlicials assiglled ii group headed by Russell "Ruslv"

.%chweickari (lilt' COllllllliildel ill lilt' back-up cFew lilt llic tirsl nlission) Io devisc allolher

lllelllOd till (ieploying lilt' solar i)allel. Tile leillll Ilnally ie(Ollllllell(leti tlSill_, it IWt'llly-l]ve

tool long cable \tiller Io t)ee ltle panel and a lel]ler Io nlaneiiver il, tm(e freed, lille prop-

er ;iligiilnelil. (;l(llllld ('oillrol relayed iilstrllclions eli tile procedllre Io lilt" crew, and i)ll

Jtlne 7 Kerwill and (]onl-ad leti lile worksltl)p Io make anollier aitcilipt.

h I)ecallie innncdialely al)parelil Io lilt' two aslroiiauls lh;ll lhe aClilal repair i.fl_lils in

iilller space would dilik'r si_nillcaniiy flOlll those practiced Oll Earlil. "1"o begin with,

Kerwin I(iiind liiai he ctiuld llOl esialllisil a t]rlll tTiolllold on the solar ot)servalory aiileii-

lilt its Sthweiikarl Ilad dlille; cables I)rt'venled tlilll frolll gelling close elltlilgh Ill st't+llle

tlis fet'l, l_','eiv lillle Kerwin alleilipled Iti posilit)n lilt' (tiller lit" siniply dril+led oil uiili] the

32. Bcl¢,w, ._,kvht/,,i)p. 61-63.

33. ( :onlpton and Bt'nSOll, I.ivi.g a.d W.dml<g i. ,_,//mc,i_p. 2_i7-_.t4.
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cord connecting him to the antenna restrained him. Moreovm. when Conrad attempted

to place the hooks of the tether into holes on the solar array panel he found them small=

er than those on the panel on which Schweickart's team had practiced. He nmnaged to tit
one hook onto the restrained device, hut wondered whether he could exerl sutticient

torte to free it with only one clasp. Kerwin then began to cut the strap, but after thirty

minutes of work the aslronanl had not made any progress toward accomplishing his goal. :u

At that moment, howcw% Kerwin had an idea. He took the line connecting him to

the antenna and shortened the length until he had secured his position, llaving thus

gained leverage, within ten minutes Kerwin proved able to cut the strap. The solar array

panel then swung open at an angle of ahout twenty <legrces. At that poinl, Kerwin and

(;onrad began to pull on the tether connected to the device, hut with no success. Finally

Conrad stood up and slung the tether over his shoulder, while Kerwin continued to pull.

This technique worked ahnost too well--the recalcittant hinge broke loose suddenly,

sending lhe astronauts flying off into space. When the restraining cords stopped their

motion, Kerwin and Comad saw the panel ahnost fiflly deployed. Within days the astro-

nauts could report that power levels had almost doubled.

tlaving lost a significant portion of the Ibm-week duration of the mission to repair

etl'orts, NASA oft_cials hoped to salvage as much of the experimental schedule as possihle.

For<ed to prioritize the iuvestigations, they decided to give the highest ranking to medical

experiments. During the time remaining in orbit, Conrad, Kcrwin, and Weitz nmnaged to

achieve nearly 100 percent of the pmiected goals that medical officials ha<l set torth for

the ,nission. _; Of particular interest to the medical community was the tact that weight-
lessness allowed the skeletal structure of the astronauts to flflly extend, increasing their

height by an inch. It also balanced fluids within the body more evenl b thus making the

laces of Conrad, Kerwin, and Weitz appear fuller. With a regular regimen of exercise the

astronauks remained in outstanding physical condition throughout the duration of the

mission, proving the adaptability of humans to living in outer space.

The crew also manage<l to accomplish a high percentage of the assigned tasks involv-

ing the observation of solar activity, eventually taking over 25,000 pictures of the sun. This

cndeaw)r proved a highly challenging one fi}r the crew, given the complicated nature of

the control equipment, l.ocate(I in the (locking adapter, these instruments activated the

ATM telescopes. Kerwin later asserted that the pace of mission experiments kept him

ti-om ever completely mastering the control systemY _He [onnd the procedure tot ohscrv-

ing solar flares especially frustrating. NASA technicians had developed a sensor which

would alert the crew to solar flare activity, but the radiation field over the eastern section

of South An|erica would frequently trigger the alarm system. Mter many false warnings,

the crew despaired of ever observing a solar flare. But after deciding to spend the entire

work day of June 15 in hopes of witnessing such an occurrence, their patience paid off.

Weitz proved able to record a tlare of impressive magnitnde tor over two minutes.

Ahhough the crew may have felt that their work involving the observation of solar aclivity

had not met up to expectations, astronomers proved genuinely pleased with the resuhs,
which they considered to have met eighty percent of pre-mission expectations.

The scientific aspect which suffered the most from the compression of the mission

schedule involved earth resources experimenls. NASA officials had included cameras and

other devices to provide a more detailed analysis of geological, meteorological, and agricul-

lural features than could otherwise be gathered hy conventional methods. The equipment

34. Bclcw.._;kylab, pp. 50-7.r}; (:ompl,,n and Bcnsm_, I.ivingaTtd Bbd_i_+g in Sp+ae, pp. 268-76.

35. [ :omlmm and P,cnson, lir,ing and Working in £_mre, p. 2,_(3,

36. IbM, p. 290.
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The Sun it hot outer atmosphew, m cmona, eobtr-eo&'d to di_ti_,_ruish b'vels o/ b__ddtws_, _'a_ hes m*tward [or millions o| miles.

A cotvnaKraph, one o[Skylab's ezght telese¢_es, masked the Sun '_ disk, t_vating art!ficial eHl]m's. It permiUed 8-1/2 months

o[¢vrona ob_em,ation, rompared Io le_ Iha_ eigho: h.to;_ fiom all ttatural eclipses _ince use _4 phcJl%,_-aphy h¢7.qHti_t 1_'39.
(,\'A&'_ photo ¢1o. 74 11-97i.

which these experiments utilized required a signifkant amount of power and, because of

this, NASA officials had to postpone a vasl nulnt)cq of them at the I)eginning of the mis-

sion. The first crew never fully caught tip, lint still llliLIllt.ged to complete all estill|ated [_0

peicelll o| lhe pl_tllned e_llth Iesottl(es expelilllellls. _;

Ironically. the crew might not have done as lnally earth resomce experiments as they did

had the astronauts not comph'uxl an in-flight repair of the power system. During the mission,

the device which collected power fiom the ATM panels failed to thnction properly, causing

concern atJS(:. NASA technicians, remembering that they had overcome the stone dif]](ultv

in ground tests by delivering a sharp blow to the device, recommended a similar procedurt"

to the astronatllS. (]Olll_td, wMding a hammer, soon had the power conditioner o])erating

properly again, and mission experiments continued. '_

As the end of their mission drew near, the astromnnts began their ])repanations to

depart from Skylab. On .June 22 the crew boarded their command module it) fly back to

eat-Ill. Afler 404 orl)its and twenty-eight (lays ill space, tile aStl't)llatllS inade a stlccessftll

splashdown in the Pacific ()cean 80<) miles west of San Diego. Picked up by the aircrafl

carrier Tico_rleroga, the astronattts soon leceived it ]leto's welcome when they reached Ihe

37. Nt'wkirk, Eitcl, with Bvo<_ks, SkyhdJ, p. 312.
38. Bch'w, ,gk_lah, p. 89.
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United States, Encottraged b v the success of the th-st mission, bttt concerned th+tt tttrther

mechanical diflktthies occurring with no Cl('w aboard to rectify' them might jeopardize

tilt" slilltlS of ._']¢y[a6, NASA o['fichls decided to advance the lattnch d_tte of the second ntis-

sioll b'¢ three weeks. Attelltion would thetel()l-e tUlll ;_.gain to 1_%(;.

A Commitment to Excellence

A.'_ the second mission began on July 28, 1973, tilt' crewINa'ff (;aptain Alan L. Bean,

Maritle M_.jor.]ack R. [,OllSln_l, and civilian ()wen K. (;arriott--soon realized that theh-
experience would ditlk'r in at least one respect flont lhat of the first crew: I,ottstna reported

tl;.tl.lsea only one hour into the flight. The other two soon experienced the Sallle Illal_t([y. The
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crew attempted to work through tileir infirmities, but motion sickness slowed down the pace
of activity during tim lirst troy d,lys, l)rOmpting concern among medical ollieials at NASA.

These ottieials, after reviewing the timing of llw occurrences among the crew dr{ring the day,

recommended tha.t Bean, Ix)usma, and (;arriott eat six snlall meals rather than three larger

ones each day. Whether because of this procedtHc ()r simply through an adjustmtmt t() spa{(',
within days tl'le crew reported that they [i:lt back to lltll'lllal. _')

This relllrn to good heahh (alllejllSl ill time. ill addition to assigned tasks involved ill

making Skylab operational, the crew also had tile resl)onsil)ilily of deploying atlolhel still-

screen over the laboralol 7. NASA olticials had chosen the parasol con(ept tor tim lil,-st crew

to use because of the speed with which the astronauts could deploy it, t)ut had rec'ognized

that ultraviolet rays would soon cause the [abric of that devicc to delerioralc. They Iherelore

decided Io have the second crew &'|)Joy another devicc cousidered tor use hy NASA during

the original mission: the twin ])ooln tramc suns{reel. I_em/, I,ouslna, and (;arfiott had prac-

ticed extensively on the necessary eOllSlruclion techniques ill lhe neutral buoyancy lank :ll

ttouslon, and wilh their heahh vastly improved they ti'lt ready to begin the task on/\ugusl 6.

As tiequenlly happened, this activity did not go exactly as planned. (;arrioll and

l,ottstn,i soon recognized thal lilt" sizc of lilt' (onlponenls which tile}, were using dill>red

slightly from those they had practiced wilh on Eartll, torcing them to nlake a series of

adjustnlenls while out of the vehicle. But patiently ket'ping at their task, Ill{" astronauts
eventually managed to assemble the ti-;une and raise tilt" sunscreen shade, l+ousma and

(;arriott then rel)hlced fihn ill the XI'M, gathered data tiom previous expcrinmnls, and

checked on a polentially lhreatetlillg situation involving lhc rocket thrusters of the Apolhl

module. After six ]louts and thirty-one lllinules the Iwo returned to Sk_,lab, having estab-

lished a record for l]le hmgest period of extra-vehicular activity in outer space. '"

After completing Ill{' nt'ceSSaly repail; the crew resumed tile regular cxpcritnental

schedule. As with the tits{ mission, the ol)scrv;.ttion of solar phenonlena had received a

high priority. From August 1(I-2t) in parliclflar, lhe aslronauls devoted a signiticant portion

o[ their work days It) (:aDturing st)lar at:tivity on lilm. On AllgllSl 21 the crew wimesscd a

gigantic bubble develop tm tree side of lhe Nun anti wat(he(t il grow It) a size nearly thrt'e-

quarters that t)f the Sun itself, hi all, the second crew would sl)entl over 300 ht)lll'S engaged

in solaHelated activity; their cllin-ls received unqu:tlilicd praise from the scienlitic {ran-

It`Ill(lily, anti lllallV had all OI)l)Orlttnity to speak to thc crew direcll}' {roll lh)uston.

This approt)ation did not gt) llllll()li{'ed, hldeed, reporters coveling lilt" .S'lg'lab l)rogranl

a.sked N;kSA otticials at a press contbrcnce on Aug,rest 1(1why the second crew s(,cmed Io lind

greater t:avor with the scientitic community: DI: Ernest Hindlcr of lht" ttigh Ahilude ()l)sel_'atory

ot'BouMe]; Col{re{do, ;ts,sertcd that tile tilst crew had actually paved the way tot lilt" nq)p<)rt with

tilt' second crew. By pointing out tile [laws in the program, Conrad, Kerwin, and Well/had helped
lhc second lCalll avoid |)rol)lenls 1)11their llliSSiOll. But, he conceded, the second crcw also seemed

more amenable Ioan inteluctivc diah)gme with scientists at ground control than the tilst had."

Whilc solar observations {<)ok much of the lille of the asmmauLs during the first part
of the mission, Earth resomces observations ;list) merited consideral)le attention. All three

aSllOnalllS would participate sinluhaneouslv in these eftorts, with each ol)erating a parlic-
ul:u piece of equipnlent--six nn_jo, instruments in all. NASA officials planued to utilize

the t]rsl and last segments of tile mission lor Earth resol|rtes observation, knowing lhal

atmospheric conditimls would linlit visibility during the middle period. In spite of certain

39. Ibid, i)1), 104-1llt;.
40. (]ompton and Bensml, I.ivm:_ and ll'b_km._m .'_uur, pp. 300-02. NASA cflIi('ials had bc('n troul)h'd hv

rt'adings indicating Ihat leaks vnighl havc <)ctuurred in the rot kct thruster svst(.ins, thus.jec+p;udizitlg the mission.
I.ousma and (;arlioll cout|hnlt'd during their spacc walk I}1_11Ihc siltlalicm had stabilized.

•tl. IbM, pp. 302-03.
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difficulties, tile crew managed to take almost 16,000 photographs of Earth and h/ad data

onto 18 miles of magnetic tape. r-'

After the litst period of earth fesou,ces activity ended, the crew then took up what

NASA officials called "corollary experiments." These inw)lved space technology, space

physics, and observations of stars. Although the exploits of lwo spiders (named Arabella

and Anita) overshadowed these experiments in the eyes of the American public, the crew

in [_wt produced a wealth of important data? :_
The endeavors of Arabella and Anita certainly certainly caught the tmwy of the peo-

ple on Earth, but the astronauts themselves proved ablc to capture their attention its well.

l+ousma provided amusing commentary about the mission on the twenty-four-hour-delay

communication channel B, and Garriott conducted a number of experiments which gave

vivid televised visual illustrations of scientific principles. But the crew's most famous

t.xploil inw_lved a mysterious voice. One day the ground control team at.IS(; heard a

female wfice speaking to them from Skylab over the public air-to-ground channel. Houston

hesitantly responded, and the conversation with the unidentitied persou went on tor a few

tnilll+lleS. Finally, (;arriott aboard Skylal)burst Otll ill laughler; he had brotlghl along a tape

t-ecor(ling of his wife's wfice lot this bit of levity.
While these activities illustrate that the second crew certainly liked to have fun. they

should not overshadow the fact that l,ousma, (;artiott, and Bean more than met the

expectations set forth t_)r them at the I)eginning ot the mission. While illness and repair

efforts had put theln well behind schedule for the tirst ten days, the aslr<mauls soon

caught up and in lacl began to ask for ad(lilional tasks. Indeed, Bean asked Houston lo

lengthen the mission t)y at least a week to give the crew more opl)ortunities for meaning-

ful research..IS( ] declined this request, but the astronauts still proved able to supercede

expectations by fifty percent during their ntission. '_

On September 25, 1973, after fifty-nine days in space, the crew boarded Ihe command

module and began their return to Earth. At 6:20 p.m. El)q; Ihe cal)sule splashed down in
the Pacitic Ocean 300 miles from San Diego. Picked up by the U.S.S. New Orleans, less lhan

lorry-five minutes later, tile astronauts received accolades for Iheir impressive accomplish-

nlents. Encouraged by Iheir efforts, NASA ofticials eagerly began tinal preparations tor

tilt' third, and last, Skylah mission.

A Series of Challenges

NASA officials had hoped to launch the third crew, consisting of Marine lfieutenanl

(_ohmel (;erald Carr, Air Force l.ieutenant Colonel William Pogue, anti civilian Edward

Gibson, on Nowmber 11, 1973. Flaws in the launch vehicle temporarily postponed tile mis-

sioII, but Oil November 16 the Saltlrll IV bl+tsted otf, raking the crew 1o a rendezvous with

Skyhd_. ,_iet initial difficulties, Carr nlanaged Io dock the two clalis. Under orders from

NASA. lilt" cl-ew w()ttl(I wail until alier a rest l)eriod to begin the activation of the lat)<)ral()ry.

"1"ominimize the chances of ha+hng the crew sutfer tiom space sickness, NIL%\ medical

personnel had ordered lhe astronattks to take anti-nausea pills. Untbrtunately, this precaution

did not hel t) Pogue, who soon became quite ill. Gibson and Carr l)ondered what to do al)oul

this incident; if they reporte(I the thll extent of Pogne's distress (which inchtded vomiting),

NASA otlicials ntight alter the schedttle of the mission. They chose, lheretiwe, to reveal to

1 Ionston only that Pogue had experienced some llatlSCa, t)ut _.','_)tll(twithhold any mention of

the wlmiting.

42. Nm_kirk, Eftel, wi01 Brooks, ,";k_lab,p. 334.
.12+. Bele++',,.Sik+'hib,pp. 114-15.
+t4. Nm_kifk. [".rtel, with Brooks, Skylab+pp. 333-3-+.
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This intormati<)n would not rcnmin :l secret t<)r lon_, however. The crew had forgol-

ten that NASA oftTt+ials would hear their (tclibcratiotls; an ont>oard l_lping dcvicc had

recorded their disctussion word tot wor<l, anti when doing a rotttinc review of thc convcr-

sati<)ns g,round control st)on discovcrcd the (over-up. [_[)scl by the lack of candor dis-

played by the crcw, NASA chic| o[ aslrona.uls Alan B. Shcpard sl('rnlv warllcd Ihctn not to

rcpcat thcir mistake. Thc crcw admittcd Ihcir cvr<m :tnd l)romiscd l_cltcr 1)char|or.':

lndivi<hmls al _Itomld control soon found another reason to criticize thc crew. After

beginning the process of activating ,_;k),l(zb, during which thc'¢ made a ntmll)cr <)t mislakcs,

the astr<)nauts complaincd about the p;icc of the aclivitics pianncd for them. It scctncd to

st)nit at NASA, however, |ha! tilt+ astronauts simph: (lid not want to work ;is hard as lhcv

should. In defense of t]IC (Tt'W, it sh<)tfld bc nt)tcd lJ{al llt)ll,U o| lhc astrommls lind any spact.

tliglit experience, finis m_lkin_ their adjtlslnlcnt It) the lllis,',;i<)tl t'llOl'C ditlicuh, h| a([clilion,

NASA oflitials had added _i nlnnl>er of CXl)crinwnts to the mission in the period afler lht,

return oIthc sccmi<l Skylab crew, whit+h Icfl lilllc lime I_n Pt)g-nc, (;art, and (;ibson to lc_un

thc new prot:cdurcs. Finally, thc astromutts <>[tcn could li()l find gcar al)oard ,_;/<+'/ab whcrc

NASA otticials had told them 1o expect to lind it. In spilt o1' thcsc rcas<>ns, N;+\,',;A tlight

1)hinncrs continued I_) tc,_;ivtl thc Ihir<l crew as not working ut> to maximtml Cal)acitv."'

_+_il|l('Fs ('_llll(+ to a head on l)cccmllcr 30. The crew initiated a hank discussion with

capsule commimicatm Riclmrtl Truly', hoping to make NASA <fflici;lls aware o[ their oh|co-

ttons to ihc l):tcc o[a(livilics sol 1+<)rlh l()r l]Icm. (;art l)rovcd CSl)cciallv critical of the l_tt!

that NASA niis,+,;ion phlns had allocated xirtually no frcc time [_)r thc'astr<)natns dirccth:

1)cforc and aticy the sleep pcriods. Truly +ulcmptcd to molliI_: lilt+ a.slronat,ts I)_ +l)vaising-
thcir cflbrts to tlatc, l>ut subtly +u_cstt+.tl that NASA fi,+ll tlmt thc crcw could w<)rk at a

[Ttslcr ])ace dtlring lilt' last half o1 ihc mission. After ahiloSi ,ul hour of discussion (piUll-

tilalCd I)v ;i 70-nlillUiC I)rc;tk in lilt coililiiUliicali()ns link) Trill'+ eli(led the COl)'¢clsalioii I)x

lolling the crew tli;tt lit' wils %.'('rv happy with the wii'¢ VOlt're (Ioiil_ I)liSillcss." Bolll sides

sccincd s:ltisllcd Ilml lilt!), had claril]cd their i<.,st)ccliv(, points of vicw, and in lhe (l;l'+s It)

t<)llow, <_roiilld coi)Irol liOlcd ;<iilCW St!liSt" (it i-t.st)Ol)SiVt,lit.ss Oil Ihc 1)ail of lilt, ;islrollliills,

This ilicidciil ill||straits aii iilhcrciil Icilsiotl lh;tl rail lhrou_li ilitlch ()1 Itic hish)rv o1"

lhc spact" i+lrogranl, I/cgiiilliii_- whil thc contrOlil;liion I)t'lwct,i) ihc <niginal sCVCli itsIt-o-

ll_ililS and ihc dcsi_iicrs o1 Ihc Mcrclir+v c;l])sulc ovt, r lilt" inclusion of :t window in lhc

spact'cr;ift+ aslronauls had rcl)calcdlx' disa<_iccd with i)osili(lils l;ikcn I)v lilt' scientific and

cnginccrin_ coinnnuiil)' rc_itrdin_ c subicct otsl)iicc tli_tiL "!'_> thc crcw t>l Ihc third inis-

sioii, it st'ell]('(] ii_; lhough ]light planners Ik']i ih;it every mission could t)¢! lrcalcd like it

CI)llll)lll(!l icad.v lo I)(, pr<)_Taninicd. Po_uc, (;it)son, ;tlltt'(]iilT had ;tsscrlcd lhc _l_,lFOl/;illlS"

Vit'w lhal tlcxibilitv had Io t)(" tluih il)1O ;i tli_llt pl;ul II) piovidc It)i" ihc diversity <it cacti

hlilnail pul ililo t>liit'i space. In lilt' wake of lhcir c()n',crs;llion with Trul)', tlic liSli<>ii_iills

tch lhal ihc)' had rcgaincd their individnalii).

Pic:tscd with their iicw t+rt'cdoiii, Ihc _tslroiiatllS Ihrcw lh('lilS(,Ivcs back into Ihcir work,

(;it)sol| in ]);irlittilar dcnlolislr;tlcd ahliosl a C<)llll)lllsion Io rctord ;i sol,Jr tlalc ill its

clilirclv, st)ciidill,_ cxlr_i IiliiC Iliallnill,_ lhc solar ol)scrv;ilioii colllrols, ltis dili<_cncc w,ts

rcw;uth'd Oil .l;tlltKil+) 7], 197t, wh(,il ill.+ witnessed HII illllirt.ssivc sol,tr (,Vt,lll. I (:mlph,d

will) lhc t>t)scrvatioi)s ahca<l)' donc Oil the coi)it'l K_ill()iilck, lhc third crcw cotll<l Ihcrc-

t0rt' iakc <_ic_il 1)i-idc iii lhcir c<)illrit)illioils 1o lhc field o1 aslrollOiil'¢.

N_)I Ilitich iiliiC rcli)_liiil,d t()i lhc thh-<l crew ill sl)ii((,. l'hc iiP,;ll<lii_ilils <1i<1 ;t iliiilil)cr _)t

tncdical cxpcrinlcnts in Ihc days ;itiCl ];iilllili-y 70 iliid c<lnductcd t])ch" final televised i>rcss

COl)t+¢'r('iicc, t)til lhc'+' _lls<_ dcvolcd all iiicrcasinQ- _liilllliiil o1 liinc Ii) t)rci)nrnli<nl_+ ti)r Ihc
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eventttal ntoment of deactivation. They experienced sonic dil+l]cuhy in storing in the com-

mand module all the things they wanted to take back to Earth, bttl using ingen++tity and a

certain amo++tnl of [k)rce they succeeded in packing their craft. On Februat),' 8 tilt' crew

bo.trded the commat++d moduk', but belore disengaging from Skylab they used the thrusters

of lilt" Apollo spacecraft to lifl tilt+ laboratot T to a higher orbit+ After accomplishing that

task, Poglte, (|art, and (;il)son headed for earth.
One tinal bit of adventure awaited this crew. V_q++enCarr atteinptcd to maneuver the

comntand |nod|tie prior to reentt T` he found that neither the pitch nor the yaw controllers

worked. Monwmaril', _ nonplussed, he nevertheless q++lickly shifted lo another system and

rest|meal the landing sequence, l,atet; the astronauts revealed they had accidentally acti-

vated a set of circuit breakers, thus neutralizing the thr++tsters in question. Carr's rapid

resl)onse had saved the day. :ks on the second mission, the Nat T ttsed the l+.,+.S. +\'_r_l,Orb,an.s

to condttct tile recovery operation [i)t the linal crew, the+IS bri++lging to an end the 171 days,

13 h<+ttrs, anti 12 ntinlttcs of space flight connected with the Sk+'lab program.

The Mission in Retrospect

The Febrttarv 8 splashd<_wn marked the olficial terinination _,f the ,Sl++'lab prt)grant.

Scientists would need a great deal of time to fully :tnalvze all <)f the data that the three

crews had gathered, bttt enough work in this regard had already beet++ done to allow

ol+set+vers to al)praise the wthte of tilt" prt!ject. O1 tilt' seven types of experiments tI++c t++il++e

astronauts had C<nlductt'd, tilt')' sttrpassed expectations in all except the area of et++gitleel-

ing and technoloh_' investigations. ++Many scientists, hitherto skeptical of the allocation of

til++ancial resources to the ,gk3'lab [)rograll++, spokt! ill glowing terms of its vahte. I,eo

(;oldl)erg, l'lirector of the Kitt-Peak National OI)serval<ny, voiced tilt" vi(rws of his ptotk's-

sion when he a,sserted that tilt' aslrolla++ltS, "ltv their rig()r()us I)ret)arati()n and traitfing and

etlllnlsiastic devotion to the scientific goals of tilt' mission .... have provel++ tilt + value ()f

lit+el++ in space as trite scit'nlific partllers ill spi++t'e science researct/. ''_''

(;oldlwrg's ot)st,rvation provides a fitting epitapl++ lkw ._;kylak (which would disintegrate

upon reentering the Earth's atmosphere in 1979). While the prog,am ++tt++qttestiomd)ly

viel(le(l vahtal)h' scientilic hl|i)+++++nation, its greatt'sl valtte <ante fr()nt its dentot++stration ()f

the inlportance of the humat++ element in tilt' space program. ,,'ks .lohn I)isher, NASA

Director of Advanced Programs in the ()trice of Space Transp<wtation Systems, would later

note, ,gloqrtk "'t++trt++ed arotmd tnanv people who thottght nten it++ space _+vele a hindrance

rather tl+lan a l++elp. +''" Echoing this sentitnent, Pr<+gram Director Will|ant Schneider stated

thai Sk+'lak had sll<lWn that, regarding the space program, "the limit is only our res()l'++re, II()t

the ability of nten to work, and not Otli +lechnical knowledge."

In his state|lit'tit, Schneider sttccinctlv capttued the essence of a celltra] debate

tegarditlg the Amcritan sl)ace l)rogran+ . Manv individuals had argued Ih,tl scietilifi(

inquiry in outer space did not (lelx'nd on a hun|an |)reseuce in that reahn; it++ the words
of tlomer E. Ncwell in 1958, "all we need is a few thirty-l)t>m++d satellites it++ Earth rebits

Ito] furnish enough observational data to kee l) our space scientists busy fin decades t_t

come+ "''_ But the maj<)ritv of the personnel at NASA had from rite beg|rating believed that

"the tthimate ol!jective |was] manned travel to and from tilt + other planets," and often

-h_. (:Omlnml and l+.enson, l.ivin_ a_+d tl_,ki+zg, it+ ,_Tm+r.p. 340.

4':t. l+clc+_. 5,kslah, p. 155.
50. .]ohu It. l)ishcr+ "Sl>;l( c TlanSllmt;tlion: Refit(|lollS _uld Ibm)let tlons, m I)urant, cal.. l+elu,eet+5,]mtttik

aztrl l/++''_hltllh, p. 213.
51. Nttthlingcr and t ++ld',',._i),!<tT'.,l#h,+'lt,+m tl_au#l+pp. 2US-99.
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Ralph Cet_,._ (h'[t) aml ICdlph Murphy ch_'_k out equlp_l_e.t i. the' .,d_t_' mdndtceme.I tmd /iu,d ma_mLq,me_lt _mqmrtm_,_t_,

_'_pt,lliT,el_, in a [ulL_ab' mmk_p _] %k,,lal:, t,'/ /h.,' ,\'A.%'i M_t_:_hall ._,/m_' 1"Ti.k_ht (#'_lte_: The |_'.rk_h.p wu_ de_,_.l.ped h_

Ala_:_hall (Sq_te_ /;. lh_'e I_d_lh ochil mi_i_m_ m 1072. Ih_. [i_l h_tink_ 2,7 dd_ _z_l the' _lh_'_ lu,_ 5t_ _bt_ ,'a_ h. "l'hi_ vi_'., _i[

the #z_ing a_'d _h_m_ the "'teb.ph_me breath " t_'pe dm.:_ u_,'d aml the A_Hd tim. thut s_pdtdh_ Ihv lit,i_lA_ a_ea /ram th_' htb_ndl.-

_y _. w_.ki¢_g _m,d mdki.L_ up the' Ifl, O00 _ubi_ /_'_'t _4 _pdcr _t_itle. [.im'd I. the _.k_h_p indict b.d_' t_ /i.m the' "_/udet "

tottfi._rmdlicm u,a_ rite nttkuk, mull@k, dd_kmg mhz/_h'_; A/mlb_ 7;'h_s._/_ "_lmtnl dnd Ihe Ap.lh_ ..nnmml/s,'rvi_e .../uk'. All

o/the' t¢.nplm_'tH_ .,vr_. Io hv h_um h_'d bx d ,gdhmt _ ivilh the' _'.x_ep/i.. _j the _.nmamtZ_e_viu' re.dub', ittlt_ _zn l(mlh ._bit

i_/ rlboltl 250 _ldluh, .*ib'_. _,'tq,eml dd),_ htle* N?,,gA phtm.,d [._ the d_lmttaul_ itt I/i__ t .mmaml/_er,,i.. mmluh' h* h; ldum bed

b'r d ,gah*_t_ I11 rocket fin rettth.z._,t.:,, ttt_tl rlmkit_k_ Itfflh the mulliph, dmkit/_r adapter: '/'ht' _ltt_l_q cg _pd_er,a/t u,a_ u_,'d t,_ _._/

duct ex_u_timt._tl_, _¢u'_tti[i_ ¢t_d medi_ul, dt_d p. ph_m_g'mf_hi_ dudie_ _4 /he ,glttt. [,_,,'.15;,I, ph_l_ m_. t_)-It It_-t 5),

I_)cused planning ctt_:)rls in lifts dir_xlion."-' The Sk_'lab program, lherefi_rc, provided cru-

cial and limely evidence 1o SUl)l)OVt Ihe i:wedominanl NASA f)osilion.

Fillingly, flw (2)lliev 1)_l)hy (2mHnittee decided to [:,rescnl five" 1973 lrol)hy of lheiv _wga-

nization to the_"divot'CloY ot Ih_! Skylab |)rogvam. All]_ough the ( ]omtniltee _oted the co_Hvil)u-

fions of lhc over 26,000 in<ti_fiduals who had worked on Ihe program, the mr'tubers tbh thai
Willi_m_ Schneider should _x'ceivc The t_x)])hy on behalf of Ilw Ihrce crews |)coalise of his Icad-

ershiI)in the ('xlraordin;u-ihdilIi(uhv(,mur(,.When Vice PresidctH (;evaldF_wd l)Y(,s(,sH(,d

Ihe award t_ S('hHcid,:q on.June 4. 1!)74. it l)rovided a. _ll)l climax Io an Amcvi('an space pro-

,jecl which had I)rOv('d wilhou! qu_'sli(m the" v_duc of "lhc human Iouch" in sl)a(e end_'av_ws.

52. t II_'_'-,r_tl'd l"_. Mq( :llld_,. 7"]1_.,_p(ltl' Statio_t l)e_i_i_m: Im_eme_lldl I_diti*_ trod 7_'chm_h_k6_dl (;h_mv (I_,ahimo_ _...

Nil): .]_hns [h_pki_s I,;lfiX_,vsitx ]hx.ss, 1990), p. ,_.





Chapter 10

LANDSAT and the Rise of Earth

Resources Monitoring
by Pamela E. Mack

In 1974, l)n John E. (Jark, rcprcseming NASA, and Daniel J. Fink, reprcsentiug

(;eneral Electric, received a (Jollier "I)'ophy tilt" tlw |,ands;it prograni, tilt "proving in 1974
tilt _ value of U.S. s[_a(c technology in the manag¢'nleut of the Earth's resources and envi-

ronlnent for the benefit of all mankind. ''_The' I,andsat [)rograul had proved its value iu thc"
eves of the selection committee in the two yt'ars since Ih¢' launch of the first satellite in
1i)72, bttl proving its value to potential LLSCI'N _tll(t It) Ihe ()|]]cc o|+ Managenicnt and Budget

and to (_ongress lturncd out to t)c substantially lnort+ difticuh. Somewhat inlproved l+andsat

satellites are still tlying in the mid 1990s, back under gow'rnnient managem,t'nl al]er a
LLilcd effort at comtncncialization. But the [)r<!it'ct cannot I)e deemed a success; the [!nit¢'d
Stales maintains ueilhcr lcadtwshi]) in t¢'chnoh_l.,_' tor civilian earth observation nor it

r¢)hust operational program. Clearly the (:ollit.r 'li-ol:,hy award represented technical suc-

cess and the hopes of the aerospace, ('<)Inlllttnit_' for _t nt_,w, Itl,c:.l+Crelevant miss|oil t%justii_'
the space llrogt+am. The larger stray, h<tw¢.vc|, lies in why a l)rtpject wllich embodit,d such
ho]Jcs cmnt! t<) so little.

l,andsat was not a large pr¢+ject by tilt" staudards of the progranl to put humalt l)eillgs

in Sl)aCC, but il inwflved l)roader ctmct'tns fitr NASA told a ]mge-l)rt+jecl tnanagcmcnt stvh'.

I,andsat gained public alte|ition, and a (3oilier Trol)hy, l)ecallS<_' it symbolized a wish that ihe

st)act+ I)rograin would |it|rig mort + ot)violls ticlIctlls Oil carth. NASA leaders sought Io

I+csl)ond tit Sllch conccrns [i+otil (]ongi+t,ss iiiid lhl" gt'iit'ral ])ut)lic t)y playing ili) lhl" idea Ililtl
l_]arlh l+CS(llll<.:cs satcllilt,s could +Cl+VCihc l)lilllic good, while at Ihe S+llilt + liinc" l)r<)lliisin,_
quick +Olnlllerci_/liz+tlioli,: But this coilililililiclil htckt'd Slililiili+t; NASA h_aders still saw st)|tot,
CXl)lOralion as lhc (OlC mission of lilt- itg(.'li(); lind ltlc agcilcy tcnded to |tlrliler delliic lllal
Illissi<lil as rt'scarch and devclol)iltelil Olil)', ll(ll ol)t'i+alioilal dala collcclion or ])ronl<)lilig list"
of the rt'stllling data, LalidSal Ill'ca|lie a pr<_jt'ct iillcndt,d to l)rovide political or 1)urcaucriltic
Caliiial to NASA and ils SUl)|)orlers , and Ihost, lliotiwlliotis ftli+lher compiicaled ihc l)iot)lenl
o| t)alallCilig lhc iwt!ds of lt+st!iucht,rs and o1 |)olclitia] ot)/'i'itlioltal ilst'rs.

Tilt" prc!jcct t+<)und ilself rcl)ealedly slrangled in Iht! I)udgct process alid I)y conflicls

with the llSCi" ii<_t'iicit's, t"¢t'li itflcr it had (ill lhe eyes of [)arlicipants) "suecet,ded nlagiiitl-
Celill) _ fl+oin il scicnlil]c aiid i'iiginl,t-rillg SeliSt+."+ Most of the s¢ieniisls mid Cligill<.'ers
involved at lht" work|Jig h+vel comlniltt, d lheiiisclves wholcht,arlt.dly to dt'vt!h)l)iilg lilt" t)os-
sitiililies |oi+ a civilian c+lrlh-ot)scivalion sai0ilhc to serve iht" l)ul)lic +ood, Bill [ilndiiig tiw
lilt" pro.iect ;tlld il|)|)r(l'+,'iil (t[" Sllt)Sl'qllCnl sleps wits I'cpc_iledly cattle, hi tl l) ill contlicls both

t)t'lwccn NASA, lilt' Ottlcc of _l;ill_i_ciiiClil and Btidgt!t, and (]ongrcss OVCl-|illidillg lind

])t'l'+_,+l't'n NASA aild lhc iig/'iicit's lhal Woilld list, lhi" +t;it:t ovt,r lilt" tillill+C of Iht' lift!if'el.

I. 14.ill R<_I)it >, biJr the (7P_.+ll+.slAchu'vemenl: A Ili+h_++' +j lh+ A+'m (7luh +q ,t me_ffa +tnd the ;_;t+tio#ml Aemnauli+

,/_s+l+i++lT++#l(Washiiit4i<ln. I)(L Nnlithslmiatl hislilutioti t+ri+ss, 199':I). ii. 235.

2. I+'lli :t I)assioli;itt' anal+sis ot this _liltiadi_ii_ln st.l . l<lhti II. M_l:,]io L "l'lt>l{i(t. ', in Kathl<'t>il M,

Eiscllh¢'is. I'rav<Hizing (;+lve_nmmtl hlim 1111l17Olt;The l']/+'el+ u] I',li+) ox+ .l+_'_s h> l+att+l_tzl Saldlile l)(lla (Mt.lll¢ h,t.nu. NI:
SC+II'Ct I'IiW hess. 1995).

3, lhid., p. xi.
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l)isagreenwnts among users made it difficult to design tile satellite and resulted in only

wcak stl])[)Ol[ flOlll i.lS+.,lS wh{3n fl+ln(|in_ (h'cisions were lnad(_.' Thcst' f+actors, plus a lack of

stt-ong lcadershi l) in tile project aiicr its +,_allicst x/eats, leit it caught ill linlt)o without sttf-

ficient funding to rcalize the potential it had demonstrated.

1. ]HIt'Ia_t'H(X (()Ill]it Is '+_t'l't' Ills nlidn h)( i_s m Pamt'la E. Ma(k. I))'witt_lhel'.'utth: fheSmutl (i, ust_t, ti,_t

,[ f1_+,I +tndstll .%'t+l+llil+'.'__sO'm (( al_+btillgt' M,\: M]I th_'ss, 1990).
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Building a Base of Support

In the early years of I.;tndsal, advocales t(ir Earth resources salclliles bttih a conlplcx

web ot polilical and bttl't'allCtali't SUpl)orI ill order to make the ])r()jecl hal)l)en. [.alldSaI

developed in a period '+vhen NASA IIlaltag't.ts lried Otll lh,t' iiossibility of justit}¢ing Ihc

Sl)iIC't' [)l'()_l'iltll OI1 Ill++"basis of it.'+ praclical lmnefils, instead <_l simply al)pealitlg to lhc

space race as a.juslit]catiou t]_r popuhu and polilical SUl)porl. \¼'alhcr and connnunica-

lions salellites were already eslat)lishcd on at finn t<lolinR I)v Ill<" mid-1960s; I.andsal

fm+mcd part of a m'w way{ of inter<.'sI in apl)licalions in the laic 1960s, as space enlhusi-

asls tried Io litnil posI-Apollo ++ulbacks.:' The Iroublc with i)raclical applications, however,

was that Ihe benctils Ill<'},, brought inevilal)ly tell wilhin the responsibilities of some othet-

agency or organizali<m, and those agencies had lhcir mvn inter{sis (and usually rot,oh

lmver levels of research :llt(I dm'clolmWnl tundin R lhiltl NASA).

Thv us{ of satellites to observe lhc Eallh t(_t classified rcconnilissance played a mltjm-

role ill the developnwnI of the !.!.S. StliU.c progrant, bUl civilian Earth obscrX'alion slttel-

lilts g<>l ot1 to a much slower start+'+ (;c<)lo_isls and geogral+hcrs winking in Ihc classiticd

reconnaissance salvllitc program saw Ihal salellilc data had polcnlial value Io civilian

us++'rs, llul t]lc nlanagcls of Ill++"classilicd program auachcd grcal i,ntlortancc Io kcclling

secrvl not only technological &'signs I)ul also lhc cal)at)ilily of salclliles. 'l'hcrclbrc they

m_t <llll'+' prohil)ited civilian ttsc of chtssiticd tcchnohlgy 1)l,I itls<_ discouraged Ihe develop-

ment of at civilian Earth ollscrvaliot] salcllJlc i)roRratn using tmclassitied IccJm<llogT. r

l lower{r, prcssme lot a civilian program Rrcw in Ill++'mid-1960s as scicnlists saw pictures

of the Earth lakt_ll bV aSlt'_:)lllttllS whh hand-held c:um'ras and its sludics of olhcr lllmt't.ls

provided examples of the tlotcntial of rcmolc scnsinRY In 1963. NASA slarlcd cxplorato-

r; research on remote sensing of Earth t'csources wilh COltll'_lcIs, I{:, Ill<" U.S. (;cologica]

Survc'+ (a h,rmlch of Ill++"l)cpaltnlenl oflhc Interior) and the AlltlV (]{:,l'l)_, of Enghwers tor
rcsca,ch using smts<_rs tl_>wn ill NASA aircratI. '_

The Det:,iu-tmcnl of Ihc Interior, and to a h'sscr cxlcnl Ill++'(;ort)s of Enginvcrs and lh,t.

I)cl)al'llll(qll ol ,\g]-ictthurc quickl)c_mcludcd lllltl civilian Eallh rcsotlr,i+t,s sal++q]ilcs had

the p<_tential Io hclll them llcrtorm Ihcir assigned missions. I [owcV<,l, each ag+'t+ncy had dit:

l+.+l't'lll rt.'qtlJlt'lllt'lltS alld {'()ll({'lltS atloul 1]tO Julurt + IllltllagCl'll't+lll Ol" at salcl[il++' ira+gram,

and NASa\ tilted other lleeds alld plCSSttl+CS its w('ll. The (;colo,_ical Survey wanlcd litir]v

lhtc resc, lulJ()ll ilnagcs lhal c<mhl easily l)e conll)arcd wilh mitl)S and acrii{l [)h_)tograp]l;

Ibr sludics _>fgcoh>gy and natulal resources (lit+.' (_Ot-l)S o1 Eiigincms had similar needs),

The l)++'partnwnt ol :\grictdturc nccdcd SlWClral it(Clll;t(v: thal is, a Rricullural scicntisls

m'cdcd dctaih'd inlbrntalion alloul the color of'+cg<'lati_m in or(h'r to dil]+.q++'ntialc crops

B. /hid. i)1 ). 18-_7, i)l(p¢i_l(.n j "_(,it, I).i<'t hinlor_ ol t(mmluui(ati<ms alld wcalhc] satcllilcx. FOl +.ut-'+,pxs _,t

lh+.' "+;llilltlS apl)litatiml+, i)_,+e, lmns sct" _haptClS iu .loire I+oqsd<m, t'l al., cds.. I].x/*/.*.+<. /h*' I'.hu.+,,.: .'_r/+,¢t+d

IJo+.u++,*+ls m the Ilisl.++¢ +q It; I ',3;. +i+,il _,7,.+,,/'*+<'+*.,+, I b/. 7, I,> hc Iml)lisht.d b; Ihc NAN,\ I lism_ ()tlict..

6. Fol the carl;, hisl,>rx <_t classiticd _cconnaissance satellilcs sc_ + Wallcl .\. Mcl),mgall . . . It.' It+'u_+,..+

.*ul Ihe I:aPtlu A I+.lil.++l IIAI,.) +g /he _,/,u+,' .I g*', (NcwY_+rk, N'l': l+.asit I'h_oks, 198B); William E. Bttrrox+s. De++/* I+lml,'

,Sl+mYl:'+/mmu,g*'mM,\}*fi+_Putl,'_e+l+Pil_ (Nc'+v Y_tk, NY: Rm_dom ] I<m'-,c. l_lSli), and R,d)tql :\. M( l),mahl. "(]¢u<m;t:

Sue+. css I<_ SF, a( ,e Rc(<mnaissanct., +\ I ,)<+k int_ thc (:old '+Va_: and a Rt'x<+lutiot_ Ior h+IclliRcm +..,'" IYu,t.+.+r+_mmlP7+

I'.'+lJ.rlll+'r+?lt_'llll¢l /{+']l+ol+' ._+'t++/+/_ t IG}(.)_-_): (+8!1 7_(1.

7. Mack, _7_vvi_'l]w I'+e_l/*. pp. i_;_,-I_1. I"l)_ a I)mli(uhu'ly _ It'a_ summau_ <_t flw I¢_h" _1 tim imclliR('u¢ _'

aRch{its wrh_cn b)a pauticipant scc M_ Eho}. "lhctit(¢'." p. x.

8. \[_t(k, _'_,_l,i,l.q I}w ]:eltl}t. pp. 39 12.

9. Pcl,pr (_. l++adgh+',, "(',urrcnl Nlatus (d N,\N,\'n Nalm al Rt's,m_(,p_ lh<_gram." l:+i_>( ccdmtp, i>I lhc fat>in lh

5_Xll/pl>Sitllll (_II R('lllOl(' N('llSitl_ ot I"AVdl<mmcnl. April 12-1 I. 1966+ Willou Rut{ ] ;llu)]al_liCS, I'tli',rt'lsit ', <d

3,fi( big;m. Ann Arh,.. Mi_ hiram.
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and de(eel disease."' NASA initially studied possibililies tot all elaborate .satellite carrying

a mmfl)er of sensors to meel a varieiv of requiremenls, floweret, lhe Dcparmwnl of

Inlerior m particular warned a relalively simph, operational salellite quickly rather than

an elal)male experimenlal pfo_l'alll. I'

In 1966, the l)eparlment of Ihe Inlerior pulled offa public relations sllllll in an etti)rt

Io accelerale NASA's plans. The leaders of the [ !.S. (;eological Snrvey persuaded Secretary
of t|le Inlerior Stewarl I,. Udall Io announce in September 1966 thai 111(.?Department of

the Interi()r was iniliating its own operational satellite program. They proposed a simple

salellite carrying just one kind of sensor to I)e launched in 196(.)Y ' The Deparlment of the
Interior did liOt haxe the necessary expertise (or a partnef-agency with the necessal):

experds(') Io slilil its ov¢]t satellite progranL':' But even though the attllOtmcetn('nt did tt()l
retlecl a realistic plan, it worked as a strateg T. In the resulting controversy, NASA retained

responsibility for expt, rimental Earlh resources satellites, but the space agency's leaders
tound themselves trader pressure from tit(.: t)ress and (;(ingress IO develop a satellile quick-

ly." NASA initiated a project initially called Earth Resources T(,chnology Satellile (ERTS),

then changed the n;inle to l,andsat in 1975.

Even with this ]tress|ire for a quicker and less anfl)ilioits experimental f)rt)gram, NASA

plalillel's alld Ullg[il('els sought to design a satellite tltor(." ehtl)ovate |hall the simple exper-
imem prol)osed fly the l)epartntent of the Interior. This dt,cision reflected l)()th the

assumption ()I NASA l)rogram managers thal their goal was I() c()]lecl data of the maxi-

mum possible sciendfic sophistication and their interest in balancing lhe influence of lhe

l)el)artment of Ihe Inlerior I)y seeking to identil), and satist), the requircnienls of other
itsei-s besides Interior. NASA had ftmded develolmlent of a multispcctral scanner th_-tt

could provide data more useful to agricidtural scientists than the televisit)n-lype camera

(return beam vidicon) the Department of lhe Interior wanted, th)wever, scanners had not

yet been tested in sllace, and st)me engineers doubted tha! the sensor was ready for lliff,ht.
The decision t() htclttd(' tit(." sc;umer on I,andsat resuhed both lr()ni pressm-e from

researchers at the 1)el)arlntent of Agricttlttne and front tit(.! interest of NASA leaders in

involving that departnwnt rot)re fully in the pr()ject. NASA saw that siq)port fr()ln Ihe

Deparllnent ()f Agricuhnfe could i)rovid( • a larger constitneney fi)r I,andsat and (()uld

balance Interior's i)ressme for a quick transition to an ()pt'ralional program controlled t)y
Iillefiof rather ihall NASA.'"

10. Mack. t'i:wi.,t( I1.' I',a)th, I)l ), (i(7--79.

I I. /bid, t)p. -)7-60.

I_ |'llilt'd NI_IIt's |)t'pltllillt'lll (it tilt" hllt'liOl; ()lfict' I)l lilt' S('/ II'lal):, Plt'Ss R('II'_IS('> "F];lll]l'S Rt'sI)IlIt'('s

h) I)c Nlndicd i:.oin Si)a_c," _,cpicnli)cr 71, igtili. 111(' l)cpaiinl('nl ()t ltic Inivrioi (alh'd its i)f()glain I(_iiltl

rt's(itll't t's ( )l)Si,l_aiiOlt .%tilt'llilt's (l_ll('l ,_y+4ll'lllS), OF FiR( )_.

13. '[tit' _tYt'alhiT BIIl('Cill I)la)c(l a similar _ilii(' ovi'f illltllltl_('liit'lil o[ Ih(' TIR(),S plO_lalil, bill ill Ihlll

( il_;t ' till' li_'t'_illi('l" Bllrt'till had iiiHd(" ;ill-_illgelli('lilS io (o()pi'i'lilt' wilh lhL' l)('p;li-lllil-lil of I)(.li'lls(" illSlt'ad (i| with

NASA. S('t' Ricil;ud l.eRov ({]l_l])llltlll) "A (];tst! Study of ttle U.S. "*,¥t'_tlh('l" Satellite Pfogr;un: Tile ]ltlt'l;t( lioll of

,_('il'll({" alld P_)lilics, >' _vr_lctls;t- I:nivclsil)dissertation, 1967.

14. ('h_-iiit's P. I.tlle to R()|lt'll C. _l_alllai/_;, Jr.. ()cloilt'r 71. 19Btl, with attached "()])lTaliOlial

Rt'qiiilt'lllelil-S l(li (;Iobal resolli-Ct. SIll vt-}, by F_.arih-ort3ital Sait'lliles." W, T. Pt'cof;t, Director, (;eololi( al SllfV('},

l() Under .i_t'(lt'llli",, |)i.piifllii('nt (if lilt" Interior, "_llilliS ()1 I'_R()S Prol_r;iili," Draft, Jiill(' I!'l, i967. For iiioft'

dr'tails set' Ma(L pp. F)I_)_. Public ])l'('s_-;tire nol only spiifred NASA le;idt'rs It) t_tslt'r a('iiOll than lht')' Ilad

])lallned but a]_;o helped Ih('lll ov¢'l('Olll(" OllL_i(te opposilion to t'_lrlh l('sOtll-t'l'_; satl'lliles. Resistance It) Ihe idea

(it it Slllltl[ t';lllh l('_;t)tlrct'_; s;ilt'llilt" (;llllt" Dot ollly [ioni NA._.4 lt-at|t'rs with ;ill inlt-rt-M ill ;l mort" xti|)hislit-att'd

_..xl)vliliit'lil t)til also fioni lilt" inll'lli_t'nt(' coinnlllnilv alid Iht'ii allies al ihc P.life_iii of ill(' Bii(Ig('l wh(i ()l)p(is('d

itll_ tivilian (%lllh I-t'NOlII('CN salcllilt'..S('C ,%lack. l'ieltsl_//_ I]w ]<:arlh, pp. 58, 61.

15. Mack, 17e_t,i;_.. the, I¢_Hh, pp. 70-75.
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This plan sounded good in theory, |)ul lack of clariw al)()ui user needs. Meanwhile

ICily, lollS bctw('cll NAN:\ and Ihe u.'q,('l agentics lll:l(h, ii allnosl impossible io build a I)asc

ofsupp()rt li)r Ihr [)roje(l. l)itti'rcnl ])mls ()t Ih,c' user ('()lllllillllily had (litti'rrnl nrc(ls, and

il was ofien nol (lear how salrllilc (lala coul([ best serve ;tgcn(y missions. [Tsrrs Icn(h,,d al

tirst to cxpecl thc new lcchn(ihig), 1o (lirt'ctlv rcl)la(-c various older tcchnologi(,s. Th(,

ag('ii(:ies' OWli l)('rcc|)li<)liS of lht'ir nt'(,lls (haiig('(I _is lh(,v saw whal lh(" lc('hllohihry ('(Itll(I

(lit ](Ir lilcin and _is NASA ,SOil<gill l<) l)('rsil:l(tC lhi'nl Itial (lala tiOlli a (<)iii[)r()niist, salt'llilc

would tiavc '¢allle ltl Ihcnl ('Veil if ii did I1<)I ('asilv fii <'xistin<_ sVslt,iilS, Spccitic l)r(d)l(,ln,_

wiih rc(ltlirciliciils inchldrd a Dci)arlni(,nl (it + lht" ]illt,li(ir CXl)r(;lati<ln ()| inal)-iikc aCCill+a-

(y ihal requiicd sl)rcial COlT('('lioli of ltic dala t](ini cilher scI1SOl; 'Hie [)c[)arlnicnl of

A<griculturc, Oli lhc ()ltl(!i- hand, icndc(t l(i (,Xl)CCi Itic sal('l]il(, (lala to (lhccllv rt,i)iacc _iCl-

ia] t)hotogral)hs, alid []lcretiixc wanted t]llC 1-1'y;O[liliOll illld ticqucnl covciagc ot [iilg('

_il-Cits, _ts well ;is spectral il(('lll-ilcv. In ih(" t]tll of 1970, NASA ])rt!j(,(l sci('nlisl %Villianl

Nor(llicrg (h.'s(rit)e(I (t_llll Sl)c(ificalions fi-()lll lhc [)(,l);trllll(,lll ()f AgliCIl]llli-c _lS "gr()ssk

ovcrslalc(l" and Ihosc fr(ini lli(' DCl)allniclil ()t Ihc hilcrior as "a I)oilil)sllell, ''"_ l,ilnilr(l t)i,

rcslri(liolis oll resohlliOn inll'ii(le(l Io ])rcvciil COli(:hlsiOliS fr(tili t)('ilig (hawli a|)()ill Ili('

ca[)abilily of classi|icd saiclliics, NASA h,ld 1o i)(.rsua(tc lhc Ilsers Ihal (|ala ihal did iiol

InCCl lhes(- ilnrcalisli(: rc(lllirclnciits (()ul(t siill |)1, ilsCflll. 17 Prrhai)s if tiin(lilig tia(t t)ccn

l)lenlit]il prqir(i (qi<_illCCl-Y, ('OII1(t have (tcsignc(l ii sVsll!iil ill()l(' o[)linlizc(I t()r (lifti'rcni

ily, ClS r_ilhl'r lllali lrying Io t])r(c (Olill)roiiliscs I)c|()rl{ tls('rs had iiine Io lealli |}'()ill cxi)e-

rience with saiclliic data. lhli ill a lighl tiill(ting sililaliOli, sii('h (lisagrcciilClilS siini)ly

|)c(aiiic a juslificaiion t'Ol" t'ilrlhcr ('tlll)a('ks, and Ih(" t)mjccl (tid ilOl hav(, illi a(tc(lilalC

('hilllC(" 1() [)lOV(" ils/,lti

The Ilhlrcall of lhc thidgri (]alcr Ihc ()tiler (ff Mailagcinciil and Bii(Ig('l) Ol)t)ose(l lhc

I)r(}jccl 1)()ih I)c(';iliS(" ii (1i(I ilOl _il)])(,al- lhai NASA _<lil(i ihe liscis ha(t ihcir a(l l()<_clh('r _lli(1

t()r icasoi/s enlircly cxlcrlla] Io l,all(Isal. The gil(lglg FhllCau i-Clilsc(l ai)i)rova] t()r I.ali(Isal ill

]ale 1967, OIlly Io |)C overllll'lli!d Oll appeal, illl(| lil('ll ili [_.)(ib_ prop()scd CallCt'ilalioll o| the

project (alld ils rei)laccinClll wilh ail aircrafl pro graiii). This early lack of supi)ori t)robal)k,

rcflc(ted lllOSl strongly Ol)p()silion to I,alldsat [}oin Ihon¢! involvt,(l ill the (lassific(l l('(()l{-

naissancc satellite [)rogranl. It also invok:cd a general tcndcncv for budgcl-nlakcrs to (tit

oilier [)art,_ of iiic NASA btldgt.l al a linic W|l,t.il At)ollo (osis wrrr high ;.ill(| [)oli('V-lllakcl'S ha(I

in(ived Oll Io olhcr t)riorilics, including ihe esci<iLiliiig cosl ()fihc war in Vi('lliaml In 1969, Ihc

Btiieall o| lhc Bu(tgct ('ill lhc l.an(lsal 1)u(tgcl fl+oiil S41..5 Io $10 nlillion (hillars, _til(l clinii-

llalc(t |ilii(ling ti)r ihc Data (]tiller prolioSc(I t)y lhc I)c[)arlnlclil of ihc |nlcriol, lhough

NA_A funding and lililiilnal thn(Is for lhc Data (]Oilier wt're rcslorl'd oil ai)l)cal. '_ By Ihis

t)()inl, cosl-tienc|]l analysis itll(| la(k ()f illiiforlii cnl]nisiasnl t}-oin ihc ilSels lia(l I)('(OlliC '_i key

is_;ue, The Biil(!illl of lhe Bu(lgcl rcquirc(I a whole series ()t cosi-I)cnctil slii(lics, ill whi(l'i

N:\.SA had io.iusiit},, llindsal ii()l oli ihc g, rollil(Is of II_<!w licnetiis ihai would r('Sllll I)lil Oil lhc

groiili(is ot how itic sairllhc l)r_!jcci WOill(l saw, ihr ,g(iv('rlliliClll itioil('y b,v rcl)la(ing ()1(1 ways

ot (l()ing lhings. I''

16. _t¥i]liani No_dt_,l N Io Willird I_L S<'iill. "Rr_i¢'w ot IJs(,_ Agt'nt y P,eqllirrinrnl_, t(ii [t(IS :\ in Rc_l)onsr
1o _(,i)l(,litl)l,i- 17 ,Ml'cling al ( ISI:( ]" ( )_l()lR'i 14, 1970; Willillnl Nor(Ibcr<_ io William Iq_chci; ()(ll)llci 19, lIJTI).

17. M;l(k, I7:w7,_-Ihr Ea_/h, pp. I I I-I 12. In tii( i, as in lll_iliV ( _l_l.s lllhil. ( lc(hno]l)_,): ad',;lncc i)lcdi( lil)ll_

()1 usctiihic_ ol ihl" daia ',vole o|lCli |_ir lioln il(llilillC; lhr nluhinl)l,clral _c_iillll'l lurncd lllli Ii) I)c liil)it, li_chil

Io lhc l)Cl)arlincnl otihc [ntcliOl ihan Ih(' rl,lllill llc_ini Vidicon and Ihr Rl'llllll B('_llil Vidh'on w;is liol in(bid-
ed in lalcr ,_al('llilt's.

IN. The _;lillliililF% I)1 BoB alll'llll)ly, ill (111 Ih(' t)io_i_ilii i_ t)_ised oil (]Oliliililll'(" (lii I_]ailh Nliidics. ,Sl)a(c

N( it'n(t' Ihlald. Nalioilal Rcscarl h (]Olllll il, I+'a_l]+ ()D_#'#z,:tli<J#l_]lT_#tl ._pafe." 1fTsl+jl_, 1'#_1#17_',alld 17+'(l/ily (%_i;Ishili_l<)ll,

l'l(;: _iitioll_il <31('_ld('lll_ |11(,_45,,1995), I>. 113. FI)r I111)1(" ('xpi_ilt_iliOli o|lhin |iglil scc Mack. I'i,<,_vin_,lDr I.atlh, t)l).
NO-_t3 and [']in('lillcis, /'tT_aD=Tst,_ (,.t,_'_ #lmt'_ll h![,l ,lal/Im.

19. Ih.L, [)i). Sl-93.
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Though NASA lind to mahm_in the al)l)Caranc(: of a united front willfin the F,xecutivc
Branch, the _lgcncv sought to counter l))ure_ul of the l+)tt(lg('l Opl)OSifiotl I)y ItTing lo gel
stronger sttpl)()rl lrom the user agencies and ])y playing to c<mgrcssi(mal interest in l)racti-

(al alll)li(ations ()f tilt" space l)rogrant. Joscph E. l_trth, chair ()f th(" llouse Subc(nnnfitte("

on Sl)a(c ,Sttel|CO and Apltli(ations, gave Imrti(uhu+ly snong SUpl)ort; It(" wanted to see the

projt+(l movc ahclt(l and COml)lltin('d about lhe repeated (:()st-b('nt'fil studies tlntt tlt<.'

Bt,dget |>)+trt'att rt,(]ttired Rn l+ands++l, lie stnnme(l up his (riti(istn of l+'+xeculiv¢+ l+)ra.nch

opl>osition to l.an(lsltt in 196q: "In looking at the histol T (ff F.RS [l:,arth Resources Stu-veysl,

I (()itt(' It) the int'sCalmble conclusi()n that there is a prel)on(Icrltn(e <)l evidcnc(' ()] Ibm-

(lragging, st'tting tt I) ()f slr_+wnwn, _tn(l the assignm(.'nt ()] tufi(lUe and unusttal anti, l migln

sltx+' ri(lkuh)t,s v_udstic'ks, and st) ()n and so Rnth. '''-" It+ 1969, (:()ngrcss _tctually rest(trod

ftmding t() tht + Federal l)udget I(tt + the I+andsat data processhtg system lhat had been

re(lUt,,+tt.d by the l)el)artmcnt of the Inl¢'rio). l)ut Opl)osed l)y the i_tlr(!ittl (if l|l(" BtL(lgel,
and tht'reloi+e not inchtdcd in tit(" t)tt(tget that th<: i)rcsident s(.!nl to (_on_r<+'ss. t ]owt,v('t, the

Bmcau ()I the Budget rel+us('d t() release tlt(:" al)pr<)l)riatcd l+un(Is. +'
Whik' NASA did win enough lun(lhtg ,() build and Ltunch I,andmtt, the un¢'n(linff, It_ttth's

wt'akt'ncd tilt" l)r()jt'(l. Ev(.'n in 1971.just it _car lx'Ibr(' the laun(h of|hi' Ikst ,mnellite, the I))udb_,¢'l

I))ur(,att [)rol)t)scd can(t'llati()n ()I tlt(+"llat'ku l) s;ttellite. -_:l+a(k <)I fun(ling and l)()liti(al SUl)l)ort
dnunati('_tll_ r(,(hzcc([ N+\.'_J/\ l(,_t(k'rs' ability t() respond It) user nt,t,ds, |)itrti(ularly _usl)rOjc(1

ttt_tIl;.t_¢'l% s+()ught inct+clusin,tt,ly to scrv(" Ix)th exl)erinwnt;d and ()pt'ralional nt'e(ts, lit addition,

tnld(.,t +|)re+tHe liom tlt(_"l))ut+t'+tt, ()f th¢" l+)ttdget, N+&SA had agrcc(l to a ('oncel)tualization vet)'
(lillercnt fr()m weather m+tellites: '+the l)t()gmnt "wi+ pcf+Itl;.Ut(.'tttl,v ntold('d +Itsa _o'..'('lnlltt'nl RScl)

])r()g)_un th_tt, ()n(t' fi'asil)iliw was dt'nt( )itslr_tl('(|, w()uld give way to a ncw (()mmer(ia] "..'('t It tit'(.+.":

Technology Development

[,ands:t! sh()wcd b()th the strength,,, and the wt,akness ()f NASA's l)r(t(+ess fi)r ntan+tging

I(,(]m()logi(.'al inn()v+tlion. "Fit(' l)r(+jc(t httked strong lca(lcrshil), l)ttt l)v the l:tt(' 1960s NASA

h;t(.l ;t l_tirlv St;Ill(|lIFt| p;tttt'lll I()1 rt's(.'+tl'('|I ill|(| (|(.}V(+'l(tl)Itl('lll ()[ satcllil(' tt'f'hll()]()hr_; itltd ILhc

l,_mdsat sat(.'llit(." svst(:m lu into that patt(.'rn with [k+wsurprises. Miutagenwn! prttbl(.'tns aros(."

nit)stir in (()()p(.'r_tti()n with tlt(.* ttS(.'l" itg(.'nci(+'s, iltI ;tre;.t ill whi('h NASA ttlltnltg,t't-s had l(:ss

t,x[)t,t_ien(( ,. Th(.' I,;tt+(lsltl system inv()Ived a It l_._)'_rcombinltli()n (if existing te(hn(llogit's; not

signilk_tnt t(..(hnoh)gicld innovation, th(ittgh there were (.hallengcs in th(.' data l)r()ccs,'+ing

NVS|CIII |flit| ill devel()pntet+t (if it])l)li(ali(tllS. _,_+:itllnloI(. + att('ntpt t() a(lvan(+(' the state of the

_nt, l,an(ls_u might have represented rite kind of incremental (|ev(.,l(t])itt(.'t+l that ]tad |)Cell
su(.'(.'(.'ssi'ttl lit tlt(." NA(L+\. I-lowever, an h+(.'r(.+mental approach did not work as well with(+u| a

(t)nnnim+(.'nt to it h)ng-l(.'rn+ pr()gram lind tunding l_)r (onthult-d hn])t-OVeltl('t+llS.

I,an(isat did not have consi>+t(.'nt Icadcrshi l) or ;t ,,+tr<)ng instimtion_tl base ev(..n inside

NASA. ]'ht" IEst h('ad ()f lit(" Earth Rcsom(.(.'s Prog-rant ()like, Peter I+)adg]cy, ]tad l)(.'(.'n an

(,+ttIv adv()cat(.' for +in Earth rcs<)t|rces sat('llh(.', |)u! h(.' l(.'ll NASA in IG)6N +tnd his stt(cess()r

k'ft fit (.'_ulv I!)70. -'+]n I(,)67, NASA l(,ad('rs assigm'd L_tndsaI (l(.'vcl()pm(.'nt t<) the (;<)ddard

Sl)+t('(' Flight (:(.'nt(.'r, a (_(.'ntt'r with m()r(" (.,,q)(.,rtis(." in Sl)a(.c s(i(.'n((' thltn sl)+t((" al)pli<it-
tions. Tit(." tt'_tm IOf th(.' l)r(+j(.'(,t (,utt(., in significant part Front a group lh+tl x,v+tsfinishing tLlt

'_)O. l()scph E. FLtrth, "+E+trthResotu(('s Stuve_:++-An()utlook on lht' l'utmv." l)tCs('nted al +m II+_EEmt't'l-
m,_, F'('|)ttn),t",]_+,,I(.)(')9,_ttta(htncnt t() H,(.,na)d I'. Mille)I<)]()m Raghmd M:u(h 5, I!)69, #002N2.1.81-,I16 (:,).
Re(t)td (,F()Up _5.'+),'+Vashit+_lon National R('(()Id'. (_cnt('r, Nali()mtl At(hix(.'s and [+.(.(()tds A<hnimst_ati()n.
'W_ls|fit)glo,I,D.( +.

_I. M;t( k, Vi:wi,'+_ft.' l'.+n//+,pl>.,ri+.
'2"2. (_olnn'dtt(+t' ()it l'_+trth_ttt(lit's. /'.;+i)11+()/.,sert,:d.m: ])+.,+i._)_.+,';,'r.It. ]1'3+
2:+,.Mt !'Jio+, "lh |'liltc," p. xi.

|. Nl_+,tk, !'trt('+'.,k_Iht"I"_111,1). _)_').
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wotk on 111¢'()rl+iling (;c_>physical ()l:,scrvatot+_ sltlellilc pv<!it.cl. A rc_wganizatioll of NASA

t+tanagt'mt.t]1 in 1972 introthtccd ;m<+lh('r It,tel of complexity by <.'slablishing ;+n Ea]-th
Resourc(.s Stttvcy F'ro.gn-atn ()flic+." at the.l<dmson Sl)a¢c (:critter (abolished it+ 1977). NASA

ll¢'adqtmrtcrs assigned some of ils to<wdiltati(m and ('valu_(ti<m dulics I<) this office, which

also slr+`'ngthcn+c,tl lhc rob." t)f lh+.'Johnts<)tt Spa((, (]('ntlt'l inl al:,l)licati_ms dt'velt_pmt, nl +ttld
letht+oloE,_+ Irit31sfi,r fi)r [._itttlsill. +'

A series of intt.tagettcy COlltnltJllt,cs l)r_>vidcd cootdiltati(m Ix'tw+..el+ NASA and lit+.' ttstw

ag+.+nt'it's, wilh s<)tn+., stwct,ss or+ tit+."w(irkitlg level I)nH limited stq_pott |tottt higher l+.'vt+ls, In+

1968, an Earth Resotu(cs Sttrvcv Progrmn Review (;otnmitt+.,t, was ton+reed l<_ make p<dit'v

[br l,at+dsal bul it met (Itll+','t'x'('n)' li'w mtmlhs arid I+.'ttdt'd to l)rovid+. ' tn<lsllV apl)tt)val <d
decisions alr+.'ady made by NASA.-"' This (t)ttllttill+,.( + did Dlav a maj,c:.n r(:.h" in+ II'lc t)atlh' t)vt, i-

I.andsul Sl)c,cificatit>ns disct,ssed al:uw(,, but +tot it+ its mltch dctail as the tts+.,rs w<_tfld ha'c+.,

liked. A tart_gnapht.r at lh+.+I)+.'F,artmt,t]1 oI tin+.+ IiH+.qior c<mtl:,lain+..d: "S[)¢'+.+il]taliotts wl6th

vitally +.'ll+.+ct[sic] lhc us+.ws _+r+.+ lying mad(. with(+u+ lh+.+ ttscrs l:,eittg pt+<)pelIv infl<wmcd. It

is h,eli+.,v+.,d lhill this sit+halt+m, ifalhw,,+..d ttl ctmtintt+.,, will rt'stflt in a sat+.'llitt+ b_'ing flown tlt+.+
data liom which cannot l:,r<iF,et+ly bc utili/t'd l)y the users. ''='+I+hal l:W+..dicti<m was too dire,
bul ('erlaintlv tit+.+ ust, vs did n<)l gel +.'v('rylhing tlt(',,' tlt(lltgItl Iiwv n+.'ed('d. In I!)72, tht"

Pn+<+gt-ittlnRevit'w (:<:qttlttill+.,+.. ",,++'itsl++.+F.lltct,dwith itH [nt1+.'r;igt'nt+.v (:_ordinalittg (:omntitt+.,+.,:

E;irlh Rt'sotnltx,s Sllr,¢<..y ];'roglam, hint NASA kt+])l contl,i)] ol +lIlt, nt+.'W ('Otltttlilt+.'+.'.

I+andsat mlutag<.'rs and engin+.'t.t-s Ibuttd lh,tl tln+.'i,- task was ,tot to d+.w+..l<+F, n+.'w Itxh-
nolog_ [_:w l,andsat, bill +:,ill'+'Io (lecith +between altt'rnaliv+., approa+.:hes fiw the use of exist-

ing teclmoloh+,. When tit( + Goddard gt-ou|:, initiated a conc(T,t sltndv l_>r [,andsat itt 1967,

they rot+cited tins<+lie+tell [)rop<)sals |r<)nl a ntttnlx,r of act(+spa(t/con+ironies filr E_trlh

t'('sourct+s salt'llil+.'s ttsitlg techntolo<u,_/thai tht_st' +.ompanti+.'s lind ;tht,adv dt'vehlpcd (l+olh fi+t-

classifi+.'d programs and liar planelany prolws). The (;o¢ldard group decid+.'d on a r+.'htliv+.'lv

small sat+.'llil+., using t'xisling satellite tt'chnologry; only tht' sensors required significanl

d+.'velopnt+.,tH attd t',,'cn they repres+.+nled modifi+.'aliot+s <flex+sting designs, u+'NASA s+.'l+.'cl+.'tl

(;-etlcral El+..ctrit + as the sltl+.'llilt"s cotltracton with a F.l,m l,t) list, the satellit+., btns (slrln+.lllnt,

an+d comtnott syst+..ms, such its pow+.,r stq:,Fdy ) already dt'vt'lopt,d fi>r the Nimbtts t+XF,t,t+i-
int.+ilia] w+.'ath+..r sitltqlite. The l)rogr;tm l+ollowed a standard NASA mat+agent(nil svslcm,

called Phased Pi+(+jt+cl Planning, atld sttl]'¢'t'e(l only mil+<>r P,;ll;.tgP-;ill t:(>t>rdinating (-(mtrit(+tors.

The data proct'ssing system pr(witlt,d mot+., oft ('hall,t+ng(,, but again tlt+.' r,t's+.'itr(h and

dt'velol)tnettt took |)lace altnosl +.+nlir+.,lyit+ in+dtlstrv. Th+.. Bttrcatn tlf the Bttdg-('1 v,;atl1+.'d to

kecp the I+andsal experimettl its small its p(_ssil)l+.,,' and patti+.tthtrlv did not wan1 to see :l

d+`' li:+clo (_p+.'rati(m,d slut'lilt( crt'alcd tm(lcr lh+.' c<iv+..r (>f an +.'xp+.+i-inwnt. Thctt'for+`', lh+."

|:_tttlgel Btnrt'atn reF, Catedly cut ftmditlg [_:>r+hi + data (lislt'il)ttti(ll] sVst+.'m to It+."l)t-ovid+.,d Itv

the l)eparlnwnt <ff tht, lnt+.'tior, mid rt+slriclcd tit( + +lala F,rocessi_tg svst+..nt dcv+`'loped b+v

NASA Io thc ininimtmt size n+.x+essary I(> m+.'ct lht' re+.itfirenlentls ol+a slnall ntttnlt+.,r o'l+

sci+`'ttlific invesligalions. _",I,attclsat data processing tepresettlt,d a t+t',.s, combiltati<m <>t clml-

leng+.+s ti>r NASA. Tit+.. ]ll;,tltclat-y program had i)novid+..d ,tgency engineers with t'Xlx.rien(t+
with t6gh rt'sohtti<m int;tge data, which inxolvcd v+..ry li+rge an+out+Is of data liw t+a+.h

image, but with [.attd:sat l]tal htrgc data t+att+would bc stls1:titt+.'d fi>r y+.+itts (inslt'atl (>I lilt- a

2!'_. lhi+L,i>.97-98. For the ]ar_<'v isst£+.'c+lthc +,'dr' ol the.]_dm++ot+Spa_c (]t'_Hcr m al>l>Irati<_]+sdc'+cl-
<qHnt'tilst'++,pp. IL]_--F+8--1int'tSS(_lllt'titllt'SSaWth%l+";(:p,<+ic(Is as :m atlt'ItllH I_>l)t_'_,cr,.,,j,,h,+[,,r pc<q)l,:.'.++'h(_h_td
w_+tkcd ott AI)_>II_,.

_li. /bid.. i>,99.
27. Ahlci+ ]_ (_t+Ix_+<<_it.sst.sh> Rcs,va_ch (+<)it|dill;+tot.ER()S pi<_uam. "[.iuinon wifl_ (;<_(]datd o_+ER'I'S

:\ :rod -I+.'"Jat+t_;_I'. 1970: "[.at+dnal I [)<>Cllllt<'IHati,+l+'"fi)Idcl. NASA llislol'ical R+.'fi.rt.twc []_+llc_ti_,n, NASA
1list<wy ( titter., N+\.%,,\Ih';+_dqt_;tltClS,W,_shi+_gh)l_,D(].

2_. M;uk. Y/ewz,,t+,+the I(mth, p. 1+._-73,IOl,
2_.}. (:l>Inlllitll't"_+t+l':_tth 5;tt_(lics, I',r.lh ()hwt+_.li.Pl_/mm _[;are',p. 112.
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10w weeks at a time, as had been tile cast' with planetar}' probes) and the data was much

more usc|ul if it was available quickly, in addilion, pro jell nmnagers had to make decisions

about the data l)roccssing svstcm al a titnt" when a new approach, digital inlagc process-

ing, was clearly thc wave of: Iht" futtnc bnt had not yet b0en proven for large-scale use.

(;ivPn tight b(tdgcts alid i-t!quilt,liicnls that l+andsat be designed olily as a short-lCrlil

t'X])t'l+illlt'ltt, Lalidsat itlaltagt'is (lcci(h'd to slick t() 1[1(" older tcchillihig)' (allah)g I)roccss -

hig). The i+('stiiling dala lir(ic(!ssing syslt-ni was otildait'(I |)ef<)rt" h was 1)uill anti hiallcquatc

l(i lliect tist'r t,Xl)t,ciations. Plat((ling [+or a tni!ior iipgi+adc to a digital systt'ni I)eg+in (is t'ari7

as a vicar alter the launch of tht" tiisl satelliic in 1977, th(iugh lack tif ['un(ling delayed lilt'

hist:<tllati(In (if an intl)rovc(t s)'StClil unlil 191407 +' In this cast" pro.jeer ]('atlt'rs t-]carl}' chose

(tit +'+,'t'le tilict'd to chose) t(I list" wcll-t-sial)iishcd tccilttoltll-,_' r:tiitCl lhali tnldcrtake

l+est,ai'ch and dt'vt'iol)iitt'nl io me'el a lieW cliallt+iigt'.

NA,%A t<lok so(tic rolt" in the dt!vclolJiiiClll of applications tk)r [.andsat data, bill in most

cast's it sinll)ly pvt)vidcd funding to scicnlisls and riser a_,encitls. NASA's laigesl ill-hi)fist,

t)iojcct was all t,t](lil t<) di,v(+]o[) a_iiciihllia] tist's for 1,andsat data, conducted al lilt"

Johnson S])act! (it'(lit!i in t)arilit'rshi])with lht" Del)arlnicnl of Agriculture aild lilt" National

()ct'altiC aitd AtiliOSl)ilt+iic AdliiiliiSliali<ilt [iOlli 1974 to 1<.i78. NASA t-li_ilii't-l-S (SOlllt" ot

W]lOlil Ilad t)l+cxiotlsly W<il+kt'd Olt Apolh0 look a ]argt'-scalc, brute flircc a])l)lltach, soiling

u t) :l colil])lllCi svstCili to itit_astlit" thc at+t'a t)lantcd in various cr<lt)s and itioililol and

i)rcdict fitilii wt,al'ht-i dala how well ihcy werc giOWilig. The Dt+|)aiinit'ni ot Agl+iCtiilure did

iloi t)tit thv resuhin/.T , svslcin intll rise, in fact the Fort'ign Agl+iCtliitlral S('i_+'iet + insit'ad dtwcl-

oped its own sysit'in lisitlg it dill+err'hi al)l)roach. Instead of calcnlaling _ll-t,as planted each

vcar, the Fllreign Agricultural Scta'icc systcnt compared l,andsat images li-om yt'ar to year,

_littl analyzed only at the area where it dclcctcd dittk'rences." Overall, NASA had some suc-

t't'SSCS ill (|t'vcllil)ing applications for l+ands:lt tiara, bill ])()tcntia] nscrs wcrc ()liCit l'('hlclaltl

1() considcr applicalit)ns dcvchll)cd bv NASA lit!catlst' they asStllnt'd lit:it aliv techn<llo_.,n:'

dcvciot)cd t)7 tilt' st)ace a_t-iICy wiiultl 1)c i<)<l t'xl)t'nsivc and loo +lll)histicalc(t [(ir t"+:ci-}.,da)',

t)ractical list' I)v lCSl)lltCt" litalla_t'l+. _2

Flit a pt+l)icWt Ilk(" I,ail(isat, NASA did ahltosi non(" (it lh+2 kilid o|+oiigilia[ i+cscalch and

(tcvcl(>|)lnt'nt thai halt characlt'rizc(I Iht' NAt]A. Thcj<lt) <)f ihc space agt'nty had I)t'('()lllt"

fultdiilg alid ilialiaghlg (('st'arch and (tevt'lopnlt'ill by ilidusli)', and in liie case o|a prqiect
with tighl tilnding alid illlpollanl [)ut)lic relations inlplications like 1,andsat the space

a<_cncy |)it'tTirt'd to iliiiliitlizt" It,(:hnological risk. l+antlsat did n()l rcl)rt, st'nl researth thai

could onlv lie done |)y lilt! Pt'dcra] govcrnnient, alld it (inly llialghlaliy tit thc dtqliiilion (if

a |)r(!jcci IoO risky (ir too loii_-lt'iltl t_)i- private illV_:'stmt'iit, l+andsat was a g()vi'ililiit'iil

ciiterprisc t)t'catlst" NASA leaders ih(iught it wliuld tieiit:tlt tilt + spat(" ])rogranl Io show

lii(tlt" i)raclical rcsulls, and tloliliclt+l issiit's such as lhe pllilJt!l its(" of data collt!clt'd ovt, r

()lift-l- cOiililli('s iii:tdt' lilt" _ovt.llllllt'lil ll('ll'(ItlS I)f aliowilig [)til:ilt' t'nl('rl)risc Io _t'i inlo

lht" busiitt'ss iit ttit' ('allv vt'als. _' An allt'rltalt' inodci-that the gov('riiin('tli lnigiil llr<lvi(|c

Is]at-Ill rt.stltlrct's satellite" (lata its a liubli( good likc xvcalii('r saiellitc dala-nt'vl'r <_aint'd

()tt]cial acct'|)t air (t'+
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L_ ie_lti_l_ virtu' a l.andsett enla_gelm_nt on a special mathine io the ¢ottt_ol cenlep: l;ede_al a,ffencie_ partit ipali_tg i_t the I.¢t_ld_tt

project imludt'd the lh_]_¢_l_m,_l o/AL_Tculture, (,'omm__e, I_lerim; l)ep'_lse, a_d the I'.'_lviro_mental I_role_ li_)¢t ,.1Lq,_t_ 7. (N,-_,,Y, ,t.

photo m_. 72 I1 10651.
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Success and Failure

Landsat data proved its vahle to many users after the launcii of the tit-st satellite on.July

<_>3,1972. t lowevet; success did not end the political travails of the pro.jeer. In particular two

t)rotllcms resuhed in continuing uncertainties about the fllture of the pr(pjcct. Fhst, attila]

op('raiiotial ttse of the data did not live up to the predictions that had been made by project

Sttlltlorters when they had +atilpaigned tor support of the project in the years t>ct_>re laulich.

Second. further dcvelolmienl of satellites for civilian Earth obset-,,ation became stalled in a

light over how ilti operational pi+ograni should be conducted, In both cases ditlicuhies arose

t]-_mi conflicting illtert'sLs t)etwecn N.Y.SA and the users. These were complicated I)v tensions

at)_mt thc proper relationship between research and practical applications and the [>roper

role of the governlnent as a technology moved along that Sl)ectrtnn.

hi technical terms the p]o.iect proved almost completely su(cesstul. Thc satellite

fttnt-tiollt'd its planned and delivered the i]romised data, which providcd intormation ofvahu"

It> scientists studying agriculture, geolob,_', land use, and in many other tields. The sensor that

had st,tuned more of a risk during development, the Muhisl)eciral Scanner. proved particularly

valuable bccause the data tiom diltk'renl spectral bands (in et]7.:('i dit]erent colors) could be

COnlparcd aCcllratt'ly. Satellite data proved most dnmialically beneticial to developing coun-

tries; ill m:lny cases l.andsat images provided the first adequate maps of ielnole regions. '*
Scientists tound lllttth tlsel!.ll infoFllialion, IIOW(_V(!I; even lill" well mallpcd itt'e?Ls, l,alidsat data

could indecd provide intormation on eveiTihing from urban growth to ice cover in shipping

lanes to the hcahh of vegetation. The awarding of the (',ollim Trophy in 1_.174, two years ariel-

launch, rctlectcd al least in part a large mmlt)er of successfill scitmlit]c eXl)criments denlOll-

sir, it(rig thai usct/.ll inl_rnlation of many (tittk'rem types <_>lll(t lie t,xtracled t]olli l.andsai

data.':' (;iven lhc colliinuing lack of political support flit landsat its conlilnlin<_ success was

hardly asStllt'd ill 197.t, but the project had tntq its initial goals.

In 197.t, supp<_rlcrs (>t l.an(lsat woul(t l)l-ol)ably have recognized Ihal lilt" pr_!je(l was
no! ready tot connl>crcializaliotl and hoped Ior a relatively quick transhiol] Io a govern-

ment-c_mlrollcd otwrational renlotc sensing system on the model of Ihc weather salellilc
svsleln, h<>ttst'd eitht'r in NASA oi + in the l)cpartlnent of tilt" lnlcrior. They would have

t;xpcclcd all oiieralional syslelli Io iiivolve illiptoveliieilts in the satellites an(l Ihe dala pro-

ccssing s}:sl('lll (1)ariicularly to deliver (lala litOtc quickly aticr the salt'llhe collected it),
lliOtt" ilSel iltV_ltvenlclil, at(d, Ilil)sl illil)oilanl, a COil(ill(it(lent to data (onlinuily (thai is, It>

laitnchili_ aii_liher s,tlcllite t)etore of quickly aflcr (he oi)elalinlg salcllile tailed), hlilially,
41pplliiClils of thai vision ilr_ile(I Ihat the sal('llile, while SllCt't'sst]il in ihc ((arrow set(st', had

iiol lirovcd useful ciiotig_,h lo esial)iisli Ihc lit'('(I t_>r aii olicrali<)nal sySlClii.
hidccd, ol)crational list! of l.andsal d;ila ,_lt'w nntch llllli(" slowly lhan its proponenls

had I)rediclcd. _'' l>arily this resulted froth overly opiin/isiic predictions. A 1,qX5 study

Stllllllled It t) l.alldsal's tlrolilt'ln: "'l,arge but tliivt'riliatile estilllall's of lienctils fl-Olil space
l('liiOl(' St'llSill_ Wl'l'e liSt'd Io 'sell' Ihe plO_lalll, wilhin NASA and wilhin the a(hninislralion.

3 t. %co\i il_ld _A',I:l utkin l_l disiiihulion, "_'lllllit" Rclclll ]nlcl ililii(lli;l] Rca_lions Icl ERI _1 ," llcccin|lcl
'>'_ 1977, and Mack, pp. 1_.t-.12.

:iTi. St'l" lilt t.Xallll)h', Shillh'x (]. Ftt'dull ;lll(t [_',llli{O P. Ml'll;inli, (.(is., _,_,ullJrJ_illlll +,,'t .Sl_#l!/il,l#ll l_t,_l,'lts

O/,tai#_'d p+,ul I'.aHll I_w_lmu_ 17_ll#_M:J7 5' .'s'_#t,'llil_"I, I blulilt"7[ I?i_ipli_H''S'U_..U:__ /t,'/.J_l_{( ;Icclll)ch. MI): ( ;_>dd;ud
Np;l(t' Flighl (_1'I1[!'1X-|i,'l{) 73-1F>.-',Ma_ 197:{).

36. Ma_k, l'/_*,iu.7 t/u' l'¢#HJr,I)t). 139-41
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(!t+l_wltlt+al¢'l+v+ sonic, o| +the _'arly flaml:,_>yant _tt_d tmt+ealizablc pt+ojt.cti<)_+s of be:writs lat¢'t +

<+at_}+t, back l<> hautlt lh¢" ])r_gvattl. ,':++ In additi_m, s,t+llit+g a nt+w system for domestic opera-

tio+_al n<++¢+ds |)rov,ud difli(ult l)ecaus<." _+f+ t_s¢'v t-esista_we I<) cha_ging t.xisli]rlg svst+.qns.

l_'ot¢'Nlial _s<'vs olt¢._t fi)ttnd only mat-giHal Iv.q+clits froth r<.'l)la¢it_ g t'xislit_g data sottr,t'('s

with (l;tl;t fi'om l ,;rods;it, an_'l tht" <+Id ways ol doin_ things <+l'ttq] hamI strot]g vt'it]l_)tct+n]¢'t]l

f]l()ll| ('<)Ilstilut'll<+'il's. +" M<)l't" l)('ttt'l]ls c_tnle ft'_m _tsi_]g thc I]cw data i_+ llcw w,tvs, +iti<l N+Y_S+.k

l+t-_vidt'd motor' fundittg _;t+_l a h_t <_[" Ivc¢' (l_tt+t I<_ _t'st'ii+l+(+]](+'r+ wht;_ sludit'<l m<)l-t' il]ll()'(_|-

37. ('.,'mi_Hiltt't + (_ti ]'_t(ti(al .\l)pli(:_ti<_is (_[ Rt'In()It' .%<'ti_,iHR fi(_n+ +';l>a(t +, .<';l):_(c :\l)l)lic:_li()w.+ l+,_a;d.

N;tli_)ntal Rt+st,;in( 1+ ( i(+tttwil. I++,mr+h .%)'+++iP¢,qt+]fit+' l,.rttth [*+_m +_,/+are: ,_ 15+{t_'P+tmin (3i_]_ (+¢_':tsllin_t()ll, l)(_: N;lli_)tlall

At adt'm'+ l'_css. 19<_5).

;',<_tthl |)_' I)_lili<all] ,, tHq_<,l+ttl_t_ t+_ stil:+stilult' satt'l]itt' datta lilt tht' _q+ll_hv, ltlt't'_l _>t i)t'_)l:,l_ • all <_,.'¢q the" _ <_ttlltl "_. ll>

(<)ll(hk i _|_l'i( tlltIllil] ",III "_(+t+S.
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WIND RIVER RANGE SNOW COVER/WATER RUN-OFF

1%, ._',_." _+ "

15 APRIL 21 MAY

8 JUNE 6 AUGUST

,'a u-t_-CS115

A /,rot _cqurm; imakw ,1 the I¢o_k_'Mountains Wind/¢an,kw in ll;_'.mmg, taken t9' l+amhat, whc_e the ammt.I o/smm, _,_,+'_

+han_e_ /i+,m u,inte_ I. _um.u't: B_' the pwH_e dumge o] aoeage m tJti_ _mm, covet; hyd_olokdst_ have +.mput,'d tb+"water ru_+.//

/ram tkr mounlai_ts lot Ihr whoh' wtdr_hed a_ttl _ts_e_se'dthe .mouttl o/wah't m,aihlblr /or inq.,alion am/tltlln_ltt _ott _um/4ion

I.\]iX_ photo tin. 74 II %OIL

live applications that made l)ctlcr use of the real advantages of I,,tndsat data. Two NASA

scientists summed tip their view of the results in 1985: "The eXamlfles and the cat>alfility

discussed htqc clearly illustrate the overall sttcccss of the program, l.andsat data have

resuhed in totally new methodologies [or resource it_ventory and ctwironnt¢'ntal

iINSCSNInCIII It)l" i! worldwide ('()lnlllllllily <)[" I.lsers ktlld o.s sl.ich hktvc Sel'Ved ;tll inq)oltanl

r_)h" in bringing resource managers into the computer age."'" t h)wevcr, the Bureau of the

Budget had insist¢'d that I,andsat prove itself by replacing existing systems, and NASA

leaders did not frilly understand the difficuhy of persuading tiNt+IS I<) adopt new tcch-

niqttcs that suppla,ttt'd, or greatly Inodificd, existing syslcnts.'"

2+,9. E K (:miner and It. W. Moouwyhan, +'Practical Appli¢ ations ol [.;mdsal l)ata," In Abraham ,"khnal>I, ed.,
Monitm'ing l'_arth _+(heart, l.aml, and At#miplww fiom Space_rn.+m+, ._'/+/e'm+,and Appli+ ation+, Prog, t'ns it+,,'V,itrot_autics and
Aeronautics w+l. 97 (New _btk, NY: Amt'rican h+stitutt +_ff A,eronautics and ++V'_tronautics, 1985), p. 391.

-I0. Mack, Viewing Ihe Earth, pp. 12_-_9, 159-70. NASA struggh'd with imlv limited success to dtwelop

st. cess|ul programs |i_r techtmlog_' transfer; see Samuel I. I)o¢mrs. The ,N(:DL4?k+hnob_km 7}aPt+/er I'mL,ram: ,4*+
Ifvahmti+m +4 the Di+wmination ._++tem (New Y_)rk, NY: l'racgcr Publishers. 1971), and (;ranvilh + W. l[+mgh,
Te+hnob,&_ Dillu_imc kbdem115_*£.mm_ a.d 15o_e+luw_ (MI. Airy, MI): l,omt)a]d Boo,ks, 1975).
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7"hi_ is one o] the first pl.,to_ lake. IO" l.andsat. 7htu.. [rom a. altilmh, rJ/ abou! 900 hih_meter+ (560 _tatute mile_), thr_ pholr_

_hrm_s .wveral [_'atuJ_ in the IItd#t._/fbrt Worth, Texa_, a_va. The _ilie_ o[ l_alla_ iinrl kbrt Wt_rth ctre at the Imttom ./the phr_lr_.

(NASA ph_Jt_J n.. 72-11-1044).

The continuing detinilion of the pr(!ject as experimental also provided a ma, ior bar-

rier to effective operational use. The Bureau of the Budget <lefined the projeel as stricllv

experimental: the Bmcau "placed stringent limits on the throughoin capal)ilily <ff [h_"

ground data processing system" and refused to ftmd a system that could process data

quickly--"as a result, any exploratory use <ff Landsat data that reqttired rapid access to

processed data was precluded at the outset. TM The I,andsat dala processing system could

not meet all of the demands of operational use, and in any case potential users hesitated

to invest in expensive new systems to use i,andsat data while the projec! was still experi-

mental and data continuity not guaranteed. In mrs, the Of[ice of Management and

Budget would not approve the transli)rmation <)1 I,andsat into an operational system tmtil

widespread use proved ils value, v.,Wilhoul any st+l)arali_m between an experimental and

an ot)evational program, ol)erati(mal needs squeezed out imlovalion." As delays in an

41. (]l)lllnlitl('(' I)n l'];lllh Nllldi('s, l".a_th ()hse_t,ali_ms/n_.l )'/part', p. 112.

42+ Bruno Augcnslein, Willis II. Sh_q)h'y _md Eugt'n¢" Skoll6kolt, '+l'_llh lnfiwmali<nl From Spate B_

Remote Sensing." Rel)<Wlt.d i>rt+l)at-t.d [i)l Dr. Frank Pvt'ss, Direct<_r. ()ttice <d Scicn(e _t_(I Tt'¢ ht_oh>k_, Poli(s'.

Ext'culive ()[lice' <fl the Prt'sidt'nl,Jnne 2, 1q78.

43. For t'xam])]_', a i)l_m to I_tllll(]l ;_ i_)nr'lh t+_+trl(ts_ll sat('llil(" (a_r"+,ing only a i_('w _,_t_s_)i-th(' l]_('mali(

nl_TI])])('F--l'('gll]t('d ill slr_>llg l)l()l('S[S [Iol][1 (IS('IS 1._:]lo '*qi_lll('d In(' s_llt']lil(+ l¢) (illlV Ih(' ol([('l+ _.(ql_.()l its ",_,Ul][() ])l()-

vide <:lala c<mtinuil;,'. ,_,('t' li+w cxampl¢' M. Mitcht'll Wahh_l). "hmtgin_ the l+]_rth (I): Tlw "]¥ot_blt+d First [)t',[arlt'

of l +an(Isat." Science 21 F+ (March 26, l !)g2) : I +_00_)3.
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opet2ttional decision mounted, Landsat became increasingly out of date; in 1986, France
launclled an Earth resources satellite named SPOT (Systeme Prol)atoire d'Observation de la

Terre) caNTing more teclmologically-advanced sensors prosiding finer resolution.
The creation of an operational Earth resources satellite program in the United States

became snagged not only in questions about effective use of the system but also in political

interests, in l)articular a new cmpfiasis on wivatization. President Jimmy Carter made a pri-

<wity of redttcing the size of tile Fedcral government, and his st_dt identified Earth resources
satellites as one ottfie best candidates tot transti:r of a government fllnction to private indtts-

try. l_mdsat appeared to be a perti:cl (_se because commercial success had been one of the

promises of the early cost-benefit studies: "tile original approval for Lmdsat w_s predicated

on private markels gro_hng to the point of having the capability to fully ftmd all systeln cost. "H
In October 197S, President Carter otlicially requested that NASA and the Department of

Commerce investigate ways to encourage private industry participation in civilian remote

sensing (inchtding Landsat, w<:ather satellites, and ocean obserwttion satellites))" Howeww,

lfie disappointing d(rmand fi)r data gave private industry doubts about the l)rofitability of

Landsat. h qtfickly I)ecame cleat thal priwttizing the pr_ject would not be an e_tsy lask. "'

•_ ,Z.mm photo map .1 th,', .nliffm,u_ p,rt3-,.ighl _lale_ ( 1qT-ti _!1 the ( 'niled St.te_, the ]il:_t +_,_'_a_emhh.d/Pore _al.llile imaLw_,

,mnplet_'d ]i,t ,VAS,'._ I,_ th+' I ',S. Ih'/m_lme_l o/,-_'_4_tillu_e:_ ._,oil (5,:t_:_valim: Se_vbe (:a_lo_.'_aphi_ I)ivi_i_m, (N, ISA phohD.

t+I. (:ommitlct' on Earth Studies, l:mth Oh_e_vution_/tom Sp,+ue, p. 1 lO.

13. Also in ()t t_l)er, ,Semttor tlarris<m S(hmidl intH)dutcd a bill calling Ib_ the (t('ation ol at_ Earth

Rcs_l. (i'm ltd_+i mation Sal+,qlilc Ct)rp,:)ration m<+d('l('d on ( ',omsat, NI) at lion was takvn (ha lht' bill. St k'mc l'oli<'v

Rcst++uth llixisiotL (:ongtessi_mal R<'scatch .%t'rvicc, "United Stales (:ivilian Spa(t + Programs. Volmnt" 11:

At)pitt ations Nalcllilcs, ,+ PIc|)alt'd tb_ the St_b<ommilt('c on Sl)_w(' S('i('ncc arid Apl)lications of the Committee
(_t+ S,:icnce and "I'echt+olo,kQ'+ U.S. tlousc o[ Rt+prcsent_tives, May 1983, pp. 249-50.

16. "h ixatc St'_ to_ Involvemcnt in Ci',il ,";.I)aCt' Remote S,t'.sing+" t)rt'parcd by an Intt+ragency 'lask Forte

c_._sistin K ot NASA, 1)opt. _l(:omm('rce/NOAA, l)ct>l, of the Inlt'ril>r, l)<'pl. <)t A,,z,rictthttrc, l)cpl, of Dct('nse,

t,:nxitt_t+mcntal l't<_tcction Agt'n(), tT.S. Army (:orps ol Engitwt'rs, and _lw I)t'l)i. ol Nl;lt(', l)rali,.Itmc 4, 1979.
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Meanwhile, I+andsai was stuck in place until the President made a decision <)n an

operational system. NASA launched additional salellilcs thai tested relatively minor

impr<)vements ill technology' and provided the data users needed, t)tlt tile space agency

had authorization neither for all ambilious research program to develop new general<tins

<)f sensors nor for an operational progranl that w<)uld mcel lhe needs of users <or an

assured supply t)f data. In add<titre, tile wide range of users comt)licated tilt + decision on

an operational system: <)lher ustq + agencies did n<)t want lhe l)eparlnlent t)[ the lnteFior to

take resptmsibility t0t + an operational system I)<'(aust" they t;uared that Inttu'ior would not

serve their interests. 'v Faced with these conslYaints, (;arteF chose a short-ternl solutiou in

November 1{,)7¢.t. tie gave the National ()ccanic and Atmospheric Administration (N()AA)

ttqnporary responsibility lot managillg an <q)cralional I .andsal syslem and asked il and its

parent agency, the l)t'l)allnlcnl tit (]<)lnlllelt:<', hi study ways to eliC()lllage industry paFlic-

ipation with tilt+ long-lerm goal of ewrntual operali<)n by the private scct<)r '_

Presidenl Reagan atta<hcd an even higher value It) privatizali<m than {]altel; anti ill

March 1983 lw ammunce<l a decision It) trans[br l+andsal, weather sattcllites, and fllturc

ocean <)bservali<m satellites to |)rivale in<lustry. '++(;ongress strongly rc_jected the idea <if

privatizing wealhcr satelliles, bul the Deparlnwnl <)1 Commerce proceeded with a rcquesl

for prol)osals fronl privatc induslry to take over l,an<tsah '+' (;<regress passed a bill seuing

the terms for llanslel; and the Earth Ol}scvwui<m Salellilc (',<)mpany (a joint venlul+e <_1

lhlghes and R(:A) won <hi+ competition and took over tilt' pr<)granL `'+ The new coral)any

slarled <)ul ill a weak f)osilion; lhc Federal gow'vnlnent provided <rely a small sut)sidv tot

lilt! Iransili(:,n period and no guaranlced Federal data purchases, yet C{mgvess conlinue{l

<)versighl bv h<dding hearings (in some cases I<'ading It) anlcndnlents it) lilt' original law)

al)<)ul tilt" fulurc <)[ l,andsat and the ('Oll('CFllS <if goVt'llllll('lll agt'ncies that used I,andsal

data."-' By I¢`)85, <me I+andsat supp<_rle, h;t<l c<m<luded <hal "Thcre scems to l)c

liule d(ml)t <hal tilt+ prcsenl market (ann()< suslain the <)i)craling cosls <)fa land observing

system It) say trothing oflh<' (al)ilal <<isls."";

47. Mack, I'i,'.,i.,<_ the I'.arth, pl >. 201-07.

4_4. "tTnited .";,laws (;ivilian Space Plograms. \'_dtlmc ll: Al)plications Sawllilcs," pp. 23,"a,--t2. For issut.s relat-

ing to the I1;msili<m Io +Ill opm all(real system sc,e Richard l). I,anun Io (,cl)lgt' S. l_,t,nton, N()AA, April 30, 19<"+0, +_ith

allatllo:l "'Rctomm(.ndalions ol lilt' Nalional (;ov(+rnov"s X',+'+,ocialion, National Conlbrcn.i'c ¢fl %tall" l,cKislaltncs,

h;tctgove<+nnwnlal Scicncc, l_Itgillt+l'lill_ alld qbchn(dogE,, .,_,.dvisc.n" <:'ant'l, Nalional Rt's(lln(t+s and l(liVitl)l<in('lll

lhsk Flirtc, I}n- the Final Transili<m Plat+ [iw lilt' Natioi<al Civil ()l)erating Rt'motc .'_+nsing Program (first dtalt Alml

l(I, 19gl))." For problcms it+ COOl)t'_ati<m l)etwe('n NASA atul N(),+_'\ st't + National Rcscarch Comwil, Rt'tllolt, .V+I'HSil112,

#/lhe .l"rltlh /}+*Pit _y)_lt+." A ]Sr)_rt+ttt ill (.'rt+_+(Washington, It(:: Natilmal Acadclny Press, 1985).

4% "Slal,mncnt h,, I),.J_dm V. l+,vt he, AdminislraloL Nalional ( )ccani< aml Atmospheric Administ<;<lion, t !.S.

l)epartnwnt ol Commcr<c," Maich 8, 1983. +l'hv i>resumlltiot+ was thal one <Oral)an _, inight lake till all lhlc(' <)<(+-

grains, rcllccling a l)r<q+o'+al troln ( ionlsal lo take ot, t'r :leather _llld carlh rt's(tlll(t's sat<'llil,,'n togclhcr Im'caus(" vtt'illh-

er +.;atoll<los ",vcw cxt:.e,_tt,d t_+ bc more pl'<ditabh+ in the shorl Wnn. (',<mmmnicali<ms Sal,ellilc (;olporali<m N,,';,+.'s

Rcleas<+'. "Comsal President Ihol)<_scs l+c,h'l Rcslru,lturing ot Earlh S.cnsin g Satellite Syslcms,",lttly 23. 198t. For a

dctailcd SUl-,.'tw ot kilt' dchalt' o,.Cl <Olnmercialization set' F+iseltl>cis, 15ivahzi,_, (;+rveP,*m',l h{/immalio,, <]l, I.

50, "Wcathcr %atcllilcs," ('o.,t._te++i..+tl IPer+.d, ()clolt(+l 20, 198'3, S l13fi7; "'l}an_,l}.'l ol (:<vii

Mctcol'<dogi,ual Sawllites,'" C..,trn's+ional I¢ecotd, Novcmbt'r 14, 1983. tt 9812-9,"422. St'(' ttill p. 60. l)cF, I. _1

(_onml<'t<',p, "R('qu('sl lot Pr<,posals for 'l'ransli+r ol the IJnitcd States l,and Rcnmlc ,"gcnsing ]qoRr;un It) lhc

l'tixalc _t't tl)l,"J;tntlat _, _+, 19<_t.

51. Public l.aw 9S-3115..lul _, 17. lthq4.

52. Eiscnbcb,. I*m,ati:.&_ (;¢n,etnme.l I,[ormation, pl t. '19-52.

53. J(dut t ]. MtEh'oy, "Earlht. icw-Rcm<)t( • Sensing of the Earth h'om Spatc," in S< hnal:,l. ,:'tt., s_lrmih.4n£r

Ea*lh'_ thee<n, Land, .rid AIm._ptwt_', p. 39. McEhov had been inv<_lved in the pr<!jc{t iu a nuntl_cF ot (liltvrcm

positions, but ill lhal F.oir_l was winking at lhc National ()ccanic and Atmosphcri{ Adnmtisttati<m. lit lilt' pala-

graphs fifll<)wii_g lhc <ittotc he ptop()scs an ct on<roll(" justil]<alion Ibr a [c(l('rallv lundcd l,andsat t)t++gHin t<)

St'lVt' th<+ Imltlit good.



The atteml)t al prisatization l_filed in 1992. Because lhe corF,(Wat¢+ owner had nevt'r

had signil]cant new rcsottt+ccs to invest in the svstenL little had been acCOmF, lished (htrin+g

tht +F, rivatization l)eri()d. Th<' l.and Rt'tn()lt" St'()+,ling Poli(y Act ()f ]!192 ended "the 'cxper-

iln,tqll +which had so negatively al+|i'ctt+(l lhe rt'sear(li tlS0 ()f lt'tn()lt' st+llsing data acqtfi,¢'d

from the I.andsat satellites. TM The nt'w law rt'pt'alcd lhe commt'rcializalion act of 1984 and

tran+sli'rted resF, onsibilily for I.antlsat from the l)tP|:,arltncnt o] (]<)lntntn(c to NASA and

the Del>artmen+t ol Deft'rise, which had Ibttnd the broad coverage ol +l.andsat data tiselul

durinig Desert Storm.'" After disagreenlt+nts over funding the l)c|mrtmcnt of 1)ett't+se wilh-

(h'cw in 1994. and NASA t+csumetl sole rt.spot+sil:,ilily for l+andsal, with plans to launch one

more sittt'llite."' Failure of l,andsal ti it+ ()clober 1993, frequent c1langtm ill NASA's overall

renlotc soils+rig 1)lans, anid increasing competitiot+ |toni other countries and l)<lssibly tiont

privatt' ind+lstrv, h'ft the thl+lre of the t_r<lgrant uncertain. .'+

Whih' l.auldsal commercializaliol+ had railed, interest in commercial ltqEiclte st'rising

conlilntt'd to grow."" Private indusllW could _dtnosl ct'rtainly st(stain an Earth resotu('¢'s

sattqlitc that provided data similar Io l,andsal (thotigh prol+ably lacking some of tlt<." li.+atttres

stir'ill+sis w_tnt) il'lht" g(wt'rnn+tqtt w(_ttl(l _tti+l;tnlttt +i+ significant l)tLrchase <ifdata ciwl+! x,('ar,

or il+Ill(' oWllt+l ' co(rid ol+l_'n +<.olnnlt'l+<i+d users e×(hisive list' (If _('rl+lin data lot a higher price.

I lovv(wtq, such :t s.tl('llitt' ,,vouhl most likely uot l,<wid(" data of as mtwh s(icntific valtte as

that l)rovidetl bv l..mdsal. A i)rivatt' <:<mq>any vv<_tfld l)roi:,;tbly only collect data as ord('t+t'd,

r.ttht'r than providing cOtnl)tchcnsive c(iVt'l+i_(" l,o bttilc[ u|) ;+ historical archive of data ]_+t+

later cotnl_aris_m, and would probably ll()t inveM +is nlttch it+ lilt" pr('cision of the sensors,

Sill('<.' Stl(']+ prccision is l+Ccded fOI +ollly ++|_'w uses, mostly scientific.

'rht, ])rop('l +'oil's of tht" gOVt'l'llli+(qtt ,.II+d private indt+stry beciune It'ss lind less clt",tr +,t_,

Icchn<dog 3' advanced, l.andsat became less daul+tingly "big lt_cllnology," n_'w inn<wations in

lhc 199()s triad(" it possible to design a milch smaller and less t'xl)t'nsive sal('llile will+ similar

Cal)abilitics. Such it salcllitc was no I(nigt'l +l(l() expensive tbr l)rivalc conll)anics to ttl+d(,rl+lkt"

without Ft,dcral st+bsidv.

l.andsat was a r(,lativt'ly small pr_!icct by NASA standaMs, but bcca+lse of +Is practical

g<mls it shows parlicuhuly ¢leal+l,, the l_l+<d+lcnis of building a (<)nslilUCl+Cy t_n big scit'ncc

and lechn<do_' prgi<'ct._and tit+.' complexities involvcd in dett'rminitig the ])xtq:,er role of

the govcrnmt-nl in the s|)t.ctrtin+ ]:,tqwet'n research antl practical applications. Whilc the

NA(7_,\ had sttcccssfully served ind+islry needs by providing backgt-otttM research rather

thai+ building whole new systems, NASA leaders tourid big projects with l)laclical benefits

much niore probl<_,nlatic than pr<+jects oriented towards scientific rest'arch or explo-

ration. NASA could jr+still a ccrtaii+ amount of basic science as worih doing for its owu

sake, but oncc a project was just+tied on the basis of its practical bt.nclits thcl+ why was

the governn+ent doing it rather than leaving it to privale ind+lstry who I)resttniably could

tnakt' it protii by selling suHl bt, ncficial d+mt? AI least tot NASA, the p+lblic good has

I)cc()lnc increasingly ditficuh to dt'tinc and use as air(still(at+on. ()tit' h)ng-linle part+ti-

ll.(hi in the l)rogr+un wrolt" it+ lrtlslralion: "One ol + |hi" gteal (+otmntlrums of tl,e Ft'tleral

i)rogfanis of the space agt" is thai lilt+ inorc likely sonicthing is to 1)<+_useful tilt! tll(lr('

ditl]cilh it will bt" to sustain h. "'_'

5+I. Eist'tlbcis, l'rivatiziniz (;m,er, me, t l,fi, malion, F" 157. Eisenlx+is writes as a s_llohu i,f infoinlalion

Illilllligt'l+llt'tll, hut slit' had P+olne<<'xl)t't'it'nt't _inside lilt • prt_ieci.
55. lbTd., lip. 1__6-.58.W. H'¢ili_¢ l,allibli_hl, "Tht' P_dilical CtmP+lfuctiOli ol _ll_l/'t' Salt'llitt' Tt'l hii_lhll.,_<,"

S+ieme, 7i'(h.olo_rx "04 l[tlm+l#t 17tlll_'_ 19 (i99Lt): :"+)1i.
56. ('.oninlittt'(" ,cm Earth SItMies, I(a_th Ob_ervalm._ t'7.m S[mt6 ]_. 114.
57. Igw a +loathing rt'xicw ill tht' overall siluatit_n see Ctlltlmitte,.' <m Earth .'Slutli<.'s. tt'aHh (Jb_e_vatio._

/,+,,,+,Sp.,-,..
58 Willi_un _tllll¢'_,, "l.antlsat _'s Woihl'" brit'[hlg cilarts, F('l)ru+u-,, 2, 199(I.

59. John Mt Eh<_',, "l'tetW,','. '' p. ".ii.



Chapter 11

Voyager: The Grand
of Big Science

by AndrewJ. Butrica

Tour

Of all tile NASA missions, none has visited as many planets, rings, and satellites, nov has

provided as many fresh insights into the outer planeLs, as Voyager, which was humched in

1977. On 19 May 1981, the National Aeronautic Association awarded its Collier Trophy

to the "Voyager Mission Team, represented by ils chiefscientis! Dr. Edward (3. Stone, fi_r

the spectacular llyby of Satlll-tl. and the return of basic new knowledge of lhe solar sys-

tem."' The awarding of tile (]oilier Trophy was a fitting tribute to tile science carried <)tit i)V

tile Voyager spacecnfft, which also received twice, in 1980 and 1981, respectiveb; tbt"

Dr. Robert 1t. Goddard Memorial Troph}; an aerospace indust_ y prize awaFded anntmllv
since 1958 by the National Space Chd) to recognize achievement in astronautics, tbr the"

Voyager encounters with.lupiter and Saturn.-'

Neither the Goddard nor the Collier Trophy recognized complewlv the science

accomplished by \q>yager, for after tlying 1)y Uranus (1986) and Nel.+lune (19'89), it IeR the

solar system to explore intetswllar space tmtil amtmd 2021), when the sl)acecFaft will lack
sutticienl |)owe| to ope|ale lhe scicnlitic instruments on I)oard and 1o return data to

Earth. By then, the two Voyager spaccctaft will have operated hmgev, and retuvm,d dala

from gFeat¢'v distances, lhan any previous l)|obc.

Voyager is phulelavy Cxl)lovaliotl on a gr;md scale. Fivsl conct'ived as a +'(h-and Tollr'"

of file solar system tiom.Jupiter to l_[um, then scah,d back to a move modest mission calh'd

MarinerJtq)iter-Saltlvtl unlil its ilwarnation on tilt" eve of launch as Voyager, the' mission

has been, and will remain well inlo Ill(' Ihlun', NASA's biggest platlet,u!v exp(xtiti<m. The
two Voyagers have exph)ved move planets (Ibul), have tlisc()vcn,d more moons (22), and
]lave returned nlore photographic images, than ally other spa.c(, tlighl. _The original pric<'
tag ()f nearly a billion dollars made il the second most expellsive planetavv voyage, cxccctt-
ed only by Viking, which landed o|l Mars in 1976.' Each Voyager sl)ac(wr;_ti _:ciglwd m()re
than any Suvveyc)t ov Ranger sent to Ihe Moon and nlor(, Ihan a.m_ MarincF <w Pitmeev

probe (e×o.!pl tot IJioneel \,_'nus), though less than the comlfined weight of the Viking
lander and orbileJ:"

Its scientific, btldgetary, and technological immensily makes \hLvagcv archetypical big
science. Born oF whal President l)wight D. Eisenhower called lhe militant-industrial oom-

ph'x, and what hislovian Stuarl IxMie move recently has called 111¢' m'ilitap,-industvial-

I. Wording cited trom liar. (;oilier 'lioph', held at Jpl, and t on',cvcd t_, tilt' auth.r ill it IIwlnl_ralldllln

tram lqdmtud SIonc datt'd 28 Nm,cmbcr 1994. Scc aim, Bill Robie, I"m the (il_'a/c_t A_h,_,eme.t: A lib/row .] th+' b,m

(Y.b _![A mertca rtnd the .\'elthm.I Aeronautic .,t_wuiatbm ('Washinglon, l)( ;: Smithsonian Institution Pn'ss. 1993). p. 235.

2. I_luct' Mttrra_,. ]ourm?, i.lo .$_mte: 7he I'ir_t T/m'r l)erarhts o/ L_/_et_JI'.xph_lalilm (Nt+w _i_lk, NY; W. W.

NovU,i & (;_lnqmn,.. 1989). pp. 161-62; Gila Siegm;tn. ed...Iwa_, thmm_ & I'rizes. 6th cd. IDctmil. MI: I;ah'

Rcs_';u_ h C_mpan,,. 1985h I: I.i0. lhc Tmph; c_>nsists ot a blOnzc s< ulpt_'d bust ot Goddard.

3. Magt'llan '4<'11[ ba,_k inolc illl;igc_; pill st +, bill tllost' WClU r;mgc-l).pl_h.l imagt's t it';ttt'd I)t, ;i nl.lllhc[-

ic apt'tttut' lat+lar, l;nlcss <_lht'+wist' stat<'<l, ildmmatlon is holn tilt' N,'kSA llcadqmutcrs wcil sit<,:

http.'//www.hq. +law+.!.or,/+_/fi+ e/pa+_/l li+h._v /

4. S. hhtiaqtwRasool, interview with author, Pauis, lhxcmbt._ 12, 1991.

5. Fac_ sheet on missMns l_rClmVt,d bx.lPl. Atchixc++.
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Ihc _bwtee_ m_ion tram, .'pn'u'nted t9' Chi_J S_ienti_t 1)_: I',dwm*l (2 3;tmu, meived the aw,zM i. lOb;O, _p,._!/i_all'_ ]or the

_l_t,_la, ulas /13t9 oI _atu_ n aml ttu' n'lurn OIha_i_ m';_, kmm,h'd, W o[ the _olar o _tem. Thi_ phot. i_ a m,mlatl_" _4 imagr_ _4 the
,'_alutt_ia_ _¥_l_'m /n_'pa_'d [_mt ata a_emhlak, r _1 imaL,e_ lakm_ b,; the Vo_'al,_e7_pa_ecra[i rlur*_qd il_ ._,alul_ em_mHlr_ i_

.",'my'rebelI 0,'¢#. (.\A.g. I p/u,to m,. ,_0-11 76fi).

academic coulplex,' big science quickly came io characlerize the civilian enterprise m

cxplorc space, Iha! is, what ouc might call the NASA-industrial-academic conlph_x. Sincv
its cf{.alion in 1.q58, Ihc Nalional Acrollatllics alld Space Adminislralion has shaped

:\lllt'li( all stif'liCe to Jill cxlraoldinal): degree, nalll_.'ly by providing the financial and insli-

luli_m:d aegis tiw lilt" Ir:ulsliwmalion of ,_\m{'liCiul t) lnclafy aSllOllOm'v in[o big science,

vel NASA's primary objeclivc was (and whose tmdgclary bulk paid ti)v) lilt' dcsigning,

building, and launching of vessels ti, |he t'xI)IoraliOll ot Ill(" solar systcm.

Allh_mgh tilt' \q_vager mission is i,|cscapabl} an cxamph' of NASA big scicmc, the

aclual scicnli[i{ cxpt"rill/{?llls wt.rt' carried lilt[ bv sciclHisls Cml)loycd by NASA Field

(]{qllClS oi ])v i,tdividual scienlisls who more apI)l,::_I:,lial{'ly l]l lhc c.llcgory ot lilll_.' ,.,,ii_.qlc{..

The laller \{)vagt'f scientists worked individually or in small collaborative groups, oticn

wilh gladualc assislm|ls, in mlivcrsitv laboratories wilh fclalivclv small 1)udgt'ls and limit-

cd I.d)oralorv cquipmcnl. In Ill{" case ot \h,yagcr, lilt" lll_tllalgt'mll('ll[ ot decision making and

lilt' ovganizalion of scie,|lisls,jusl a.', much ,ts lhc crcali(m ;m(l ulilizali(m of ntommlcnla]

tcchm_[o,*x and nlalnnlolh Icchn_logical nclwovks, dclincalcd big scicn_ c.

Planclarv aslr_m_tnv has had a long cxislcncc as siHlllllam'_tmslv t)olh lilllc scic]l(c

(ilSll'(lllOlllCl'_ working individually or in small groups) and big science (Ira-go cxpcnsivc

Iclesc_pt's and obscrv,tlories) Ih:ll (|illus back 1o lilt' sixlcclllh-_'cllllll_' island ollscl"Vatorv of

"l\'clu_ BrMIc. The nmnl)c,, sot)hislicalion, and CXl)CnSC of inslrumenls have cscalalcd over

i;. >,m,ut w. I c.,lic. 17_. (;,ht ll}t_ aml Amcri:a_ .',:i,'n:< 7h_' Milila_'_ Imlu'.lrml bmh'mi_ (,mph"_ _:l ._I'1

aud gla_@,,,d (Nm_ "d,_k. NY: (:.luml>ia I 'ni_c,sit_ Ihcss. 1993).



the centuries, Particularly in th0 l)asl I00 years. The illl_'rl)lan_'lal _' sl)act'crall has I)ccom_,

the" nc'w ol)sc1_,atoi_,, cartTin_ scictltific illSll'Ulll('llts oi| irgjcctorit+s indcl)cnd<.'tH of the
F]arth's c()tnst" thr<)tt+h s])ao:. P]am+ta_+ , astronotnx's vt'lw dt'l)(:ndt,nc(,, oil in,_Irnnl_,nl
techt->hlk, _, nccc',,+sarily and incscalmbly has driw'n it hi tht' _lircclion oF bi_ _+ci¢'tw¢,.

The Voyau,+cr tni_+si<)., and NASA l)lanclary mis>+i_ms in _¢'nt,ral, il]tlslr;ile th(,' amphil)iotts

lil_, of ])lati<:t+),r_ asttonotny +).sl)oi]i ]itth" s(it'i)+,u¢, atld bi_ sci(:nce. The \:oyagct + l)r_!it,ct
transl_)rtncd ._'ogral)hically-(|isperscd indivich,al scicntisls drawn flotn a Sl)¢'clrtml o1 scit'n-
filh: distil)lines and std)discil)lincs into tnctnbcrs o[ a ccnlraliz(:(l, mtthidiscil)]inary big-
scic.c,u Ic'am. As each V_ya_,r spac_'cra[i apl)roach_,d _m_"ol its I_II-<_.'I l)lan<,,is, lh¢' int'ml)(,'rs

o[ the mi,.+,,+ion's scicnlific Icarus arrived in Pasad(:na, the home o[ lhc ,Jt'l ]hoptdsion
[,aboratox), to lake u l) residence li)r the l)_'riod of (+loscsl apl)roach. The mission ])rovidcd
t]i()s(, s(icntisls _),s<,,lo[ il]stt+Inn.0nln and a ,'+l)aC_'craliol)s(.'rvalorV. Their role was not limited

to usin_ lh<" sl)act,,ura[t il]slrlnnt,t]ls, ]iow<,'ver; lhos_" scit'nlinls also [)]aS'(.'([;t critical rob, in
shapitL_ the mission t'v_'n bc[brc i! was [_.mdt'd ]_rincipa]ly lhrou_h lh(_"Sl)ac_" Science, Board
and its stnmn¢,r slndit,s. (]onflict bclwc_,n the sci_'nlific c_Immtmity and the NASA Field

(]<+'ntt'rs, ill l:.artictdar, s_'rv¢,(l as lh<." calalyst Ill,ill l)r_>tlg'ht abotH tht + dcmisc ol \:ovag-¢'r's

]_rt'dcct_ssor, (;rand 'l'<itw. This chal)ter cxatnincs the role of scientist.+.+ in the shal_in++2," <il+

\:oya_cr l:,c'i_)le lattnch and tht+ir lr;tllMi)l'lil+tli<+ll into a l:.i_ scicnc<: pr<+jcct t('ali] lhrotL_h thcir

l)arficil)ation in llw V(:,,v;l_t'l" lliissic>n, lhelt ¢:onsidcrs lh¢' critical role of t¢'chti_>h)gy in the co.-

dtwl and stw('t,ss oI+lhat ,dssiotfs scicnct', as well as the r¢'lath)nshi I) l)t'twt'cti l)i_ sci<:nct, ,t].I

firth+ st'it'll('++" and thu r<du <+I tt'chnolog+_, in lhat rt'lali(mshil).

\:oya,_cr cat+ l)t+ said to hart" l)c_tln in IiiIi_ as (',rand 'l'_>tlr, at+ <:xtctlskt', iI tlol

_randiosc, l)lan¢.lat]+: tnission l)lann_,d in the midst oI shrinkin_ NASA and Federal l>nd_vls,

at a tinte wllt+n NASA so,_ht t<+d_'linc ils mission in tlt<+"post-Ap<dh) era. Th(' Apollo Ittnar

])to,ram in 19(:,.'3was reaching- its lhlldin_ lx,ak; NASA's atlntla] over+all l)nd_-ct dcclincd

fronl $5.2 l)illi<+ll in It+(L') i_ slightly ovt'r $.3 billion in ]G)72,+ in rcsl)onst" to social and p<)lil-
ical prt'sst,rt, o_ thc F¢+d_'ra] l)ttd_ct st¢'mi+lin_ largely From the Great Sociciv )to,rams _tll(]
thu \+i<.'tnam War, as wull an thc cons_'rvativc l+_+call>_)licv of tht' Nixon a(hnitlislr'alion.

In lht' st,mtnt,r <)I l!ili,'3, in order to define posl-Al)olh> NASA mis,,+i<)ns, th(' Nati<)nal
Acad+,'mv of Y,cictw¢'s' ,",iF_ac¢.Scictw¢, Board _ htqd a stutnn¢'r slu(lv o| sci¢'ntists at Wo<_ds

I h>h', Massachttsctts. Th(" scic,ntisls tu-gyd NASA t_>shift ilitt, rt,sl lrotn tilt' Mo<)ll t_) lilt" plan-

ets, giving ]:,rimar+v cml)hasis to Mars and Vt'nus, lll{ll't' s() lh;itl to the' otHt'r l>lancts. As Ik_r

th(, otttt'F l)la,_(+t>,, lh(' Stlltllllt't sttld,V rt+coninit,n(h.d IX,,'()dir('clit)ns: t'ith('r rt'c()t+naissa_i((.
flyby missions t() t'ach ()I tlt(' ()ttt(.'r ])lall('l.'.+ <)r an intt'nsivt, _+Iti+ly<)IJtq)it('r usitL_- ()rl)ilt'FS and
atm()_+l)]i<,'ric ('rill3: l)rol)cs. '' "]'hose tw() ¢:xl)l()rati()n _t rat(,'_i(+'s ([ominat('d disctlssi()n>+ ()f()tltt'r
l)]ali(.'t (:x])to]-ali()it o'<('r the' [_)lh)win_ vt'ar_+. Th(' I(,)(iF) \V()()ds lh)h' st.llln¢,r ,+tnd,. lhtls

(l('tn()lIMi';tlt+f[ theft th+,' cotL_(,rit.s of sci('t]tisls wh() iiiad,,' ill) lht" |)lanetal)' s<:it'nlific (<)]iii]itl-

nitv ahcad): had id¢'as al+<+tit how NASA ott_ht to s¢'l ;tl)()iil _,xl)l<>r-itlg- lht' ()lll¢'l l)lat+t'ts.

Most Itlt'ilili('l-S <dthc l)lanctary sci(,n(-¢, (<)nmundty l)rt,l;:rrcd ++.+liiall¢'r,t<.'stt'd Sl)aC<,ctal] riv-
ing shorl +nissions _ivcr lar_c', _+,Xl)t,nsiv(,, (OtnldCX and h'tL_th Y pr_+j¢'('t.,++Thc', [_',ucd lhat lhc

__)vt+rillil<.'llt nii_hl catl('t'] tht'ir mnalh,r l>r,+icctsin tililt's <;.I'tight btld,_.!Is fit [iiv_, +_:,Ja [b;v

¢'xt)t+nsix¢' hi<(h-I)rolih" nlissions. Mort'over> with slit;ill hi<.+xl)t,nsivl. Sl)aCt,crali latnicli¢'d at r¢'la-

7. (]i;lil4 I )l. I+l+'_ll]. "The _Glilik{141t" t_li Ihl' ()uh'i I'lanct_," ,ls/++...,,l+. 17 (l!)<_l): -II; l)axid l_tll)anhkiii.
+'t+Vho Kilh'd (_t;lii(I l_lillT"" ill,+., N;tlil>illll ]li++loii(al Ri'ti'rl+iH_' (:olh'_ihm. NASA Ilish+l,, ()tlitt.. N,\.%\

I h';ld_tU;illt.r++, xAashiii_iliii. I)(L i I. 15. l)_liai _tlilOliiil+ _ilt' ii_li aditi+,lt.d t{_i ilitl;tlil>li, llic N+\N<\ l)ild_t.i dot lillc
ill It';i] dll]l;ii_,. Ihi'it'|clit'. "_,,;i+, iiitlt h IIIt)ll' dl_tlil_ili<.

+. l']nial)lislit'd iii ]lilil+ I{i_l_ '+_ht'li tli_' N;tlil>ii;tl \(iidl'ili'+ i>l '_lit'lill'n Iollilliilt'd iht' |iliiCliolY_ lit ih_"

hllt'l il;tlioll_il (.t'Oldl_sit ;ll _lt';ii I_'l lilli< _ll palil'ls oil iol kt'll'_, alid iht' ]']arlh ++alcllii_'s inll) <i siil_ll' liCit'ill "+; lht'

_,l>_ll i' Ncici/< t. ll<_;iilt "+_ils lh¢' _hit't _i<_t'liCV i)1 lht" s_ h'illifit _ oiiiliitiiiil'_ IiJl advi_ill!4 N,,\_,A llii spat t" piO_l_tiliS _tiid
|(li +,t'l;,iil_ ;in hs _+,_it(hd<lt 4.

(I. _//,:,, /7,_,<t,+/_ ])isi<//_.t_/7. I}.'/'71111#_' (_l(_inllill_lOli. D( ;: N;liilill;tl .\l,l(l<'llP, ill _1 il'lll I'n. l{tli(+)+
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tivelv short intervals, scientisls conld more easily tbllow up on new discoveries than they could

_+,ith+t)ne large complicated spacecraft that took many years of preparation. Major missions to

a large degree tended to solidi_' research into a specitic line of investigation for a long timeY<'
Into the gelling consetlsus that emerged from the Woods I iole study came the idea for

(;rand Totar. The (;rand Tour would take advanlage of a once-cvety-175-year [)lanetat 3' align-

ment to send several spacecr;t[l to all tive of the outer planeLs, flom Jul)iter to Plult). lea|inch

windows were available relatively soon, between 1976 and 1980." Despite its snhsequen(

reputation as an exorbitant expenditure of public thnds, a pair of Grand "fi)ur spacecraft

actnally would have heen thr more ecotlomical than the several individual I)rohes to the

outer planets proposed hy s(ientists at Woods ttole in 1965. (;rand Tour could reduce costs

thrflwr by surveying the outer i)lanets in less time--in eighl to thirteen years, depending

on the trajecto_,, compared to thirty years Ior a direct tlight to Neptune alone--by

employing a maneuver called gravity assist, L_'in which the spacecraft exploited a planet+s

gravitational tiel(l to increase its velocity and aher its trajecto_', dlerehy reducing holh

launch power reqnirements and tlight timeY' (,rand Tottr thus was intrinsically a money-

saving concept.
Appearing to save money was (t+itical to selling a large-scale project, (wen dtn-ing the

davs of big NASA hu(lgets+ as illusllated by the recollectiotl of Donald P. ttearth, NASA

l)l;tnelar),+ , Programs ()fticc director, when he learned ah()ut (;rand Tour ti)r the first lime: _'

)ira 're .q',t to _vnu,mber wiling a _tew glart is a bitch. Even /hen it's ezu,_ wm:_e Ioday,
but even theu. l/_ almost as hard to sell a bundled million dollar project a._ it is a bil-

lion dollar pro|ell. And a hell _[ a lot mmv work to sell two $100-million projects than

one $200-millio_l project.

Before NASA l leadquarters (+onsidere(t (;rand Tour, though, the Jet Proi)tdsi<)n

l.aboratot)_ _:' started ])rtml()ting il, beginning wilh a 1)ecember 1966 article penned hy

Ill. 1[t)tn('r E. Ncwcll, Be_,+md the' Atmosphere: Earl) )+'ar_ +,l,+,pme S+u'me, (Washingtt>n, I)C: NASA SP-i2I I.

19SO). pp. 406-4117.

I l+ .]:tlll('S 1_]. |,OIl_, _'rl{) Ih( + ()lilt't" Planets," Astlmmutics _:_ Aeronaut|is 7 (Jtmc 1969): 32.

12. rl'ht" origins (d the gl';t'_ril_ ' :tSSiSt tn+tllt'tlxtq illt' l[_sl ill lilt' lll;tl|y and clan(1|( ting alt(qttpLs to th+lct HIitlt '

thins<." origitts.

13. (;ave A. Ftandro+ "t!liliz_tti(m _)l'Etwrh_' l)(+rivcd [i'om tilt + (h axitalit)nat Ficld oI ]upilt'r tot Ret[tuin++4

Flight "lime ft> the ()utct S<)la_ syst(+tn. +' pp. 12-23 in jpl,, ,_;pace I'++,/Zmms S,mme++' No. 37 35, iblume 1_ ],r the

p+_t#,,t Auh,_t I, 1+)05 t_ Septemhc_ 70, 106_ (Pasadena, CA: JPl+. ()ctobct 31, 1965): (;ary A. Flattdr_, +'Fasl

Rt'tOlllLtiss;t|t(c Missi()ns Io Ihc Outer S[)litr Svstt'ttt Utilizing En('rt,, _, l)cvivcd ft[tar Iht! (;vavitati_+nal Ficld

of ]tqtitct," A+tm+iautita Acta 12 (1966): 329-37; Mithac[ A. Minovitth, 7"he I)et+'Pmi+Iatitm a+td ('ha_a+t+q'i._lir+

++lIJalli_lu Inle_lanela O' 7)niectom'_ u_trlt'_ the ltffluent e ol Mulliph" Planetary Allmt tmng, T('chni(al Rcp(_tt No. 32-4t)4

(l_as_tth.na, ('k: Jl'l+, ()tt(d)cr 3[, Iq63); Mithat+[ A. Minovil(:h. I;tilizit_+_ I+at_w Planela_ Perturbations ]m the

l)+',,tk.t+ +_/ l)e+]J_.%_.,ace, S+.+l.at-15ob+', a,+ul Oul-o/:l';+ li/Jtic "l+Pnle,'lori,¢t, Tt't'hnical Rt'l)ort N_+. '32-S49 (Pasatlci+a. CA: .]PI+,

[)t'(t'ttlt>t't 15, ]9(kq).
14. ])(_nald P. ] [t';trlh+ intcv,,icw with (;laig l+,. Waft, Bouldcz, (;(), Atzgusz 7, 1988, _ilt'<l izt C_ait4 B. Wall,

tit. 3, "l'hc Nt'xt Mission: (;ran(l "li)tH +(_t Jttpitcr-intensivc?" iu J, via_+ ()d_c+: A Iti_tm)' t4 N.,t._,tI_ I'r+qeH (._dih,o.

ttnptd)lisltt+d ntanltst Iipl, NASA tiisl()rical Rt'ielt+ltcc Ct+llc(ti()n, pl t, G-7.

15. .]|'L was tmiqtw amo=lg NASA Fit'h| Centers. h cxist<+d htng t)ctiwt' the t rcatiot+ ot NASA in 1958,

but not ;ts a NAt'S. laboratory..IPL was the (hild ot California htslitult + _ff+Ii.t hm)log_, tactdtv intent'steal il= rock-

t'l It'_,t+altll. A Prcsi(icntial <_(|<'t ()1 l)twt'tn|)c_ 1958 transfi'rrcd]P[+ t(t NASA, but (|cw.l<qling an cilc_tixc i_'[a -

titmship lwtwccn NASA and.lP[+ took time. l'hc lalt<tralory grottnd'+, |)ttihlings, and Ctlttil)tncnt l)ehmg, cd t() titc

('_()"+rt'|'|t|lt(']||. while the lab<)ratot_, ' pt+r'+<mn(+L originally cain| + fi(mt Caltt+ch. l)uring tht + lq60s NASA tnaltag¢"

lilt'Ill Ir('(lttCt+llv dcltalcd lttc qttcstion ol the N,+V';A-IPL rclati(mship: Sh(+tthl.ll'l+ |)t' tt'gardcd as _tll(lIltt+I Nt\SA

Fichl (it'tllt'r (it+It insider) in Ii't+_tl¢+d its a contractor (;ttl outs|dr'r)? .lPl+ was t)lotut oI it+,; acad¢lnic ('Oltllt'('tit)ll,

(tt-+;itilc the Icntu>tts and <_flt+n disregarded naturc of that ctmncction, attd Caltech ac(ordtd the laboratot)' a

good nwasttrc ot indcpentlencc Ill plltn ;tlld cxet'|lte its own rcscarch pro_ritllt. (]lavton R. K<q)p('s,]PI. and Ihe

.|mcr+ca+_ Spa++" 15._,,++tm: ,1 ttiqm+' .] the|el Pr+Ou_ion l+ab.mt+r+)' (New It;tvcn, (;I': Yak' tTni_crsit) Press, 1982). csp.

pp. ix. 4-5. IIt-.-I 7, 20. ',++8,,45 atH[ 65; Newell, B_'_'oud the Atmoq_h+'_v. pp. 258-6?,.
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Thi_ recon_truHirm o/part _4 the noHherrt hemiq_he_, t4 (;an)mede was madr [mm piclure_ taken t9' $;('_atw_ at a _anlz; _4

713,000 kihJmeter_ f l q.t,t)Ofl t#tih_). The _o>#te IS ap/mmimatel'_, I, 700 kilomelen (806 miles) atro._s. It _hon,_ part _4 a dark,

rlenwl_' _rate_ed blink which iv boutul _m the _outh I9' l_t,4tte_ attd le_ cmte_ed, tTm_nu'd t_'rrain. The daTk bh_h_ a_' bdit'_,ed to

be the olde_t part_ _4 ( ;a,_wm,de'_ _u_]iue. Numtq_ms t _ntet:_ aw visible, many with _entml peak_. The Im_(e bri[.rhl ¢it_ u/rl# ffa

t_m'_ have lilt# relic] and rtre pmhahl_ the wmnant_ _![ old, Im_re craler_ that have been a_tnealed Ir_" [low O/the i_y zu'a_

_u_]2zce material_. The ch_e(_, qm_ed an'uate, linear [eature.g z_re proDat;!), attaloLmu_ tt_ _imila_ ]hatm_ _4 (;anvmedr which

_urmuud a la_q" intpa_t tm_in. The IDu'ar [e_ttur_t_ ma'¢ indicate the [ornu,r pw_emr o/a htO,,e intpaH bamt to the w,ulhwe_t.

(;\]'t,";: t, ph_to nr_. 7_._-II - 793).

Homer Joe Stewart, head of Jpl/s advanced mission planning. In 1967,JP1. used the pro-

jet! as a lure in its emphiycc rccruitnlen! literalme. _'_ In shorl, although olhvr NASA Fichl

(]ciituls (Olil1)('1¢'¢]., especially the AI]It's Research (',enter, JpI. 1)ut forth a [l'l'lll('lld,()tlS

ell'oft to make (;rand Tour aJl'l, pro.jecl.

The NASA Office of Space Science and Apl_licatiotis faced It_¢" task ofestal)lishing pri-

orities among the various proposed missions to the outer planets. The agtmcy calh'd on

its own scientific coiiliiitlilily to fornlulale Oilier plane! exploration approaches and crv-

alvd ille ()llttq- Planvls _,_(orkil_g (;lOllp in 191i{t. Its Cll,alion was parl of a larger ag-t'll()'

l('organi.zalil)n iniliitl('d t-Jy I [()lnl'r Ncwcll, NASA ass(icial(, a(hllinisllator, ill oi-d('r I() t])(llS

It_. l|<lliit,i i_it, Stcwml, "New Possilfilitics tor ,_,tlhir-Svslt,nl l_]xph_tlltiliti. " A+trotlnulir,, r+ttrl A,_'m.'irmti+'+ .I

(l)t'tt'inl)_'r 19titi): 71_-ill; (h;iig B. _x,'iltlL "_ciirchilig liw aii ()lilt'i Plmit't l:xlilorlitilm +liait._,_,; N+\+;\ iuid ils

_,liciH t' Ad+isor)(;rllllpS, 1965-71." paper presl'ntt'd ;il th<" IAI; (h'iii!ral ,-\ssvln|)lv, llalliinolt', ,,\tl_ilSl (_+ I_.i_,_,

pp. 7_ lind 31-?,7, c_lpy itl g:\SA tlislorical Reliwvnce Collection.
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on Ihe dt'velopnwnl of hmg-rangc plans, as opposed to the emphasis in preceding years

<m tilt' t)u(Igct year or on ncar-tcrm Plans. TIm reorganization resulted ill the creation of

two|re planning panels and six special study groups covering the gamut of NASA activities,
with a Planning Steering (;roup chaired and coordinated by Newt|| himself.':

The Outer planets Working (houp consisted of two rel)rescntatives (a sciclllisl and all

advanccd mission planner) from each of the NASA Field (;enters illt('restcd ill (;ralld
Tour and olher Otllt'l" planet missions (,]PI+, Ames, (;oddard, and Marshall) and fronl thC
Illinois hlstittlle o| Technolog T Rcscarch [tlSlitlltt_'s Astro Sciences (:enter, a NASA think

tank of sorts which had initiated a Jupiter mission sludy ill the fall of 1968. The Working

(;rou I> thus limited the decision-making process to NASA Fichl Centers that were xTing to

design spacecraft; the external scientific comnnmity was not part of that process.

Rather than favoring a single (;rand "I'_mr to tile outer planets, the Working Group

cndorscd the concept of nlultiplanct flyby missions, preR'ral)ly two three-planet voyages

(lupilct_Salurn-Phtto in 1977 and Jupiter-|!tall(s-Neptune in t979), on the grounds Ihat

thcsc would reduce the mission time fionl I|lil+teen oY lnor(+ ,,,cars to only seven and a

hall. '_ From June 1969, ott]cials ill dw NASA Planeta W Programs Ofticc began to associ-

;lit' tit(" I)]ll'as,P "(;l'al|d Tolll'" primarily with a pair olYthree-l)lam't missions, l'_l.tlIcl+ than ill(."

original single tour concept. _'

The Outer I:q.UlCt Working (;rt>up also l'eCOllllllt'lldt+d that: "A tlt'w Mariner=class

outer planets spacecraft appears adccluate for accomplishing tilt" more itrgent scientiiic

objectives. '``+.'+Ahhough NASA uhinlatclv followed that t+t+commctldati<)ll by building

Mariner.Jupiter-Saturn, tilt' spat(' agency did not heed tilt" advice until (;ra.nd Tour's
<h'n)isc. ()no <_t tile chief activitics of the NASA Field Centers was tilt+ design and con-

struclion of spacccrafl. Nol surprisingly, then, the +v_k)rking (hOUl)'S advicc also called fi)r

lilt" dr'signing and building of a large ntunber of spacecraft.

NASA next put the question of outer planet explorati<m to tilt: lv','(_lltV-t]ll+(_e scientists

ot +tilt' Space Science Board Sl.tllllllt'l" study that lilt"| ill .lllllC 1.969. Those scientists recom-

mcndcd a spc<it]c sch¢'dule of live Otllt'l" planet missions: one to.lupilel; one to Jupiter

atlld tilt + Still, <)lit' to Jupiter +and Illantis, atlld tilt" two (;l'atlld Tour missions outlined by tim

()lilt'l ]'lanets \+_)rking Group (lllpilt+l'-Satltll'n-Phtl() ill 1977 and Jupiter-|!rant,s-Neptune

in 1979). The vccomnlcndations artfully combincd.luphc_-intcnsivc exploration and st+p -

aratc missions to tilt* transjoviall plant+is, that is, what the scientitic conll|nulity originally
st.( out at 'L,A'oo(|s lh)h' in 1965, with lilt + (;l+alld Tout-ll()tioll isstting from NASA's .]<.!t

Propulsion [,al)oratory. NASA headquarters planetary i)r<_gratns <dfi<ials interpreted tilt'

fly(clings of tilt' 1969 suxnxner studies as SUl)l)orl front the scientific communitv for (;rand
Tour.-" NASA nmv intended to rcqttcsl (h+and Tour lunding to, tiscal I.<.)71.

Ahhot,gh lilt" Ol)inions of scientists and NASA Field ('+enter <.xpmts had IIlaycd lilt'

gl+('itt('sl Ili,l(+ ill shaping oil(tel" pl;/n('t cxphwati<m up to lilts poinl, at new, and ultimately

mort p<_wt'rfttl, playcr took lilt' slagc: the lCC('lltl'+' t+h'ctcd Nix<m administration. The

l+urc,tu ot Budget undcr Nix<m consistently reduced NASA+s Imdgct allocation. No hmgcr

17. Arthtu I.. l.<'xinc, The l')l/+lte ;*] the I .S..gl+,,'lu+ 15g_mm (Ncw York, NY: lha+.'_cl l't£blisht.lS, 1975), pp.

120-22; AI hi+hi N. l.t'xinc, Ala.aKing, NASA i. the A/.dlo I'.m, (Washington. 1)( _: NASA .%P-,I 1(,+2. 1982), pp. 25_b-lL3.

1,8. ._',tt'lllOlillldlltll+ Ad+ant e<l Pioglatll alld "Ibt htH)lo_,), to [)hc,_ lm ol lqanctm"} PI,>g+amn, Ma'_ 13, 191;9,

,it(at hmct+t 4. "( iotwlttsilms _ltld Rccommcn(laliot+m ol ( )utcr Plail+.'ls _¥1)i kilig ( h< rap, '+ It'( 1)i'(l IiO. 0(l_l blg. NASA

I li+,uwical Rchqct+t c ( _<dh't titre.

19. ,Scc, i_,t CXalnph', Robin( S. Kl_l('lllt'r. +'lmF, at I ,+I l)clcHin R (hand Ibm l+aun_ It." Dt'tI'III_)('I l_+),

1971L it,_c+,<l m>. 1R)51-|8. NASA Histolital Rcli+tt+nt c (:_>Ibvc titre.

20. M,:m_+landunl, Ad'L+an(ed l+ro_ram and-lct hn<d_t+p, to+ l)itc<lot _d l'lan_qalv lq%R_ams. Ma'+ 13,1969,

attachmcnl I. "(i<m('lusiot+s and Rec_m;men(|ations ,:)I ()ute_ Plai+etx V',+olkinR (,Hml)," i,e<<_td n_,. 01151.1,8, NASA

ttisto_it al Rt'bt'rt'n(t' (:olh'ctitm.

21. Pla.ela O' I'+xph.ati.n lqt_,+-1975 <Washingum. 1)(_: Nali_mal ,.\tademv ot Scien(t's, it}(+8); 7++ ()uh'+

+_./,+_ ?+_/++m: t l'm£nt+.t/,P l'L+]d.mtio. {\Vashit+gl_,n, I)(:: Natilmal '\cadcmx ol N,:it't+t es, 1969).
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Th i_ view _[Jupiler'_ _4ng wa_ recorded I{_' l i(Wtgq'r 2 on ful3 Ill. 197+t. at a di_lamv" .f I, 5 milli+m kih, m+,le_:_(9 ?O. OOO mile_ ).

The _+_lexpected briL_ht¢_es_ i_ pn_bab(_' ¢tt : t¢_ /#rwaM _¢aller_n_ _4 _utHig_ht hv _mall _4_l_,_paTtilh'_, Seeu zt,ithitt the i_tnet edLw

,!Jibe bt'i_rhl_q" t4tt_kr i_ ¢1 fi_i_tler _4ntkr which may exle_ul _dl the wa 3 dm_,_ Io ]upileri_ cloud t_p_. 7"he exi_lemv' tJ] lhe _4_lg wa_

first learned whm_ phtd_,raphed hy I'_9'aget I in Match 1979. (NA,gA fdmto nt_, 7t) ll 507).

was spact' exploration a tool for competing with the Soviet Union. Nixon perceived the

Apolh) program in lmrtisan terms, as a K¢'_mcdy program. Thus, li)r _+xamplc, in

l)_celnl)_'r 1969, the Nixot_ administratiou quickly m(>vcd to shut down the+ only NASA

lat)oratol-y evtq clos(,(|, th¢" Electro]tics Research (2'nl('r in (]aml)tidgc, Massachus_'tts,

which Nixon was said Io haw" perceived as a K_'mwdy pork project. :_

The Nixon |)t_(l,',z,(!! ('uls hit NASA's fiscal 1971 budget, in which the" space agency

requested fimding li)r two lhre_,-l)lancl "mini" (;rand Tours scheduled tor launch in 1977
and 1979. At the same time, NASA faced the cost overruus of the Viking orbiter and lat_-

dcr, whose dramatically escalaling overall ¢¢>st was earning Viking the title of NASA's most

cosily pr¢!ject al't_.r Apollo (rising fi+om $364.1 million in March t() $606 million in Augus!

1969). The Nixcm administration cut NASA's budgel, which [lanshHe([ into a loss <_[ $75

million to |h_" $413.9 million tmdgt't fi>r NASA's Offic<_ of Space Science aud Al)l)licati(ms,

the budget [)ot+tiot+ that fi.'d (;raud Tour. Tht" "l)ain '' of NASA's liscal 1971 l)udg¢'t was not

confined to (;z'at]d "l'()ur, thottgh, and inwlt_dt'd st_sl)(mding l)toduction ¢>|S_tttt_-x_ V latm<h

vehiclt,s, sll+t't(hiu]g otH Apoll<) lunar missi_>ns t<) six-l|lotHh intervals, _md delaying t]w

lattnch ofViking l)om 1973 to 1975Y :_This lit+st l)oslpont+mcnl ol(,rat_d T+)tu-thus did +_ol

22. Ruhashkin, "V,,'h<_ Kilh'd (;tm+d T_)tu?,'" pp. 9 11); Paul E. (;t+++tqt, Jl., iHt¢'r',icx+ with ;ttltl+<_t,

[lawth¢>it_t'. New _>rk, N,0l:,It+mh,.'r 20, 1993. For tht' creatii+t+ and dr'raise <)I the NASA ER( i, st'¢" K,t.l_ lh'¢ hl.cq.

7hu,a_+t Ihe t(ndh,+s ]')++tllie+ /[i+l+_ly +4 lhe (+'l)lHlllillgt" OIt .+('if'lilt' (+t+(l "l'ethn+d+_k')', 1959-107q (\'¢ashi_gt()t+. l)(t: l r,s.

(;_',cr_Hn¢'t_l I>ri_tit_g ()tlic¢'. 1980), pp. 219-31.

2++,. ,\tta(hm('llt, ,\(tin_ Ansotialt' Adminislrator fi)r A(l'+azHed R('st'aHh and "l't.t hnoh)g,_ t_) .\n,,<)_ i;_It.

Admiui++tra_w l_w Sl);ttt' St'i,..tl++t' and ++\l)])]itali¢)1_s, N¢_v¢+tHl)+,q 17, 1969, at+td "()lli(t" ol ,';l_a¢_ + %( it'll(t' ;ttl(l

Apl)li¢ations FY 1971 Bt_dgt't [sstt<'s," S,t,l)It,t_l[)¢,i 24. lgt+_l, it'ford t+o. 00")1,18, NASA lli,+l,wical Rct('rc_+(t'

(]olh.t lie)n; Rt]l)a_,hkin, "'¢(h(> Kilh+d (;r;md T()tu?," 1). l(i; W;+JI, "Tht' .%trttggl¢+, '' 1:,. 18; W;dl. "+l'h(' Next Minsi<)t+."

pp. l;()-t+2.
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arise from am,, l)t'rccl)lion that the mission was too costly per st+, but from a While lloust'

attempt to rt+dtlc¢ + NASA's, as well as lilt- overall Federal, budget+

The scvcre and mtprcccdcntcd rcdtlction of N,,\S,,Vs Otficc of Space Science and

Applications budget led Philip Handler, president of the National Academy o1 Sciences, to

suggest to NASA administrator Thomas Paine in N<rtemb¢'r 1969 that a S])a<c Scicncc

Board panel cvaluat¢+ and rank Ill<.+disciplines SUl:,l)On-lt'd by NASA, such as [)lanetany and

]tllt_++l + t'x[)lori++lit)ll, i+.S|l'Oll(lllly. ;+ll'l(] ]_i+.l'lh cllvironmt, nta] scit'nc¢'s. Paine agreed.

Subs<.'qu+_'nll!,', _+.sunllllt+r study, ilv++olving nearly tlilWty scientists, took place at Woods I loll',
Massachttsetts, ft+otnJtlly 26 lo August 15, 1970. In addilion, ,l fi)urtt+en-mcml)cr cxcctLlive

committee+ chaired by St)act+ Science Board member I lt_rbert Friedman _t the • Naval

Rt'st'arch l+aboratol T, had tilt' daunting lank of comlfini1+g lht + prol)osals of the + working

groups into an overall priority system.

What tmlt+rgt,d was an ominous schisln ])<_qwt't+ll lilt" advice of the scit'nlisls of the

Woods t loll' Planetary Ex|)loratio,i Working (;t-ou]_ and theft o1 I+'riedman's t+xt'cllliv,t! corn-

millet +. The Working (houp urged Ill,It (;t+;J.nd Totlr not ])t+ missed: it w;-ts +t tmiqtw Ol)l)_v-

ttmily. The cxt'<:utivc cott+nt+lillt't_, on Ih¢: other hand, t,tv_rt, d .lu]Jilt!r-intettsive inissions.

The diffi_,rettce partly arose t)otn concerns at)otn lhc ttwhntflt)gical demands of the two

types o1 missions..]tq)iter-intensiv¢' inis.sions rt'quir_'d devt'h)lmlt't+t of sl)acccraft lasting

only five' years; the real design chalh'nge was in the |)robes, which had Io withstand enu 7 into

lhe.lovian almosl>h<.'re. In contt+a.st, whih, (;rand Tour would not l)e ¢'ntcring any i+lanetatT

almosphtwt's, it demanded sl)acec_di ca|)abl¢, _flcndming a much longer time l)erMd. In b<>t]l
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c_+st's, spacecraft design w_Lsintrinsically linked to mission cost. Even some (;rand "I+_mradvo-

cates complained that.]P[, had not nta(h' any tq|iwl It) design a morc ntt)dt'st spacecraft with

an estimated el)st that would I)e n|<Pre in lint with lhe prevailing t)udgelat)' climate.-"

The plant, tat), scientists ()l)pt)sing (;rand Tour fell into two camps. ()tic" camp prctk'rred

smaller, less costly, and sh()vler oh,ration missitms; the sect)rid l_,'ared that SUl)port <Pf(;vand

Tom would divert funds ltotn the Imilding of a large space telescope. It was at this point that

the perception thai (;rand "l+ouv's price lag was t_)o high emerged. Friedman led the

contingent of asttonomers who advocated tmilding a lat'ge space telescope: they succcssfttl-

ly pla(cd the latge space telescope in the highest priority categt)t T of the slu(lv. Friedman

placed a higher priority on a lat+ge +t5-inch _wl)iling telescopt, lhatP on (h+alt¢l +|_)tH-fi)v

teason otboth its lower-(+()st and its i)ercciv<:d higher scicntific pvtPntise. Already, (;tand Tour
bore an estimaled price lag ()f $700 million, and fitnding it, Friedman and (Pthers ti..ared,

would have a seri(Ptts impact <m other highly desirable sciciltific missiotts. Th<_' high cost of

(;rand Tour was I)citlg c(Puq)avcd ltP Viking, which had becotnt" so cosily that in early

Decetnt)cr 1969 an ad hoc Viking Revicw Panel set u[) by Iht! Space S(it'llCC Board ahntlsl

i+ccommen(ted terminating Iht + pvqject.-" The collision of opposing views among scienlisls

thal the Woods llole sutnmt*r study IPvought to lighl was to tesound thrt)ttgh<)ut the slPact'

exploration community an(l I<) have an itnpacl on (;tand Tout. By I)ect.ml)er 1970,

recruiters of the Space ._(icnct' Board wcrc raising (ltk+,,.;liotls al)<)ttl (;tatitl Tour,-'" Elscwhtwt.,

in negotiations with tile ()ltice of Managemctt! anti l+,tl(lget (()MB) ill l)ecenll)t,r 1970.

(;eorge M. I,t)++; NJLSA Acting Administrator, sltggcsted rt'placing (;rand T<)ttr with a tnissi<Pn

k)Jttlfitet_Uvatnls-Nel)tUtle in 1979 and a pt+ssibh, additi<mal mission toJttpitet_Satiun-l+hmp

in 1977 or 1978, lint which wottld rctlt,irt+ addititmal tiuttling. -'+

In January 1971, tnonths I)c|iwe the l)ul)lication of the Friedman report on March 9,

1971, Fticdman's rt'povt was leaked I<Pthe I loltsc Stfl)ctPmmittet, on NASA ()vetsight, as

well sis to the WashingtotP ptess. John I,annan, a Yep<)ttt+r fiPr tltt_ lI_t.+hin£qon I';veni_+£_Slap,

tnade pul)lic Friedntan's anti-(irand "I'<mn views, and a Science News article rcptPvted the

Opl)osing vitrws of sonic t)f Ihc Wt)vking (;t-otq) tncml)crs. The (t)nt('nlit)n <)vt't the fund-

ing <)f (;rand Tour now spilled ovtw fttPm Ihc space and astronomical ¢+omnttmities to the

public at large and even I)t,ytmd the natiott's I)tPrtltqs. _+

21. I¥+orz/i+,s/i. 5,_m+rlfest,a++h, 1971 / u+'¢t/(Washillgl_>H, I1(:: National Acallcm;. i,t Scicnccs. 1971): Stla,_t'

Stit'ntc Board. (Julep I'la+let+ I'.xhhm:lirm. 1972-19<7_ (l.'.,'ashitlgt<_++. 1)(',: National Atadl+mv <_f Slitqltcs. 1971 );

Wall. "Scalcllillg," p. 11: Walt, "lhc Slvtzggl<'," pp. 48-4% .,ks H_mlcr E. Newt'll. I_,+_ond the' Almoq+he+r, p. 212

I)_lillls I)Ul+ lh,_+ 1970 W<_<_d's ] hdt' stlmmcz study was Ihick with t]icli<+n. Th<' g__ll I) ,_Ill+st+ II_ dt'l vt';+.sc :-,Uppl)lt

fi>v nlagl+cll)sphct ic and fit'l<Is-aud-pat tich.s tt'st';tlt h ill li_v_w <)i l)l;m<'tary rcsc;ul h+ thereby alienating ficlds-a]+d-

l)a_ licles st'it'lllists, aHll I)y Ml't"s_;illg high-<.ucr_, T ;I,_;lI'OIl_)lll_, ()_.CI + classit al i)l)lit a] ;l+_lll>lll+lllV till(| s<)LII l)hs'sil s, Ihc
gr_)ul> I zcalt'd Ul_+l_ + sit-ilk'.

25. WatK "Tht' Nt'x_ .Missi_n,'" pp. 7_ and 127: RulmshkiH, "Who Killed (;rand Iillu?," pp. 14-15. In 1_.lfig.

(;l and T_)tu (filIH sitar C_ _afl-tw_ Ilights Io.lupitel_ Saturn, and I'lulll and two t<) lupitc_. 1rranus ' and N<'pttmc-ph_s

a test tlighl to Jupiter) was <'stimatcd t_> c_st $660 million. Possible additi<mal missions, such ;__,+a 1974 Ul)l)er atm_s-

phere l)r<_be ol lul)itc_; cxlva Jllpiltq-Sitllllll-l)hlll) _w iupitt+t;t!rantv,-Nt, ptlme lalmcllcs, or two Uvamls dcc|)-('llll'X

probes in 1!179, c_+uld raise lilt" ( ;fan(| "l_+llr _lltal pri<'c Ill,if, t+) $] .'|_+ billion. "()lilt e <If Spact' ._(icllt'c arid Applications

FY 1!171 Butlge_ Isstlt's," Septt'nll)er 2t, 19t_t.), record no. ()<)_>148, NASA Hist_lrical Rt'[_.'rt'llt c (;_llct film.

2G. Mt'mllla_dum, Warren Kclh't to Elvita Haas ;uld Jtflic Kcvtcs, I)cct'tnbt'r 14, 1970, record no.

<)0-_ 14_, NASA 1 listorit al Reti'_Vtlt c ( h)llectilm.

_7. (;c(_l'_t- M. l,_w t_ Donald B. Rice, l)cceml)t'_ 16. 1970, record no. 0<)5148, NASA ltistorilal

Rt'l_'lt+I_l t' ( i<_llccti<m.

2S. .l_ht+ ],atman. "'Spate "]'out lh,l>CsJohcll." 77+,,[t'_'ashilllZ++.+]l'a.eninl,+ ,+taP;,Janttal7_), 197].: p. A-9; "A
(h_sc I._>_k ;tt the ()tltt't ]:'lanvt.t.,;: S,t i,vzltisl.'.; xTing fi_r Sll;trt's ot NASA's Space ]_,lidgt't l)isagret + al)oul Ibis ()ncc-in-a-

lifi'timc ()pl>l_tunil_.," ,+_r?_'_+rt'_'w'+ !)t+) (laHua_ _ 30, 1971): 77-7,"+; tl<mlC_ E. Ncwcll, I)anit'l I1. tlcrntal_, and Paul

"[.u-vt'l, "l'olclllial (',_I+tlil>utions ol thc I.nilcll Y;talt's SI)a(c Prl)glam t_) Exphwaliolt ifl the S<_l;u Syslcm," pp.

2_5-314, VSll, pp. 3()9 and 38+4-38,'_ in Aitm Elvius, ell.,/'_mn/'/a_ma t. Plawel (New s+'_rk, NY: ],_hn Wih'y 8,,"Stuns, I!')72:).
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At tilt" heart of the contention was thv.JPl. (;rand Tour spacecraft called TOPS. (;rand

Four consislcd of four launches, Iwo lo.]upiteF-Saturn-Pluto iz) 1976 and 1977, and two Io

.JupitcF-Uranus-Neptune in I.t179. NASA estimated the cosl of the Ibm missions to range

trom $750 Io 900 million plus $106 milliml for launch vehich's.-"' ()he substantial |)oft|on

of Iht' cost of (.ralItl Tour was dcw'lopment of a sell-test and repair colnpuler (STAR) that

would opcl-atc t()l OVCl ICll vt:_llS ;.tl ;.t ,_lCat distance from Earth. Anolher signilicanl po]-

lion of tilt" price lag rel>r<'s<'nled d<,vchq)menl of the so-called l'hcrlnoclcclric ()ulcr

Plancls Spacecraft (TOPS) by.]Pl,. The long lifi:lin)c o/the" T()PS spacccraf! was to be

achieved at Ill<" expense <>t ireteased vchi<le weight anct higher cost.'"

(;lalld 'I_tLr T()PS ;:.rid S'IAR dcw,[oi)lllenl ])rt)glanls potentially rcpresenled a con-

sidcrablc I()lllll_.lin <)|" paid ClllplOyllIClll for.lPI, employees, contraclors, and SIl|)¢ollll'aC-

tots, as well as laboratory m'crhead, in the post-Apollo era. (:ontraclor lobbying of Ill<:

While lhmsc and (:ongress on lmhalf of tilt: large space lelcscol)t.' helped to win

c_mgrcssional approval lot it. Without that h)bl)ying, historian Rol)crt W. Smith has

atrgtlcd. (:ongr('ss would not have appr<+v('d funding the telesc()pc." But tfltimat('ly Ih¢" bid

Io {l("¢elot) T()PN reduced p<flcIIlial political supp<)rt tbr (;l'allld Tolll"S, olllcI-options. +_

Further comt)licanin g matters was Scnam)r (:linton P. Anderson (I)-NM), chaml)ion ot

Ih<' l,os Alamos nuclear D.'c:lp{}llS, htl)oratori<'s _tlld ;lll enthusiast, until his iClil-<'incill ill

1973, of Ih(" dcvclo|)lncn! ot at Iitlclcal rock<'t engine called NERVA. As thai, of bmh Ill(.'

S('l/alc Acronaulical and SlJaC<" Scivnccs (:onlnlittcc and tilt' .Joilll :\lomic ElIcl-_ _

(:ommiltcc. ;\nderson provided NASA and tile Atomic Encrgr}: (:ommission over $1A bil-

lion, albOtl| $._()() million _t which was Sl)Cnt in l.os ALuII()S. Jill lhc d<,vclopmcnl of |he

NER\\-\ engine, which. And<'rson h<'ld, was idcall_ suil('d ton exploration of Ill(" (ruler

planets, as well as tbr mot<' advan< c<l nnissions. An<lets(H| worried l])al NASA and lilt' ()MB

wcr<' shifting money Irt)m NER\_\ I() [uud (;Faln<t 'I_)ur. \Vhcn |he NASA tm(l_<'l (am('

I)<'t()l't" AlldClSOll'S Acrmlaulical illld S])ki.ct' Scicmcs ( :t)lllllliIIcc (:,11 _'|aly ] 2. 1(.}71, his com-

lllill<'C voted tivv Io two to ,educ(" C ;latlld T(ltll"S, I>udgct, whih" an alllClldlllCIll Io ilICl'C;lS<"

NERVA funding passt'd. Wcrm'r yon ]_latllll worried lJldl al-dClll c,mgrcssi_mal illIClt'sI ill

NERVA would lbrcc a loss ol(;,and l_mr in taxor (_ta NEI_,VA lh;|l had "'no place Io ,u,(:,.''_

Mcanwhih'. NASA was Iryin_ Io include (.rand '|_()111 :|_; ;| i](gA sl;LI'I ill |IS 1972 tiscal

lmtlgcl. The Friedman rcporl m_vcd Ihc ()t]icc olManaRcmcnl and l',udgc! ()MB). in

March 1971, lo ask NASA Io sludy simplen, less cosily spacccnaflt allcrnaliv<'s to 'I'()PS. The

¢)MB ;tlso allcmplcd lo delay the (;r;[lld Tollr s;lall-tl l) Io fiscal 1973."

29. ll,msc (i, mm_im.c on App_g_ii;nions, III7). _,[.zt¢', .*.1 :';¢ie.,; .Ip/._q.'_.tir,._ /;. 1_/72, I'auu t

Ih';uing_ hch)rc the sub<ommim'c on I I1._1). '4pa_c and 5;,icm c, !i2nd (:,mR*css, ls_ scssim*. 3,1:mh 22, 1971, pp.
123 I I _36: Rohm I :4. Klacmv*, "'lmpa_ t ot llctcnling ( ;I and l_ul l.aum h," l)c( ulnbvi 15. 1!170. Ic< old no

()115IIS, NASA l list_t it al R.ctc_ .cn+<<' I. '.ollc( li,+lL

:I(). \Ira( hnlcnl, ,\(ling Ass_)(iat<" Admin_istnall)u Ion A<lvan_(c(I Rcsc;ut h and l;v(hnoh_Rw t<_ ;\ss_tiitlt'

MhninistHt_n tm 5,t);Ite .'at|mite and :\l)pli< ations, Noxcmb_'t 17, 19(;9, ic(ond m_. OOg_l t"I, NASA l lisn_ni<al
Rt'l,.'lCIl<'c { :ollct li_m, indit arcs lhc dist_itmtilm I),, I(1'( )P _d Ihc ,_8,_?;1"),()00 l(l ])C _;p('llt ill ,]PI. m liscal 1!)711on

( ;land [(}Lil It'_,a.';ll{h ;|lid dcxclolmWnl _x_+ak. Ihc larRcsl pit'< c, $:,,gg7,00(I, was I_, R<, just I_>1"lhc vh't tti( pt_+pul-
si<*tl nx'q,Pll/, slllal ain;D,s, alld I:,atlt'uit's. ,\t Ihis I)()inl, {;t;llltl '[(>lll had ',el t(, J_t'appl(_xcd. I. K. l)axics. "'ABnicl

t list,,| x ,+1 Ihc Vc+: aRcl Pr_+jcct [' ,',/.t++jl+_/lt _:_, 119Sl }: 36-3S: Rul>ashkm, "\Vit<_ Kilh.d (hand 'Ibm?" pp. 2 and 1 I:
Walt. " I'hc Nt'xt Minsi_m." p. I;3. Ig_ a blit'l dis, ussio,_ ,,t Ill|' dvxel<gmml+t ,d the "; I,\R _,ml>UtCl at I1'1., see I'.

,]. PallkcI. "'(;l;llld 11,111 SI>;u <'{ Htl ( :_lnplllCI;" _,//_t+¢'/IIi,.'Jt/ 13 ( t{!71 ): 8S ;lll,'l 12(t.
:_I I(,d>cnl W. Smith. II*,' _,/.., li/,:_:_,/.' I S:IM;' ,,/,\IS*,. 'sri,'_r*,. li*Jr../r,_'_, a.,t I',_tili:_ (Nmv Y_nk, NY:

(:;mll)n i_lRc I 'nixclsilx i_l{'sn, ]{i,R{_).

:_2. Ibis is lhu inlmlnClali(m ot Rul>anhkin. "Who Kilh'd (;rand "l_m_?" p. 2t.

33. Mcclin R l)t_Ics. SCl)l¢'ml:,,pu 28, 1971. _'<<_({ no. (1(}_'_1,t£.NASA Ilisl<ui(al Rt.lt._t.n(t. (:_dlccli_m;
Rul_ashkin. "\Vtm Kilh'd {;Hnd l_m_?,'" pp. 17-1_.

3 t. VCa|t. "'lhc Nl_u_gh.," pp. 50: Wall. "Thv Ncxl Minsi<m." pp. DI_J:IT, II1:1, I II1-1_ and I I I.
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OMB anti congressional pressure to cancel T()PS and to cut NASA's budget, combined

with tile det)ate induced by the Frie(hnan rep()rl, lelt NASA managenlenl ill a qtlalldal)'. Ill

order io energize support f(>r (;rand T(nu, anti [o answer general questions about C,111e:"

planet exploration, NASA administrators again Itlrlled to the scientilic COllllllllllily ill a

Space Science Board summer SIlldy held at Woods ] Iole, Aiig/isl 8-14, 1(,)71. Unlike previ-

tins summer studies, this one c¢mcerned itself solely with outer i)lanet exploration.

This latest summer Stll(ly concltt(led Ihal hoth (;rand Tour (fi)llr TOPS probes) and

the intensive stttdy of bothJupiler and Sitllll-:'l oughl to he s:'[ppt)rled. Although tilt" sum-

mer study scienlisls supported (;rand ]bur hy a vole of 12-1, tile}, cautioned thai if NASA

funding levels tk'll too low, (;rand Tour oughl Io bc ahandoned ill t_tvor of a Mariner space-

c:"afl mission m Jupiter and Satlllll. c' The Mariner proposal was a return to tile original

1965 Woods tlole itlea of exploring the outer planels in piecemeal fashion.

As NASA prepare{t its fiscal 1973 I)tt(lget, rumors spread thai tile "l)titlgt'l t)inth '' was

going to attk'ct planetary programs deeply and lhal the reduction of the Grand Tour pay-

load froth 205 to 13t) l)Ountts was "a likely facl of lilt'.""' Furthermore, (;rand Tour now

hegan to co:'nllete tot funding will:' the latest NASA human f)rt)gram: tile Space Shuttle.

The i]scal 1973 budget request NASA suhmilted Io the ()MB on Seplenlber "_{I, 1971

included h()th (h-and Tour and lhe Si)ace Shuttle. Thr<)ugh<)ut Ill+."autumn t)[ 1971, sev-

eral press reports presciently rep<)rted (;,and Tour's vulnerahility to a possihle elinlimttion

or reduction. +:On December 11, 197 l,.lames Fletcher+ NASA administrator since ApFil 27.

1971, learned from White lh)use of litills 1hat Nixml was prepared Io al)lm)ve lhe shuttle

l)rog,-am aud that Nixon would not let NASA simultane<nislv filnd the shuttle and tilt' full

T()PS (;rand Tmlr ill the 197! +, budget or in sul)sequenl fiscal years. '_ Flelcl:'er had I()

decidc which was inore inlportant: (',rand Tour ov human tlighl.

By Deceml)er 16, 1971, Flelchel +had agreed to delete the T()PS version of( ;rand Tom

t)om its fiscal 197+:I budget request and to replace it with a pair of less expensive Mariner

spacecraft Ill he known as MarinerJul)itc:'_Saturn to he launched in 1977." The decision

it:, kill (;rand +[iittr was not made public itnmedialely, and il was ter,ihle (]hrislmas Eve

Hews al.lPl."' Nixon, in his httdget message of.lanuary 5, 1972, announced lilt' deveh)l)-
tnent of the Space Shuttle, as well as the demise ol T()PS (;rand Tour and lhe sul)slittttion

ot the more modcsl MarineF.JupitcFSattlrH mission.

Who killed (;rand Tom? The demise of( ;rand ]bur was h'ss a simple case of its exF, en-
sire price tag than its compelilion with other high-cost new SialIS (lilt' shutth' and Ihe

space telescope) and Viking in a shrinking Federal ,uld NANA lnMgct. The smaller Ih('

I:,udget hecam(', and lhe more lhal (()stlv I)r<)gratns c()ml)ClCd tor Iht)sc shrinking funds,

35. Si)a(c N<i(.ll((. l_,()ar(I. ().let I)h+.¢qs I'L'_J*h,*+#i+.t, 1O72..10S5 0A'ashingl()n. l)(:: N;tli(mal \{a(h'ln_ ot

N(it'twcs, 1971 ). ('sp. i)1). :+2-37,.

:_li. _,r_Iil_ "Nt';ttt hinR." I). 25,

:+7 " '' (1'I &_t+(I loin. Slnittl(" [hrt'alt'll('(l: (:tits al N,\,% \ lq+ssil)l(,,'" ,%'(]e+H+'N_vu+ I00 (Scl)tcmhcl t8. 1971 +:

187: ",\ (..)u_'slion ill Smvi',al tm {hand qhtu _)1 I'lmwp.." SH_m,' ,\_+u_ 100 ({I,:l(iht'l 9. 1!171): 2t6: "Apollo 17

Tlncatcncd b,, ()Mt', I+,udgct Squeeze," 5,/m+, Ih_i.,_ D.ih -_8 0:It lid>or 21. 1971): 182:.1,,h,_ NHhh. Willi_ul,

"lh v....urc is Rcp_)rted ,m NASA I',_ Make I h'a_', I :m., in Budgvl," ,\,'l_, )}.k Thm:_, Nm'cmhcl 19. 1!171: "l'u'gdcm

\l)pH_x(.s St)at(, Nhutlh.-S:L2 l',illi(m NASA l+.tt(l,e,ct. +' %1;:.,:, lh+w.cs_ l).il+ 7)9 (l)c(cml)<'_ 11, 1971 ): 192: Wail,

'" lhc Next Mi.,,,i(m,'" pp. 123-2,I.

38. (:hattie,. It. h)++m's I,> (;ct,g(' M. I .);+,, N()x(,mb,L.t 2.'), 1!170, tc(()r,:l it(). 0051 IS, NASA Ilint<.tital

Rctclt'nt r (:()]ic_ ti<)tl; InHlus (:, Fh't< hcl, inlcl_.i('+,, v. ilh ( :lai_ I+,. \%'all, \\',lshill_l(HI, ,\il_lP,1 ,'+l I IIN_, ( il,:+(I ill D.'atl,

"lhc Nt'xl 'x.iissi<ln," t). 125: ]()Ira M. l.{igsthm, "Tilt' [)c( isic)n t() I)cx('h+p lh,. + Ni)a(c 5,iluttl,t,." %/)._+ I'./h_ (Ma'_

19,q{;}: 1113-119. ('Sl). 115: and "The .%l)a(( . 5;hutlh' I'H_RHm: \ P,)lic_ FailuH.'_'" ,'_ciem_' 232 (Ma_ 3<), 19Sli):

11199-1<15, Cnl). 11(13.

::;9. I+'()_ ;l dcs(_il)li(m ()t flu' Mm mc_ lul)iu.PSam_n Slmt t._ _alt. so(, It. M+ S( hln meit'_: /]., Mr.i,.._]u/.l_

.SaI.H, Mi,_i.. (l'asadv.la, ( :;%.:.lPl. 1971 ) and .S/)a_e/IG/H 19 CN()xcml)('r 1!177): 372.

I0. Jam,."-. ( :. Fh'lt ht'l h) (:;tSl)al ',_:. '0,rcinb('l _('r. l)('(cnlh('l 22, 1971. i('((,id Ho. 0{15118. N+\N.\ I lislol i_ al

R('h'tcncc (:<d]('t lion: 5; h hli;UltU, Ras_)()l, iut,vl',imx ;',ith ;utlh(m Paul,,, I)(.(cml)ct 12. 1994.
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tilt' I|lOFt" cxpt, n,%ivt" t'a(h l)l'OgFilnl ;l|)p('are(|. Ttt SOlllC cxtcnt, too, (_F;tlld TI)IIF Wits ;4 vi('-

lira of tilt' NASA prct_'rence tor human s|)acc [light i)\'t!r scicnti[]c [)robes. Thc Space

Shuttle was essential to t'<)lllinuing the [!.S. human space flight program as Apollo wound

down. The schism |)(,Iw(!ell how th(" pl:anctary scienti|](: (olnmunily (|(q]ned oil||'l plane|

exploration--small, picccmeal vt!nturt's-an([ howJPL defint'd imtcr |)liulcl exploration--

a large, expensive prl)j<'ct to cxphfil a rare planetat T alignment, and the public airing i)f

thal schism, certainly conttillt,lcd to the |lrcssure on NASA administrator|antes Flctl:hcr

to cancel Grand Tour. Thus, at NASA's fiscal 1973 budget bricting on January 22, 1972,

NASA administrator Fletcher exF, lained thai (,rand Tour was eliminated IJccausc i)fa "less

than enlhusiastic response from certain elements of tilt" scientilic communily particular-

Is,', 1t11(I tt) S()lllt' t!XI('llt, (',()ngl+t_ss. "_n

But was (;raud ['_mv really dead? Even bcforc the public ;llllIOlln('(!lllt!lll Of (;l'_tlld

Tour's demise, planning had I)cgtm [or Mariner .[upitcl+-Salurn, tilt' l-t'¢|tl(:t'(l-(+.lY, I, two-

i)lanct altcrnativc to (it, rod "Ibur recommcndcd by thc most rcccnt W<)ll(ts Itolc summcr

study. In 1)ccctnl)cr 1971, when NASA and the OMB aglccd to deltic fiscal 1<.)73 funds for

the TOPS (;rand +t2)ur, NASA inlornwd the OMB that thcJPl. T()PS development grlmp

would Iic "rctaincd and redirected into platming a ucw prllgram Io <:xl)lorc Jupiter and

possibly Saturn with a three-axis stabilized Mariner-class spacecrafl. '''_' (Slabilizalion ahmg

lhrc<: axcs was a Ft'quisitc [i)r l)llbo3rd (+;tlllt'l'as.)

NASA administrators ncxt turned to tile scientific COllllllltllily ill tilt' guist" of Ihc

Sl),Icc Scicncc Board+ The Board met February 8-9, 1972, and "unanimlmsly and warmly

cndllrscd" Marincr lupiter-Saturn. The SI)acc Science Board, through its chair ( ',havles 1 I.

+[+_wncs. cxprcsscd thc hope that tilt' spacccrafl would remain operational bcyond Saltlrn

"'and rcturtl vcr> sign|litant data on cosmic ])articles and [ichls. ''++

(:otig-rcss grct'tt'd with appr<wal till' lcpllt(t'lnt'nt I)|' tilt" T()PS (;rand T<mr with

Mariner.lull|tot-Saturn and ,luthorizt'd tunds ti)t- Mariner Jullitcr-Samrn liw [i.sl:;ll 1973.

The MarineiJupitcx-Saturn price litg, $_+_60 million versus $1 billion lot T( )PS (;rand '|'<ran;

c<mld tit into ,1 scaled back NASA budgct that also financed dcvchlpnwnl of tilt" S[)il('t'

Shuttle. Ahh<)ttgh work lm Mariner.lttpiwt:Saltml Sial-It'd at ]PI, as (';uly asJ,unlary 11172,

tilt' new prt!jccl was not officially apprlwed l)y NASA until the (;omraclual +l;Isk ()rdcr +++its

signcd Im May IS, 1972. '+

In iirch'r to rcducc costs and overheads, NASA decided to leave design and i onslruclion

ot tilt' Mavincr lupitct-Saturn spacccrati t()JP[,, ralhcr 1hart Io Bot'ing, (;choral Eh'clric,

t lughes, Martin Mar|ella, and North American Rockwcll, all o[ which had some h'vcl of

pt-cpavation for a (;rand Tour prl)pl)sal. Thc largest at,r<)spacc Ihms lol)bicd NASA

] lcathlu,trtcrs and (:tnlgl+t'ms Ibr tilt' contracts. In ov<lcr |or cxpcusixc l)Vt+jccls 11> pass con-

g,cssi_mal strlltiny ilS pm'l of the NASA lmdgct, they often had tl> incltldc an inlt,ntion 1o

contract imt mltch i)t the work. Thlts, for cx;unph', Magellan, tilt' radar imaging mission 1o

Vcnus, :thhough initially |rectified as aJt'l, in-housc prl_ject for cost lCasllns, w;is h'l out 1o

Martin Marielta (spacccrafl contract) and [hughes (thc radar CI)l/ll'itcl). v' The Ih'cision io

gl) with JPI. vcrstts an industrial conlractlw was vicwcd at NASA tlcadquavters l+yJohn E.

Nauglc, Asslwiatc ,+\dnlinislrator for Space Scicntc, as a "nlany lacctcd ]lrol)lcnL" "¢¢h_>sc

41. Quoted iu Wail. " l'hc Next Mission," p. 125.
-12. Otmlcd iu Rul+ashkin, "Who Kilh'<l (;rand Tour?" F'- 2`+-:'.
43. .tatnt-s C. Fh'tch<'r to (:hatlcs 11, "[}_wncs. March Ill, 1972, and (:harlcs It. "l'o_,,,+nesto .lames C.

FIct< hi'l, Ft'brltmv 22, 1972, r,t't<+rd llt_. 005566, NASA llistorical Relt'l¢'ll('t' (_olh+_ lion.
1.I. 3_m,e/light 7 (lulv 1972): 258; l)avics, "'Brit'l llist_wv," P. 38. Tht. Vt_yagcn pti_c lag I_-II hmhct Io $?,20

milli_m. +'V()};Igt'l" tl)Slts, Jill _, 114, 11177" aud "t'x.'7S Scnatc Authovi:ati_m. t'att ll," tctq>rd no. 005556, NASA
t list_lical Rct_:rcncc ( :olh'ctitm.

45. Gordon tl. Pcttcugill, interview with authtm MIT, Y;cplcml)t'n 2_, 199_+_; (hn<hm tl. l:'cllcngill, intcn-

',it",,, _dth amhtm MIT, May 4, 1994.
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resoluli()n was +'of paranlc, unt importance to tilt" lutur(' oF NASA's Phmt.tary F'rogram as

well as to the fultHe ot.]l)I,. '' In short, ]PI+ net'(led the ('()l|llil('l |O maintain cmi)loymvnl

levels in the laboralory, and NASA t l+.'adqtlall,urs nc,.'dcd it to maintain the vitality of its

F,lanvtary program. Th('r,dOre, he exl)laincd, "all <ff the various thttors lltlLSt tw given cart'-
till anti It'mughliiH consideration.' ....

l)espil(, tit(" limilctt aim of th(' Marin('r Jul)it('u_SaltH-n, the mission had the (;rand
1bin hmnch window, l]l;tt I_ll'(! planctmy alignment, and Iht' cngin('ers at JP1. still had

eVeFy intention of lmihling a SF,aCt'traft that would last long ('llOtlgh to visit (rrmms and

Nc|)ttme. This int('nti<m was not emphasized; Imwcvcn it was slated thai it Mm-incr.]ul)ilcr-

Saturn Sl)aCc¢:rail might contintm to Uranus if its mission at Satins ])roved succcsslul. Th('

scientists working on the |:,rQjecl knew thiH Mariner Jtlpitcr-Salurn was going to go Io

th+antls and Nepltmc, too. As l+,radii)rd Smith, 1.('a(ler of the hna_ing '|i'am. exF, lail/('d:
"We tmtlerslood at the time lhc cnoYmot(s ])ot('nlia] (dthis mission--tlmt it couhl v('r,v well

I)c one of the truly outstmlding if not 1he most outstanding mission in the ,,viml(. F,lmw-
tins' ,rxplonttion F,rogram. ''*_

(;rand li)ur would rise from its own 'M('ath" as l)icc('mval additions to Mminer

.Jtnl)itc_Satttrn..+ks S. hhtiaqtle Rasoo], l)el)tlt}r l)in'clon" of F)hmetmy Programs, ()Hi<:c ot

Space Science. reflected: "The lesson to bc h'mncd from (;rand Tour canct'llation was that

you never tired such a big, long-term im!j(.cl ill ()ll(t'. St) w(, kept on adding picccm<_'M.

And it's interesting that Ihl'y always come out big. When you hav(" less money, you can e'+,ctl

(h) b(ql('r SOlltt'tilll<..s. '''+' Th.<.' Marin('r design and cxperi('nc(" w<+'rc used when(.v(.r i)ossiblc

and wcrc stH)l)h.'mentctl wilh subsysl(.ms dcsign('d tin the Viking orl)iter to provide the

r('qttire(t t)erfinmanc( , and ft.'liability. NASA instructed lh(' AIomic k:m'rgQ' Commission to
It])gra,ch.' tim I)lutonimn batteries so they mighl last lllOl(' Ill|Ill ICII yl'itl'S+ ("11()[1<_}1 tinl(' ti)l"

Mariner .jul)ilet-Satllrn to encolmler /hanus and Nelmme."' l)espite the reliance on
('xlilll[l('(']tnoh)_r} ',sOlllt' lll()lt("_Wits s(!lasideto dcv('lopnew lc(]lll()h)k,_'. (]Ollgl+('SS illl(llh('

OMB approved an additional $7 million m the MarincrJu|)itcr-Satmn appropriation tO,

scientific and technological enhimccmcnls. Pitrt ()I that appropriati<)n went to (h'vt'h)|) a

reF, rogrammabh' onl)oard comptm'r, ''+ which proved vital It) nlaintaining l+'?;_+w_fr2 as a

Ftmctioning observatory in space. With<rot properly Imwtioning hardware, no science
cottld be condttct(?d.

.Just its scientists played it key role in shal)ing V<)vager before it "++'itsl+tmdcd, they

collaborated at!|rely with NASA in (lelhting tit(" mission's scit'ntilh ol_je(:lives within otga-

41k lolm l,i. Nmlgh' t() William II. l)ickt'ting, April 13, I1172, and Mcmotandm+n, John K. N;mgh" to

(;,u,+))gc M. l,m'-:, ()ttol)cl 13, 1972, n'cc, td no. 11()F:,551i, NASA Ilistotital Rcli'len(,_" (:olh'ction. 1Pl, ahead', had

t atnpaignt'd lhr (;rand 'l)mr it+ 196!1. bll( ll<"t;('l gil'_'{' i"(;,5,(lCdtt[ it<in its il l t'il:+,()ll. Morc<m'n (hu lcasonn lht"+ gltx('

Jot ++,,.'let liutg JP[, IOF <hand +llnn- did ll()l (Omlmrc.ll'l. m iuiduslvV (onlractors, l:,ul with other NASA ((.ntq,ns,

Sl+w(iticall'+ Marshall and (;od,latd. 1). P. Ih'arth, "'Rt'asons |i)l + ,_l, Reconn'nendaliml o1 .ll't+ ti)t (hand rI'l)lll)"

Septcmlwr 15, I!11;9, it'l ()ld tl(). 11115118, NASA l listorical Reli'rence (](dl('t film. The AIIIt'N Rl)ml'illl'h (:('nhL'r, li)z

cxamplc, had a ( ()tillat I with TRW tmdeJ whi+h TRW mvcsli,u,:m.d the li'asibili(,, olcondu¢ tm,g Grand "tim! wilh

;i ])ioilct'r spact't IM( along thc lines o1 Pion,t'vls I() and I I. M+.'mo]andtm+, Nol ri Sit)i (o di.;(ril:,tHion, Ma', 15,

I+170, lt'('<)r<l no. 110514N, NASA litre)|teal Rt'h'tcn((' (h)llct lion. It) 196+1, ill h+t('l,.lPl+ was cOtnl)cting ;',ith ()lht'r

NASA (('Ill('ts, tl<)l wilh irMustly, t() ImiM (hand T<)m. St+( ', !i)r ('xan+|)h', M,t'm,::,randum, l)irt'(-tor o! t)l;mctar)+

l)t()grm'ns Io (Iisl)il)ttti()t+, .July 7, 1969. and Memotat+JdtmL l)ire(tor ,",I l)lan('tar'+ , Programs, Ollice ol S]>a('t +

S( i<'_)<(' _tnd Al>l)li<ati()ns, t() dis!film(it>n, May l'.q 1969, and at!at hmcnts, rt'(ord n(+. 1105148, NASA I tist()_i(al

llcl_'rt-nt c ( :()ilc,. !ion.

t7. "hm'rvicw: l),tadlmd Smith," ?qm_'e _'_))M [i._r. (Novcmlwr I+)85): 5, Ft'(ord no. 005.r)8(},, NASA

l|i,+to)ical R,_'li.'retH++" Colh.'clion; ['_ti(- t),m+g,,'s:.;, I+?_) k.l_(ol_)_h+)7 "17_' _\'_']_/Ii)I(' ._y_l_',_ (N('w Y(>lk, NY: ('x)]tlml)ia

Irni,.msi(', l)rcss, 1991), pl ). land 2.

48+ S. h'hlia(lU(' Ra,,<)ol, int('rvi('w with m_th()t, l)arin, l)c(<'ml)('r I';', It)91.

49. I)a,.i('s, "'|)-,!it'| ] |i:-;t<)rx," p. 38; Rt_l:,ashkin, "Wh() Kill<'d (;rand 'll)lU?" p. 27.

.P')O. Mtt)r;+ty +i[Oltrn(,) into ,SF,a(,:'," ]). 174.



_{)4 V{)YA(;I.R: 'I'111.1 ('RANI)TOUR OF BIt; _(:IEN(:F

nizaiional franieworks established by NASA. ()n ()clober 15, 1971, allhough (;rand 'l_our

had liOl yel I)een authorized, the space a_jenty isstwd aii "Invitation tor Pariicillaiion in

Mission Definition [_)i (;rand "|'our Missions to the Ouler Solar Syslem" Io specity its

scientific ot).iectives, thai is, typical payloads and scientific inslrumelitS requiring a Ioii_

lead-lithe to develop. Alillin_ llrlose primaO" ol_iectk'es of (;rand Tour (and Mariner

.]tlpiter-saturn) were: l. physical properties, dynamics, and compositions of' atnlosptleres;

2.14eological features; 3. thermal reginles and energy balances; 4. charged particles and

electromagnetic environments; 5. periods of ,oration, radii, figures, and other body prop-

erlies; and (L gravitational fields. While Iravelling between planets, both missions w_ltlld

study variations of the solar wind plasma and magnetic field, solar energelic particles,

galactic cosmic rays, and interplanetary dust. Once the spaceciafl left the solar system,

they could make measurenlents of galactic cosmic rws unmodulated by the solar plasma."

Regardless of which objectives or instrttxnents the scientific conununity reconimended,

.li'i_ insisted i)li inch|cling video callleras. At.lt'l., i larris M. "Bud" Schurnleiei; |Pl.'s (_rand

Tour alid Marilier.]upilei:Saturn prt!ject inanagel\ understood both the non-scientific and

the scientitk iinporlance of iinaging the planets alld their satellites. In L964, Rali_er lilllai=

in|pact prot)es radioed back lhe first closc-u I) pi(lures of the _|l)t)ll, thanks to hardware

designed at.li'l, un(iel his guidance, Sul)sequently, in 19{$9, Schurmeier led the work till

M¢lr/ll_'l:_ _5 and 7 thai achieved a hulltlredl_)ld gain over till)' Jtt'll{ll/-_" 4 ill lhe rettlrll tit

pictures fronl Mars, and in 1971, M_tr/,ter 9piciurt's of Mars, afler wailing otil a _al_alllllall

dust sitlrin. In addition to tile iinaging, ieam, Mai'iiler ]upitei:Salurn would have a Radio

SciellCe ['ealll 1o exploil the scientit]c list- of llie spaceclafl's iadi() s.vstelllS[ '->In seleclillg

llieliil)ers ill the scicnlilic lealliS, the thsi liieilit)ers chosen were lh()se (if the ilila_iitl_ , and

radio sole|ice lealns, lhe leanis using, lhe video and radio eqilipnienl thai.It'|, illlended to

pill t)ii i)oalll, i'egartlless (it" whalevt.'r scientitic inslrullieiils inigtil I)e selecic'd):' As the

NASA Field (]eiilcr in charge of the niission, IIq. I]lus could exeit a deleiliiilliilg int]tleliCt'

on lhe scielice Io be ct)liducled.

NASA, in April 1977, extended a t_)iillal requesl [i)r expeiinielil [)roposals and

leceived liver 701) replies. Prlllll those the space al{enc,v selected ninety scienlisis, inainlv

trt)ni lhe United Stales, but liolli l_rance, Sweden, llklk'st (Jernially, and (;real l_rilain, as

well.' The seleclion prticess tavored researctiers in large inslilulional sell|rigs, bul did not

filler oul little scielilisls entirely. NASA policy was to seh'cl scientists based tin the nieril of

their iesearch, as well as Ihe "reputation and interest of the inslilulion." The stated |ca-

Still t_)t" tills selection Stalidard was 1o illStlre "scientilic depth anti breadth, alid lilt' avail-

al)ililv tlf the iesolirct's to supp<_ri Ihe invesligation," NASA ass|lined thai seh'cled sliell-

Iisls would be atiiliatt'd with all ac{reclitcd acadeniic inslilulicin, a private c<lxi)</I-alion

"'with stltl]cienl c(tiilraclua[ resources Io provide ihc' required scientific, iechnical, alid

51. "hlvilaiiOll l_)r t'ailicipalilin in Missi_m l)_'[inilililt I_ll (;rand "l_)ui Missions I¢1ihl' t)ull'r igolal
,_lSiClil," ()_ tobcl 17_.19711.it'coid liil. I)l),r_l-tS, NASA llistoli_al Rcli'll'iil'l' (;c_llc_tion.

.r_7. l_]dWal'd (',. StIIIll +, illll'll"it.'W with autlim; ]Pl:, No%t'llliltq 7_,, 199'I: l_tiltl;i}; ]+_ulllg' illl<#._171_A<_,II. 13_.t.

."l.</. Milllini ,.\. Mitz Io (;hairlni'n and 1lea(t(luartelS M('nit)t'is ol MIs77 Ad I1()(- 5;uli(olnniilli't',.iuiy 7It>
Hi72, i t't ()t(I liO. ()1).5.5ii(i,NASA l lisloriral kt'teren((' (](lllectiOli.

._14. Ml'ilil)lalldunl, Milton A. Milz t(i ttradlord A. Slllilh, t)el't'ilil)ei 4, 1977, le(ord ilo. |)()._)5(4,I$,Nit();

R.\,%A Xt'%_";,tJit'ss rt-lease 77-739, l)i'(enll)t'r Ii, 1.q72, record ill). (lO.r)Sgl), NASA Ilisl()l'il al R('[i'l('li((" (;()lll*l Iitiil;

.I,,_{'l>i_ it Allen to Robert (;riftln,.lune 2!l, lt.)77, rec_)rd no, ltt)5:'_(7ti, NASA tliston-ical Reterence (:oll<'('tion. Ft.
_i diS{llSSil>li o| iht' Oli_illS and e;'ohlliOll ll| Ihis sl'll'llillll pl'l)l'ess, see .loire E. NallTle, ]'Trll ;tlll#tl.t, r #",qt_v#l_,

(%_l'_lshill_ll)ll, I)(;: NASA S1'-1215. 1!191), pp. 32-{t9, -t4-5!t, _7-F_9. (_1-70, 79-10F_, _lll(I I 1{)-2{{.
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administrativ¢, r<.'s<mrccs ;|rid st+[)port'" (,,,.g., TRW or Thc Rand (',orF.<)rati<m), or a NASA

<)r other g,{)VCl'tltll(!lll CClllcl" of lal)Ol-at<>ly. 7'

llhlslt+alitLg how the st+enlist sch'ctitm protcss lhvorcd those it+ large institutional

sell+rigs, such as NASA Fichl (',enters, was |he dominancc +)l NASA's (;oddard Space Flighl

(_t'lll('l scicl+tisls on the infrared Sl)ectr<+s<+opyand ,adiomvtr,; and tilt" lll,_Igl+cti( + fields

science teams. Eight of lilt+ cleven mr'nil)ors o1 lhe lhst learn were l]om (;oddard, whih"

seven investi<gators, only <)n<.'.fwhi(+h camc fr<)tn <)utsi(h: (;oddard (a (;erman rcscmchcr)
c<mstilutcd tilt" tlla_ll('ti( fields loam.'"

t:t_i,,'crsitv F.hmetary s(it, nlists pOll+flared most oi |hi' olh('r sch'tt(c tealns, ahhott_h

lhost" scit+ntists oll,pn totmtcd on N:\SA fundh+g Ibr lhch rt+sca]ch. NASA ,grants I(5 tmi-

+'<+'+sit?,,ImMing and NAS/\'s use of univcrshy scientists drew lht'tn into Ill<+"largt'r soil.stifle

enterprise of the NASA-indtustrial-a(a(lemic (+Oml)Icx, lh('rcl)y wcavin<g tilth + nci<:ncc into
the tahri( of huge-scah', I:,ig-I)udgt,l S('i('ll('c."7 ,_llt'h wds tiw (asc of the radi<+ s(ien(,e te',un,

which was a mix {5t Stantb,d [ rnivt, rsily and.lPl, researchc,s.
"lht +Slantord investigators, \:on R. Eshlemat+. Th<m+as A. (holt, and (;. [.+.'mlard Tvlel.

came from Ihal illSlilulion's (',t,lltt+r for Radar Aslron_mw. Foundt'd in 1962, iniliallv incol

laborali<m will+ SRI i)t+rsonncl, and tmdt'rwritlcn I{v NASA, lhc Cenlt'r tbr + Radar

AslrOtl,otn'++ SOllghl to (Olldll(t ])]anclar} aln+osl)ht,ri(, ionCSsl)llcric. ` antl stir[:,+((' stutlics

using lilt' radio t'quipm_.'nt ordimuilv (and nc('t'ssarily) imhuh'd on cach Sl)a<_,crafl.

alth<)ugh Sl:,t,cial hardwar<: often was d'cvch)l>ed to pt'rlbrm exl)erimcnts. Tht" (_entcr was

small, h<m,t'vcr, in terms ol+ l)l,dget aud l)crs<mnel. +*Tim rcmaining scicnct, learn tnt'm-

Imrs,,lohn 1). An<l<:rson, (+tUltlar l+_jcdlbo (nov,+ l,indal), (;crald S. [,cvv, and (;orthm E.

Wood ;vcrc all.]l:'l, stall t,ng, iltt.tu+s and scientists, l,Tit.hll)o, IIIOI'C()VCI', l>r¢'viottsly had Imcn
with the Stat+l_sttl (:<.,ntt,r f(sr Radar ,\stron(smv."'

Still c_snq)ctition, and al tilnCS l>(,rsona]ity conl]i(Is, rt'igned anlong the sci('t+tisls

submitting proposals+ '+'Among <+|hot +laclors, the st'Icction m rt:j<.,('ti()n (5f instrttmcnI pr<+-
l:.osals hing<,d n.t as much on th<' <]tmlilicalions ol scienlisls (st lhch rcscar(h, l)ttt on the

35. Rn'+,m<md I.. llt'at o_ k toJamt,+. 'W. \_'al-;+,h k, I;vbltlm,+ 13, 19SO, lr( ,lid llo. _)|1531;(+, N,'\%:\ llisl,+ri<al

I'P++cl},'lCll(C (:olh+clicm. Tht' nlatlt'l '++.';is l+.'lt''+;llll ll) 'x.Valwi_k's cast. lit' had l)t+Rtln its a Vo'+;lRcl '+,<it'n(c lCitlll

]hint+pal lmcstiRat_Jl ;ts'+,<)t iated '+,.ilh thv trni'+t'.sit'+ ,,It :<_h>ra&_, P,ouhh'r, but lalt'l h'R and li)rmcd his own c<u-

F.mati<.n, _all,,'d R;Idi<+ph}si_ s, 111(+, lh{'rch.'.' ratising lilt. +SStlt. oi his instituthmal aliiliatiml. Set' addhhm;ll rt'lalt,iI

d+Jcuuu'ntP., i. iCl(lld It(,. (10_+)_')('_11,N:\S:\ llistolh al Rt'bmx,nt c (_ollctti_m. "l'ht, cast ol Allan F. (:_+_k II, at muml>tq

<)I tilt' hnaging Tt'atn, taisctl lilt' tlUCSti,m id inslitulh+llal alliliali_m (11 st iCllt'C tC;lln lllt'llll>t'l", t's'II<_ h>st tht'ir in+,ti

llllit_llal alliliati<m. Ri)dllt'X +\. Mills, "x,h'llIi)r;lndlllll I_+l lilt' Rct olxl, Ft'l>rtlarx 7, 197S, ici4.Id ll<l. [)OFL+-I+_.I;,N,\S,\

l lintoli_ al Rclt'rcnt t' { ',<)]h'cli{m, Thc <livismll I+l '+.tiClllisls hlt<+ lilt'st' lhret" t dlt'e,<)l icN _r'_+_Sll<)l al'_xa'+ s tlll;|llII)i_tli)ll'.,.

l+'t_l iIlSIaul( t'. l)a'+id MOl l'iSoll, ;I IcadinR plallClal_ ;tsIIi)lltllllt't, VGIS ()II llll' la_ ult', +d |he [ "lli'+('ISiDr (+I"] latt+,';lii, but

als<) hchl a p<.sili<m |ill a pcliod at NASA lh'adqiialtt'is in the ()l|+tt, i>[ S,l>a+c SticiHt'. l)a'+M MOil+son I_>

BiatIfiud A. v,lnith, Al)ril 19, 197<_, it'_ o_d n<), 00:r-_71116, NASA I lish_lit al RCII'ICnCt' (]o]h't litre, Thc sclcclion ;d 111_

CiRri "t if'mists n.+l i)lll} rCqllht'd tilt'Ill to haxt" 3ill instituti<mal ;llliliati_)l+, but to IIl'Sl bc applo'+t'd I>'+ lhcil nati.+ll-

al Sl)a_ c _l_Cllt _,, which lorwaldt'd the pl_)i:+osal, _lllcl ;l S( rccl]hl_ III<)(C_.S. t() N:\,_:_, +'Invitati+m l<_i: Pal li_ ipati<m

111Mission l)vfiniti+m lilt (;+and I_)ill LMiSsh,us I+_ tht, {)ult'r Solar S'+stt'111," ()cl<+ht'l I,+), 19'711, it'+ old n<). O0?_I I_.

NA.";A llist<)lit al Rt'lelt,llt t, (',olh,t ti+nt.

_)(+" I}J+I+l_ Y+'_ I#lll/)#+'P+llld._'lllll+ll. (WashinRt<m, 1)(', N:\NA S1'--t20, 19771, t>p. 53-E_,:-).

BT. Nt't'¢t'll. pp. 22._+,-42: l_>,t,ph N. T, Ihll_'Ui</, ,_/,,¢/,++,.l;',h,+,,I,<+g'_..rid I'/am'lar++ _xD_m,_**0 (l_,h>onlingl,,t_.

IN: Indiana thmt+tsil'+ Ihess+ 199OL passim.

3S. An<It,-':+, ,I. l+,utrit a, 7h 5/,,,_,Ih_' Ir_l_._'_: ,_ IIi_lo_T _4 I_l:zn_'la*7 I?ada* A_tm*_mn_, (\V;tshinRlon, 11(:: NAS,\

F,I'-121S , 1!191;), pp, 15.1-5(;.

39. 13{+:+_+,+I.]+q_iler .P++/'_atn_n. pl ). 5'3-,"),r')+ ( :loft x_r_ls_t[+ SRI '++lal] ntt'ml)t't.

(iO. I:()r t'xamph +, mH' Rroul> _f st'it'll++:.,Is alt<'ntpl('(I I() contl<_l thc pl(,t t'ss Ot st'[t'('lillg Iht' ID;tRII('II)IIIC-

t+.+r hlvcstiRali_,n Ictus. V'¢mrcn Kelhq. P+_)Rram Malutg,t,r o1( )ult'l Iqan¢ls Mis,;ilms, saw thl,mRh Ihc :.,_hcntc: "\Vt.

alc dcaliu_ wilh t:,_ol)h'ms arising ti<,m tit+.' p,.'rst:,nalilit's ot som_, _)1 lilt' h'atlin R httli'+'i,dtlals in this Ih']d," hc

Wl'()tt'. PloRtaln l\lanaRci: ()t£tt'l I_lant'ts Mi'+.sii:.us, to I)ci:,ul', A>:+,ot ialc +\dlllillisllah>l [01 5,p;tt C St ienct +, Ma', 311,

1972, and l)t'l)Ul + l)ircttm, l'h'+sits and AstHm+)tm+ PlO,,dlalUS. I.> l)cl>Ut _ L\SSOtiah' A<hninislt;tt_)r fin Sl)atc
Scit'nt t., Ma', 17, 197_, _t't _+_ll n_. 0(15,'>66. NASA I [isl_)ri_ al R_'tClt'llCC { :olh't tion.
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lraiectm T o1 the spacecr.tft and the discoveries of eaHier missions. The assessment of the

dangers o[ the asl<+'roids, S.tlurn's rings, and Jupiter's el+..clromagnelic environlnent w;++s

pla+,<:d ml a tirmer |bundation bv the results beamed back by Pioneer I0 imd I 1, launched

in 1972 and 1973, resp+.'ctively. ,,\llhotlgh the asteroid hazard apl)+,'ar+,'d less threatening,

Pioneer 10 en+,otmiered lhr more damaging radiation than had been expected. P/m.,er I 1

re;Iched.]upiter a year laler (l)+,'ceml>er 1974), then went on to Satmn, where the,' space-

craft passed within 21,000 km of Saturn's <+loud lops ill Sel)temb+,'r l t.)7<.) and certit]t'd tht'

s,delv of the narrow zont' I)t,tween Siltttrn and its rin_s. ''_ These t+_io#_eer 10 and 11 results

Icd l0 Ill+," dropping and .t(hling of Mariner Jupil+.'r-Saltn+n science expcrinlenls.
()n+,tt" Pioneer 10 discovered lhat lilt' lev+.'ls o1 radiation at Jupiter were,' a thousand

times mole+, • intenstt' then Cxl)ectcd, NASA drol)p+,'d an uhraviolel i)holopolarinlet+,q exper-

inl+,'n! that had I)+..eli s+.'lt'cted on a l)rovisional basis. Ill the place of that instrument, and

,tt th<+' urb_inff, of the,' concerned sci+,,ntific comnnmity, S. lchtiaque Rasool, NASA ()flice t)l

Space Sci+,,nct', inclnd+,'d t)n .Marin+,'r lupit+,'PSaturn a plasma wave cxp+,.riment whi+,-h |lad

I)<+'<+'ll[)rop_)s<+'d hilt llOl sel+,'+,t<+'¢l lllltil th,.'tl."-' ()ll tilt' oth,':r h.411d, t)th<+.l sci+,.nt<+' +,'Xp+,'l'i-

Ill+,'lllS weft+' sclt'ct<+'d or exchldcd on the basis t)t cost iitlld Sl)a+,_:Cla|! pill'illll+,'t+,YlS. _r|lCll

drawing up the,' fin;i.[ list of invcsligalors mid illstl'llmt.'llts ill Scptcnlb+,'r 1973, NASA

dropped the microlnet+,'orites exl)erinwnt I)ecaus+," of its dcvt'h_l)n/+,'nl risk and cost, as w<+'ll

;is file difticuhv of int+,'gr,iting it into tit+." s[)il+,'+:cr;tt] d+.'sign."'

Perhaps lilt' mt_st ttnusiial Voyage,'! + scientili+, exl)<+'rini+,'nt was !hat with nil real

Princil)al lnvtt'stig.ltor ;!rid essentially with no NASA budge,'! Ii)l iilstrtllllellt COllSlltIctioll Ol-

data analysis: it w_l.s the," r+,,<+<nding entithcd "S<)tmds oI l+'arlh. "' ()n the chance !ha! Voy;Ig<+'l"

might t,ncottnter intclligtt'nt t,xtratetTestria[ lift+, NASA appr<w+,'d placenlent <)f a phono-

graph rcc<wd ml c;tth o[ +lilt' l,,v<i \:t+'+'_ig<+'l- spa(ell!ill. Rc+,or<h+d <m a 12-inch copper disk,

"'Sounds o1 l;.arlh" ran foi neat+ly two houts. Its t'olltt'llts, ilssclnbl¢'(l by a gv-OUl+i oi [)l+OIlli -

n+.'nt scit,nlists and ednc;m)vs led l)v Carl Sagan, wh<_ had plac+,'d extraterr+,.striitl plaqne

messages t)n l>i+meers I0 and I I, ctiilsist+.'d olgr<+wtings ti()lll E;Irtll ill 60 hmgIlages sltml)les

t)l nntsic l]t_ln dilli'rcnl ctthur+.'s and eras. and natnral st_unds oI surf, wind, t]nnld+,'r.

birds, whales, an(l other anitn,ds..is w+,'ll as I 15 photographs and (liagralns in anah)_ Ibrm,

de!lilting hnxnan bit'!rigs, the,' solar SySIcIII, I)NA, illld v;llit)llS funclmnental +,'t)tl('t!]ItS I+l<illl

m.lth+,'matics, ch¢'i+llist ry, gc<dog_', and I)iolog% and greetings h+om Pr+,+sident.linuny (]ill-tel

.tlld !he Secret,nv (k'ncral ol the tin!ted Nations."'

The Vo','ag+,'i ( instrtuncnts and scientists s+,,l+,'cted, NASA thcn organiz+,'d tilt' scientists

into twelve ilaler rednc+,'cl to cl+.,v+,'n) s<+iell<++.' tl+anls. EXCCl)t Ibr the imagil+g and vadi<) sci-

t'lW+.' t<+'_llllS, tOl which tht' prt!jcct furnish+,'+.l th+,' ill',;tttltllelllltlit)ll, ill<++ individual scicncc

groups wcr+.' rcsponsibl+,' h)r dcsigning and building lhc in,;trtnnt+nts asstwiitlt'll with Ihcir

61. M,vmt>latIIhlm. (L E. K_dllhasc t_,.I.R. C:tsani, &l>ril 27. 1971i. alct'ssiovt nnml>cl qil-61, b<_x 2. l<ddcl

t2,]1'1, .\lthixc+,; "'N:\S:\ Idcntilics 21 tq_+misitlg New Missit)ns." li'+b..I.kg !U++'k211 (Imw 12. 1967): 2(t: I.,+m4',
"1_ fllc Otttcn I'lancls.+' p. 39: l)a'+ics. "lhict I tislory,++ p. 35; t)axid t+. R,d>t.ils, _otnp., /IH' Mtdtt[Jb' (J.tel I'la.rt
,Xlissi.. +(h..d lhut+, Rcp<wi tlo, M-16 (Chicago. ll+: A_+llli ._{i('ll{ (+el(]¢'111t+I,]ill111;Ir's 1969). F+_i an l,vl.tvit'w di,,+
I tlssitltl I'_ttliIHIt't'l lit and l 1 st it'Ill ¢'. _¢'1' Rit hard (). FimmcI,Jamcs Van AIIcn, and Eric l+_urgcss, I%,ee+ ]'++slIt,

]u[/itct; S.t++H+.aml Ib_'.nd (Washing, Ion. 1)(:: NASA, 19NIl).
62. S. Ithtiaqttc Ras_l, 's,tvm<ll_uldmn li)r thc Rccolll..]nly I1, 1974, lt,t_l<[ ll_L O05.Mili, NAN,\

IlisI_lit;tl Rclclcntc C_dh+tfi_m: Nocl IImncrs I_ I- E. Blavn_mL.IHIx 25. 1971. wcotd no. _t¢)5566. N,\S\

I list¢lvit al Rcltqcnt t' (]_>11c¢titan: S, It hti,iqnc RasHol, itltur',ic;', v,ith _nltlllJL Pat!:.. t)ct clnt)cl 12. 19':)|,
I+_'_. l'II',',;Itd (_. NIHnc. itllt.l'di'w xsith atilhoL.Ilq., Ni+,.cm|:+ct 2_+. 1994.

61. NASA l>rcss itqcas¢' n<_. 77-159. August l. 1977+ ic_HI N_. 005551. NA%,\ ilislolilal Rcltqcntc
! ]_dh'llh+vL :\llll}ll_ Ih_tsc II+t'lllb.t'l's <it %il_klll '_, <_ltllItlillt't' ;llld tHhcts ;',]lo F+lax¢'d a III;!i+.ll i+)h' ill dt'visil't<,2, tht+
\'t_x,l_.cl Ic_ntl: I:Hnk I)vakc, (;<_tncll {'Nixclsil); P'hdip Morri+;on. \tl'l; l_,t'inald ()li'_cl_ Ih.v.h.tf-Patkar,l

t :_,1I"'tatium I.cslic <.h _cl. _,;dk [iistiltlll'; s\lilll l .Olll;iX, ( :lit _1t'l _lll,t,Ii its Ih¢!Wt t, ( :_dnmbia t hdvcv sils: 1). I_.<_bctt
lh<_n. (:cntc_ t_ W<_thl Music, I_,c_kch'L MtuP, Sidlin, N;itH:,Nal :";:,mldiml :, (hcht.slia. Washingt_n_: .]<nn

I <mdw_t_, l;.,,nt<_, I'hc _t'_.d _as I_nCl);Ucd I_. N\S,\ h_ t:olumhia Rct<_rds.
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invcsligation areas. The eleven investigation areas were: imaging, radio science, intrarcd and

ullraviol(q sl)cclroscopy, magnetom_,liT, (harg('d parlicles, cosmi(" _'_r_, i)holol)<)larimelly,

pl_tnctal T radio astronon+y, pla.slna, and [)arti+`tll_ll+`' mattt'r, Spe¢'ilic sci<:+ntific <)bjectivcs

inctttdcd the slu(ly of the physical l)rOl)crti¢,+, sntrt:,t((, li'atnnrt's, i)criods of rotation, (+llet'_,_'
I)alanc+`'s, and thermal regimes of line planets and moouts and invcsligaliot+j of clcclromag-
nctic and gravitational fields throtnghJ<)tnt Ihc mission. II+`'ms of sp+`'cial scientitic intteresl
incltnded l+jnl)itet+'s gianl red Sl)Ol and Salnun's rings and moons, ial)atus , Titan, and Rhea. '++'

Each science team had a leadel: called a princil)+tl itP,'esligalor, tho+ugtn lhc heads of

the imaging and radio sci<'ncc groups wcrc designated team leaders. The design and
constr+jnclion of the scicnlilic inslrmnt'nls wcr<+' the responsibility of the principal iutvesti-
gators, who either could have tlncm buih in their own laborat<_ry or could ('()t+jtn;a+(l |on +

their (:ot+jstruction. The te+tm I+`mdcns and |)rin+`il)al in'v+`:sligal+-)rs t()rmed lit+.+ Scieln(t"

Stecting (;rot|p, whi(:h had ovt'rall tesponsibility lot advising NASA in the _ux'a of Man|nor

Jtnpitcr-Satmn scienct,. By the end of 197_, Ed Stont,, a magnet<)sl)hJcric physicist frot+jl
Calit_rnia Institute of Technolog+, who lind slantcd on (;rand T<)ttr iut 1970, dming Ih('
prcplanning slage, was appoinlc+jl I'r+!jecl Scicntisl. +'' The Ih-qit,_,tScicntisl stood al the
i+j+jterfa('+`,between scicntit]c needs and cnginc+`'ring and t+jtndgctanv constraints, hetwccn
the Sck'mc Stt'ering (;rotn[) and NASA, ttnc public, lh(' scicnliti(' commtmily, and tit+`"

press. In Stone's own words, It1(" I'r<!jcct Scit'nlisl s+`'rvcd +';tn impedance nnalcl+jing tin|c-
lion b('tween th+`"cnginccting n-cqtfiretni'nts and ('Olnstu'aitlls and lh(" scicncc r+`'qtuirt'mcnts
and constraints to tl)' It) lind a way Io achieve tit+`" Ol)limmn match t)ctween thcs+`, two
dift:erent sets of reqntir¢+m+`,nts and desirt'xnciHs. ''''7 In short, tit(" maltag+`'m('l+jt ()l" scit'])ct"
and decision making were c_mlt+alizc,d in lit+`' ih(!jccl S(it'ntisl.

Managt'mcnl ot +scien¢c inclttdt'd assming lh+nl s(icnlists' instr+jm+j<mls we+r(• btuih on

time and within IJtHtgcl and that they til sp_tct'crati l+jaram(,ters, especially payload weight,
t)owcr requirements, physical and |imctiot|al inttcrtince conditions, cxpostnrc to radiation,
and the tt'lemctry b+jn<-Igcl, that is, tlne allt>calion of d<+wn-link data bits wilhonl which data

did not tx'tmn to Earth." Tlnc Pmjcct S(i+`'ntist also was tlt<.+uhimat¢' arl)il+`,r in deciding
which cx])+`'rim+`'nts and whi(ln ol)set-vatiot+ns would or wonld not Ix' d<>ne. At times, lilt+ sci-

+`'ntists lacked agreement on which ()l)stu+wnti()ns Io t+nak++̀,and tht" ]h<+j('ct Scientist ha+jl m
decide which <)Ftwo +`'q+jmlly good ol)seYvalions w+>uld I)c ma(Ic. R:nhcr tl+jan rot(, on lh('
issn(', Stone made the decision himsclt: "h Itllnls (Hit." SII)II(' r('tl<.'cle(l, "that's a ranch

more crilical role than I had lhotlghl altcad of tim(', and llnal's ])c(atnse ttllimalcly what
science is all abotnl is nnaking discoveries, l+,ydeciding to ntak(' this <d)s('rvalion rather than

thai oYJc, yo+jn'rc effectively cl+`+ci(ling th_nl lhal gro+jq) ot +st:ictHisls g('ls 1o make a discovt+nv
and this grotL t) (tocsn'l. ,''+',

Th(' t+j)()st visit)h" of tin+`" Ih(!jcct S('icntist's a('tivili+`'s as the inlt'rth(c ])+`'tw+`'t't) tit+`'

V()yagt'r scicnlisls and NASA, lit+`" i)ublic, and the media w_ts tin+`" |)t(,ss (ont_,rcnc(,. Tin+`'

(;5. Milton ,,%,. Mitz to l)i+qnihtni<m. ()(tobcr I;"+, 1(.172. r('coud no. 00551i(i, NA,";A [listoli(al Rt,let-t,n_<,

(:<dlcclion; +'(',u'and ]()tll ._( it'll| (' :'Gt_t)p_>rt I,_t+(itlt,Sl_ ti)l Mission Dt'|]llili()ll," .Jtlllt' :_., 1!171, n<'( or<l no. (FII.r+l,l_, NASA

l li+.torkal Reti'lCncc (:ollt'_ui<m: NASA News, l)rt,ss r_'lca._" 7_-2:'19. I)_'_t'ml_'_ lit 1(`17_. _(.¢<_t+d no. (_4)5:'_N(k NASA

1 lisl_rk al Rctcuenct' (:_dh'_ li_m: E<lw_ud (:. St<tar'. inlt'_',it'_v with aulhm, IPI.. No'+<+'lnbt'_ _?,, Itt94.

66. 'qn_italiOlt lor Palli_ip;ni<_n in Mi_,sion l)t'tinition ti_ (hand lou_ Missiuns 1o Ih¢" I)nlt't Nol_u

,%_stt'm," ()<n+l)_'r IF+, I(.)70, rt'(ord utah, 00-_I,I_, NASA lli++toHcal R('lert:nt (' Collt'(ti<_n; S. l(htiaqttt' Ras<,ol, intct-

•,icw with atltllor, l+aiis, l)('t('m[)t'r I_. I(.I(.)4; Edward C. Stone. hlt('FViPw with author,.IPl+, N<)'.,,(,tttl)(+u - _::i, I':.)<.)4.

67. l':dward C. Ston(', int('rvit'w whh amh_m.JP[+, Novclnbcr _:+,, I(.)94.

(+,% Miltot+ A+ Mitz t(_ Di+lrit>tulion, ()cl(d)('r :_,(I. 1':)72, rt'coud t+o. 00551i(+, NA.% _, ]]istoric+tl Rt+lt'H+.n('e

(:<dh+ctiom "lnvil;tli_m tbr Participali<m m xINsion l)t+tinilion tot (;rand l'_tln Xlis++ions to th(" ()utt't S_d;tr

Nv:.it('m." ()(to[wi ]_). 1!)70. Ft+co_d n<_. 0()514g, N._";A ttist_.kal R¢+t+.'rcn_ t' (:_dlc<tion; S. Ichtiaqt_t. R_tsool, illlel-

",it'w with anlh_m t'_uis, l)cc_-mbc_ 1_, 1':)94; Edward C. Stont'+ ilnm-vic,,v with ;mtho_. Jl't., Novcmht'r t2:_,. 1!1(`)4.

69. Edw_trd (:. Slon(.. inl_'rvicw wilh ;mthor, ]IH+. No_t'mbt'r '_:_. 1!)(.14,
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press cont_mcncc was a k(_vslont' activity of lilt" projecl Scicnlisl in his role as mcdiau)r
among Voyager scientisls. Prt, ss Colll_.'lt'llCCS, llOl scicnlitic publications or contk'rences,
wt'rt" the venues where discoveries were first announced. Dealing with the media and the

scientific process of discovely was flw Pr(_jccl ScicntisCs m_tjor concern during the wcck

ar()und each encounter. Every day, working with tile scicnlists of each invcstigalion group,

lilt" t)r(!jcct Scientisl had to (letcrnline what had I)ctql discovered, which discoveries wcrc

ready Ibr releast', and how lhcv would be released ill Iht" t)lCSs conferences.

Thc announcenwnt of disc()vcrics almost as they occtnrcd, as wcll as lilt" very aggregation

of scicntisls into working groups, raised lilt' (llwstion of inl(.,llt*ctn;ll I)ropcrty rights and prior-

ip,' oldiscovcz T. ()rdinarilv, scicnlists would hold llwir own data :ts i)ropriclary, not sharing with

;my other scientist, so as lo assurc I)riorily of discovery, ltowevel; not sharing data, SlollC

I)cli(.'v(.'d, "would have inhibilcd the tolal dcvch)l)nlent of lilt: sci(.'nlific program. ''_''

lhc idca of cvcl_,'onc sharing lhldings came lo Slonc from Ill(' nccd to connnunicalc

lht)sc tindings 1() Ihc media, tit' anendcd the press t:oIIl(.!lt*llCt+ o| Pio.eer 10 when it

cncounltwcdJul)iler. Stone, who prcvionsly had worked only on Earth orbiting missions,

w;ts iml)rcssed by tile scent: "I tcrc was a room full of reporters wanting to know whal th('
s(it'lllisl_, had discovcred. I lilt'Jill, Ill lll(! lll:l.l Wil."; incrcdil)lc. Normally lht'rt! just isn't Ihill

inlt'rest ill what you'rc doing as a scientist. And here thcy wt'rc clay after day saying, 'Tell

us what you've discovt'rcd. Tell us what yon'v(' discovcrcd.' 1 rcalizcd that wilh Voya_,t'r wt"

had both lilt" opportunity and Ill(." ot)ligalion lo c()rnnlnni(alc wh;it w(" w(.q-(! distort'ring.

I'_ help the media tell the story. But we had to do iu ill a scienlitically crcdibh • way.":'
I taring all \'o],agcr scientists sharc their data made lilt' scit, ntisls ;l(t less as individlmls

and mort ;ts lncnlbcrs of ;t group, as they. would on a typical big science t)r_)jccl. The ini-

lial pul)lication of results, too, toIlowcd this big science group apl)roach. All of the inilial

l)ul)licalions rest|hing from ;t given (ql('Otlnlcr were put)lished in the samc issue of a given

jotnnal, snch as ,'_'cie,ce, Mdun,, or Ihc./muum/q/(;eophysical lCeseanh. All scientists, Iherefiwc,

pul)lishcd ;tl lilt" S_,llllt' tilll(', but as a ,_lOtl]), that is, one paper rcl)rcsented Ill(" discoveries
of an entire science team. There was no queslion of priority, Sl()llc explained. "ev(,Ix.'l)<ldy

had cqual priority, I)c(aust" cvcp,body was there at Itlt" .";,;till(."lilnt'. ''7-'
The Mariner Jul)ilcr-Saturn mission name |)elsisl('d mHil March 1977, only a fi-w

months I)cfi)rt" launch. Many within Ill(" project ,tnd wilhin NA,";A t_.'lt that lilt" M;trint'r
,Jul)ilcl_Salnrn Sl)a(-ccra[l (lct)arlcd cnongh from lilt' 3,1arincr f_lmilv lhal a lit :x%t]l_t]lit'

would tw al)prol)riate. :ks early as 1971, Willianl tt. Picketing, diFcclor oFJPI,, had su_-

,_t'slcd the ll;tllIc Navigator tbr lilt' Sl);tcctra[l lmir5 :' NASA org:ulized :t ,lanlc conll)t'lili()n

I<) ,i'h<)()s(.' lhC llt'w n;tIIl(.', antl tilt' winning nominati()n, "V()yagt'Ik" was al)l)r()vt'd ()n

71). E(h,,;nd (:. St()m., int(,r,,icv; ,,,,ill) anth()n, IF'I,, N()vembct 2?,, 19()I.

7 I. Ibid.

7'_). lind. Thcsc m('asm('s att()tnl>lisht','l their g,:)al <)l pt<)t(,ttmg inlclh'tltlal l)U()pt'ut ', and dix(ovut',

ui_ht>,, (It'sl)il(' a mcmoual)I(' _q)l)a+('nl t'x,,cpli()n, (a11('d thc "Mo)al)il() in*.i,:It'nl," rcl)orlt'd l:,', Eri( (',h;fi'.,s()H.

l)min_, lhc V()x;tgt'I .lttpilt'l cnlt()|nlt('l in 1979, ;_ _,omng t(,( ]miti;tn named lJntla M());tbilo a((ith'nl;dl'_ dis( ()',,

t'it'd 111(' I'll st ()[ llill(" ;i( Ib, t' ,,()h;mo("_ <)I_ [(), ']h(' din( ()',('rv. ;|((ordhl_ Ill 1'_ii( ( ih;lis_,u)ll. ";ll)]);ll ('rill', ¢'IIII)ili 1 ;l's'st'd

IIn' (h)t l()lal n( it,ntists v,h()had ,_)',(')h)(>kt'd if" and atl_.'( tcd the ()r_;miz:)lion ()I s<i('n((' ()ul lh(' Ihfl)l)h' NIl;)( ('

'l'plt's((q)v pr(!F'ct. F.rit (:h:_isson. I'h_. I I.hhlr Ll_tls: ,l _l)z)[dO'_" _ Al¢'rt_ l _l)opnlilz_ _ I. Ilu" liz,..llillirm IhdlrH 5¢t_u_h'

m','_ Ikr Ilubbl_' ,*s/mcF 7;'l_'wop_' (New Xl'Ol k, NY: I I;upc_-( '.ollins, 1994). csp. p. 1112.
M<)ta|)il(), howt'x<'t, w_n not an ot_tsi(h'r: ()it th(' t otlllitl_,, +ill+.' l,.,;t_, part ol lh(' ,]Pl, V()};|_('I lt';ttll, and hc_

dis_ ()xcu'+ v+ns lt't ()tltxt('(l m ,S+/r,+r ;th)llb'_ wilh thc ()th('l Voy;lgt'r s('it'IWt' )('l)()lls. _.l_)i('_)xt'r, H<glllt'r Mou;ll)+l() ii()i

_m,,()H(' t'IsC ()ntsi(Ic the l)r(!F'(t "sc()()l)('d" thc V<,vu,_c) stlento tcam. ,\((t)l'dhl_ it) l+]tysi+_ ,AhslP+Irl_. lh_.' lir.q

_,m,()mn cmcnl ()I lhc (lis((,xc)_ ,)I x,)hanisn_ ()n Io _,as lhc IAt! (:ir('ular ()i ,"d:H( h ]97!), issn(.'d l)x '[_)nep, t c

.I(',hnson <)I th('.]l)l. VoFa,_cr It';llll. 5,h)tal)ito. S. 1). .';',m_()tt, P. N. KHl)l<'rm:tH, St('xx:)+t A. (:()lliHs, "l)ist ()',,or,. <)I

(itH,cnth Attire Extrat('rr('snial Vohanism." ._.'.re 204 (Jmw I, I!)79): !)72: T. Johnson, E. E. Bc(klin, (:. ().

W',)m-Williams, (L B. l)i('ketL au<l,l. S. M,,,gau, IA| _ Cir(ula)3!')38, Ma)(h 16, 197(.).

73, ]<)hn E. Nat)glc I() William II. l)i( kt')ing. Ma', 3, 1971, ]t'(())(l n(). 0051 l_. NASA IIistori(al Rclc)('mc

( _()II,.',. t i( )n.
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March 4, 1977. The mune change, howev(T, coming so close to launch date, gave rise to a

certain amount of conlitsion. Retiwemes to Marhwr_ 11 and 12 and ew'n Ifg, a t_er_ //and
12 are a legacy of lifts last change o1 name.:+

l)cspiie the name change, Voyager remained in many ways the (;Falld 'ibm- concept,

[hough certainly not the (;rand tim((TOPS) space(roll. "V_9,a(er2 was launched on

August 20, 1977, ti)llowed by l.'bya(er l on September 5, 1977. The decision to reverse the

order of launch had to do wid) keeping open file possibility of carrying out the (;rand

Tour mission to Uranus, NepltUle, alld beyond. Voyt'l,qrlq+ 2, if I)oosl('d |)¢, Ill(" nlaxillllllll I)lW -

formance fioiii Ill(" Titan-(:entaur, could just barely catch Ihe oM (;rand ]bur trajectory

aIid eI1COIlIIIUI" [irlanlls. 'l_vc, w(+uks ]aleL _.'){?;aLrer / would leave on an easier and mucf)

faster tr;,:jcctory, visiting Jupiter and Saturn only. t'byaffer 1 would arrive al Jupiter [bur

momhs ahead of _'Q_,glL,rr>r2, [hell _lt+ri'.,:e ;tl Nalllt-n llin/" ii/Olllhs earlier. []('not., the second

spacecraft launched was l'o_ya,_er 1, not l}{_,'atrm 2. The two \,k_,,,agers would arrive al Salllln

nine months apart, so thai iF l;oya,trer I fililcd to achieve its SiHtll'll objectives, li)r whatev(w

reason, I.+{wtL_er 2 still could be retargeted to achieve them, though at rite ext)cnse <if any
sltl)s(_qll(!lIt Ul'allllS Ol+ Nel:qune ell('oIItll.'Pl\

"l'he lakilIg of such ])r('cauliolls W_LS I1OFIllill fOl" a vuIIlllt'(' wht.'TU a CCl'[ilill llllllll)(_]" c,[

spacecralt hardware breakdowns, called "anomalies" bv NASA, are considered to bc normal.

Most are minor and have no impact on the ability oifiw sl)acccrafl to carry out its scienlilic

missi(m, such as the glitch thai occurred during the launch o1 I,+b_¥4ffer2. Nonetheless, these

anomalies emphasize the critical role Illilt lcchnoh)g T pla?,s in lh(' gathcring of scientitic mea-

sttrenlcnts fr()m a sl)ace-lxlscd ()t)ser'v;ttot): Will)oul that tcchnoh)gT, no science is possil)le.
The perti)nnancc of the Voyager scien('c mission l+om the moment of launch is a lesson in

the critical role played by technolog T in the (<Induct <)t big science.

()tw serious anomaly that actually did limit the amount of Voyager science c<)nduct-

ud was lhat of the s(;lll i)]alti)rm. (In February 23, 1!178, l:,efone Ib{,aL_er I reachetl[ttpiler,

its scan F,laIliwm botanic "stuck" during an azitnulh scan. The l)hittbrn) turned ou Ih]('e

axes in order to aim the cameras, Sl)ettrom<,lers , and phot<)pt)larimelcr in a scientifically

uselitl dire(tion. +('he l)lallorm jan) lhus Ihr('al('ncd to cOnll)romise critical s(ienlitit

obs('tvati()llS, lalckily, ('Ollltllalld SCqltetlCUS lt-allSlllillt?d I,D I11(! Spil('U('t';If[ SllCCee(h'd ill

moving Ihe scan i:,laltiun); lhe crisis subsided.:

:sos l"+o,,at,,er 2 t)('gan to leave Saturn, and most ot the scicntil]c ol)servations }lad twcn

mad(' on the l)lanct, its 220-1)omld st'an platlhrm h,ecatnc stuck. The spacecrafl <:atnt'tas

were sending ba('k in)ages of Ma(k Sl:,;tce. The heax+ workload during en(<)untcr, ('onl-

I)incd with an inelIc(tive lut)ricanl, likely caused the 'Iroul)lc, ;is cIIgitlet'lS delllOllslrated

on Earlh-I)ound (tuplicale equipment. To help allcviale the t)lalliwm problem at t !(anus,

the Sl)acccralt w;ts rolled when possible Io perlk)rnt large azimuth ch,tnges. The seam

platlhrm was moved only fin smalh'r changes, and then only at slc)++,(+] Sl)et,ds. +`'
The scan l)httli)rn+ jan) at Silturll <wc'turr('d afl<'r most of ihc sci('nlilic obst,t-,';iti<ms had

been ]n:Idt'. Nom'lhcless, some science was lost. Whctlwr <)tlc' considered lh;ll scit'n¢c criti-

(a] dcl)<'ndcd on on(,'s inlerests. (:ertain l)roj(,<t scicnlisls wanted to play down lhc situatioth

and Ihis ann<lived those scicnlisls who stdR'red real hisses. The loss <;t two images of Ihe

moon Eric,('lad(is al a resoluliotl of 1.6 kin w,ts pcfllaps not as great as Ihc loss of Ihc six

71. l)axics. "'l+,,-icl llisuw)," p. 39: L_]l_l_;Jll_h[t:_ (11111¢' 1!177): 19.
7.'>. Uo_.at.,et Hulh'tH_ no. I;9 011ira 20, 19,"L+-0:1-3, le_oHt no. 0(k'>58G, NASA Ilist<wi<a] R+.,ter<.lwc

(:o]h'c lion; "+l)ailv A( li',.itics Rcpot t." l:cl)rmu v 2+_, 197S. tt',:+ot d no. 00_+561;, NASA I listoli_ al Rc]clen< c Collection;
MtUT;l,,, pp. 152-153.

7(;. .Jl'[,, pul>li( htfinmatiot] ()Hict', News (:lips, Ma,., 22. 19<_->+re(old no. 0055S(;. NASA llistori(al
Re[i'll+n,:+(" (:olh'tti_m: lh+mv S, F. C<+olWr, .Jr., /ma,,.../.¢ :';a/u_. 77., l_+)rtkr¢'+ /'/+A.hl+I. ,g'rtl.r+'/(Nc;v Yolk, NY: lh+h.

Rinchml and Winston, 19S2), pp. ]87+ 20(}-01 and 2(19: |);IVieS, "Bri(:l I listory," v_+l.24 (]9M2), I)F,. 256--')7.
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images <)f Tethvs at t.7 kin, 1)ccau.st' lilt' 1)csl i)iclltrt's available of lhal moon had a rcsolu-
lion of n<) bell_-r than 5 kin. Tilt' loss of coverage was serious it1 Ihe case of t)oth moons,

hm_'t'vcr, I_r Now m'ilher of them c<_uht bc measured all lilt" way around with lilt" pn'ci-

sion thal scientists would have liked, or mapped its compreht'nsivcly as lilt' mission

('iti'lO_Fill)htq-S had expected. Other lost scicncc included imaging file dark side o['S[lltlrll'S

rings, anti ntm-imaging lost data includc'd a titrthcr occultation experiment using Ihe still
Beta ]auri: inliarcd mcasurenwnls (>t tIlt' rillg material as it t!llt_'rc(t tilt' Planet's shadow;

tLhravit>h'I Sl>ectroscol_y of ring matcxial by <d>servations of tilt" Still thlotLgh tht' t+ings, a.s

well its a field arid particle manctm'r. In tlw.judgem,unt of Ed Stone: "We were fol-ltllt_+lli _

that tilt' |)latl_wm didn't Sml> a l/'w ]loui-s earlier."::
Tht' ol]'Jt!r roll:jot hardwan- thihuc was in tilt" radi_> s,,,m'ms of V_ty,'lt.,,er2. V_9't'lter 2,

which cllcotmlercd mort' plant'ls and moolls titan its d<)ttl)ht', seemed to sutler Ihe grcaler
tmtnber of scrious hardwale l,dlures. No science was lost in this instance, ahhough the

polcntial ,+,+'itspresettt, and a.n attt'mpt tt_ repair the situation raised lhe possibility of ctt'-

at|rig, aspimdt grottnd facility for us|" in radio astronomy and ion<)spheric research.
In lale N_vetntwr 1977, while the two Voyag<:rs were still on mute 1o Jul)itcr, onc of

VoyatZ,er 2's two duplicatt" radio transmitters began to degrade. It was switched to h>w-|)owt'r

mi)de to nurse it along. Something was wrong, but there was no way to knms, cxacllx what.

Mtwtlhs lair'r, ill .,\[)ril I<.)78, Ill+."V<)yag<_'r team discm'et-t'd that l.by,'1ffer 2's backup rt-<tgvcr

had faih'd to dctt'ct signals sent fiom l-atlh l)ccattsc <>I a sh<wlcd CaF,acitor. lht' plimary

radio rt,cciver suddcnb,' t,tih'd con+l)h+lcly, am well. l';9'a#er 2 was sih+m. ('.<)t+timfing to

l!r, nttls and Nt'l)tUnC wlu'+ no longer t)ossil)lc, ttnlcss a way could bc li>und to c<)mmtmicat¢"

with tilt' b,tckut> rt'ceiveL Motera+or, the I,dhtru _>t tht+ +?9+ager2 plimal7 radio svstctll had

])<>tt'ntial r(,|)t, rcussi(ms beyond tilt + \'(>yagt'r |>r(>jcct. Its ntdio cquipmenl was vel 7 similar
I<>lhat <>l/ l'ionct'r Vcmls, which was launched the |+llowing month, ill May 1<.)78Y_

Normally, the radio receiw'r autotnatically coml)ensaled ti)r the l)opl)ler shilt of signals
ttaltsmilted |)+<)tn Earth. "File changing vehwity attd direction of the s])acccratt relative to

Eatth caused lhis Dop])ler shift. +vVithout lilt" ability It> compel|sate |or the Dopt)lcr shill

tilt' _+byak_+q2 radio system couhl not d('tcct any signals sent t_> it. The soluti,m t_> Voyat++'r2's

radio probh'tns catne fmtn NASA l)eel_ Space Nctw<)rk cngineers. Tltey prcpan'd cotnl)ul-

ct taF,_+'s that slowly varied tilt" frt,qutqtcy of tilt + i+a(lio signals transmitted |re, in Earth in

order to compcnsatc Ibr the expe<tcd Dol)l>h't shill Tilt" Deep Space Network station Otll-

si<le Madrid lnmstnittt'd lilt" lhnt tt-st signals <_tl AFwil 13, 197,_. Fifty-lhrt'c ininut¢+s lair+i,

l+n'u_+ 2's acknowledw_'ment rt.turtlt+d. The trick workt+d. +_'+a backu F, mt'asttre, in October

]t.i7_, I;9';+Ker 2's mctnt>ry billlks wt'lt+ loaded Io lilt' brim with c<)mtt+,ulds that would pl-ovi<h+

77. (;<+oper, hn++ttu+gL_;at.P++, p+ 182.

78. F_ed D. K<whcndort).'n Mcm<_randum thr the Rt'_>td, April 21, 1978, Rodncy A. Mills t<+

l)istril+ution, April 21. It|7|4. and A. (.ustaft'rm to Asstwiatc Adlninistntlor fi>r Spa_ t- St-is'nee. Fcbruat 7 1, 1980,

tt.tt)rd ira. (_()5_')+!'_{+,g.,_";..\ I listolica] Rcl_q'e,wt' (;(_]lc(li()l_; Murray, ]ouPv.-', int..Spree, pp. 152-5.t,
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fi)r a bar_Hninimum scioncc cncoulllcr al bo01.luPil_,r a]ld Saturn, should radio c_lzltact

OIl(.'l! agaill I)_" hlsl. The S;.llll(' i)rocc(hil_, was tbllowi.d for sllt)s('qlicnl lql('l)lllll('lS al

IJl'_tiltl,',; anti NOlllllli(.. TM

'l'lil" radio aiid scan i)lal|i)rlii I)rl'akdowi/s w('l-i" |till ih{" only liaidwar/' taihlr(,s Ihal

lhr(!alcn0d ill curlailc(I Vlly:<lglq" s('i_'llc_'. _Olli_' _ll" Ihl' sck'lllific ilislriillll'lilS lhc'ilis_'k'_,s

_,x|)c'rit'nccd illll'rlnillt'ili nial|linclioils alid I'Vl'li collll)lc'l_' I)rcakdowils. The high radia-

l|on 10vcls at .luililcr CallSCd diliiciillit,s ill lraiiSliliitilig coiliiliands, alld llIc_ ])hotol)O-

lariillt'lcr inslrlilli¢iil sut]i!r0d radialiOli dailiagc. Morcov_,r, ill Novcllli)_!r I{t_l), as l,'b_'at_eT

I WaS li_avilit4 Salilril, ils |llasina iilslriini/'nl slopped irailsiliilliilg usabli, dala. A silililal

|auh had disabh,d lhc iilsiluinciil for ilirl'c' lii_liilli,_ _'arli_'r ill lht" year, a,_ w<'ll as back ill

FI'I)III+il)" 1978. +,

In spite of the hardware F, rol)h.ms that <:otlst_t.ntlv thl+t,+l.l<.n<+.d t<l diminish 111¢+ tnis-

sic, n's scicntitic rctttrns, \g_+vager cncotmttw_'d ]upitcr _m<l Saturtl, then comintled or+ t<+

[!ranus _ind Ntq/tuilc, tolhlwilig th/_ (;l'_illll T(Itll I_liilc. ]_il.'<'¢ ' I)y picc_', tilt" (;t'_tlld Tour

iliill!rary ('_1111( • Iogl'lhcl: The, l'OlililiilaliOli ot \:'liv;igl,l Io [_rallUS aii(t bl"¢Oiilt w_ls ni_idl"

I)ossit/lc by l('|)i(igi_ilniliing ill_" llii|)llltl'(l I'l)lntliilci'S , (TIPiilill_ iilW¢ Sllt"IVtal'l', bllld building

iicw groiin(| facilities, li(.'w lccllnohtgi(,,_ _lll(I t_.'chiiiqucs wilhout which i|ll." s('il'll('l" could

IlOl b(" ('oll(lilcl_'(I. Thl" _.'x|)_tn,_i(in ofV()yag¢,r illl_l till ('V('ll I_tl'gl'l" s('ii'lllif]t" (.l]ll, l-[)l'is(, _llso

had Sl)inott{s ()f vahi_. Io |hi" lillk! stit'|it(" (t)ll(lil(ll'(t Oil l_]_illh, llui tlrst, flin(liil_ ih(" i'Xl(,li-

sion to UI'_II/IIN h_t(-| to hi' a|)t)i'ov(,(t.

In 1(.)7,_, lil_' S[)acl' _ci_'ilc0 t_ollrd rt'cOlliniciid_,d il Mariill'r Jul)ilt'r-[]railus lllissioll 1o

t)t_ launched ill Nl)vl'lill)l,r 1979, t1), hy.lupiicr ill April 1{i81, ||lid liror.'ct'll Io/!ralllls airi'¢-

ing ill niid-198:'). Mariner lli])iler-l._raiitis was nol tti_' oillY lliis,sion illicit| consid_'ralioii I)y

NASA. TIw space a_ciicy still was alli, in|)linl.T > l_l col)bit l<>gl'lh('r a ]lrligraili i)|oxl)lorliliOli

of ih_" oilier l)lanl,ls ili Ihc |{icl' o| d_'cliliing t)lldg('ls. ()lhcr ])iol)onals iilchidt, d a Mariiicr

.lu|)ill'r ()rl)il_,r (laler dcvlqol)ed ililo prt!i_wi (;alilco) and Pionc_,r InissiollS CatTy|hi4

atinl)s[r)hcric t'litiy lirlibl'_; t'ilhl, r dire'oily to _allllil ill Ill l_!ranus via.]ti|)ill, r. _

Mitlilllq lll[)ilc'F-[}l'allllS WilS ])l;lllllC'('l 1_)1" NASA's fiscal 1(.)77 I)lldgiq illl(I t)Oll, ;t l)ricl ,

lag of $177 Inillion, ])tll ii was in .sl'rious qul_,_lioil t)_c'caiis0 o| l|ll" A(llliiliiSlr_tlion's

__tlllll)till¢C_(l fi._di'i-al bllCigiq Stlll(,t.lt,. 111 ,_tlity 1(.)75, NASA issiit'd itll {lllllOllll(l,lllOnl ()1

ol)])orliiliil )' ti)r so|oil|isis it> llal-liCil>al<, ill MaiincrJiil)ilt,l_{_rallus. Pacing I)il(tgl,I it'siric-

7{L ),luila);/o.r#.-i ill/0 ,%Tsars',pp. I?>F_: l)avi<'s, _3 ( 19_1 ), pp. 72 aiid 7:/; ]lllll.(t,ss. l'Ttl/".llu_..h>_; l'g alid

<..)11.l)_,c I) _l)a_l, _N_i,IW(ll-k t>il_ilii.i.lS wl'il' lllll ;ilwavs _,lilll'+4Still _1I tirsi. A siit4hl i h;lll_t, iii It'llll)(,l_illlFt, ill lilt'

/7>_<f/_/,i 2 ill(|i_> I'lTt'b,t'l (]i;tidiv ilioi'_" lit;ill ont'-Irc'nili lit _1dl-grt'l' {lqlli_ladl.) :_'il_ sutt]< il'lll il) v_rt'( k l]i_' iilil)il_

vis_'d '_l Ill>liil ,. /\lsl), ( li_lll_ill_ ;llillllllil_ lit electrical i)ll/_t,i (l)llSllili]lli_ln will|ill tilt' sl)_it i.l'l_ili I._;ivl> _ltl ]llqil, ;til(I

Ih_ll lit'ill, Ii>l), iipsl'l lill' _( ill'lilt..._',A_A Iql_iil_'l'i,4 lhl'll dcv_'iop<'d :ill I'l_lllorlil_' <lllllillllt,l lilll(It'l Ill _i( llllllll iill

all lilt' I('llllll'l_llllil, _ilgliiil ,_, I]i;ll iiql (ill lti_' _,ll_l{'t'(T_ifl, _ls W_'II a_ till" lil'_ll t II'dll'd I)', ( ii;llll4inl 4 p_illl,Flin {it _'lc_
lii_al (_lisuilll)iioli wilhiil ih(' sl)a¢ _'l rali.

All _lllt'l II;ll(' s<llllli_lll Io lT#_lt, r'l ._9'_radio lir(ihh,nl colisi(h,i ('d t)_ NA.';A was it) Sl'lllrl ('liilllliHIIdS Ihllill_h

(lilt' o[ I]11' nli/'llll' illMItliillqils, li_lnil'l_ lilt' lllllil_'l;llt radio ;lMl'llillllnV IC'lt'i'_l'l. "]_'Sls ('llii(lli¢l_'ll dlllillg

<_t'l)l_'in]l_'i 197_ IlSiilg Ih_' .'_l_lllt01d i;idi_> Ii-il.slol)t, ilidil alt'll I_.'sn Iccl'i_cd si_ilal slr_'ii_lh lllali had iwl'ii alllic-

iis_lli'd, and llil" _il)t)iO_ll ii i_.(]tiill,d ]lolh ill,!jill Iti;in_l's ill fill' ollb_l_ird i_llli])lill,i i)Fll_i-;lill,, _illd Iht' (ltlisll/l(-

lion _lt_i suil_il)h, _il_illid llailniliillt'l t{i_ ilil). ]llil_h,iiit,lihllil>ll i_llihl t_lsl all ¢_lilli;ih'd _ll) liiilli_lll (_7,_1 iliilii_ili

lill ilily, ST.F_ liiillioil i)i,!i_,ct_ _lli(l _olihl lt,llllill, ;il)lllll ll_t'lil/ lillll ilioiillis 1o dl,_cll>l>. P.i,;di/iill4 lh_ll il Ihc i_illa-

lliiilv w_'r_' Ill'Vt'l liSt,d, NASA woilht ll_. i>l)l>ll Ill crili{isin t0i lia_,iil,_ buih ;111 IIIIIIt'(l'sti_il%' taciiil_, lilt' \'tl_;ll_l.i
Plll_i'_iln ()liicc dcchh>d _l_liliSl lilt [)l;ilil'l_ill i;Idio _inll_liilllli'¢ s(lliilillll. A. (;llMil|l,rlo" l_l Asn(l(ilill,

Adillillisliah>i iili _ll_i(_, ,'_li_'ll(_'. Fi,lllli_il_ l, 19<_(). allll ;lll;l(hllli'ills, r_'_<lld ll(i, Ill)_l.r_#ili. Stt(); R;I'_IIII)Illl |,,

Ih,a<_ k I_ Rllllii_,_, A. Mills, 79 Mallli 1979, i_'(_>ill ll_i, I)lt_-i_-ilili, N:\_,,,\ Ilisl_>ri_al I'_t'ti'l_'iicl" C_ll_'_liHil: \'l)li R.

l':slil(,liiiill, ilii_'H, it'W wilh ;iiillllli; ,_lalit0id l'lii',_'rsil;. Ma\ {t. HIgl. I1'I, Ai_ hill's,.

_0. _(l(hll,'_ A. Mills, \'()v;il_l'i Pl(l_l;llli _,l;lila_<'l; t<) l)isliii)iili<lll. Ft,I)l-tl_ll -_,2,t, i97_q, it>(()l-(I ii(i. ()(l_l_lliti, N,,\_,\
1lisi_lrical Rc|t'i_.llt _- ( :_dh'cii_ii,

S]. I/tll'_t'S% /'7. I_'.<,._.t_'_, i>l >. I _lllll 7: l);t',ics. F" :/9.
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tions, still. NASA tteadquartcrs droppcd the project frmn its tiscal 1977 budget request,

causing a severe manpower l_rol)lem at.IPI,: _ Adding Uranus to the Voyager project, on

thc othcr hand, bore a price tag t.u h.ss than thai |br Mariner lttl)iter-t!ranllS, aboul SI00

million over fiw" years, and it would bring money toJPI.. Approwll of thc mission exten-

sion was received'in November 1980 and way based on l"_{vager I achieving adequate Tilan

;411(I S_tllll'll ring science and the heahh of V_{3,'(ll_rer 2..IPI_ had a hmg lcad-tilne, tivc years,

to i}rcpare |or Uranus: Vo'_,affer2 would not reach Uranus lmtil January 1986:'

The extension of the-" mission Io Uranus and bcyond required re-engineering lhe

spacecraft, which was already tar liom Earth, and upgrading Earth communication tacili-

lics. Thesc changes were compcllcd 1w the vast distances over which tilt' l)ce l) Space

Network had to {-otl'tmlmic;Itt" wil|l Voyagt!l; and by tilt' dearth of sunligh! needed tot

imaging and certain scientitic cxt}erimenls. The Sun at Uranus is only one timrth a.s bright

as at Saturn and provides less than one tour hundredths of its carlhly illumination.

Tchwision eXl)OStucs llCt'{h'd to ]}c hmgcr; camera shutter sl}ce{ts rcduccd,

In tLpgrading the Alari.er 10 titlllt'lil It) image Mercul,y, ,IPI, engineers dcvchq)cd a

tl¢'W electronic technique that lt'ad Olll the image signal thr,ve times more slowly when

desircd. When the Vovagcr cameras wcrc operated in this slow mode, the h_wt'r radio

tl':.lllSlllissioII l'iltC' W+IS _ldt'qttalt' tbr i('ill-lilllt" c<HnlntllliC_lliolls t'lOlll Nilllll+II, bl:('itllSt" lllt"

video signals could still tlow directly lrmn the camera to the radM transmillcr and otl Io

an atlcntivc Earth. While Voyager would use the same slow Calllt'l-;t mode and transmission

ratcs at trranltS, additional techniques, namely COml_rcssion and improved encircling,

wcrc dcmanded.

Part of tilt' $7 million of additional appropriation granted Marim'r,ltlpilt'r-Nalllrn ill

fiscal 1973 tot technical iml)rovemt_nts wenl toward design oF an electronic means for

transnlitling erroetiee data to Earth, what is knowxl as Reed-Solomon coding in honor of

its inventors. Only basic c_Ming hardware had been incorp_rated into Voyager's comput-

cr when it was la{mchcd. F_r the [TnanllS encounter, JPI. engim'crs developed a special

Reed-Solomon coding, which the l)ccp Space Network mlnsmincd to Voyager's comput-

cr. The iml)r()ve(l en(o(ling worked, lint it rC(luire(l more work on the grolLn{l.

Voyagcr cnginccrs also used a tcchni<lue calh'(I c()n|l)rcssit)n t_ obtain images timn

I)cvond Saturn. Nolmallv, tilt" thll lighl-intcnsity value of each pixel of cvery image is lrans-

mim'd back to Earlh. (]mnl)ression consisls oF scnding back _mly tilt' difference in light

intcnsitv betw,t't'nl a(!j;.it,_.'nll pixels on each line of each image. The technique reduced tilt'

commuufications i-air' nccdcd by a |.u14_r of two ,rod a h:df. But, in order to exph)i!

coml>ression, tilt" spacccra.fl's c_mqmtcrs had Io bc assigm'd m'w lasks, and tl|at itlvolvcd

a certain risk. If a probh'm arose with Ihc primary tlight {tala conll}/Hcr, wtfilc I]lc backup

{-ompulcr was tied ILp execuling compression commands, key scicntitic ol}scrvations, or

t'V('ll tht' entire mission, might t)c I()Sl. _l

Following the {;rand Tour road to L!ranus and Nepmnc also) requircd revamping

groundi1}ascd commlmication t.lcilitics. The distance to l_hantls was over ;l billion

kih)mctcrs. Signal stncngth was at)trot one-limrth the h,vcl of the Saturn tly I)v in 1981,

wht'n \'_:¢J.gcr was transnlitliulg hom a distance of 605 milli_m kilomt'lcrs. Exisling

ground-based l)ecp Spacc Nctwouk ta(ilitics wcrc' unable to adequately ('omlllttni( al(' with

82. lh'li'._'/S]..r Daily, llc_cmhcr 3, 1975, p. 175, _c¢ord n_. 1105556, NASA llismrical Rct{'rcn_c
{:otlc(tion; l'_lllge'ss, I')1_l'.lo."lr?, p, (ili; Wall', ".]_r,'ian (hl.,ssey: A llisl_n} _1 Pn_!jc_ l C;alilc_," Otlllillc, |)l..(('illbl.'l

9. 1987, n.p., NASA tlistorital Rcti'rcnl c {:Mlcction.
83. hank A. (:art I_) Edwmd C. Stone, [)eccmbt'r 18, 1980, mid Frank A. (:ran m Raymlmd I,. Ih'a¢o_ k,

Ih'cemb,:t 12. IgSIL rot,rod no. O0.r'_Sli(:,, NASA I tismrical R{,tt-lcn(t' (:ollcction; Edward (;. Slime, inlcr',i_.'w with

author,]Pl , N_)vt'mt)ct 23, 1':19.|; Davies, pp. 21(I. 253 and 257.
81. .ll'l,. Public Inhnmati_m ()t/ice. News Clips, May 22, 19S5, nc_d m_. (lO_')fiS(i. NASA tlinto_i_al

RI'|I'II'II_ {' { ]{dlccli_ll; MIIrl ;I}. ]ollr?tt'Y itllo ,_])a(t', pp. 173-175.
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Voyager at dlose great distances. The solution was to array ammmas together, a technique

commonly used in radio a,_tronolny, At the l)ccp Space N<`qwork sit+`- outside (]anbcrra,

Australia, two 34-111<`'tcl" itll(| OllC () _LIIIt!It!I" dish antennas wcrc arrayed tog('th('I; Ill add|-

lion, ihroll.gh all illl+`'rnationa] agl'(!Clll('lll, NASA linked |Is 1)eep Space Nctw+`)rk (]allh<`'lia

dish antennas wil]l the _ 10-|'O<)l Parkes radio astronomy tclcscol)e located 200 kill aWil.y via

a nlitrowav<`" <`'Onllcctioll. ()1" the three Dccll Sllacc Nclwork locations, thal ill Australia

would ]uivc tilt, ])<.'st view ()t [lralltlS during Ib3,ut+er 2"s ring plan<.' crossing and closest

encolilll<.'r with the ])lan<.+l. _'

A similar arrangemenl wits put togelhcr at flu' I)<`'<.'ll Space Network sile at (;o]dstonc.

Cali[brlua, for |he Vox/ag+..r <.:ncouillcr with Ncptun+`'. B,:'caus<: Neptune is l]m:e linles [iulhcr

away Imm Eatlh than Saturn is. the \,%ya_t.I +X-band radio signal would Ix, less than on<`'-l('l|th

as strong as during theJupit<`.r <`+II('Otllll('r ill 1979 and less than Olin-half a.s slrOll_ it+,;dulling

tilt+ |_!F;IIIIIS Cll('()lllltttl ill 1986. Part of tilt" V()yit_('l ttpgn.tdc <)t+ th<`' (;<)ldstone 6-t-lnctcr

iIIll<`'l/ll;I involxcd <.'nhuging tilt' dish +`liitlll('l('l 70 iil<.'l(+lS, ilur<.'asin_ lilt' Stlll:dc<`! a<.<.tll;.tcy, all(|

ilnl)l+()vin_ the tcceivillg s_,%l(+lll, as w<`'ll its Ih<`' installation ()[}{'t-lll('l('l" illll(PllllilS, to be IIs('d ill

all array t()l+lllalioll, ill Iht" (;<ddslonc and (:anl)<`'lra I)<`,e I) Spa(c Network sit<`.sY;

NASA aI)pl()atht'd th+`' Ii/_+iil;t_<`,lll<`+nt ()1 th+`" \'cry ],aI_<`' Array (VIA), a radio telescopc

located ill N+_'w Mcxi¢o, ;tl)ollt particil)ating ill the t()rnlatioll ()[ all ;1111<.'11ni1 ilFl'il+V with tilt'

l)ccp Space Nclwol-k dish<`'s al (;olclsl(:.II(!, ill ord<`,r [Ol +NASA I(:. (Onllllllllicate with Voyager

at Nel/tunc. The spa<`'c a_<`'n<`y installcd h>w-n<_isc X-band r<`'ct'iv<`,rs <m each o1 tilt" _7 \rI,A

antennas. Through tilt" radio astronomy t+`'chluquc oF arraying, and th<`+ installation of

lov,'-n<fis<`, rccciv<.ws on each \:l_& dish at NASA's CXl)Cnsc, the ccho+`'s received limn th<." VI+A

v,'ere <.+Olnbin<:d wilh those r+`'ceived al the (;oldsl+`)nc 7()-nwtcr and !+bl-m+`'ter dishes to pro-

vid<`' :l data rate more lhan doul_le that whi+`h would havc bccn available with (k)Idslon+`"s

antclmaS alolw..]ust as with the Park<`'s radio tc]<`'scopc, a nfi<`IOWav<`" link peI+nlitl<.'d NASA

to array the \:[+,\ and l)<`'cp Space Network dishes at (;oldstmw. _;

The \,_+yager Ul)gradt, of tilt" VI.A inadvertently cical('d a statc-oflhc-arl facility Ior

plauctary radar astr<motny, a s+`+icnti[i+` ` activity thal was, and rclnains, ]illle soil`m(<`' in Ici+nls

of n|an])o'+v<`,r, iilStl-unlt+nts, budget, and pul:,lications, but which look root within the inlcr-

sticcs o[ big scicnc+`,. _ When radar asti+OnOlncrs linked Ill+.' (;oldsmnc radar and the VI.A

ill a bislalic modc. that is, with (;oldst<m,., lranslnitlinR and Ill+`' V[.A r<`,ceiving, th<.'v +`rt'at-

ed a radar with an +`'xtraordinary Cal)a+`-ily I<)I Cxl)l<)ring tilt" solar system. ])II_lll<.' ().

Muldcnlan, (_alilbl-nia lnstilutc <)[ Tc+`hnoh+g% his gradual<., students Blw;ul Bullcr and

Al'ie (;rosslnall, and Martin A. Sial`l+`' of .ll'l, hay<.' u.sed tile (;olds|on<.'#\:l.A fro|lily t<>

exF, h)rc Titan, \:+`'nus, Mars, and M+`'r<`ury. Th<`,il +exphmltion has I<`'d to a nulnber of in_l:jor

dis(oVClics, inchtdin_ tile pl+cscncc of polar i+.c on M+`,r(ur+v. '_'

NS. Jl'l. Puhli_ lul,_malicm ()l]icc, News Clips, Ma) _2,19S.',, _t'(,_u_l m_. 0053,'16, X:\Y;A ]lislori,.al

Rclercn(c (:ollection; l+.ru(c A. Smilh, "NASA Rc_cmligtucs \'ma,gcl 2, (;rmmd Nlatiol;s Ibr l.'rauus l;l',b',."
:lt,iali.. 113+,,,/,' Ca 3;/.,r,,reTerh../.A,3' , (Ma)2{I. P.h%5)pp. 65-66.

86. Jl:'l.. I'ul:,lic hdbrmali(m ()lti,:c+ Ncws (',lips, Ma,, 2':', 1!185. w(ord m_. (105586, NASA l[islmi(al

Rclelen{c (:oll,ccli, m;J]'l. Ammal Rcp<)rt. 1973-1971, p. 15; |kilL. 19Sl, 1). 13; ibid., t987, p..tl; aim ibid., 19,";S.
p. 2S,.]I'I. Ar,L'hi,,cs.

s7. .11'1,, PtLhlic Intbnmati(m ()tlhc, Nc,,vs (2ipn, Ma} 22, 19N5, lt'(ond m.. ()1)55N6, NASA llistoti(al
R<'IbI,:n+.<' (:o]h'tli<m; ,_'ItlIl;l'+ II) M<)rt,cm S. Rohclts, F('btua_v 25. 198_, "'(:hron 19N2 #17 and M('lllOlaIl(IIlll+,

As:.;l>ci;llc A,:hnmistrat<_r Ior ._l)a(,. ' Tua( kiuR awl Data Svslcvns t<) [)cptll'_ I)in('( n,,,. ll't., Ig'b,ua,_, 2N, 19t-13. "NASA

(;_rrcsp<md<.nc,c, 198!'i, pI. #1 ," l:'_.t,.._ l,',.mau (;oll,.'cfi_m,JPl, :\t (hi'+c,,; Jl'l. Anntt;d R,:p<_rt. I%NI, p. 13. and ihM..
1!187+ p. I1..]1'1. Aichivcs,

NN. This is the ;II'_IIIII+.'III de'+ch_l),.,d m cxtenso iul l+,ulri{ a, '/h S)'_'lh_" (:.s,"r'., passim
Ng. For th,:" disco'.,m?, _,I F,olar i_' on Mer_ ur?,, "+.vcl)a;'M ,\. PaiRc, "( :han(v I_ Nnm+,'Imll:+,in I h'll,'" Xal.t_,

'.{69 (1991): IS2; (:huk (:Italm_au, "hc Ri_hl Undcl lhc Nun," ,".,'./._,, ?K)I (]99]); .'+>(11antd ")05;]+ Kelh.', Be;nlp,,
+'Mvr_ m ;+s (:o<d Smln i.,,.'," _,I9 ¢5:7;'h_srr_pe_3 (laututr_. 1992); '.C'_-31i.Ig_ a gctwta] rliscussiou _I lhc :york done

with the (;(ddslotn'-V] .A, _,cc BHt,i(a, l+iJ5r'+'lhr' I 'n++'r','+.(',Inal)Icl Niuc.
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:Ls Voyager travelled from one planet to anothel; from one spectacular and unex-

peele<,] discovery to tile next, scientists and the pul)lic marv<,'lh'd at the otltCOlll<.: ot this

scientitic expedition+ In tile words of Prt_jec! Scientist E<,I Stone: "There's one lesson we

learned from Voyager: Nature is mu<,h nmre inventive than our imaginations.'""' The

\_)yager mission |l'tlly deserved the honor o1 the 1980 Collier Trophy. Mon<,:ovet; its subse-

quent accomplishments beyond Sitltllii ill th<,' t_ecc of haldwarc and budgetat T hindrances

have merited |'lLrtht'r recognhitm.

The crucial role played by technoh)g_' in the success of tile Voyager scientific mission

allows us to <,|raw st)Ill+." conclttsions about the nature ()1 big science. Obviously, Voyager

s<,icnce was entirely depen<,lcnt on lh<," availability <)t tile spacecra|i _tlld its asscn)l)lage ot
scientific instruunellts, l lardwarc t_tilurt's lhreatem<,'(t the l<,)ss of s<,:ience. That science

dcpcndc<,l, tot), on the availal)ility and proper |unction|rig of an extensive nclwt)rk ()1

leh.cotnmunication tat|lilies tm Earth. A similar depcn<,t('ncc c)n technoh)_, is tound in

gr(mnd-l)ased plane|at T as|font)my.

The technologically driven nattn<,r ol Voyager science raises questions about the

cl)iSlemolog, Y of space-bas<,'d science. In an Earth observatory, an astronomer can look

through the lenses of a telescope an<,| scc lilt objccl of sltldy. [ rsing a spacc-basc<,l ol)s<,,rv;|-

toI)', such aS Ill<," _rOyilgCl" Sl)aC<,'crati, scit,nlists <,1o not exl)ericnct' llltltll'C it,+'; dirce'llv as

l|lrOtlgh ;t lclcscol)e. |IIP+,Ic_I<,|, il scientific illSll'tllllCI/l illakcs the ()t)S('l'_,,'att[()ll, the'll t'le'tll'f)ll-

ic circtlitrv il.bt)ill-(| t|lc sl)alct'-bascd obsclVillOlV (()llVt.liS lhc ot)scrvalion illlo strillgS of

digital I)ils and transmils those bits to Earth, wht'rc a Deep SI)acc Nclwork t_lcility acquires

lllem. Through various signal-processing stages, which require extensive manil)ulalion by

large conlput<,'rs, the strings of digital bits transmtLlC into <,tata, which scientists then stu<,ly.

It is this data that scientists study and lrom which they draw conclusions about the ph<,'-

nomena that intelaCle<,| with the scientific instxumenl ill st)act. Data, rathcr than direct

<fl)scrvation, has I)ccolm' |he object _)t research, an<,l that chang<." has required inclusion of

ce'l'laill iLSStLIII|)IioIIS at)|)lit the relationship between phenonlena and tim t|ala. Thus, the

hlslruxnent of scientific lcscat<,h is no hmg<,'r.just tilt" spectrometer or the telcscOl)C (Io use

:t11 Eiu'lh-bound analog_), but tile" ol)st'l+'+'att:,ty alld tile' totality ,c:,l+ cl,pctronic opvrati<ms

(both t(,h'connlntni<,ations and cmnlmting) reqttincd t_ tmn tilt' o,|)SCl+VittiOll <)l the intstnu-

lXICIlt |lifo data. I listmianlS of scie'nct' nccd to explore how con/ptnters, signal processing,

and other electronic tcChlliqltcs |li+tvc COl|It It) lllCdiitlc between tilt" obscrver attld tile'

observed and to deter|nine to what e'xte'ull this transli._xznatiout has l)ecn prccipitatcd by the

a<,lve'nt +tnd growlh <)f big science. (:h'arly, though, it is large-scale technology' and

te,chniques thal nlak<: possible the sciexl<.<,'.

The \_yagcr I)t+t!jt'ct was an cxatnple of big science its tnea.++urcd by a nutnber of yardsticks,

SlLch it'+ lilt + nulnbcr of ])laneL'+. satellites, and rings sludicd, mission I<mg<,'vity, and c_.',t. At tilt"

sam<." time+ little science' was an intcgt+al part of the' pr<_icct. l'hc creation of the (;ol<lstone-\+IA

artax to nc<,cive Voyager itnagcs D-ore NelmmC also liunishe'd rat,far astronomy's little' s<,iencc

with a thcilitv. Monc dit+cctl+x, tmivetsity t)ascd scientisls I:,t'caullc part of Voyager big science

through thcir t)rgani:altion into scicncc Icmtl+s and through tilt' ccntrltli/alitm of scie'ncc and

other decision maki,I R in the' Prt!jt'ct Scicntisl. lhc lite'ratt|re holds additit)mtl example's of big

S,t'iCIICC its tilt" CClltl;l]izitti()ll arid In3tll;.lgClllCIl| (11" lillk' sCiCllCC,

.lax+ncs +_'atson, tol-nlCl + head of the [lunlan (;enlomc Initiative', claims llw ]),<!jccl

utilized a "little" science approach" partly I)<,?causc only its nlmlagenlcnl, and not the w<_rk,

was c<,qltrali/ed. In her study of fusion,.Ioan I,isa Br<mlb<,qg argues that centralizing the

rt'_+ear('h decisitm-makin,+g l)r<+ccss, rath+`'r than cenlrali/<,'d taciliti<,'s+ detincd Ihe instilu-

tional houn<,laries t)l big science..lames I I. (',al)shcw and Karcn A. Raden lunlhcrnlort',

90, Edward (;. St<mc, inlcrxic_+ +dth aullum,lPl,, N<r++elnl+¢q _'3, 199t.
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(()nl('n(I th;tl _wdvities dmt ar(' broad in s(ot)(,, sci('nlilic exl)loration being a Sl)ecilic <'Xmul)l("
Ihc_ ('it(', rex' big m the sense flint they n'quin, co<_rdinmion mnong gcogral)hically (lisp('ts_'d
investi_amt_ or lacililies. ( :<)liSeCltlenlly, the h_dlmmk of such Big Sci('nc'(" is horiz(mtal inlcgi;l-
tion m)d a relim)(:c" ()n exlensiv(" ('()mmlil'Ji('_Jli()H lictv,,orks m)d ccnt)aliz('d work l)rOc(,ss£,s.'''
The hislol)' ()f \:()ya_er shows I]1_11V(g _IIIOI]I(!F ('X[III][)](' 0|' ])J_ s('i('l)('(" _ushoriz()]ll_ll irllct.(ntti()]l

<)f s(-i('nc(' mmm_('m('nt is the <))gmfizati<m ()l tht" ,_c<)gr_q)hi(+;dlydisl)eLsed Voyager scientisl.s
into warns mid the c<,nct')m-,ui(m oF(Icc'isi<m-m_lkin_ iu _lsingl¢_ individual, Ihe Pr<_j(wl S(i('ntisl.

Within the NASA-industri_d-ac,t(h,mi(- (()lul)l(,x, lillh" s(iencc and big scion((, (h) nol
alwa),,s dovt'lail. The (tiscussious of oulcr l)lml<'l (+xph_ralicm wilhin S[)_wc ,";(ieuc(" l_,()m(I
m]lmnt'r sm(li¢,s l('_(ti))g tip t() tile (h'(isi(>ll Io t('rmiel_ll(' (;l_U](I Tour illustr_ll<' this point.
])]._tll(.'l_ll__s('ienli_;Is wmlt(,d.illl)il(,r-inl(!nsive _;1H(lies ;111([S<'l)malc nlissi()ns to lh(' indivi(hml

OIIIC]+ ])lmiets, while' NASA (('Sl)('('iallyJPl,) wmHt'(l 1() s('lld IllIIlI(!I'()IL_ S[)_ICU('I';It] to the OILICI"

l)hulcl.s, but <'_t('h one I_lkinK ;t(tvmmlge <)1+lh¢' raft> (;rml(l Tour latmch wil)dow. 'l'h_" division

t)('tween.JPI+ m_d tht" f)lmlclm)' s(it')l((' (ommunily slt,mm(.d lar_,ely from Ihch div('rgyn!

hll('rests. The priming' _t(:tivhy <)t JPl, and NASA w_ls l]le (h'signinb_, building, mid hmnching
of'vcs,_cis [_)r the" ([)r(,17,,ral)ly m:um('(l) t,xl)loi-_lli()n <)[ Iht' solar system. The ])hu]('tal_,: science
conlnll.t)lily, ()n lh(" oilier ]lan(l, wm]te(l 1(>(h) s(it-ncc, r;tllier lh;t.i) build Sl)il(+e(r_lfi.

l)('s])il(! this (livisi(m, NASA m)d tht" [)],_lll('l;tl'%' n('[('II('C ('()llllnlt]l[|%' had lllll('h ill (:o111-

moll. As .lOSel)h "l_uar('wicz has sh()wn, NASA Ires Ir_llls[i)rlne(l ,_nieri('_Ul gr<)tmd-l)_ised

[)]m)ctary ;ist]()]i<imy im_i l)i_ s(i('n((' lhroi]gh ils []llml(-ing of If'it scientific cnl('rl)rise. "e ]_y
fl.m(ling the c(>nsu+u(fi(>n _u)d Lmn(hing ()f Sl)_X((,(ral_ l:i(l('n with s(i('mili( msmm)c)its,

NASA _ds<)Ires l)osili<m_,<l its('lf as tll(" i)_m()n ()l Sl)a(('-b_ls('d big sci<'mc. NASA funding <)f
both spa(('-bascd mid earlh-boun(I i)lm_(,Im-,, , s(icnce is n()! the only w_ty in which NASA has
in(()rl)()r_il(.!(l filth+ sci(,n((! ira<) hig s(i(,n(+t +. Th<.' (>rgmdz+tii(m o[scientisl.,+ into iuvestigmi<+n

_tlt'_tS +t]i(l lhc ((')m+tli/+lli<)n (>lthe 111_lll_i_(,ll)(,itt ()[s(i(,ll((, iltt() the Nci('n((' Sl('('lil1_ (;)()ill)

mi([ lh(' ]>r(+jt'(t Sci(.'nlisl <m the \:()y_tgt'r missi())i ,,,,+ismlother +,vm:irt which NASA w<';ivt's

lilllt" :'.ici('ll('(' into lh(' ]m'_('r litl)ri( ()I big s(i('n(¢'.

This bricf <)vei_,iew <_l\_<)yag(,r stress,_,(l th(' (rili(+d t-<)]t+<_Il)rOl)('rly [tm(li<)tdng tt'(hn()l-
o,k_' in l]w su((t'ss ()f tlt(' scirntili(: mission. Th<' (h'])('nd('nce (:,[ scicnc<: on iilstrunlcnl;tli<m
f_))"o])st'rvation ;t))([ th(' need Ir_>i"scicn('(" ftm(lin_ is ;it the tort" (>l"tlm rel+uionshi I) l)t'tw¢'(.'n

])i_ P,;t'it'n('(' ;m(l litt](' s('i('li(('. (:ritical, to_), is ill<.' int,SCal);d)h, [_i('t th;tl l)lan('l;trv s,('i,t'll('t" is
tmsed <)n ()l)s('rV_lli<lll. _i{'itll<)ilt the \:<)y_i<_t'r ol),'+('i-Vatl)la_ _lll(l it._ [)ityl(m(l <it ilistrulil('ills,

l)]mi('tai) s('i('nii,_is woul(I have ])t'('n wilh()ul ([;tl_t, ',vitli()ut _d)_('rvati()nn. N,,\_,_\ liin(lin_ _lls()

l);tid l()i lhc _cicllli_;Is i() ])_llli(i])iitl' ill th(" i)r_>i<'cl. 'I_ wii_ll ('xlt'iii could ])[_iiit'l_uy _cit'ii((' I)t"
c<)ndiicl<.([ witll<)iit NA_:\ mid Ill(" Ir_i])])in_ ()1 1)i<_scicll((,?

:\lid t)y itlly ('Slili/;,tlioil lilt" I)llili('l;il ) s('i('li(+( ' ('Otl(ltl('l('d I)y V(lyli_cI + "sviiP+ ill+l])l-t'sP+iv( '.

.Jitsi ii ]);tl-li;i] ]i_i w(iuld iiicliidt, i]1(, I_lllmvin<K, mid tul])jusii[), die r<.'c<l<_llili()ii l]it' lilissioli
]l_ts re('t'ivt+([:

• Dis('ov('l ,_'o|'th(' {:i_lili;iil mid N(!l)ltinian nl_t<_n(!los|)h(.r(._, b<ilh o[lh('nl ]li<_hiy hl(lhlt'(I mid
(ltt_+('l |ioni Ill(' t)l_tll(.is' i()lali<)n_l] _iX<,'_, P,;ll<_t'_lill_ tht'ir _()ilrit.,_ ;t1(" _il_iiiticm/tly ditti.'rt,ni
[i'OIIl oil/or ill_tl.+_llclosl)h('l+('P+.

• Tii(" "_.4I)'it_('i,_. ti)tili(I iW('llt)_iw(i li('w _ai('liit('s: l]]i-+.'(' atJUl)ilei _ llir('t" _il _ilill-il, I('li ;il I_:i-;liill_,,

iilld _;ix itl N('l)liin( '.

i Io w_i+_ |()lui(l I(> ]i;tvt. ;l(li'+'+.' "+'()]('_ii]isnl, lht" o11[ 7 _()l_ii- sx'sit'lii ])()(I)' olh('r I]lali Ihe l;_trl]l l(t [:l<..

P4() (Oil|h-in('([.

I.)l. J_iillt._ It. (:_t])slit._,_ ;illd K_tl-t.ii A. R_i(Icr, "Big S('it'il('t!: Ih'itt' to Iht' t'r('s('lll," ()',,',"_, st'l. _, vol. 7
(1997): 14, 16. 70-77+

{)7. .Jllst'l)h N, "]]lt;Ir(+wi(/. <_/s+l<'+',7;'+ D1/.D_+_, _lterllJhl#lf,lrl#) , ,4_lt#m.##l_ (ll](IOlliili_l(I]l, [N: hldi_in_l Uni'+('l _+i|%

l>tc_. 199(11, [>ils_ini.
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• Triton was tound to have active geysel=like structures and an atmosphere.

• Aurcmtl zones were discovered atJupitel; Sattlrll, arid Neptune.

• Jupiter was fotmd 1o have rings. Saturn's rings were |ound to contain spokes in tilt: B-ring

and a In'aided structure in the F-ring. 'Ikvo new rings were discovered at [__l_tllllS and

Neptune's rings, originally thought to be only ring arcs, were totmd to be conlple/e, albeit

conl|lo_'d of line material.

• A! Neptune, original|y thought to be Ioo cold 1o support such atmospheric disturbances,

laige_,cale storms (notably the (;real Dark Spo0 weiw discovered.

eL,; big science became tile dominant way of doing science ill tilt" latter half of tilt"

twemieih centul T, what we call little scicncc has become a necessary and integral part of

Big Science. hi tile case of Voyager, spino[f fitcilities, summer studies, and, above all, Ihe

organization of sciemists into the Science Steering (;roup, integraled little science into

tilt" overall big science undertaking. Many Earth observatories continue the tradilion of

bh'nding liule and big science, llidividual scicllliSts ['roln universities requesl linle on a

large telescope, usually funded by public money, in order m make obserwltions. The sci-

cntist might have flmding fron+ tilt: National Science Foundation or NASA. There is no

longer a distinction between big science and liltle sCiellce, but a single scientific enterprise

hi which tilt' two are wovcll together hi ;I set <)[ interdependent relationshil)s, each [)art ot +

ilie sl,tllle tatnic.



Chapter 12

The Space Shuttle's First Flight: STS-1
by Henry C. D¢,thlotl

The tivst mission of tilt" spacc transport svslcm (SI'S-I) ov Space Shuttle, tlew on

April 12, 1.¢)81, ending a long hiatus in Atnmica,t SlmCC llight. Thv last Apollo ]l+ttlitt ]nis-

sion flew in 1)ccmnl)c| 1972, and thcjoint American Russian Al)ollo-Soyuz Earth orbital

mission closed in July 1975. The National At'vonattlics and S])act, Adminislvation (NASA)

intcndcd that Ihc shutth, make that [)<+'l+lttaltt,llt link I)clw<+'{'ll l+]atl[t altd SlmCC, and that it

sh<mld become I)aVt of "a total tvansl)oVtation system" inclt|di|tg "vehicles, ground tacili-

ties, a comt|nmicati<ms net, Itained crews, <+'stal)lish<+,d f|+ci_ht rates and flight sch<+'dul<+'s--

_tll(t Ill,|' pl<>Sl)t'ct o[ lttllllUl'i>ttS il'llp()l't_tltl and <.'x<+'ilitl_ tasks Io bc d<>lt('." it was t() t)<+,'qm<+"

('l<+'tllt'lll ill a gl-lmd design Ihal inchl(h'<+t it Space Slatiolt, [lll[tlilll[l<+'d plattCtaly missions,

aud a ma|mcd tlighl to Mars. "'_

Awatded Ihc (;ollierT,ol)hy (in a Itadition that began in 1911), lhc tlight of STS-I

r(.t)rt's<+'ntt'd tit<+" gl+calcst a(hi<+'vt'm<+'nl in aviati.n tbr 1981. NASA, Rockwell lnlclnational,

Martin M;u-ielta, Thiokol, and the <+'ntitt' govt'vtu:ucnl/iutdtnstrial loam t'cspotlsibh:" Ion" lilt'

dcsign, conslt+ucti<m, and flight _>I tlm SF, aCv<+ral*, its well its thc <+,my of the shttttlc, John

Young, Rol:,crt (hippcn,.]oc Engh+, and Richard 'liuly, wctt + all rt'cilfitmts of lhal award.

Since 1962, NASA +tcv<_SlmCC prc!jvcts, incltlding M<+'l-CttQ; (;<+'Inini, Al>olh), l+andsat, a,td

Skylab, had t<++ccivcd ten of the tWCllty ('+oilier awards. Nmv, tlt<+" clcvcnth it+ twenty vt'al+S

'+,+,+<+'IllIt) it NASA loath that had dcsigm'd and tlown solltt,lhing vcn|a|-kablv ditl_qen+t +i_>m

those plCViotts <+'t'al]. For lh¢' Sl)aCt' Shtltth" was a Ivuc act+<_spac<+ • <+raft, a i-eusablc vvhiclc

that could take off lvotn tlm Earth, <++nt<+.t+ and Ol)t'|-atc in spatsc, and t-t'turn to an Earth

landing. N. W;tync I talc, a missions flighl director lot lhc shuffle, likcncd it to a b;uth'ship,

which while it may, have only a few ab<ta|d, ncvc]-lhclcss had a <+I+cw of thousands stati_>ncd

atotmd tlt,., world and linked by Mission (:ontrol. f)wcn Mottis, tlt<++ l+_,tgit+ccving and

Systems Integration 1)ivisiolt h<+',td fi>r lit<+' shuttlc P|-ogValn ()flicc, dt'mc|+ibed the shuttle its

a ])arli<+ularly oomph, x, int<+'gval<+'d vnachinc atnd an cuovmotus cngincct-ing challenge, u

Althcmgh it tlew its maiclcn x'( )_r_tgt +only in 1981, NASA's shuttle l)t+<)gtatn I)cgan iltiltlv

ycars earlier + and p|cdal<+'d :\p<)lh>. In lit<+' late 1950s, as human spacc llight began to I)_'

seriously considered and I)lanned, mosl scientists +tnd cngi|te<'vs pt{!jectcd l]tat it +space

Ilight b<+xa|tt<+' it t,.'alily it would build Ul)Ott Io_,ical building bhwks. Fitsl, a hutttan would

bc lofted into spacc its it pltssengct in a Cal_st|le (pv<W<+t Mcncvty). Sec<md, thc passcn-

gcvs w<)ttld a('qui|-c so|n<+, contIol t>xt'r tlt<+' SF, aCc vehiclt' (pr0icct (;mnini). Third, a

|-eusalflc spacc vchich' w_>ttld bc dcvcloptxl that would take hutnans into Earth orbit and

l'Cttll'll tll<++tll. Nt'xt, a [)Cl'lltltntqlt SI)itcc Start|lilt Worth[ I)(+ ('()nstl'tlctt'd ill a llt'_ll'tgAtlth

orbit thtottgh tit<+' utilization ot the vm|sable space xchich'. Finally, plan('tarv and ltntav

t]ights would be lattnchcd tv<>m tht' Space Slat|on ttsing relalivelv I<m,-lhrltst arid vt+ttsablc

(and thus Iowtq-cosl) Sl)atc vchich,s. The p¢'rccpti<)tl olwhat I)cca|nt. the shulllc its thai

r('t|sablc Sl)aCt, vehicle ass<wialed with an otbiting space station held t_+tst well into lht"

xchich"s dcvclopt|tctttal stages.

I. l h::,;u,:l Atlaw m. 77., ,'_]uu,,Shullb, a! It}ot; ('¢(ashill_l+.n. 1)<_:: NASA. 1979). FoI'c+_old, pp. 21-27, 514i3.
2. Intclvicxv, l It'Ill". (]. I)cthh)ft'with 47)xvt'n Ml>l'vis. I IousloH, li'xas, August _, 19911:hll,.'rviev., l)cthh+[] ;',ith

N+ _%"al'_rll('I lah', ll_, ]ohn_,,EmSp;tc'." (]t'lltCl; ] tOll_.ll)ll, 'li'xW,. ( )t tobcl It.l, 19gD: and sty tht' aullllot"s "Su..q+rb,_+fi,, 7;ml+,r*ozt:

(#+mc . . . . +1 /I/+t+,3 :q Ik,. /ok+P+o++_,[m++'( )'+deP"('0,:a>,hiN_ton, l)(:: NASA S1'-13+)7, 1993), pp. _21-',:,, 2_.',-3i_5.
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()nc of thc known quantities in spacc tlight was thai the velocity required |or a vehi(le

to escape earth's gravitational pull was only l.+t l tittles the vchwity required to aclfieve earth

orbit. The greal costs associated with spacc lligiit incittdcd tile cost of fuel list(| t(i achieve

orbit, the cost of the IL'X|)CIIdI|t)|C I)oostcrs and fuel tanks used to drive a space vehicle into

orbit or into space, and the effective loss of thc inhabited cal)suh" or vehiclc which, while

it l'tquFllt!d. ('otlld IIot I)e reused. S])ac:c quickly Cillne to [)_."all ¢'Xl)tqlSi'¢(" business, and as it

developed, tilt' sllultlt', 111()1-(?so thall })lxwio||s projects, was cost-dr|vim, both ill its intt'll-
lives and itl its (otlStltlclioll. But I)t't:i|tls<=" the liation's InissiOli in s]_;t_'+.'(:+llllt" [i) |)c |() put

:m American on lilt Moon within the dcca<te of the sixties, NASA's Al)<fllo lunar program

preempted both tiic Si)acc Station and thc slnttti_L And, when the slut|tic appeared with-
oul ;,1 S|)i:t('t" Station to build and St'lViCt', il al)l)eared emasculalcd and dctach_:d from ils

inttmdcd ])tnpose--to sonic t'xlt'llt :tll :ll:I'osl)_l.('t" |)]_tllt" wilhotH a space mission.

When did the Space Shuttle begin?
At what Point was it Created?

It could have hcen in March 1966, when a NASA l)lanning team devehq)cd a state-

tnent of work for a "Reusal)[c (h<)tmd [+aun(h \'chicle (:oncept and Development

Pl:illllillg Stttdy." Or it coltld h:l+Vt' I)t'('ll at all Apollo itl)plications c()nlt'l'ellCe held at tilt"
Manned Spacecraft (:enter (lalcr die l+yntl<m B..Iohnson Space Centcr) in ttouston (m
Oclol)cr 27, 19t-_6, when leaders of lhc Marshall Space Flight Cenlcr and Ihc Manned

Spacecrali Center agreed to ptusttc independent studies of a shuttle system along the
lines of a March 1966 statcmt'nl of work. Or most certainly a point of iticcption would be

,J_tllllit.t" V 2:{, 1969, when (;¢'orgc E. Mttcllm, NASA's Associalc Administrator for NI:IIIII(!(|

Space Plight, apt)roved t'OlltlaCI nt,gt)tialiOllS fOl" initial Stllllllt" design work.' ()r it Cotlld
ilavt" l)t'Cll t'vt'tl mttt']l catlicr.

U.der the atlthority of Hottsc Rt+soltttion 496, al)l)r<)ved March 5, 1958, lht" lloust'

(:Ollllliiltet+ Oil ScicllCt" and Astronatttics, chaired by Senator ()vcrt<)n Brooks, l)cmocrat

of l+ouisiana, convollcd hearings designed It) provide direction and guidance for Ih(" err'-

at|on of a ncw Federal agency that would head Aincrica's space program, l)ttring those

hcarings many "experts" described the develolm_ent of Sl)aCc slations and "controlled

st)ace flight" _ts the prereqtfisilcs ti)t+ CXl)editions to the Moon and beyond. Brigadier
(;en,.'ral A.H. Bousht% Air Force l)irt'clor of Advanced Technolog T listed the dev<:l<_p-

merit of spitcecrafl, piloted by humans, as "the most iml)ortant" of llw goals wificil must
receive attcntion I)eforc thcrc could I)t" true Cxl)loration <)f space:

By piloted ._parerra/l, I +V]er to a vehicle whe+vi++a pilot operate._ c+mtrol._ april dilTq'[LX"

th+"vehicle. Thi.+ is quite a d!l]ewnt concept .|ram the ._o-calb'd man-in-_pace proposal
n,hEh mePvl¥ take.s a hum_m +alot_ff./hr the ride' to permit observation +!] hi.s _vuction.s

(l_Pd (_I;IleLI/L_)+i+s+Ytpabilitie+. _

Boushcv believed that bv the t't_cl of the dc<a<lc of the 1960s, a large Space Station

could bc assembled by l)ilotc'<l "Sl)aCt" rags," that w(mld remain in orl)it throughottt their

nst'till liti" and ol)cralc only outside flit" atm(>Sl)hCre. "In addition to Iht' "lugs, + mattn<:d

3. Mt.morandtun. Max Akridgc (I'D-R'()+ .+<,l>:ttt' :++;hmdcllistoq,, .lanttarv V;, 19711, M%F(: Rcl.wls
.Suhscrics,.l.'-;C llistot', ()llite lhmston, TX.

t. Stall Report of tht" Select (:ommittec" on Astronautics and SlmCt+Exl)loralion, Tht, Next 7)'_+)_,t+tsit+
Spate, 1959-196o, 8fith Cong., 1st Sess., I[ouse Dot. No. 115 (Washington+ DC: ('-ovt'tnlnent Priliting ()tfi<c,
195tH. i)p. _-9.
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resul)ply and maintenance spacecraft ',*,'ill shulll(" h+om the" Earth's equator to th<' orbiting

sal,uHite,s." Sul>scqn¢.nlh, a l)iloted SF,aC¢'craft that ,,',,¢mld rcfu¢'l at fhe Spa(e Station in

Fa+rlh orbit, "will hmd on the Moon."'

T.F. Morrow, vice, [)r¢'_idenl of (;hv',sh,r (:<Wl)Orati<m, IJloll_hl |hill _,])ace slaliOllS (:,l

l)lafforms might c<mw in later d(:cad(.'s, 1)1.1| lhH1 t)',,' ](.tii!t i)I1(! coil](| cxi)(,([ "st);t((, Iril)s

encircling tlw Earth and the Moon." l)r. Walter R. l)mnb¢.rgt,t, rocket e-,:pcn Ibr BHI

Aircraft, exl:,<..(t(+d t() se(, "n)ann(.d and atH<)ln;tli( Sl)aCt. ,tslr<>n()nli(;l] ol).+,(.rvat()li(.s;

manned SF, aC<., laboral<)ri<.'s; matm('d and ant(nmttic fillin<_, slorag(+, sttpl)ly and ,tsst_mh, h'

Sl)aCc facilities; ntanllc<l spat( + tnahlt(,llaltc(, and SUl)ply and r('s(+ue ships-all ('limaxc'd hv

lhe first mannc,d llighl to th<." Moon. ,''+

Roy K. Knul+()n, (]hairman, (:()i'])()l',|l,t' ,_,l;,a('(' (:()nnnitl('(' l_;,r North Alntqican

Aviation, <)l]_,r('d a mn(h m<wc ('X+I('I (It'finitiml l_>r ;t "wingt'd" Sl)aCc vehicle. While a l)ih)t-

ed capsult' (.such a.s Mcq'cnry) would takt" ;i pers<m iv+to spact, and provide in+l)<Wt;tnt phys-

iological (lala, "t_himatclv . . . consid('ralion taunt h<: givcn to the l>roblen+ of rccnteting

the Earth's atm<_sl)hcr¢, from rehit in a win_t'd vchich' (;tl)abh" of landing al a (l,t'signalcd

spot tin<low c_+ntrol ol +a l+ih)t. ''7 I It + viewc'd North Amt',-ican Aviati<m's X-IS (th('n tm<hq

dc+vch)ImWnt) ;is a l(>l',t'l'tlllll('I <)1" lilt ;I('I<_,1);I('(" ('i';ilt, ;tll(l believed solving the lt+('llllV

])r()l:,l+.'ill would bt" tht" itl<)nt ¢rtwial Cll_illt'.<.,lill_ task ans_cialcd wilh develol)ing ;t ruttsah, h.

slnlllle, lit" oflt'rcd+ in 1951"I, a r('inarkahlv (I('ar th'scril)lion of whal would on,L. day
l)(,com(, lh(' slmtth.:

A la&w rm'h+q hm_ter wouhl he uwd t_ boos! the _'hirh" tr_ hi,_'h altitude,_. 77w. a n.'k-

el ett t_'i+te itt_lalled itr I/a' ,_hi D il_el/ u,ouht fie it'_'ttited Ir_ pr.vi+h' ]urlher acreDratio_ to

the 25.000 mih'_ per hour wqum,d /m ml_ilicr<_. Itt a hnt, trajeclmy, the vehicle wmtbl

pa_s hallway an, u+M Ihe Earth i_t 45 mi_ul,,_. ,._ t_qr+,_m'kel wo.hl _tart tire sh@ out rJ

mt_il al perha/_s IO.O00 mih_s /_m_ the la.ditt,_' p:_ittl. ,,t._ Ihe vehicle e+ller_ the detrger

atmo,_[_he_., the .+_._e a_td ed_-e,_ _!] lhe wi_tg aml tail will,qtrm, like irmt i. a blm'k_mith k

[otL_e. The ,_lr._ lun" will be buill I+_ u_ilhsla_td lhi.s extn'me ro_rdili+m, however; a+td the

pibtl ,t._lide dow_t lr_ a dead _tick lamli_tqY

If nol a p<)int ot inct'l)fion, Ih('l'c ",,.van.;tt l(',tsl ill 195_ a s¢'nst' ot direction h)r the dt,v,H-

()])IIICIIIOf ;tr('tlsahl(';I(+l<)sl)_i('+."('l';l['l,

Even cartier, l)<+'l_>,(' tht' l;ttn+ch _)l +lh(' S<_vic! Sl)tnnik s;ltc]]il(', sci<.'nlisls itll(I ('llgillt't'l'S

St't+im_sly discnmst'd l]+t" c<+nslrucli_>n and <q)<'r,tlim_ _)I sl)acc (rail Kralft A. l(richt', fi>r

cxaml)l<:, l)rt'st'nl¢'d "( '+aictfl,tti<_ns on ;t M;mnt'd Nt_ch';tr l+r(>p<'ll(,d SF, aC<, Vc'hiHc" t<) tht'

Aint'tican R<wkct S<wi(,tv in SCl)t+.!inl)tw 1957. In .];lllttltly I<.).'++7, NA(]A t'ngint,(,rs <)ll tht'

staff of lh<" Am<:s A('ron;mlica] l,al)_>r;tl<wv, al M<)ID.'u Fit'M, (;,difi>rnia, l]h'd a st'crt'l rt'l)<wt

<m their "l:'relimim_r'+ Invcstigalion <)I ;t New R('s('arch :\irl)htt+<, li)r Exl)h)rin _ lh<:

l'rol:_l+.qns of ]'][](it'lll i lyl)('rsoni<; Flight." II was to l)t' ;In aircraft cm+sidcr;thl_, cx(t'('dill_

the ])t']f,._,rm:an,_c h'vt'ln of lit<.' X-I 5 ,,,,'ill+ "a rockm ])<_sl . . . t_) Math nt,ml)t.rs <_l+tht' <wd<'r

_)I l0 and ;tltilt_dcs of tht" _)rdt'r t>f I,I0,00<) ft't't.""

5. Ibid., i). %
6. Ibid., pi ). t) 1().

7. Ihi,l,, F.I). _5-1)1
,% Ih/d., pp. 91.

9. "'lh,..lil,,inal', [ii'_*',ti_Itilm _I ;, N,;"+', l"t_'sca_<h \i,l>Imlc l<_I l']xl)hnin _ tht' l',<)l;+l+.'mst,l l_]ll](it'nl
I l',lWV,<mi_ I:1i_111,'"l)x tht' Ntatt _>1tit,.' ,'_lll('s \c,_+nanti_ ;,1lah<n ;itl)l _, \h+lh'tt Fit'hl. t :;,lito,'ni,_, N..\( ;.\, V',anhingl_m.

I)(:. ];tmta,; 1_, I!r57; K.\. l:,i_ hi', "( ;;d_t,htm+,,', _+n ;t Ma,med Nnt I,.';n lh<)p,.'lh'd SI);,<t, ",'t'hi_ h'." _t'l>tvmh< ', 5.
1957, IN(: I li_m_r,, ( )tti( v.
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With the insi_ht and dhecdon pmvi(h'd t)v (:onglcss, the cxl>erienccs of National

At|visofy (:omtllitt<`'<," for A<`,ronautics (NAt:A), and th<`' Am,['ri,:an (and (]anadian) aircrafl

intlustry, NASA set about aftt,f its inc<`.ption ill 195g t<) I)fovi(l<," the United States loath:r-

ship in space t.xphmuion, SF,aC<`"sci<`'nc<`', and space t<,'<`hnoh)gy."' But Am<`q+i<`an succt,ss<`'s

ill Sl)aCe semned painfully gained, and slmvly r((,alizcd.

Not only ha((I tilt" Sovi<`!t Union launched tilt," thst salt,lille into ofbil on ()<.tob<,,r ,l,

I .q57, hilt in 1'.15!1 Sm'iet iotk<`'t sci<..ntists latHIcll(('d thlt'(' succ(('sslul illt(('l'l)l;tn<`+tal) _<:t+a[t into

space. l'tl<,' second, l+u.. 11 ilnpact<,'d on th((" Moon ill S<`'pt<`'lllb<,_l-; l.un¢l I11 ll_'w bchind the

Moon ill ()((+tol)ef 1959. ()n April 12, l.q{_,l, Maj<w Yuri (;agarin |)t!t'_tlll<,' tilt' I]rsl persere to

"l(('av<,' this planet, UIItCI th<,' void of spat<,', ;llld l'Ctlllll." By 19BI, with th<,' t'nCOtll'ag<,'lllClll

of th((' l)emocfati(( Party ((alnpaign toy the pt+csid(('ncy, Ann<,'l-icans h.ld begun agonizing ov((q

th<,' "missih' gap." ,Mt(('r th<," ((qcctions and th<,' [naugur;-ttion, on May 25, 1961, Pncsid<,'nt

.]ohn E K<,'nncdy and Congncss s<,'t a u<,'w os>Illst' Ibf NASA. prc((lnpting existing d<,'v(('lol>-

mt'ntal pn+ognuns and s<,+hcdules. Th((" Unit<,'d States, bet_:>]+c tilt" de((ad<," is out, should laud
+'il lllitll on tilt" .'_,loon" and l'<,'llllll him sat_.qv to Ealth. h_

['h<," Apollo pn-<)glam be<,anl((' Ihc l<,'ading etloYt. An <_tl)ilal Space Station and Ea.ltll-t¢_)t't)it

spacccl;fli+ whihc t]mv mighl eontt-ibute to a continuing pn+(('s(('nc<," ill spa<`'<`' and I)rovide a

platlotm till tiuthef hLllar of pl;lll(('tall'}' explon+a.tion, did not (('olltFibut<," to tilt" short lt'l'lll goal

ol'aul American ]ullar landing within Ih((' decadc. N_NA r((,;l(!just(('d its schcduhcs and priorilics

to a((-colnnlodat<," Al)ollo. The Si;,acc Stattioll and till(' i(('tlsabl((" .t<:rospac<," cl;di it'nmined xiabhc,

but lutufc, options. M;u,shall Space Flight (](('lltCl (MSt;(]), ill particulal; continu<,'d to stud'+; the

it'usablt" v<,'hichv conc<,'pt and ;is early ;LS,];.lllllill)' l<..)[:l!{, dt'veloped a statCllR'llt <dwork tor a tully

I<,'usable r<wkct-powcl(('d x<,'hMc that tould ((m-ly civilian passcngcrs, and a sizat:,hc i;,ayh>;id.

M;ushall a'ward<,'d in<,h'p<,'ndcnt contracts to l,ockht'<,'d Aircl+al] and North American Aviation

tbr design and dcvvlopnl<,'nt studbt's. But tilt" NASA tbcus c_mtinued Io bc on M<,'tculy (;<`'mini,

and ,\1>ollo. By tilt' cnd of 19(;3, tilt' Mcrclu)' I)Yogl;un endvd. The lasl (;cnlini mission Ih'w _>n

Novcmlx,r 1 I. 1961i. NASA schcdulcd th<,' thst Apollo lli_,ht [bl l)ccmntu'r 5, 191:_5. An Apollo

with ;I Saturn I:,oostct, whi((h was to send Ap_dlo on its lunar v<Lvag¢'s, Ilmv ;ul Unl>ilotcd tt'sl

on I:cl>ruaz'x 2+3, 19(hi.'" It appcafcd likclv through In_sl of 1966 that lhc .-\l)ollo-S;tlurnl

lunal F,logl'aln was on s((h<,'duhe+ Shollld NASA C_>IIIplcI((" its mission t<) land a man <:,Ultilt'

tMOml within tilt' d¢'cade, what would happ<,'n nex|?

NASA I)t'gaul to ,iddlcss that issue t)y <,.stal)lishin_ an ,&polio Apl)lications ()t]]cc. ill 19116,

that would dcvis((, proglmns to utilize Apollo I<,'('hnoh:,g 3' ill nOll-]Ullalf plOgl;tlllS. Ill ()ctol)t'l

lgliB, tilt ;,lllllllal xn<,'<,'ting ofthe Amct-ican Institute ol A((.ronautics and Astu<maulics I,+>cused

<*nl tilt' qucstion. "Alt<,'r Ap<>llo, What Next?" And, in] l!)(_,(L.iust as thc Ai)<)llo-Salurn l:,noRlanl

st,clnt'cl on tilt' vcrge <_I sttcct'ss, (]ongt+css and lilt" Atollifan pul:,li(( Ix'Ran to div<,'rt atlenllion

and pul>lit funds fro,n space and NASA to tilt' monc un+gcnt I:,usin(('ss ot a gxowhlg ','+'all ill

Vi<,'ltuun. Th<,' war. and lion<,% began, (('v<,'n in the midst of Ap<dh_, to tuFn NASA's attention

to th((' "more i)raclical" approa((h to spa<`<`'."M,,lc practical meant inorc cll]ci<.'nl, Icss

costly, mort cc<+nlolnic. Discussion of an olbital SF,aCt" [:,lall_wnl <>l stalti_)l]. ;llld ;l l'+.'llS;lI:,]('

l_];tYth-lo-otbit supl)l ?, vchich" lcvivcd.

l(L M,.'ini+i;tndunl IOt lh_' S+..+.tt't;tt-, o| t)¢|+.'nlsc and (Jtaitunan. lhc N;tti,ma[ .\d'+iso_. (]¢m,lniIlt'c l_+t

+\t.ltHl,tll[kS. Ap, il '.2'+I'}3S. 5,pc,,ial (i_mm+ittt'c _+nt Spate and ,\Mii>ll;ttlli(s, S('ll;It<' l':tp_.']s. BoX ++:'-+7.l+'+,ulon I£
.loh,,+,_,t+ L.iht;u', {hct+.'it+all,Yt IBJ l.il_I;u"_ )..\ultra+ ]i'xas. +\ latgc _¢mtin_cttl <,I (;:madian and lhhish at'_oI_;Ultit al

¢'ll!_illt't'l"+ Wt'It" it'd|trill'If b',+N.\5,.\ l<>lh,x_inR hc (_anadiau+ ,_o%t.llllll(+lllS <It'_i'-,i_m in 195N t<_ hah develtg:,itt,ru+t _I

tht +.',.VRI) li_hlm plane.
11, I.u_don t',..l_+lm+<m, 17++'Ih*+l.t._r I*.i.l: I+'P+l_+'¢liz'e<+ +_] lhl' t_P+(si+l+'+l+3, /_,'_7-/9,'_9 (Nm', Y_>nk, NY: Ihdl,

Rim'hart & Winst_m, 1,.171), pp. 28{}+4+,1.
12. _'c Dethh_tt, "hmld,'n 6 7bmm-_n+, C.m,'... ", pp. ION-12, 221-22.

13. Ihid,, pp. Iql-¶r3.
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Thus, in March 19(i(L ;I special NASA phunling leant deveh)l)cd a sialenlcni ofwolk tor ;t

rcusltb[c ground launth vchM¢', and in ()t'lol)('r Mat,_hall Sl);i(c Flight (]('l/lCI illld lilt"

.\,|;tlllt('(t S])il.('t,tl-;tlt ( :ClliCl ;t<_lt't'd lo |)lit'Slit intlci)cn(l(,nl slutb,' and I('st!arch on such il spatc-

tT<t]i. NASA I)u(lgels, howcv('l; wt'rc 1)c(olning increasingly c()nslrilinctl, ;ul(I ai a.Jannal 7

(+<)nlbr(+nt(, ill NASA l l('adtluaricrs adtninisti_tlOl+S rt'h£(iailily ;tgi('('(l that thor(" shon](l l)c It()

new launch vchM(, dcvch)pnl('nt in ordcr t<) rt'du(e t]tc l)ttdget im)I)h.lns. Th(' yCal; 191+7,

l)aSs('d without any real ])rogrt,ss in lit(" dcv('lolnnt,nt ()I ;l rcusab](, sp;tc('cralL but financial

])r(+ssur(,s lit+Calif, grt'aicr rather than less. lit,Jan(urn 7 196_, (;('org(" Mucllct + rckindl(,d st+Ill-

nit'ills I<)r work tin ;I l'Clls;tl)]c s[)it('C(+l;t[[ its p()Icnti;tlly ;i ('()sl-s;tvitl_ ill(';isttrt':

1.1"/wt_, we sta_cl ram, i_ /De /easik/I//y ,_em,ral!'_' ha_ h_'('_ r_laMAhed /m )'e?tsa/fili(¥. A ml

¢+;e ha_e mucD data rm ma_ly _olt_(,pl._. H.'_" have atl _tttre)'/ai_t marl;f/demat_d a_ld r)f_r')_

alirmal )+'qui+emr_Hs. "l'De ICdYl ) t rois /Or /is//)' tv?+.+abl+' _'sll'Pfl<s) i+lc/?+rlit7¢ + ilTcrem+,t+la]

d+_,dopm,++ll ap[nvacDe.+, appear h_¢D. Pe):+m+ m'l a)+rl rat2q'o +pa+er'rafi were to domh+al+,

Nev('rlh('h'ss, NASA l)iti a dt'(ision li)r tht' (h'v('h)pni('nt <)Ill r(.tlsal)h, v('hi(h, <)It |told.

Mt'anwhih,., in ('()lhlll<)rlttiv(, s('ssi()ns vviHl )h(' Air Force, wlli('h was ind('l)('ndcntly

st((dying orl)itit)g lal)()ratoiit,s and ;I('t'()Sl):l('(' phut('s, NASA and .,kit F<)r((" ('ngint't'rs

;igIt'('tl (in iht" n('('(l It) d('v(,h)p ;i h)gislics Sl)aCc vt,hicl(, with it l)ilyh)ad rang(" of 5,00() it)

g)0,000 |)olin(Is [()1 list wiilt it S])ac(, ,Nlati()ll. MarsllMl ;lilt( Mannt'd Nl);ttt'(l-afi ;tdllliilisira-

i()l'S il_iiill <()nli'rr('d ill ()('t()])('l +, and ;tgr('('d I() issu(, ;l rc(lut'si it) NASA l lcadquarlt'rs for

a j()int Phase A (('Olt(('[)l (h'lhlili<)n) slit(ix ]iir a ]()gisii('s Sl);i('(' v('lti('h'. Ht';t(ltltiarit'rs

tt'ni;tlivt,ly agl-('t'(l to award ;i Sill(iV (<)lllia(l, ])ill wiliih('ld al)i)roval ])('ll(lillq ilic l(,sillts ()t

lilt' A//0/]() i_ tlighi.':'

+ti_ollo X was ihc [hsl Al)ollo [lig]li t';ll'l_;illl r "]llllilall (';il_<)" ])ow('red ])y Ihe _atill+ll

I+o(-kel. Its <)rigin;ll t]ig]ll [)];in was io <go illiO l+]arlli oi])il, ])ul again MSF(] itlt(t M,+¢,(] C<)ln-

])inc(I Io COliVili((' ]('a([('rs al N,,\,q,+.\ ] ]('adtlllllri('is l]lal Apo/D> <k'sli<)u[d ])c ;t Cil(+iiliihillai

Ilighi. A[lh()tl<Lrh p('rc('ivc(l iot)(' a "'(Itch risk" ('(Jill1, A/io/Io <i_, ];ltlllC]lCd Oil 1)('('cnl])('i + 28,

1{)t78, put asirolliililS Fliilik I_Oilliiiii, Janit's A. Ix)v(,(1, Jr, ;llld \Villiain A, Alidcrs into It'll

orl)iis till(lilt ill( + M()oll, ;ili(t rClilrli(,d ihcItl sali'lv I() Earlti. That tlighi provi(lt'd ,_lt'alt'r

;tSSIIF;IIICC (If" ih<.' pr<)l)abiliiy of ('()lll[)[t'iillg" it ]tlll;tl" hllldillg wit]tin lilt' (]ctad(', alld a(ccl-

('l;til'd ill<.' lIC('d I() ('()llllllil it) ;l l)()sl-Ap()lh) pl'Ogl;llll. ()11 J;illll;ll+y 7!_, l(.)(ig, (;corgi,

Mtt('llcl + apl)rov(,(l (()iili;i(i n('g<)iiati()ns li)r (l<`'sign wt)rk t)ii what w<iul(t I)t,(oin(, ihc Space

,i_]llliil(',t" ']'()ll(hd()wn t)}, ,tp0H0 [1 (ill Ill(' M()()n's Slll'f{t((' inJul} 1969 l/roug-hl w()rk till th("

S}ltlil](' illi() S]l;ll'])Cl t()('llS. Th(' (lilt'Slit)It, "Ati('r Al)()lh), ti411;ti N('xI?" ii('('d(,(t I() I)("

;lllSW('l+t'd S( )Oil.

I)r('si(t('nl Richard M. Ni×()n at)l)()ini(,(l a S])a(c Task (;roti]) I() stu(ty the pr()l)h.ni all(1

o|ti.,r ()|)lions. ]llicrnal Ni\Y,A Slildies c()niph'liiCiilt,(I lh(' work (if lh(" lask gr()iil). ()It

Jalitlary 2{), NAF)A ;iward('(l P[ias(' A Sllidy (oillr;i(Is f()r (']ClllCnis of an "inle<gral I;iull(h

ali(I r(!('lllrV vchhh:' (llRV). l,o('kh('('d Missil(" 8,: _t)it('(" (]l)lli]);iti}' slu(lic(l (+hlsl('r('d ()r

Itl(>(ht];ll" I+CllSll])[( ' tlvl)a('k slaLr,('s. (;('I1('1;I] D}:llallli(s,,/(]OllVail ' cX;tlllill('(] ('x])('n(ta]/[(' flit1

tanks and solid i)r()l)ulsion slligt's, B()lh conlra(is w('rc a(hninisl('rcd 1iv M;us]lal]. Th('
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working under l,anglcy Research (_cntcr suPcrvisitm, examined tank, b<_oslt'r, and sl)acc-

tr;tt! ("tri_l.ll|t'sc") conligtnations. Martin ,M_trit*ll;t conductc'd an in(let)trident design

study also subnliltcd It, NASA.': (]OllCtlrrcnlly, a jr)ira D()D/NASA study I)c_._tll ()11 s,|);l(c

tra]lSl)Orl,ltion which would also) go It> Ihc I)rcsidetll's Space 'lask (hotq).

In ()ctobcr 1969, (kmgrcssn|an Olin E. 'l'cagut', (]hail-lnan of the lIottsc (]ommillcc

on Scicnct' and Astronatttic's sul)c_mmdttcc fin NASA oversight, asked tilt." l)ircclor of

citch NASA (]CllICl inv<dvcd dirt+city in the nlanned sl)acc tlight program to review various

"levels _t clfi)H" as lhey might at]ecl lilll.llC programs when measured againsl tht., Sl)aCc

Tusk (;rou l) rt.,commcndations. I I_" requested an t.,valualion o1 die S[)acc "lask (;roul)'S ])rc-

[illlillltrv lCt()itlltl('lldilliolIS lltitl NASA lklcl]S ()It il I'CItSII])Ic S])IICC t'ril[l iilld it })Cl'lllilltCltt

s])it('(' i,lilli_)ll. Arid lit' rt.'qttt'slt'd pClSonal ]citers fl-()ln D_t]c D. M'¢crs (/\ss()t'iillC

:\dminislrator [i)r Marmot[ Sl)aC(' Flight), Robcrl R. (;ihttth (Director of the Manned

Slmcccrldl (]cntcr), Kurt 11. l)cbus (I)ir_'ctor of Kennedy Space (;cnltw), Et)crhard Rct.'s

(l)irt'ctor of Marshall Spacc Flight (k'ntcr), and Wcrnhcr w)n Braun (l)ct)uty /\ssociatc

:\dminislral()r). "'st'Uing i(_rl]l tht*ir "_.ri('_'_rs()|| |ht' i][I.])()|'t_t.|'l('t" ()[" moving torward with thc

NLumt'd SlYact' Flighl Pr<_gr.un at this time. ''_

Dale Nlvt'rs dcscribcd tht" changin_ fiwus of the mission in st)ace from lht" single f)ul_

l)OSc i)ursu,_'d in the /\t)olh) ])r_gram, Io a broader ctli)rt to use Sl)aCC lcchnoh)_,_' tor Ihc

In're'lit of man. "*In cartll _)rbit. a Sl)aCC station SUl:,])licd by I]](" r_:usal)Ic shuttle will F,rovid("

addili<m;d twonomic gains iuld l)rlntica] l:,encl]ls." They would l_wilitltlc it consid,t'r_d:,Ic

t,Xl)ansion in Sllltcc_tctivilics a]Id ireroast" the numl)cr o[ ,,is|lots into SlIaCc."

Rol)crt R. (;ihttlh, l)ircclor of lilt." Miumt'd Spacecraft (:croci; responded lhal h(" [iNn-

I,, bclic,,t'd "'lhilt lilt.' rt.usaMc Slmc,t' Shltll]c illlt| l]Ic lill-gt' S]:,itcc SliIliOll _tl+C vital clcmt'nu,;

whirh must b,v developed." lh" dt..scribcd th,_' "carlh-to._)rbil shtHtlc" ;is "the kcyslonc to our

])_)sl-:kl)_d]o activitics." Kurt L)t'l)us dcscribcd tilt" broad tcchn_dog) advanccs rt'quircd fiw

lilt' ([t'vcl()l)lltClll ()l it slntltlc and Sl);tcc Sial|on, arid I/t)lcd thai oHc t.illtlt,:)l illwitys idcntitk'

lilt* loud ulilitv _dan inn<war|on. Throu_houl hist<wv, hc nol('d, i|movations have Ix.on nladc

wilh<nH idcnlil_'ing all the ttscs and iq)l)licalions-hc named lilt • whccl, lilt.' lclcl)honc, the c;u,

iutd lilt' airl)lanc as good cXamlIIcs, t It." advised proceeding now with tilt" dcvch)pn|cnt of a

[till', rcttsablc Sl)aCc Shultlc, and the initial|on of Phase B studies. Ebcrhal-d Rccs wrote Ihat

Ihu iulswcr lo lilt" high costs ot sl)act" trlmsl)orlalion is It) dtwelop a system "which Ol)¢'ralcs

tnuch like lhc car_o and passcugcr airlines, namely a SlmCC Shulllc System. "u'

Wcrnhcr yon Bratm rt.'vit'wcd the i_cc<mtl)lishments <)[+the l)aSt dcclt(lc, holing that |he

sl)acc program flirts l_lr "brt)ug, ht rcm,wt-d strt.n_,l|l ill t+alional Icadcrshil). in scorn-|IV, in

t'dttcltlion, and in scit,n(t' it]t(l lc<hnoh)u,y, ilt|{l in lilt' will of Amcric_l lo sttcccc(l."

• . . the k+'_' Ir_ .ur/i+lut+" accom/di_hme.ls i..spa+e will be willi._,+.:+_ I...derlake the

d:_,d++p....I.s th.t will advam'e Ihi._ ..li.. t. m'w plaleuu.+ if] operatirmal./h'xibility

a. d wiU ,_6_,+' .s the lech n oh_L'*i+'al _ld_ _tz. re.s . ceded to a.s,_u _v eco. om i+nl operttt i_. _ i.

_/m+'r..\*. m : u,.ubl quest|+.+ the ju,_ti/icalirm.lur a jet aircr./i Ihrzt +a. be ll.wn 0t,+-;,"

am/r_,+'_ u,_'ai, i.s/e.d r_] /usl .me. With the Sl)aCC Slltllll(' :_.d Ih+' S]);tct.' Sti_ti_)n

.,,. will have It; _/m+e .,t._e _,quivah'nt ,/ the jet lira'): u_

17 I.,,_,11, \\_'-, I tll_l,ni,.l l_rtl_: lb_+_k,'.'_:I_; Akrid,4t', L_ _' z _ _ 'qb.ttb' /I/_h.x, i>1)` ?(_-19: 1.1', I:)lms, It. S,.M.
:\ndti(h, XI.(;. (;*_odh,u L m_d I)..(, Kcmn.d_, The l,Xohtli,_n ,_lHw ,":,p;ttc Shuldc Ill.sign, I'c;s_)n_d I-'ih's, ]*)',vl)h I:_

I 41till _,, I()hllS( )11 NI)iI( t' ( _('lltt'l\ I I()llSll kll, |{'x_ls.

IS. ()Ira |.]. lt,_L_ut', \\;tnhit+_It+tt. l)(i t_>RId)t,t! R. (;ih tttl'_+l l++uq_)n, lX,()(t,dwl 3, 191i% \ptdh)lh_g_am

kp( dh, \l_pli_ ,_tim_s Fill" li7?- II 13.1";(i I li'*,t_,t_, ( )l|]_ _*.
19 l._t,i1,_,todi'.t]il)tttioil.+\\<172-11 13,1St: lli41_)t_, ()ll]tt'.
_I I. �bid.
2 I. ///i:l
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Robert E Thonlpson, wilt> bccalne tile Manned Sl)acecraft Center's Space Shuttle

Progranl Director ill April 1970, expl:iincd that the emphasis in tile initial Phase A and
DOD studies was to develop a tilllv reusable system, which he perceived at the time as the

nlosl cost-effective cmltiguration, because of anticipated lower operating costs. I lowever,

as early as May 1969, lilt" cosls t)[" developing fillly reusable systems becamt+ ominous. I{y

lilt' end of tile year NASA ttt'adqtt;utt'rs shifted tile Phase A studies to all emplmsis on a

combination oi + expendattlc and rccovcnd)lc l)oosters coupled with rcusablt" Sl)acecrafl.

The Phase A reports were rct+t:ivcd in Novt'mbcr 1969, and the DOD/NASAj<fint studies

were comFdcted in Dccctnl+t'r 1970. Both the NASA internal studies and the D()I)/NASA

sttltlv ctmlinued to support a fully reusal)lc spacecraft.'-"-'

in May 1970, NASA awarded Phast+ B contracts to a North American Rockwell alld

(;t'ncral Dynamics team and to a McDonnell Douglas and Martin Marietta team tbr dt'lin-

ition studies of a fidly reusable shuttle. But in June, contracts were awarded to the

(;rumman Aerospace and Boeing partners to+ studit's ot various expendable and reusable

booster and fuc'l lank designs, to I,ockhccd to examine all expendable tilcl tank to+ the

orbitcl, and to Ctuwsler lbr design study ota single stage reitsat)lc orbitcr. There were other

contracts to stttdy various assemblies through the remainder of 197(). _:' The year ended

without a decision as It)the dcsign ot the sllultle, but with a nmnber oF intercstin_, options.

But lilt" estimated costs of developing a fldly reusable shullh" Wt'le rising, and costs

sore1 became the dccisive CIt'lllt'nl, not mdy in tile s]ltlltlt! tic.sign, but ill dctevmining

flmlrc NASA programs.

The dcvelopnwnt of a flllly reusable shtmlc was conscrvalivcly t!slimalcd to "require

more than a doubling ot NASA's budget, unrealistic at ally time and particularly so in the

light of increasing military expenditures in Somhcast Asia." During congressional hear-

ings on tile I_" 1c_71 NASA budget, NASA Conlptrollcr Bill l.illy respondcd to queslioning
that if choices had to bc nladc, lilt" shuttle had to precede tile Space Station because, "if

they could not be developed concurrenlly, the shuulc ill extended sottic, could act as a

surrogate Sl+ttion and the long tcrln future of space tlighl lay in reducing the cos! of all

opcr;ttit)ns, but [t)rt!tnosl in lilt" cost of <If'livery to low E:ulll orJ)it. '''_ As will be seen. ttmd-

ing was tenttous throughout tilt' dcxclol)nwnt prognml. The decisitm on _t fully, t_r cvtm a

l)arti,dly, rt.usat)h' shuttlt' app;trattls was still pcndillg.
Finally, on April I, 1971, NASA dircctcd thai the Phasc B contracts shift lilt" Ctnl)hasis

from "fulh: rettsable" to consider an "orllilt'r" with exl('rnal t, xpendablc hydrogen lanks.

James C. 'Flt'tchcl, who had replacc'd NASA Adlninistratm Thomas O. Painc in April,
believed that whatever the technical merits of a fully rt+usal)lt" spact" vehicle might b¢', the+

$10.5 billion price tag currently assigned shuttle develol)ment simply wotdd "not tly" with

Congress. ha.June 1971, Max Faget, who headed MSC's Advanced Missions Program Office,

prt+stmtcd ;m ahernate configuration, that is, _t two-st;tgc shuttlt' with a drop tank orbiter.

Adnlinistratm Fletcher acccptcd lilt+ configltr;tti,,n :is NASA's choice, and on.June 16, 1971,

scnt Congress a lcltt'r ()f decision. Studies o| the ncw ctmligtHatit)n with ;t tiflly reusal+le

()rl)itt'l: mid expendable or rcusallh' cxtcrnal bt>ostcr rockets and Imlks, sul)scqtlt'ntly low-
('rcd cstimated RS,cl) costs t<) ab(+ttl $.') I)i[li()+l, (>r one-half Illal <d the fldly rctts;tbh" vt'hi(lc. _"

The ncw partially letlsatlle contiglnalion involved lilt+ lowcnt dt'x't'h)l)nltmt tosls, but
also cnhallct'(l the aer<)dytaamics of tht" shuttlt"s orllitt'r, mid sal<:ty. All intcrn;tl tank

22. Ezvtl..\',t:s I tli_l_...I I)atn IJ.ok. 3: IS; Ilclhhdt. 3,.rkh'.ll l++.',+,'r+m, C.mc... pp. _ I-3_',; Akl idol', S/_a+,.

_]l.lll+' Ili_l:,13+ pp. t9-9S.
23. E:cll, \_t_;.t tldslr..rd D.la Hool;, 3:4_.

_1. l:dlw., Andlit h. (;t_t_dh;_rt, ;u_d Kcmwd',. l;.,.oltmo_ ol fl_c Sp;wt" Shtmlc l),t.sign, p, N,

_?'_. l-'.;tb_h" EHginc,p_ in,',4 IIH.. Shtml,: ExolHtion Slud.,; .,',,pt il 27,, 19_6, l._dius I lism_i_d I)<_ mncmn I:ilc, IS(;
I[isttwx ()lti(c.
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(l('sigr_ r(.(ltdrc(l h('avy insulali()n ()f the" Sl)a(c(raft, much h,:avi('r launch w<:ighl.,;, an(l

1light (tifli(ullics ]('suiting from lank lormon and "sh)sh." Tlw very high ])rcsmH(" r('(luircd

in Ih(" fllcl lilllks ills() (r(',tl('(I high('r risks and ('ngin('('ring an(l n}aintcnan(c t)rohh'ms. "''

R('lint'nlc]lt ()f th(" 1)rot)()s¢'(1 _('w (<)ntigttrati()nl t()()k y('t ant()lht'r t,,v(> >'cars. For Ill(" time,

the soluti<)n s(,(,tn(,d the I)('_1 in t¢'rms ()f (<)mls and i('(]mi(al (hwch)tmlcnt.

Dc_;l)it(" NASA's ]unc 1971 ¢omttfitmt, mt<) a rcusal)l(, orhit('r laul+ch('(I I)y an ('×])('n(t-

al)h" or 1)arlially rcu_abh, l)rOl)ulsi(m sy._tcm, thor(' ",'-.,asn<) sl)ccifi( (ongrcssi()n,d thn(ling,

ti)r shutth, R&'I). ShtHth, [imcling (amc ['r()m g('n('ra] NASA sl)accilighl Ol)(,rati(ms
programs througll I_5' ] 977,. M()reov(,r, sllmth, program (,Xl)(,n(liturcs ha(i risen fl(ml $12.5

million in I,q70 l() $78.5 milli()]l ill 1971.: Ch'arly, [i_rmal apt)r()val had t() b(' s(,('urcd or
sludv ()n Ih(' shullh, i)r(¢j(,(l had 1o I:,(' tcrmin_atc(l.

hi .lun(, 1971, NASA's ,.\,,;s¢)(iat(. Administrator ti)r Manned Space Fliglnl, 1)ah' I).

M,,'('rs, v:h() had lnanag,('(l N()rth Amcri(ar_ R()(kw('ll's shulth, (tcv(qol)m(,nl w<)rk 1)eli)r(,

hi' rt'l)la(('(I (;('()rg(' Mtt('llt'r at NASA hcad(lua]lcrs, a+sign('d Marshall r('sponsil)ilily li)v-

(h'v('lol)tncnH ()f th(" slmtth, re.tin ('ngin(. ancl |)(,)storm. and lit(" Mannc(l S])acc.(r;di (;t'ilt('r
r('sl)()nsil)ilily I[)r (h'v('h)l)ing th(" ()rl)iler. Thr()ugh()ut 1(,t71 and iullo 1972, NASA ('xtt'nd-

('(| lh(" PU_t:,;(' I_ (()lllr_t([s, _tl/(t ;iwarflt,(I lll'w ()ll('S [I) ('X;llnill(' V,tli()ll_,]) _ Ill(" II_;(' (if t-xistiwg,

Tilan and Saturn ]-()(k('ls as shuUl(" ]atmch v('hich's, Ill(' [i'asihilily ()t using li(]ui(l or solid

])r<)])ulsi(m 1)o()s[,,,n_, and m('lh<_(Is ()f r('(<w('ring 1)()()ste_.s ,m(l cxtt'rnal lanks, ln.]anua_5: 1(,)72,

Marshall Spa((" Flighl (:('ntc'r awar(h'(l (()]_tta('ts to At'rqj('t4i('n('ral, l+<)(kh('('(l l:'r_)l)ulsi()n
(;()nil)all)', Thi<)k_)l (;hl'llli('al, all(I {rnit(,(I "[),:(h noh)g-,: (]('ni(!r I() Slll(l',; lilt" i)ossil)iliti,.,s ()f liSillg

26. IDM.. F'.....
27. I'L]('II, ,",'.++,_,.I Ili+hnna!/J+,'/,'+ B..t,'. 3:li!t.
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cxisling, 12(binch and 156-inch solid rocket motol_ as par! of Ihc shuule booster svstl'm. >

Pvt,linlinaty and linal rcporls continncd the lower costs of the new S|lulllt' configuration.

( )n,Jamlavy 5, 1972, Adnlinistlalof Fh'tchcr and Deputy Administralor (;eorgc I,ow nlcl

with Prt.sidcnl Nix<m and his st+all a.'.+sislant, .John Erlichnmn, Iol- a ,micw of the shulllt'

lllogrmn. Nixon apF, rc, vcd tilt" rcvisvd aud less contly shuttle pl+oglant, and wantcd to sllcss

l)o01 tlt+." civilian and tht" intcvnalion,d aspt'cts oisln,ulv ,:hwt'loF, nWnt ,|rid futul-c missions."

Nixon's support I_l tilt' ,;huuh', h<Jwt+vlw, l)twmnt' hoisted on the F,,etard oI lilt' growing

dill|cult|era ill Viclnanl, lilt" proF, oscd Air F<)l+ct+ +ttpcvsonit" transport l_lant • (SST) tancvlh'd

bv (:()ngrcss lilt' I)vcviol,s yCal', all(l party politics. ()n .lanual3: 7, Seuator l'_(llnulld Muskie

(D-MI:.). :l l)cnlocvatic candidatt" lilt- th(' l)rl+sidcncy, told Florida auiIicn¢cs whih" canlpaign-

inR thclc that the Sl)aCC Shutth" was an ¢.xtravagmwt" and should l:,,t" shelved. Reflecting the

scntinlcnts _)1 many Anlcvic,lns, the glcatcr pviol'ilics of the nation, hc said, wcvc "hungry

chihlvt'n, inall¢'qual,p housing, ll¢+caying cilies, and insccuFt" old age." l It" accused Plcsidt'nl

Nixon <>I pr:tcticing "pork bm-rcl F,olitics" ID: SUl:,p<wling the $5.5 billion space F,r,c)grmn. +'

Senator + Wahcr Mondale (1)-MN), anotht'F asF, iranl toy presidcnl, calh'd the Space

Shutth' l)ro_lam "'lidicuhlus" <m a nalionallv tclcviscd dcbatt'. "At the present and kll,{:,xvll

lcxt'ls oi SF,aCC activity, to pvoducc lilt' Spa,:|" Shulth" ;+ol,ld Im like l)uying a llccl ,t:,f gold-

l)l;itt.d (;adill.tcs to go Olll and lt'l)ail tilt' til-t" of a I:'inl(+ .... h is ilot it llt'w CxllloIati_m

+wc,tpon. l| is sinii)ly a tvuck-a vcly t'Xl>t'nsivc tvu(+k that is nol worth tht' nl<mcv""

St'lliltOl William PlOXlllil+,P (l)-Wl), who succt'ssfully h'd lilt' fight agaillsl tilt' SS'I' ill

1971, t allcd Nixon's dt'cision to go ahcad with what hc cslilllatt'd 1<+t)e the "$15.3" billi<m

shuttle i)l_!jt,ct, "'an _mlv,lgt'ous distol'tiotl of tludgt'taFy prior|tics." Tilt' I"tcsidcnl,

Pv<_xmirc said, had chosen tilt' S[)acc Shl,tth' ovcr schools, pul:,lic heahh, housing, mass

itillS|l, Ol)cn SF, aCC. ('llVil'()nlllClll;ll llt't'(15:, illlfl olht'l" vital pt+ogtanls, u +|hi' sl);-tct+ plt)glalll

als<+ had l)OWcvlul a,dvo,valcs ill (_ongrt'ss, including Texas (]ongrcssnlan ()lilt F. +l_'ague

(and tilt" cntirc "li'xas dclcgation), Mississippi Scnatov.l_dm (;. Sit'hills, itlld St'llitlol +Nlual+l

Svnlinglon of Missolni, among olht'ls. Nt'verlhclcss, tile adnlinistlalivt' det'isi_m to pl+o -

cved with shlllllt' <h.'vtq_q)nlenl l'l'slt'(l upon (_ongvessional appv<wal and l:,u(Igt'ts. Thc

[utute of lilt' Sp:icc Shuttle ,;,t.enlt,d particula,ly Icntl_>us hl 1972 as (;<regress began lilt'

budgct dt'balt's nca, tilt' end <d.january.

+'X+lcanwhih', NASA incvt'alSCd its allocation li)l shuttle spending fionl $78 million ill 1971

to $100 million for 1972 t'v<)m |Is inlevnal Ol)CVation+s funds. In March 1972, Myers assigm'd

lilt' Manned Spacecrati (]l.'lltt'l ill | |{>llS,[/)ll "lcad center" authority tier overall Spacc Shutlh"

Pvoglanl Dcvclolmttmt lllilllagt'lllt'lll and contl-ol. Robert E Thompson, a lncnlbct <)f th<.:

original Spacc "Elsk (;rou F, ill l,angley Research (]Ulllt'r (which becalnc tilt' nucleus ot lilt"

Manned Spatccvall (;t'nlct + ill Ih>uslon, qi.xas) continued :.is managt'v toy lilt' NASA-wide

Shutllc [:'Fogranl ()tlicc. Thonll)SOn prtwiously headed lht- Manned Spacecrat] Ccntcr's

Apolh) AF, plicati<ms Program ()like, concerned with post-Apollo planning. :`+

Dluing 1971 and 1972, lilt' Mmulcd Spacecraft (]enter and Marshall Space Flight

(:vntcF began to Ibld pms<mncl lronl Apollo oIfict's into lit,." shuttlc F, roRFant, t rn&w lilt"

dut'css _dbltdgct cutl+;Icks. ,|rid tcnurt!, and with lilt' sltcccsslul closl, ofthc Apolh+ pvoRrmn,

nlauv NASA a<hninist,atovs and <:nginccts bt'gan to If'ivy NASA. Wt.rnh,:r yon Br;tun rclin-

28. Ibid.. p. 18.
29. (;+,.olgv Lo,.,.. "M¢'<,'ting with the I'lvsidt'nt _mJmmmT., 5, 1';172." Int'11H_ ti>r the rc,+:ord,Ja]'nm_, _ 12, 197'",

Shuttle St'rit's,.lN( _ t l int_)l_. ( )t|ict'; E:dl. _M'_,X'tlli+t+ui+al I).la lJook, 3:18.
30. Miami tlemhl, .latmm3 7, 1972; q\l)ed tnt'mtuanduln. I>olilital Fotmdup, .lanua_3 7. 1972. Shultlc

l:'alWrs, Ol)7-2,1. ,IN( :Ilistoly(llli¢+,'.
31. "+Vizt'ph_)lc>WX2,.lamta_7+ lli. 1972. _;htttth" P'al:+<'+s.<)07-24, ]%(; llist<Jt 3 ( )flit t'.

32. il..st.. /'mr. lalmat'.. 9, 1972.
33. Ezt+ll, ,",_.l:',':t Ill+tin++.| l)_lla I#*+u_k.++:48; Manned Sj_+a,.t',__dl (]t'lltt't Alllll)llll(t'lllCl+l, Shutlle Fih's, 01)7-

-13..IS,( +I listot_. ( )Hict'.
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quish+,'d tlm post of l)ir+,'ctor of Marshall Spa(r Flighl (:+,'nt+,'r to Ebrrhard R+,'+,.siu 1970.

Rob+,'rt (_ihtlth steplmd down its Direct<)r (+I th+,' Maumed Spacecraft (:cnt+,'l ill .]anuanx

1972. (:hris Kraft, formerly hrad of Apollo flight (+lmraticms, repla+`cd him. ++At th+,+ v+`']4++

heig, ht ofAl)ollo stn+`:c+,+sses,NA+SA sccmed It) h+,' implo<ling, while at thr sam+`, time it r+,'di-

rcclc(l pt+rsonnrl and luuds into the shuttle F,t+ograln. Thrrr '+'ere +`oncurl++,,nt u+,.duclions

in |br{c and orRanizationa] realignments ant<rag NASA's a+,'rospacc {'ontra+`tors.

Although NASA had some 14 years otslm+`+,' tlight ,:+Xl)+`'rirnct, b+`'hind it by 1¢.)72, lira shut-

tle was something vet T ucw and VClT dillbr+,'nt liotn whltt hiid ,_i)ll+`' h+,+lore. ++(+,+Aauon (:<titan,

manager of the Onl)it+,'r Pr<pjcct O[]]cc in l[ottslon t+xl)laincd, the "orbiter, ahhot,g,h similar

to Apollo ill that it gors into space, is very dil]t'n-+,'nl." Thr shuttle oxbitcr (which is usually

id+,,nlified in the l)ul)li+, mind as th+," shuttle) is not simply a Sl)a+`'rcrafl, l)ut a launch v+,'hi+`le,

a spac+,'cralt, and an airplan+`' cotnbin+,,d. +I'll+."transition fl-om Apollo to s]nLttl+,', (:ohcul said.

repres+,ented a transition of t+,whn<)log_ +SF,anning I+,'t] years. Thrr+,' wet(. ma.jor t+,'chnological

a(lvanccs ovct+ Apollo in Irrms of nlat+,.rials, citeIt(talcs, pv<qmlsion, and s+`)liware. Th+,' launth

+,'+`mtiguration of the SiJacc Slmtthe wle+ itlso +,lilli.qcnt than hltd rv+,,r flown I)+,+ti)rc. With Apollo
tile thl'tlst ,,'+'astlnough the center of _,ravily+ I+ut with tht' shulllc it1+,"thFllSt was thr<m+_h tilt +

orbiter with an oll;;+,'t cxtrrnal tank. That [oull]_utati<m raised ('ll()I+lll()llS probl+,'ms with th+,"

structttral dynamics of tlm ass+,qnbly. In addition, wh+,+rcas Apollo, {;emini, and M+,'r+,ut+v

latLncimd t]om s+,'rics burns, lh+," shuttl+,' utilizr+`l ;l parallel rnginc I:,lun. :`+'Most signiti+`'antl_',

F,erhal:,S, th+`"slnnttl+,, +,'nginrs, unlike the Satln+ll of Titan +,'nginrs, wt'n++, • +'thlollla])]c," haviug a
+,:outroll+`+d origin+,' burn.

(_oh+,'ll strc'ss+,'(l thai ('<,'l+lJtill l{+clllli+,'al +,q('lll('llls ()f tile sllllttlc wcrc so advanc+`'(I Ihr} w+,'rc

"outside th+,"existing state of Ill+`"alt+" Thc controlled bum and the high pressures an+,t tctnp+,,t,t-

ttll'+`+S at which till,' +,'ngin+rs op+,'lVlt+,+d w+,'l+C all rngineeYing chalhcnRr. Ev+,'n to Icsl thr :tpp;ll;ttllS

required irmovativ<+ +t+,'sliug +,'{luipm+,.nt and pro+,+,.chu-+,.s.The t]ICl+Inal protrction syslcnl involved

th+,' d+,,+'rlopnl+,.nt of a hcal-r+,'sistanl tilt' that had nrvcr pv+.xiously rxisted. Each individual tit+,'

litted on the <+rbitrr nose and undrrl:+ody had to I)e individually designed and trstcd. +' ()nr of

the lilt)st highly so})histicat+,+d and advancc(I sySlclns was thv a'donirs (guManc+,', llltVi<_.._tti,[)ll, illld

control) sysl+,,nl which Ihsed +`'hccl,'(mics wilh aviation (hen(r m.'ionfi(s) and tnadr the guMan+,c
_+`ll(| (()llll'<)l N,'Sl('ll/S Yt'Sl)onsiv+,. iLll(l +,(:,tl]])l+`'nlcntal-}' to hlllllilll dil-t'('tiOll.

"The avi(mi+,s system syn+,hr<)nil+,,d toltr <:+`,ntt+ali,_c,d('(mq)tltrns and h,td a singl(, (<mll)t[t-

,ev ind+,,l)+`.nd+,mt ()f th+,' oth+`'r four." The tiflh (:Oml)uter '+v+e+<)n st;m(lby to stc l) in sh()lnl(i |herr

l)(' a s(_ll'+vat+cpn+(>blrm ill one of tlw <)lh+`'t-('<mll)Utct.-s. Th+,' E)tu syn+,hr(mized +,oulil)tltt+rs. the'

+']mart and brains" of the shut|l+,', "¢(mmumi(at+,+d with ca+,h <)th+,'r 440 times l)+,,r se(ond." (lilt'

+,(mll)ut+,:t +was tilt' lead ((mllmtCl , thr other IIIY+,'+,-"vot+,.d ,' <)n lh+,' inl)ut and (lull)u| of +,',i(h

oth+,'r. "Should tim thvre other conqmtct:s (lisagre+, + with the Ica(l c<mi1)ut+,m it was v(>trd ()lit ()I

t]IC s+'Igst+,+ll]. '' AiI" data, tni(l<)wav+,, scnSOlS, g_,v+()s, a('cel+,+]-onlctclS, stilt- tra(kClS, and ilii)iits I'I()I11

g-r(mn(l 1)ascd lal)oral<>ni+,,s all l;.'d into th+,' avioni+,s syst<:m. '+ Thr shutIl+,' avionics sxstcm

I't'1)l'CS+,'lllcd l'C'+r()lllti()niII_, , a(lvall('t's ill clcttvoni(s, (:<)tnl)iH+,'r lc(hn<)I<+g_, an(l g-uMan(c ,m([

(<mlr<)l in tim ti'w short "c+,'aLsSill('+,, Ai)ollo. Similarly, Ap()llo c()mmluli+,ali<)rJs svst('ms (using a

unit]+,'(I S band) wcrr izladcql,at+,, to SUl)l)O,t shuttle nlissious.

Shuul+,' avi<mi(s systrms wrre so a(Ivan(+,+d that s|)+,'('ial lal)oral<_ri+,,s w+,.t++,• r+,.(lUin-+,.dto

(Irsign and (1+,'v+,'loI) lhem. NASA (onstvuctrd a $630 million Shl,ttle Avionirs Int+,'grati_m

[.a])oral<)ny (SAlt,) at .l.h,ls(>,i Space (:|'lilt'i for lh,.' .job. A Sl)ccial Shuttle Mission

Simulal(>r (SMS) traim'(1 (Tt'Ws to IlSC thr shutth" and 11y lll+Ssit)IIS ill whal is n(>w 1)<>1)ulau+-
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Iv termed a "virtual reality" nelting. Aslronauts returning from shuule missions reporwd

dlat the simulations were so accurale they fch they had flown the mission many times. :'_

l)cspile Ihe advanced Icchnologien used by the shuttle an compared lo Apollo, (]ohen
believcd Ilia[ :.l permanent presence in space, that is the establinhmenl of a Space Station,

would requirc ycl ag;lill lll;3:jOf advances in new tcchnoh)gics.

New technologies wert" eXllCnsivc. Research and develolmlcnl cosls (R&I)) grew ral)idly.

Infl;tlion, which peaked at ahnosl 13 [)erccnt in 1973, diminished approl)riated flmds and

budgets [)roptwtionalcly. NASA and other govermnenl agencies were l)articularly aftk'ctcd

by inflation because appropriations wcre at)proved in a prcvious ycar ;.It fixcd dollar h'wls.

NASA tbund itself spending dollars Ill;It llottghl much less than anticipated. (;ongrcssional

apl)rolmalions lot NASA R&D dcclincd by ;thlloni $450 million (15 percent) in 1971, and

were reduced again in 1972 by another $40 million. R&D appropriations improved by
ill)out $80 million in 1973, bul collapsed by eve, $400 million in 1974. During lilt" nionl

critical vcars ot shutth' dcvch)pmcnl, flonl 1971 through 1977. R&D apl)rol)riations
rcmained remarkably slabh'. But the valtlc (if Ihc (lollars approl)rialed (h'clincd by about

50 percent in lhosc five years. Bridget stresses ca|Lsed "sill)page" and delays ill (hwelol)-
mcnl and production, and lhosc ill 1111"11,rained the thml costs of developing the nhlllllc.

'lalflc l, 1)clew, i)rovidcs ,m ovcrvicw of lolal NASA R&I) funding and designaled shullle

ltmding during Ihc devchq)mcmal stage of Ihc shulllc. ....

Table I

N_4,%4Appmpriatimr_, 1969-1978

(m thougand_ o[ dollm:O

Fiscal Research & Space Shutth'

x,2,;u l)evclopnlcnt Funding

1969 $ 3,530,200 $ -0-"

1970 2,99 [ ,600 9,000 _'

1971 2,630,,10() 160,000'

1972 2,623,200 l 15,000

1973 2,541,400 200.000

1974 2,421,600 475,000

1975 2,420,400 805,000

1976 2,748,800 1,206,000

1977 2,980,700 1,288,1 O0

1978 2,988,700 1?348,800

1979 3,138,800 1,637,600

1980 3,7{} 1,40{1 1,87{},300

1981 .t,223,000 1,994,700

"thc slnlltle was Ihnded as part of the nlmccllighl operations 1)rograln

throug, h }'Y 1973.

_'tbr a space stalioli ()lily.
'for shu|tlc and nlalion; $6 million requested for station dcliniliml.

[Source: N,.I,% I l_'oclwl Slali._ti_._ (lauumy 1994), and tor shullle funding,
1969-1977, scc I,inda Neun|mi Ezcll, cd., NASA Itistorical l)ala Bru_k, 3:69. I

3S. IBM.; :md scc l)cthh)lt, "Sudrh'n& 7_mlm-um, Carat... ", pp. 243, 2,17-51.

39. Ezcll, .\! D;, _ Ill,finical I)ala Book, i_':I 2, 69.
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Th;_l l'ui1{lillg should l}{"viewed ill li_h! <)I NASA's ()vcr;dl l)u{Igcl which, lmscd (m the

wtluc (}f I<.)!)_ d()ll_rs, diopp('d _h_ul)ly from th(" I,_: I!)(_F) l)¢'_tk il) (,xc(,ss of $9_ billion, to _

1{.)74-1{.)7{.)ilv{')-_t_{' of only ${.) bill|{))|, _ts _Mjusl('{I t_)r intlltti{)n usin_ 1{.)(.)4{<}nsl_mt (h)ll_u-s.

Ahhou_h shuttl{?-sp(,(:it]c lun{lil]_ t)_,' (2tttgress did It()l b{'_it] until 1<.)74, ill 1{.}72 _ul{t

l{.)73 NASA t}('gm) to m(tv{" from the i]];uHting _u]d sltl{I._' stltg-c of s]tltl|]{" d{'vchtl}m{-tn l(}

Ih{" (h'sign ;rod I}r(t{hwtion st_tg('. ()tl{' of lh{' gFclti it(hi('V{'lltCltls (}|+.shulil{" dPv{'lopm{m!

lind t{) {h) with th(." t}](){hl{'Ii<tn (;ul{I t/ushl{,s_) IIKIIt_l_('lIl('l]! o| {'(}mt}l(.'x {lisi)ar;tt(," svsl{'ms

alI{t itll{'_l'_tlitI_ lIlos{' s v_,l{-nl_ {tl-lll;t(|lill{'_ ill(() oll{" wh()lly iltl(.'_F;ti{'{l _'l{';ll{!l" Ill;|{'hill{'.

Ihct(_' wcl(." ninny (it| [;]{I ;tll) of |he NASA (('ttt('rs iuvolv{'(l in th(+' {'t{';tlioll ()| the St};t{{"

Shuttle. "Fht'r{' w{'l¢" i:a]+ m(tt+c, lit{'t++tllv hlmdl{'{ls, (tf ilt{t{.l}{.n{Ic)n t}Fiv;IIC t|mnt_l;t{'tlut't.s

it]v(}lv{'{I in its (I{'v{q<}l}t]l{'nt. NASA, it] {'[t('(+t, wals tit(" maHtltgt')tlt'nt l{'am ;tsscmbl(.'d titr th{"
t)){)du{ti<)tl ()t ;t si)]_l(." m;tchitl{" t}v htnt{h{'ds ()f {li_{,rs{' t}riv;tt(. • lltill]tll;t{ll.lt{'l+.(.:). NASA did

tt<}l t)uild Ih{" shrill|{,, i}rixltl{? hl{lustr), did. Thus, lh(' Sl};t{t" Shtitlh,' {{))lthlu{'{l th{' I}(.';]{(.'-

lime m(tbiliz_tti()ll <)tAmcri{_ul s{:i{'tl{{', {'ngit]('{'vin_, ;uld i_{Iu_tB', 1)('_un _tl lit{" in{('l)ti(}n

of NASA :tt]tl ,,\m('Fi('it's (.'nt_T itltO lit(" si>;t{+{";tbTt'I;dl)('iI, l}{'rlml)_, iu it Iow('r I{'vcl.

The _c_tcl';tl NASA m_n_{'m{?l]! Stl'tl{'lt]l+{' _,'-,';,t_,{)1'{'(}titS{'+ h_h{'ritt'{I fi(tm lh{? AI}<)lh)

_u]{l {'itrli{'r l}t<}_i;tllls, |}ut (]t{'l(' w('r(' h]tltOr);utt t'('t]ll{'l]l{?llls+ Ill l(.)TI, NASA

It{'_tdgu;n+l{'ls :tssi_n{'d i\,Lu+sh_dl Spit('{' l;li_ht {',('t_l{'r r{'.sl}o)]sibilily I_)r {l{'v{'h}IIhL_ th{"

]}oosl{'I" sl;,t_{'s ;tlt{I tit{" sit|lit|{" hi|till {'tt_iIt{'n. [M;n'nh;tll, ()t {(turn{', h;td I)itni{ t}r{)i)ulsi{)t]

{{'t]gi)tc) F{'sl}(}lLsil}iliti{'s From lit(.' t}{'ghH_ht_, l'2)Lght{' t{'slht_ wits _tssi_H{'d t() S({'llllin

Sl);t{'{" (2'nt{'r, which h;]d t){'_u]l :is M;trsh_]ll'.s I{,sthlb_ lltb()litt()rv t(tl+ tilt" /\t)()llo-Siuur]t

{'lt_in{'.s. The MiuHtcd St}itc{'{r;tl] (2'HI{'I h;t{I rCSl}(t_sittility t{)) {l('v{'h}I}hl _ lit(" (tt]}]l{'t, <)r

i)il{)_{,{I ,,r(.,]li{'h,. Stl(']l hltd t){'{')l l t()ust()H's Imp,i{- rt,Sl)())lsil}ilit ), nhlcc ]I_ {'slltl)lisht)t{'nl i])

I.{)GI. Kt']]n('(ly Si}_{c {:('nt_'r, f()rm{'_iv )l_t' (:;lit{" (:;ut;tv{'r;d I.;u_]ch (}l)<'rlttio)ts

l)h+(.'{l{)t;]t(." tHt(h'r M;nsh;tll, h;l{I Ft'_I}()t_sil)ilil.v t_)t l;u[n(h _ttt(l r{,{<)v{,rv {)f shttlil{' I1]_hls--

_t,s it hltd lhFo]l,_II{>ln the I}FOgT_tHL Th{" Ic{'hnM]I, {h'vt'l<}l}mt'tltld work ()it ih(" shtLll]{' ;It

;tII th(' N/\SA {'{'ltl{'t's wits {'o()Fdhtltl('{l Ihr(ttl_h tit(.' Sltl_tll(" Pro_t'iLm (}tile(" Io{+itlt'd lit MS(2

it| I I(tust()tl. ([!H{I{'F th{" Ap(tlh) I}F()gl;]m, nil||l)' {()llld}otittiv{, tll_ulltgcmt'_tt {h'{'isio_ts w{'r{"

r{'il{+h(.'{i h]t6rm;dl.v i)clw{'(+,] th{' N,iluHt{'d SI):t('('('i';tfl (2'l]l('r iul{l l\,llushldl. ()r wt')(" {()ov-

(lil];n('d ()r l);tssc{I Ihlou_h tit(' M:t_lll{'d Spit{{' Flight (}IH{{' it| '_A';tshiH_lo)L) Th(" Shutth.'

t}F()_r;).[t'J ()lt]c{', h_ tutti, v(.'i}()Fi{'(l l{) tit(.' ()t|]{{' <)F ]_llt)ltl,.'{I Sl};t((" FIi,_hl ;tl NASA

I I(.'it(I{iu;trt{'t.'_ ht W;tshh]ff, l<}_L"'

'IPII{+ ('Ol]Illllill(| _tlt(I (T(}ll(l'O] llt;lllil_{'lll('lll s|t'll{:|[ll'{' F('s{'mb](.'([ the Ap()lh) m;tnltg('-

Ill{'tli SySi{)lIl_,. btlt I|IcF{" w{'F{' _()Hl{' iHlI/()Ft_tHi (liII_.')'{'[t{'{'s. PF(){hl{'|ioll I]]itltlt_(.'llt{'ltl W_lN

mot(" {|{'{('ttiFitliz{'{l ih;tn t}{'t()r{', 1}t)t c<))tt_ol (h]l{,_Fi]t]o_]) ,,vlts m()F{" {'{'_lt)_tliz(.'{t. Th(.'

shut|h+' i}r()_r;mt did F{'l.v ({'vet) m()F(" h('itvil¥) (m Ai}()lht-tyt}{' hti('_F;_ti<}H i)itn{'l_ which

{()()r{lhl;tl{'{I {l{'.ni_tl iul{I {:(}_]stt+u(li{)_) t}t<!j{'(l_ s{) th;ti Iht" ]}i{'{('s Iii('v;]lb,' Ill l{)bBght'r ;tll(I

work{'d i()_{'th('l- [nl{'_r;tii{)]l v¢;ts ill(.' {Fiti{-_ll {']{'m{'nt ill sIHHth' I}r<)du{ti(}_t-whi{h, ;is

()w(.'n M<}Hi.s )|<}It'{l, x,,'_tsit so mtt{h Itl{tl{' c{)mpIcx mlt{+hi]l{ ` th_]ll Al}()llo. The Illt(.'_-t';,tl](>n

Piul{'ls r{'i}<)tt¢'d t() ih{" Sysl{'ms Int{'_V_lih)n {}l]]{{" ht Ih(' Shultl(' I))-o_F;n[] (}It|{{' ;u lh{'

MiuHt{'{I Sl}i]{{'(];_tl (_c_/i{'r _t_t(I ill{" Sy,+tems lttl('_F_tli(}_t (}l]]{(' r{'l)Ori('(l i<) 1t l)()li{'y R{'vi{'w

{2()_ttrol l))(}itt-{I{+h;th{'{l 1}y NASA ] l{';t{l{i]t_nt{'Fs. '_

Shuli]{" Iltltlllt_{?llt{'lll b{._{'illlt{' it "sl;L[('-()t2-i]t'.'-;t_'[ '' svst('m t(}t v{'t')/ llu'_{'-s{'idC hl{|ustrild

[)r(}du(;ti()tl. Th{'rc w{'r{', of c{)u__{', iM]t()t't;Htl ]}v{'('('{I{'Ms, _llch ;_s ih(" {'(}Hsir]_{'(ioH ()I' ih{'

])_tl)_Lnt_ (:_t)liL], it l)_tii1{'shil}, ]t_'l}{'l'n(tl]i{" itiI'{:I'it]'i, ||lid AI}<}lh). Non(' of th()s(' systt'ms, h()'_v-

t()+ Ik_d,. i)p+ l_I-_.

I1. M(,H_o_;_)_{hn)_ t_om.I()s(.t)h I ,()It|l., h_ )('Sl}{_].,(' _() ;u] i_{tui)_, I_(m] \:u<)_ (:(}h(,_ I 1!)!)01, '1 h)w did w('

[H;t[+;tb_(' h+t('_t;tli()t+ ill lit(' Al)()llo _t_d ShuHI(" l)_ob_;tms? '' l.()I_us l){'_n()_ud I]I{"+,; NIS(:./h.+.,.i.p, JHt+(. IN. It)71: l):th +

I}. N'b,t.F_. "'Si);tt c Si+uttI{, M;ttt;t_,..tn(.t+t l)t_)_];t_, '' M;t)(h ]-i, H)72, NASA M_tH+_t'm('nl h+sttt_cl+<)n St_l>st.ti++._,, ]S(_

I lisl{)_:' ()ll+t ('.
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ever, involved tile complexity of nlachincry, eh'clronics, complllCrS, and malerials a,s

t.nler,t'd illlo slllllllt" con,slructioRl.

Within tilt" Ihrec basic managenlenl levels for shulile devehlpm¢'n! technical engi-

nl'ering and mamlgement decisions tlowcd from lhc bottom up. The "b¢_ttom" consisted

O1' lht" I+evel Ill project offices, such ,is the Orbiter Office at the Manned Spacecl+afl (]enter

and the Booster Ot+ticc ill Marshall Space Flight (;enter. The [,evel Ill otlices managed lilt"

production contracts, lx'vcl lIl offit'es maintained a Resident Office (or engineer) at the

primary colinactors production sile. and ofltql co-located a manager wiih lilt" apl)ropriale

l.cvct It division. The l.evel II oft]cc was lhe Shtmlc Plogram Office. It had rcsponsibilily

fOl svstt'lns engineer|ill and integration, configuration, and overall design and dcvelol>-

men|, or as D,Ile Myers staled: "prograln managcmcnl responsibility for progr;un coNIrol,

ovcrall systems enginecring and syslem integral|on, and overall rcsponsibilily and amhor-

itv till +clef|lilt|on of those elements of the total system which interact with other elemtqlts."

l'ht" l.evcl II olficc estatllished "lead ccnlcr" auth<wily for engineering and development

manllgement. Headquarlers, or l.evel l, in lurn had overall program responsibility and

primary responsit)ilily tiw the iIssiglllllt'lll ,_)[" dulies, basic perlormance requirements, lilt'

allocation tit funds to tilt" (;etlters, and co|tirol <if major inilestoncs.'='

Thc It|aliaS|'lilt'ill slrtiClUlt' crt'alt'd _i vt'ry dt'ct+lilr+tlizt'll, iiidt'i)t'ndt'nl pri)dllCii<)li

_,;VSlt,lll--Vl,l_, • Cl)lll])iilil)]t', if hill I1OCCSS;-II_', Ii) lilt' '¢t'i+'v diverse illld +lillOll<)lnl)llS privillc

entilics lli_tl illlidt" Ul;i lhc lnlinill]lcltlrilig or pl+Odiiclion t)+t_;t" ot lht" NASA piogi+un. ()ill'

of lhc grt'+it ;ilhit,Vt,liit, lll,S ill lhe Sl)aCe l)ll)_rlilii, Cllllll_tl) ' to lilt! IClldcn(y ill ||itll! seal|'

liurt'_ttlcr;tlil ('nl('rtirist's, wlis l(i liarnt'_;s lht" t)itsic Mit'li_lhs </|Alllt'liCali indllSlry Ihlotlgh

dt'ct'ntl_ilizt'l| liiiilili_01iit'lil +ill(t |)rodliCliOli.

,,\hhotigh il w_ls nl)l dr'sign;|led "[ <(-s,'t,I IV," Iht" real pr<ldiiclion I)il.st+ ot +llic shullle plO_l+_llll

w_t+ privliic indus|i+ +.The t>_tsic lll;<tll_t_tqlR'nl Iool wan the N+,{_i\ tllnll¥1tI, and ettt'ciively, t'<illi-

p_'iilion fi>r the conlracl. [l w;us lht' COlltlaCl (_tiid ihc pl+hii+u_, coilllacl<)r's siit)coilli;lcl.s) ihai

il/_lhiliz('d :_ill('l-i(iiii iildtisii)' in slipp<lll (if the .Sl)itct' t)iO_lillii.

|'ht' t)rclililiil_iiy _;liid)', dt',sigii, _tiid t_.'asit)ilily I'Olill-licls (Ph_lst's A 8¢ B), iilcnlioiicll

t'arlici; with iii-housc sludv mid 10sls plOdiiced lhc tcchiliC;tl l)aranielers for issiiing ,ill

RFI > oi Rt'litit'sl [ill" llrl)p<)+al. N;\_A I)t,_ill is_;tiill_ RFP's t_tl +hilllh" pr_>clirt'iilt'lil ill Iht'

Sl)l-ill _ lit 1971. At'rojt't IAquid Rllckl,l (]Oliil)illi)', ilr;ill 8¢ lt4(hiliit'y, iiiid Rtwkt'Idyiit' Wt'll'

iiivilt'l[ to sul)iiiil l)l<lposltl.s till lilt! dt!vt!hlplnt'lll of lilt' slit|tilt" lilaili t!ll<_illt'+, _<:l(ltl |tilt'r,

lht" M+lliiied ,l_]);ttt't'lliti (]t'nler isstied _ili RFP [i_i it _;hlllll(' lhtq-ni_il prolt'(lioli _;ySlclll, Io

prolt'ci iht" ort)iler iiild ils <)ltll[)_illl_ dtirhlg ihc ethical i¢'(,nliy l)h;ise. In July 1971, MSF(;

sclcclcd R<ickcldync its tilt' prini;-iiy c/inliiicloY tilr tilt" prlidticti<ln o| thirty-five shuttle

ill;tilt t'ligiliCS. Pl-lill 8c !tVhilllt!y ih;_llh!lilz, t't[ lhe RockcldTnt" award +|lid diilin_ ii (;At)

((it+lit,|+a| A.ccOiililing ()trice) rt's,'it'w, Rockt'ldylit' w+i,s l.{iVt'li ;ill iillt'riill conlr;tcl, hi M;ii-ch

1972, MS(_ issued _iil RFP t_>i the dcvciopincnl _l[ C_)lil;iilit'iilt'd shtilllt" payload s,v_,l('ili+,

lind N+\_A is,sticd iiii RFI > l_ll the dcvcl<_pnitmt <it Ih(' sliullh', wilh lht" design chit' ill Miiv. '_

Norlh +_llili'iil;ill Rockwell (llilt'r R_wkwcll [iilt'riiali<lillil), McD<ilillt'll [)_tli_l;ts,

(;,rililiillllli, illld l,ockhe('d sul)lnillt+d pi-Ol)OS;tls tilt-the shtlllh', N,,\Si\ _lpprovcd till ililt'l-

ilii It'll|'| + tOlillilct whh Rt)ckwt'll in :\tigti.Sl 1(.i72, mid iSStlt, d it tiiial conlr_i(_i Oil April 16.

1973, Rockwcll. hi lilt-n, S,llt)ctiilllit(.lt-d ini!ior I+Oliipl)liClil_'; I)t lilt" +htllllt+ orl)ilt!l It) olhl'l

itt'r_lst)act" t]rlns. Fairchild It,put)tic l)ivision of Fairchild hidusirit,s C<)llSlrliClt,d the verti-

(ill fail tlnil: (,rtlltlltllili. lh(" dclllt WiligS; (;t'lit'r;l] I)ynalllic,s' (]Oil,(air Aeroslllict' Divisi<lli

stll)ct)lill_iclt'd ti)i lhc iiiid-flischtt_t + .scclion, mid Mc[)mincll l)otights had rc.sp<msit)ilily for

42. Scc til)tc alloy|.; (:alahq., +4 (;e_'tl,,'P 16>h'+ (Washint4t<ln, 1)(;: NASA, liecenit>t+r 1976), pp+ 1-30, l.l_[tus

Y;lll/st,tit.s..lS(', ] list_li-_ ( )ttl(c.
l:l. Ezcll, ,\:L"/.I Illsto_4tall)al<z IJof_k, ',',:]22.
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lilt+ Olbil_d lll_lll+.'tlVt.'l'illg :';Vsll'lll. H The" ('Ollll'_l<.'tc, l ;t]ld subcl:q||l'_t('l(_f_, ill III1"11. had st_l)cou-

ll+_t('l._ _lll(| suppliers from lh¢" vely hro_td gamut of American induslly. Eleclroaics, ct'ramics,

racial t_d)ficalions, i)laslics+ and chemicals wt're all hea_ T contributors to the shttlllc. +I'ile

shuttle was to 1)e :t (:omposite creali(>n of ,&tncrican iudustt T+ technolob,_,, and labot:

The shtllll(" grew _ttl(l chart,god t'vt'n as il Gtmt' itHo h_'ing. New prol)lems, new (,m-

terns, _uld new lechnolo_ies altered the coati_ufali<)ll and the cngitleering as lhc shulllc

look shal)<', l+kt(h new aherati<m, in lufn, ofl('tl _d]t'(lcd the (lesion, I)eH_)fmance, _tt_(l

tonligtualion of other s,'¢slt'llI:s. The sht£tth: ol]i'rs a cktssic study of "systems (:ngint't'1-it_g."

For t+'xample, th<: dt'cision Io utilizt' a "rt'lt_rt+ahle" ¢'xteYqal l_+it'l taHk r+tthcr that+ build the

tank _ts part of a frilly integrated reusable vehicle, did m_t solve the fuel laY_k l)r<+blt'n+.

Similmly, althot+_h NASA opted for a fully rctlsablc oH)ire'r, tit<.+ det:ision as to h_>w to build

of eqtfip th(" oH)iler to tt-sisl the extteme reentry tt.mperatttres (atnt+ I_tlet: And while lht"

tm_ior Iimctitm of lhe sht_tth' was I<> carry "lmyhmd.,+ '` into Sl)aCe, the design ot Ih(' t)ayl<md

troy contitmt'd to change. (:hangit_g I)ayhmds _dlcred flight characlt-ristics and clmn_cd

I]ight l)lans. Bttildin_, an at'l+OSl:,ac<. ' clatt unlike anylhit_g tmill I+efi+re, and ore' lhat c<mld

n+_+_,'t'l I_t' "lt'sl" t]own ill _tli UlllnalHlt'd x't'lSit+>l'_ (tmlikt" Al+<>lh>), pl_t<+t'd t'n/ineerin_ and

(lt,sigt_ work _lt the tTt'ali_,'t +edge.

t I. Ezcll, NA._A Ili_lmTud Detl_t llo+_k.:_,:I _2-2"_.
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Robert E Th<m)l)son, the Space Shutth, Progran) Manager from 1970 through 1981,

credits "the decision to abandon 1he 'fully rcusabh,' ground ruh' and ctnf)loy cxpcndabh'

lat]kagc 1or lht, orl:,ileu" main rock<`.l cngill<`,s ])ropt'll;ml was perhaps the singlt, most impof

lath ('onliguration (Iccision made in l])c slmulc pr<)grmn." And it occurred lit<`' in the d¢'15

in]]ion stage <:,f shulllt, d(.vclol)nmnt. Thr<,ugh most of I!)72, NASA inl<`'nded to ]attnth lht,

sht,tlh, inl(:, (,rbit with two solid t+ock'`.l 1)c.:)stcrs Itt<']<''`l ])v mt t'xt.<:rttal l:_r<_F,(.llanl tank.

which package would then l:,c deorbilcd using smalh'r solid ,'`)(ke! tnolors, retrieved, ;tn(l

rcus<`'d. On June 5, 1!)72, I loward W. (Bill) Tindall, John Mavt'r's dt'pttly and data '`(t(_rdi-

nation chi<`'f li)r Apollo tnissiott planning, 111,gg(.+(l it ct-itical problem in t+cttuning lhc lu¢'l

tank front orbit. +'It's l)c<`omittg incrcasingl} cvi'`[('nl thal a l:_rol)aMe maj<t, l)rollh.tn aft'it

+tnd ()pcrati'`ms (osl driver will l)e lh<`* l It) tank sept+alton and rctr()lir('+" ]I appca,cd, h<.+

said. that a v<.'tv <.'xpcnsivc, complex, and <`'xpcntlallh" allilud'`' (<mlr'`)l s}:sl<`'ttt would I:,<`,

r<:quired Iot- lh<." tit,lk t'`> r<.gltlit it l),[)ttt orbit. ]he pr<)blvm, It(." sugg('sted, should 11<"given

high pri()rity. +:' 11 was.

Th<.' probl<`.,n was dirt'<`l<.'d t<) a team fr<)tn the Advanced Mission Design l+ha,t'`h ()f the

Mission Planning and Analysis Division in the oil]<`<`! <)I the l)ir¢'cl'`)t +()I Flighl ()p<`'tations

at thc Mann<.'d Spacecrafl (:t't]t<`'r. The team rt,l:,ot-t<`.d in AtlgUSl ]hal the It,<`'l tank could

1),e "staged" ('`h<)]tF, Cd ) p,-i<)t + to '`_,bit. Thal would sob,'c the expensive and difIicuh lank

t<`'<.+tltl}, prol+Icm. Tim idva was rt:l<`'<`Ic'`[, h,.twcvcr, b'`'causc f<+l-lh'`" orbit(,] t() itchi(wc orbit.

it would n<.'<.'d to ,clo s'`+ with its own cngi,t<.'s, mid ]hal wouM require additional inlmnal liq-
uid oxyg('n/liquid hydr<)g('n fuel tanks. That wouhl m<.'an it hcavi<.q lilling l)od}+ high<.'r

risks+ and rcd'`'sign ()f the '`'ntirc shuttl'`' c<mligmati<m. Thc :\(Ivan'`('d Mission lit,sign

lhanc'h F<.'stttdi<.'d th<." problcnt and disc<)vcr(.d that the cxislin R <)i+bila] tnan('tlvtwitl,_ Svslt,ttt

<`()uld ac<`<`qcr;.tt<`, the orbit,m into orbital ,,',..]()<.it., +alter SCF, arali<m (>f the ext<`'rnitl tank."'

Thontl)S<)n r<`jc(tcd l]tc Mca l:,ctausc the c>rl)it;tl Ittittt<`'ttV<`'litl_ S VSI('Itt w<)tt1(l rcquiF('

ntore fuel and largt'r tanks. This "+,,'its Scpl(nnb<`'r. In l)cct',nbcl +, new studies and a "re.,,izing

eXCl+<`:is(', `' ,-twea]cd that orbital ,nltl/<`'ttV('lS <`<mid I)(' acc<)tnl)lish(.d '`)it less fuel than origi-

nally I.qa,mt:d-mca.ning thai a<ttlitionM fuel would be. availal)l<.' t<+v tht. us+." o1 Iht' orbital

lnan<.'ttv<:,ing system to achit'v<.' orbital v<.'locily. Tht' Advmtc<.'d Missi_m i)csign l+,anch

passed this int_.>t+tltation '`)1/it] Ihcir Weekly Aclivity Rt'll_rt (JmnmQ' 2{.t. 1973) attd ill March

lh<`' Advanced Mission I)<`'sign lhanch lea,t] planned a latunch to inc'ludc sub()rl)ital staging

ol +th<." <.'xternal [)r(:,11<`'llanl lank with it rv,:<>v'`'p: in the In]list, ()(+can. It also bet+ante appa,-

ent that nol only <`<told lh<: sttl:,+rbilal staging work. but ii woultl givt' the <)rl)ilt,r an add]-

lions] 5,000 pound F,ayload <.spicily. NAS:\ tq<.'(It'tl, h()wcvc,, Io retain tlt<`' ]:u<`.vio,ls .32,(i00

1)()und payh)ad l+t+(itlirt.tn<`.nt, and us(' the sitvi,tgs l'`:, red]tot" lit'`' lhl+tlst of the solid r()tk'`.t

Itoostcrs, and substantially lower lliRht cosls+ NASA subs('qucntly <`'stimat<`'d lotal ])r(>gFam

savings of $238 tnillion. ,r (:osls rtmtain<`'d a contF,<.'lling ingrc(ti<.'nt in stntllle dcsign.

At almost <.'vc,?,, slop &:sign and devcl<)lmmnt options constantly apl)cm-cd. Th(mtpso,t

I)()inl<`'(l ,]:,ill that NASA s<`'l<`.ctt.d Iht' nt'`>l<." advan<.cd, high<.'] ]mrti)rman{:<`. main liquid rock-

<.'t <.'nginc <Jvc,- lower ptcssttrc bttt I<.,ss (osll'+ engine its t,s<.'d i,I the ttl)[)<.'r slagcs {)t tit<.'

Ap<)ll<_ p,ogram, l/<..spil<., its higher dcvcloF,,n(.,tlal costs, lhc hight, p,cssurc engine ((>ttld

dr]v<`' a larger <_rt)itct; tt-t'alt'd nlaxi,nll,tt latmch a<`cclcrali<m, and intpr()vcd abe)r1 Cal)abil-

ili<`'s, and tit t<mtl sccmcd to otti'r bt't1<`'r capal)iliti<`'s at ,casonabl<`: costs. ()ncc th<." t'xpcnd-

able lank design was aCCCF, l<`.d, NASA rcstack<'d 1he launch, chat)ling the use of thc high

-I.'-). McH,otan,+Imn..\F, ril _4. I':)7.1, l)cxvh>pmct_t c)l Sub, u biml Nl;tgiilg li_t thc :++;hutth'Extcl nil lh (_pcllant
"lank. [ :)flus | list]it al I)_,. uln,Pnls [ilt'..[S( i ] lisl,+P, ( )lli( <': Rob<'ll I:. Th_,ml)S<m. 19S-I V<m l_tl lllan [ x'_ tulc. "'lh,.'
Spat,." Shutll<'--So_i< +Kc', l:'tog_am lh'_ i,,i<ms."

46. l)e,+cl_q:,mcnt _ffSul.+_bi,al Staging l,m thc Shtttth' Exlctt+al l'_ol)<,ll:mt limk, p. 2.
t7. Ibid., pp.2-3; Melnbc_s ol thc :\dvam.pd Mist,ions [)<+sign I+,+m;_h wh_ d("a'h_pcd the suborbital staging

plan ii_t Ittdt.d lit{ k l:tmk. [olm I: M,.Nu,vl;; l_,tul (;. Ki_klan<l, Ntcwatt E \h A,:h+,>.J_:. and Vii t_)r R. l'hmd.
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ix-rformance orhdter engines throughout the launch phase, and gained the I)rotectiw

nlargin of orbiter engine start and thrust verification betore the main booster ignited.

AliotheF "developmental" decision had to do with attenlpting a crewless test flight. The

guidance, navigation and control systems on the shuttle, however, were constructed tbr

human control. Such a shuttle flight, if it could be accomplished, would not truly test the

shuttle flight controls. The first tlight of the shuttle then, would be a piloted tlight. '_

One problem that sere|led to del}' a wholly satisfactory solution had to do with insu-

lating the orbiter adequately t_n its return into tile atmosphere, a journey that generated

tenlpt'ratttres on its outer body {ff 3,000 ° F (1,650 ° (;). L)esigners recognized two basic

applOathes Ill tilt" problem+ ()lit" w.'ds It) nse coll',/entiolla[ aircl+af't materials Stlch as ahl-

Ill|Ill.Ira, titaniunl, alld tonlposites fk)r tile body alld then insulate over lilt" exteFllal skin

with silicate materials. Another was to build a "hot structure" of metals that could with-

stand the high tenlperatures and absorb and disperse tile telnpelattlres thlotlghotlt the

extellla] skin. This e,ltailed the devel{)l)lllellt of lieW lllctals. NASA chose the ill,ore kllOWll

qtuultities-that is building the shuttle of basic aircraft metals, and overlaying the leading

edges with thellllal protective coatings. '_'

There were, howevm, n{) thermal l)rotective materials in use that could adequately

insulate against tile high temperatures. Those had to be developed. A task gr{)u 1) of NASA

engineers, working with Ix)ckheed, Mcl)onnell Douglas, Battelle/Columbus laboratories

and university scientists and engineers, deveh)pecI a silicone type tile (high purity foamed

silica coated with borosilicate ghlss) that could withstand the temperatures. But once

developed, the tilt" created new pl-oblelllS. For olle, it WSL',;extremely fragile. Tile tile was

tested bv simply firing missiles (such as a .22 slug) at the material to sillll|];_tte SIll impact

bV a llleteolile. The I)l'ototy|)e tilt' crumbled. The tiles were thell thickened and

redesigned with a ludox (silicon-boron) base. That seemed to work. Then, the next prob-

lenl involved attaching ttle tiles to tilt" leading edges of the orb|tel: That required the

creation of' new glues, several of thenl ill t_tct, betk_re a suitable adhesive conld be found.

Finally, 31,000 tiles, each irtdependently cast to lit the appropriate location on the shuttle,

had to be hand glued to tile leading edges. The job required 67(l,00(I hours of Ltbor (or

333 person-years)." While tile development might euphenfistically be called "leading edge"

technolob,_, the work did retlect the fact thai building a Space Shuttle required invention

and new technology ranging ti-om flush toilets that would work in the environment of space

and the develolmient of adhesives and insulating materials, lo tile creation ol intricate life

support, avionics, alld COllll)lllel svstelllS. ()lie of the important and enduring elements of

shuttle development relates to lilt' inception of new technolog,_' and tile a|)plication of that

technolog,_' to other areas. C,0nventional airphnle constnlction, air satt'ty, navigation, and

t]igh! control have been rich recipients of NASA shuttle technology, as have hlllnall medi-

cine. COlllplltel'S, plastics and llletalhll'gO'. The shuttle snld space flight have had a llltlch

more pervasive alld p,oiound illlhlellce Oll Americans than is evidenced by the COIlSll'IlC-

ti(m ()t the vehicle, m by its flights into space. Its greatest imj)act has been on Earth. rather

than ill space.

The significance of the Space Shuule lay not in its tlighl per se, hut in its payload, thai

is the freight, cargo, labor;tt,m,v, or experiments delivered frmn the earth into space, and

returned sat_'lv to earth. Shuttle payloads became one of NASA's most complex prol_lenls,

as much in the social and politic al contcxt as in the lechnical reahn. Because of tlle chang-

-IM. Thoml)SOn, _m l_u-men l.e_turc, pp. 5-,.).
49. Ibid.. pp. lib-12.
5<). Sec Roger E. Bilstt'in, (hd_:_ o/ Ma_nilude: A Ili_lv O' q/ l/le ,\',.t(St aud ,\'A._;,'t, 1915-19t_1 (NASA:

V_'ashington, IIC, NASA SIq406, 1989), pp. (_¢.1-70; and ].oftus, Andric h, (;oodhart iuld Kennedy, "The Evoh,ion

.t the"Spatc Shulth" Design," p. ]2.
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ing payloads It) hi` carrit`d lly tht` shutlh', each flight involvt`d uniq,u' It`chnic:ll pl-t'l)ara-
dons and rt`fillillg, l_ut lilt" social and organizalit)nal slrtwltlring rt`quired for i)ayh);td
delivt`ry ])rt)vcd lilt)St troublt`st)mt`.

A special Ad ttoc Shtllllt` I'ayh)ad Aclivilit`s Tt`mn. hcadt`d by (:harlcs ]. l)t)lllt>ll, man-
ager t)t Iht` Shutth' Program Illriot`, conclluh,d Ihal whal wouM I)t` nt`t`dt`d ill NASA would

bt` "a radical change in thinking . . . to tllt`t`t tilt" v:tstly ditE'lt`nl "t:_'rris wht`t`l" modt` of

t)l)t`r:tlion . . . ct`quirt`d ill lht` slHItllc t)pt`r:ttit)n:ll pt`l'iod." NASA Illllsl disassociate the

tratlSpt)rtatioll syslctn from Ill+`"tlavtlw:trt,. AttlholiZ,tli<+l! tbr shttlllt` p,lyh)ads willlin and

wilht)ut NASA nlust bt` c:trt`fllllv dt`lHlt`d. Tht' ;ttltllt)lity <)f flit" I):tyh)ad pl't!jt`cl tnanaM;t`r

and tht` ll+ansl)Orlalit)ll Ol)t`rator lnusl lit` cart'flfllx IIt`lint`:tlt`d, and lilt" flight people Inust

lit+ t)II1 t)f lilt` "payload apl)rO,,,al h)t)p." Scit`nct` lmvltmds t':tllll()l bC giVCli lower priority

Ihall comtncrcial p;lyloads, l.cad times t<)r lilt' +`lt`vt'h)l:,,ut'llt tit l/ayhl:ids and lht` btmvding
t)f payloads nt`ed It) I)e shorl in t)rdt,v tt) lnakc Ihe s_slt',ll work. And lhc Ct)lnlnillt`t` par-
liculaHy (and rept`alt`dly) warnt'd t)t tht` l)rt)t)lt`m of C<mlpclilit)n :UllOng NASA (:t, nlt,rs
tbr ct)tllFol +`)ver payh)ad t)l)t`raliolls and dt`cisi<ms. Tht'rt` w:ts ctlnsMcral)lt` skt`pticisnl that

NASA could t`vt`r lruly Ill`corot` ;t scrvict` t)rganiZ:lli_ll, which would bt` required for t`fft`c-

tivt` shlllllc opt`ralit)ns, as t)ppost`d t_) )Is II'adilioll:ll modt` of <)t)t`vali<ln as a research :Uld
dt`vt`loplllt`nt agency."' Thus, tilt t`t'forl 1o hllil/I and lalulch lht` tirsl shullle involvt`d some

•,,cry basic social and i)hilost>F, hical rc-t`valllatitms, :is well :is lt`chnoh:,_ical innovation.
Dcspilt` lilt' pv<d)lclns, and COlllillUillg fitl:mCi:tl COllstraitHs, NASA an/icil)alt`d lht`

first shlflllt` t]i_ht could t)ccuv ill 1<.)TN.I_,HI lllttl<+.U.'l prt`sstHcs and lt`chnic;ll i)loblt`nls coll-
tintnt`d I_) c;tusc "slipl)agcs.'" ,\s c:u-lv as 197_, l)alt` N'|vt`Fs I>clit`vt`d lhal ct)st ovt'rmms lying

t`XF,t'riCllct`d in Ill+.' Sk+vlall t)l-t)_l+:tlll x+,rould dclav shilllh' d¢'vch)l)nlt'llt ;'d)d ])t)ssil:,ly CaUSt`
il It) I)t` cancvllt`d: "Tht` Shulllc Prt_gran) will livt` or (tit' bast`d on our C:tl)al>ilily tt) k,.'t'p il
rt`ast)llal)lv Oil scht'dult`, and lhis firsl scht,dtdt, itllpacl caused 1)+vIimdill_ limilations will
CatlSt` atl iucrt`ast` t)f c_)st al c<,nl)lt`ti_)n which c:lmlt>l lit)\{ I)t' t`slin/:tlt`d." l)clays did
increast` c<)sts, and It`clinical t)rt)l)lcnlS :is with Ill(' lilt,s, lilt" l:lllks, :ltl(I lilt` rt)ckt`l Ill<)l<)l's
did so :IS wt'll.""

For t`xamt)lt`, Rockwt`ll t`tlgi+lt`crs working- t)Jl the ¢)Hlitcr's Th¢'Hllal I_rt)leclit)n

Systcln (tilt + insulating tilt,s) COmlllaint`d th:tt Itu)din_ Sll<)rlagt`s calJst`d work tin the lllt+r -

nlal pvotccti<m systctn It) I)t, i)t,rt6vmcd olll ()l st'tlUt'HCt' aIld I:tlcr Ih:m plam)cd, l_,tldgt'l
ctHIslr:tit)ts t)Ftt'tl It`d Io dt`l_.'vrin<u; qtullit:+ It`st)Jig. Ih_d)lcms wt`rt` )tic,It)lied ]lltlch lalt`r
than lhcv should havc 1)ct`n. Mort` w<)vk had I_) hi` dr)lit` (al :ldditit)llal costs) sitnpl:,' t_) Irv
to tnillimizt` lilt' )till)aCt of pt`H_)rlllillg tasks <_tll ot st`qtu'ncc. I)t`si<_l work tm Ihc Illt`FHlal
I)votcctit)n systt`m originally rt`qtfirt'd 1N,7F_0 dvawings-1)y 19NI lilt" rt`qtdrt`d c_)g-il_ccritlg

drawings had incrt`ast`d I<_ _._,4Sli (a 3-) llCrCt`m incrt`ase) I)<'c;tt_sc t)t dt`l:lvs :ltltl changt`s.

Rockwt`ll s<)ughl :t '+l_rt)gr:Ull A(!jllSllllt`lll,'" Ill:It is ]llt)I't` lll()llt`'¢ It) C<)lt)l)t'llSatt` ti)r lht` :tddi-
ti<)l_:t] c<)sls. '_

'v_::tylit` YOllllg, wll,)St,i,,h was ll/:lll:t_ciIiCiiI itltc<E, ralion ill lilt' ShtHIh' l'r<)gram ()l]icc
at lllt`.ltdlnstm SlmCt` {:t`t_lcl: cxt)laiucd Ih;tl lht" shtHllc C;tlllt` illl_) hci_lg in "an :ulstt'vt`
t)lldMyl t'l)virolllIlt`lll." NASA had It) tll-Sl look :it lht` I)udgt`l, :llltl lilt`l) IIt`cidt` wh:tl ct)uld
bt` dOllC within lh:ll thlanci:il tram¢'w<)rk, l)t`cisi<ms S<mlt`linlt,S h:tll Io bt` Hladt' t)il lilt'

basis otcosls, I-:llht`l th:lll Oll Iht` l):lsis ol t`llt_illt't`riwg. As cosls rost', stilt`dulling and illlt`-

gl':tli_)ll bt'catnc t`vcn i)i<}lC cHlical."'

:_1. :".liIHih's, .\d I[o( _,}llllll(' I'axl,md .\(li,,ili(.s "1('_1111, (:cilt('l N,:'ti¢'s, I _)litl,, ]'al)<'ls. I',,_x ?'/..]%(:

:_. liah" I). M;,uv. t,,.bm,c.. (:. Flct_ hot. \Hp_l,st IP,. l!l?_. ShtIHh + l';tl)ctn. {107 I:'L N.\S.\ llish+i_, ()llh<'.

_/_,. 'X|t'llH+laHtltHtL .\ti_tP, l 1'7. I!INI. I'G. k;_cll l+_q_cl'.ShHllh ' Nclit's. l"r;( llisl_P' {)llh¢'.

SI. [t+t_'_'+i_'x'+, Ih'n_,, (:. l),Plhl<_tl wilh \\+a,,t_v \otlt+g. I)t*l+UlX ,\<h+d]li',lt;tlt_t, .Iohns<m _,l);t_ t ' (:Clll('l.
].1,, 1N, 19911+
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17w mh+teP ( :olmnhi._ +", w'r.,+ m the tirol/ap/..m h pr+.P to h+urh++g +m It.get+ lhxlcd+, lCu m+,.x 2 ; at .V, t.%._'s lh+,,'h++'+ l,h_ht

IPcwcmh CculcL April ]4. 19,",'I. (+Nr+t+_at/_]+_]I+_ _+++. '_'I II +421.

In 1!177 the lhsclagt" of _whittw I(11, d+.'signatcd the l(ntetln'isr (which would l+ot I:,¢"thc
first shtttth" to bc lattnchc+'<.l), had bt+¢q+c_mq)h't¢'d lind llw ('+dumhia l|t+ill'('d COml_h'tion.
(:_tl_tt'ss ittHh<>riz¢'d, l:,clbr<." thc ¢',+d _)I l]W d¢'<.+ad,:, th<.' volt_,trucli<>ll oI livt, shuttl<`+s
(inchtding Ill<.' ('Jlalle_lg++; Diwove+3', ,ttld Al/¢t,'tli.+) t'ntilllltti'd ill il it,s! o1" $_)_:d) It> $(+()0 milli<)ll

t'ach. Each linallv ,vxc<`'t'dcd $1 b]lliotl. Dlwing Lb.+..• ",'<.+ill'. NASA c<m<|ttcl<.'d tivc tmF, OW<.'rt'd

gild<.' tests by droppin_ tit<.' ¢'rilf! ]'r<)ltt it l_,o<.'illg 747. Rtwkw<.ql's Rockt'tdyne l)ivisi_m h,t+giln

It'stitt_ the St)ace Shuttl<`' mili,l tqtgiHc at lit<." National SF, aCt+ "li'sting l+al)oralot+v (li)r,ltcrly

Ill<.' MississipF, i 'li'st Facilily, and so<m Io l:,c Stctmis Sl)aCc (k'ntt't +) it+ March. 'li:sls on tit<.'

<`mgittc tt'H+lfinltt<`'d a[]+.'r 70 sc+.+ol++ds +,','llt'll a [iYe crttptcd in the" t'ngin<." causitlg dlttnltgc to

tht" :\-I if'st sllilld. Rockwtql and NASA cngineers c<+t+dtwtcd o'¢<.'r 650 test ]]lillgS ])<.'lWl'Vll

1977 altd 19_0 l)clbr<`' lit<.' first shutth' flight ill 19817 +Tilt + l)r_W_h'nls tltost _lt_m ¢+twotm-

t<.'tt'<l }tit<.[ to d,i> with tlt<`' its<. + of c<mxcntionid valvt's ;rod l]llilt_S ill it VCI"+' tlll<.(:.It't.'t'llti()Itlt]

6.5 t/tilli_>n pound t}lrllsl }lydl'_)gt'll-+_>Xy,_<.'ll t'lt,ff, itl<.+.

B', th<. + tiltlC Ih<` + Coh+mlffct tilCd its <.'ngines _1 ttw latmch pad at Kcmw<ly Sip;w<.' (:<.'ttt<.'t

ill Fhwida, .t_ ,\F,ril 12. 19t"+,l,the SlmCCSl'_ulllc ithx'itdv had cxp<.+rit'nccd it hmg and dilli-

55. NS'I'I+ Nt'xvs Rt'h'asc. Mazth 25, 1977; N_>x_+mbt'_ t, 1979: l)t._ t'l_+l:.t'l 4, 198(I; ;rod st't' Nt.il 5.h Alt't't: /7_,

Omui ,h_J¢_,+' lhmtum (N<"+_ "ft_tk. NY: x,_,otld Almlut;tt, 19S7), i>p. 72-91.
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cult histot T. Simply being there, on lhe launch 1)_t(t, was something of a trinmph. The

grcatt'r achievenlt+nt lay ahead. Tilt+ three main shuttle cDgines fired in rapid sequcnce.

Then I]lt+ twin solid rocket boosters, each ,_cncraling _2.(;5 million pounds of thrust, i_nh-
ed. Colz+mhia lifted <fff..Just sh<)rt of leaving tilt" Earth's gravitational pull, the solid rocket

I)oosttms 1)tunt.d out, st.l)ar;it(.d from the orbit(m and I);Uachl|ted into Ihe Atl+tnlic where

they were rctricvcd. The s]lttttlc main cngincs continttcd to btwn, taking ftwl tronl lilt,.,

external lank. The nmin sluttlle engine cut <fit, and the exl('rmtl tank <let+achc<t im<l disin-

legri++ted ils it lt'entt'rcd tilt" atmospht'rc. The Col.,,,,d+ia then tired its two orl)itld manetwer-

ing svslctn tn|gincs. Tilt" first 1)nrn put it into <)rbit, a second burn stabitizt'd tilt" circular

or|tit abotH tile earth. Twelve mintttes had elapst'd since latnwh.";

The shultl(" carried missi<)u (<)mnl_,ndev lohn W. Young, it (;t+C.l+gia Tech acronattlical

(!ngin(!t+r and a Sl);tcc VcIcr;tll who nut(It his th-st space flight aboard (;emi,i L ;rod Ihcn

was cmnmand modnle pih)t lot A/..r,,llo I0 and connnander of the A/._llo 16 tlight. Robt't+t

I.. Cril)pin, ;l n_ttivt, of Bcatunont, Texi++s, and gr+ithtalc of the [!niversit.v ol +Texas, had

CollIc illl<) tilt+ ;lstl'omlttl trainhl_ l)r<)granl by wa?,+ <ff iln aborted +&it Force M:+.nnt'd

()rbitin<_ l,aborat<wy Program. l)nrhlg the latmch his hcartl+ei_t rose from 60 Io I?,0 per
lllinulc. }It' descril)cd it its "()llC I_tllt:lstit' ri(Ict"":

The ('+o/+++zd+iachang<+,d orbits, and for most of the tlight tlcw ill a tail-I<>rwal+d ttpsidc-
down p<_sition, relative t() tilt' Earth, giving the crew a t)CIItT vicw ()t" E:lt'th itnd its horizon.

Yotlng _tn(t (Mppin cllcckt+d all s_'stt+nl.s, Ill( + corn]tutors, nltvigitli<)nal .jet tlll+tlStt'ts, and

huge cargo bay doors. The ship t)t'gan tilt' rcItlrtl ill 12:22 EST <)nt April 1.t. XAmng and

(_ripl)in tired the orbital nlam'tuvt'ring rockets t()t two minutes and tw<.'nty-sevt'n seconds

to rcdtwt' their st)et+d It+ less than the <wt)ital velocity of 17,50<) miles per holm (;ravilV
would do tilt' Ic:+.;t. The); 1)cgan an ]lom-lon<_ dcsct_nt. 'l'llt'_' tircd their +lltilttdc t<+llttt>l

thrttstcrs It) turn (',ol,,zkir+ right side up and host" I_)rward. Thrttstcrs wer(" firc(l a_itin I<)

keep dlc nose up so tllltt the' thermal l)rott.ctive tilts could :ibs<nb lht' l|t'ilt ol Fct't|lry. Thc

Colu,+Ma lost spccd :ts ils illlitudc dropped, and ovcv Rogers Dry [,akt + in tilt' Mtpjlw('

l)esert, (3+il)l)cn lind Y<+nng 1)atlke(l the ship sharply, l<)opcd back into a I:mding i)altcrn,
and touched d<)wn ill il sf)ct'd ot"215 miles per holm about twice that ot +a c<)mnwrciltl itir-

liner. "The I<_ttchd()wn marked the stwct'sslld (+(mclttsion <fiSTS-l, 2 ditys, six horn-s, lwcn-

Iv nlinttles and tifty-lw<) st.con/L++; aftt+r lift-off ft+<ml Florid,l." President Rt)tlilltl Rt'itg,tn

grectcd tilt" rettnning (TCWmCn, "To(ll w <)tn t*ricnds :rod ;tdvers;uit,s arc rt'tninded Ih:tl wt'

,ue a free l)COl)lc citpal)lc of great deeds. \Vc arc ,t frcc i)coplc ill starch ()l +i)vo<_rcss t+_r

nlankind. ''+_ Tlutl st+arch t<)r progress, in thc t_)rln of :t reusable spacecraft, involvt.d n<_t

onl+v NAS:\, and the industries and _tsll+otliltlts who wcrc identified as tilt" recipients of tilt'
1981 Collier Troph+v, but rctlected IllOl'C t+ttll+vtilt' past iliad present t+nct_,ics, initiatives,

tcchnt)lo_it,s, :_spir:ttions, and capital invt!sttn<,'nts of the Atncric,ln pet)pit,.

56. St.c Mit h;wl (:ollins, li/l,[]? TI.,St+.+ .].t..'r.a'+ Arh,e.l._++ i..";p.r,' (New _>vk. NY: NASA, ( ;_'_)_r_"PI'CSS.

19'_8), l>p. 201--27; NASA. Mission Report, MR4)01.

57. NASA+ Mission Rt'pO_h MR--001.
5_. IbM.





Chapter 13

"More
The

Favored than the Birds":

Manned Maneuvering
Unit in Space

by Anne Millbrooke

In 1984 a Manned Maneuvering Uuit (MMU) enabled a few astronauts to maneuver in

outer space, outside of spacecraft, and fl'ee of tether lines. This manned maneuvering unit

and its predecessors are, as the name implies, maneuvering devices. Flight is the flmction of

the spacecraft. Life support is ttle tunction of lhe space suit. Maneuvering is an extravehicu-

lar activity independent of the protective and supportive space suit, yet integrated with the
suit and even the spacecraft. The spacec,-aft and space suit are prerequisites to extravehicu-

lar actMty, the craft to transport the astronaut imo outer space, and the suit to protect and

support life. The maneuvering unit is an optional aid. The maneuvering unit, spacecraft, and

space suit are compleinentary components of ttl(" human space flight program. 'Whe|ea_s all

such space flights have involved spacecrati and st)ace sttils, only a few have utilized manned

maneuvering uniLs.

Outer space is a micro- or zero-gravity environmen! that requires special techniques

for moving inside the spacecraft as well as ore. Based upon experience aboard the Space

Shuttles Columbia and Discovery', aslronautJoseph P. Allen described the experience inside

a spacecraft:

Durin¢ the first /i'w dars in space, the act o/simply movingJiom here to Ihcre looks

so ea,% yet is so ehallengdng. The veteran <!/zero !,'ravi(_, moves e/fortle, sl_, and with

total control, pushin K r!/f/mm one location and ar_4vb_g at his <le,_tination ac_J._s the

./light deck, his body in the proper position to insert hi._,fi'et into Velr'_v toe loops and to

gra.sp simultaneou.dy the convenient handhoM, all without mis_ing a beat in hi.s tiKht

work schedule. In contrast, the _vokie_ sail across the _ame path, usually too/fist, t,),-

ing to suppress the instinct In glide headfirst and with va[.,rtte swimming motions. The),

stop t*y bumping into the far waU in precisely the wmn¢ position to reach either the toe
loops m" the handhohtC

Space writer Hart T I,. Shipman expressed this more directly: "Velcro takes the place of gnw-

icy" inside the spacecraft)' Outside the spacecraft, there is no Velcro and no enclosing walls.

('ivilian and milita W engineers tht|s explored wu-ious nlechanism to aid aslrollaltls

outside the spacecraft. These aids included foot restraints, hand grips, tether li||es, and sell:

propelled maneuvering milts, yet f;ew space missions required the technology' and capalfility
of manned maneuvering units.

Floating in space was a lesson learned I)y experience gained gradually dr|ring die

Mercury, Gemini, Apollo, Skylab, and Space Shuttle missions. In tact, the Mercury,

1. ,l(_scph I'. Allcn with Russell Martin, F:tlleHnt( ,S]mrw: ,-lu A_lmnala Od),_ O' (lt.t8,1; rc_iscd trillion, Nm_

Ytwk: Slcwaut, Iabori, and (',hang, 19,g5), p+ 75.

!2. I I:u]?, [,. Shipm;m, Ilumml_ in ,'¢pme, 21_t (:entu_v t"rrmlil'r_ (New _'ol k, NY: Pl('mml P] t'ss, 198!)), p. 97.

_)tl{J
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.l_ttrmaut hm ; M_Caudle_ _m , _pmeTvulk u_ittg the man,ted mat_eu_e_it* K u_it (MMI _) ,m $7S.t11_, I'?tnua_ 3 1984.

NAS.I aml Mattin MatJell,z Cmp,mzti,m w,'_, _ mva,zled Ihe L'ollit7 7]z,phy itt I9,_'-I [m the deveh_pme_t¢ o/the MMI '. am1 [m

bei_tg' Ihr N ISA leum_ /hat t_:s_ m'd Ihwr di_zbb,d w_tellilc_, with _/m_ ial t_'_ off_tili_m to a_lmuaut lh ttt_' M_(mtldh'_ II, NASA :_

("htltlt'_ l( I|hit_ell, /_:, filial ),lttrli_t ),lettqetltt'_ I_}tll_*t W, Bolh,udonk (,\5'C',;A pholo tlo, ?#t-11-71 i.
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(;cnfini, and Ap_dlo Sl);icecra]l W('lC II)O sin;d] to allow _lsll-oll_lllls IlllIch Inol_ililv wilhin

Ihe craft, l"r_ljL'cl (;emini includt'd Ihc tonSil(lotion of Iwo lyt)es <)f mmlcuvcring mitts and

lilt' tlailling ol _lSll'on_lills ill Iheir USL'. In ltn$5 (;emini _lSlI+olI_ILII EdwiLrd It. White made

Ihc firsl ,Mnerican stmcewalk, t;_inm-_ hand-held mallCUvering unil, ;rod wearing ;L space

suit for lift' sul)l)orl, h(" spent t'w('illV lninulcs outside of (;r'mi,i 4. lie was telhered to the

space caPstflc I_l s;Lf(!ly. ]_'r<]je(t (',clllini Ihtls provided the first Amc'riC;ul t'x])eriel]((, with

extravehicular aclivilv ill space; _. SoviL'l ('()Sl]II<)IliILll had achicved the I]rs! extravehicuhu-

aL+lixily nlomhs 1)cl_)rc Wlfilc resulted out idlhc (;cmini c;q)sulc, l+alcr (;emini aSll'oll_itils

also Lomplctcd cxlr_Lvchictllar aclivitit*s in lhc harsh cnviromnem of Otllt'l" space.

Apollo and later Skylab addcd to NASA's iescmch and dt'vclot)mcnl expericncc wilh

Ihc cmwcl)l and tc(hnoh_gy of mancuvcring in space, tlLough not with thc operatioll of

any maneuvering aids in fl-cC Ill,hi in olllL'l- si);Ic('. Apolh)'s ob.jcclive was the hmal sm-

t]tce, not Otll('l" sp_icc. The lhrcc Sk_lal> missions in 1(177, and 1974 plovidcd aSll'Oll_llllS

expcricncc with weighih,ss I]oafing in a rvl_tlivL'ly Im+gL"open Sl)aCC wilhin a spacCCl+aft, bill
not oulsid¢'. It was not ttntil the Space Shuuh,, a rcusal)lc tr;msl)oi-laliOl] system, that ;_sti<>-

llaUls acquired operational experienLc floating l)t>lh inside ;rod Otlisid¢' _t Sl)aCCCiaft.

The _iw;u-d-winnin_, inalined lll;iilCtlVclillg IIliil _i';IS dcsiglwd t<lr ii specific lyl)e <>f

iilission: s_ileliile rescLie niissiollS. All clli-licr ni,ulcuvering unils tuid I)ccn dcsiglied t<li

expcrinienlal niissions, tiilil is ll) lest the lechnld<lg,a/, bill wilh liie tx'us_it)lc Si)iicc Shultlc

N:\,_A ililioduced iui o[)er_iliOlia], iliissioli-oriciilt,d i]lalieUVeiili_ ullil--I]ic ,iward-winiiill<_

ili_Uiiied lliailciivciing tlliil (MMLI). This o])crltlioiia] tlnil was used Ihree Iililes--_ln Ihc

lelilh, eh'venlh, ,uid t_)lllll'Clllh t]igliis of Ihc _l)iitt, Tr,uispOlllilion ,_V,_lenl, liiore coni-

lllOlli), klloWli ils the S])_tcc .Shuttlc. The v('ill ill Ihcse t]ighls was 19_4,t. The (]oilier Trophy

[in thai vt'Al I('COglli/t's _iSllOll;illl llrlicC M<(;aiidh,ss I1, who []rst used tiic Llnil in Sl)iicC,

NASA's i]hltrlt's E. "l_]d" _i%]lilSelt, ,it-, nlld Milrlin Maiiellli's \.Vaiter 1,.V. "Bill" l{ollt'lith)llk.

"flit'st, illrt+t, IiICll WClC illsll-tllllClltA] ill Ih¢' devt'l<)linit'ilt , ,tnd Mc(]iuldh'ss ill file LiSt', ()] lilt"

uitil, tlehilid lifts award is _t sloiy of Icchlioio_ical d(.,,t,h_lJnicnl inv<dvili_ ,t vliriclv of hlsti-

lulions Williiu lht' nation,ll hi[i-,isli+UClllrt • of lilt Sl)+lCe i)lo_raln _iiid iililid lhc Slil)crl)owt,r

l+ivaiI_, ' kliown its l]ie (;_dd %V_II.

[;roln lht" prcihliililily r¢'se_lich +iiid dt'vt'hll)nicnl in the 1950s to lhc _ithit,vt, ni(,nls ill

19_14, civili_ui iill(I Inililaly llt, lSOiiiit,]--t.il<_iiii.t,l+S, technici+iiis, aiid _islrOliaills--dl+lhlcd

_liid rt!dt'lllit'd lht' it!t:hnolll_), of lnltllt'uv('rat)ililv ilL ternis of t)el+t't, ivt,d iieetts aild i_tl)_t-

bililies, iuld wiihhi the Iililil,iliOllS ini]losed by I)tldgels +uid flight st:ht'dulcs. At t'_lch slcp

revit, ws, Icsls, and experinienis+ its wcll its lloliiiclll decisions itli_'clili_ Ihe Slilice ])lO<_liilll

in gelicral, inlhienLed decisions al)oiii whelher io c<)nlinue dcvtqol)lncnl , in wilal dilt'c-

lion, aild by which lieXl slop. I'll(, idt'iilific+ilion _ind dctinitiot] of apl)licalions fol + niant'u-

vt'rhl<_ unils acltia]ly t)cgan hi stir'net' fiction ]ilt'rlilUl-t,, which indudt!d t'_iilil-I)ast,d its well

its otilt'r si)acc inissions. (;ivilian and niililary ii<_t,lit+it.s _ilid <_<)v('rlilllt'ill ('<lllll'iit'tors, Ililil

is iilduslry, i)_tl+litil)illt.d in lhe dt'vt'lo])lnt'lll <l[ niilneilXt, ling Ullil+ ot st'xt'lal lypt's, hichld-

ili<_ |]naliv lilt, ;twlii+fl-winliitt<_ lnaiined lil+uit'iivt, rin<_ Ilnii.

Science Fiction

I+t'l<)t-e the "stir'net' filet" tllerc was sCiCliCt, fiction. Floin novt'ls of the liiliclei'nth

L'CIIIlIrV 1o lilOVillg piclures of lifts ccllltll'y, ]illln+tlJS li++tvclt, d in sl)ilCC--sollit,lilnes tisiilt_

lii_ult'ilvt,rili_ tlnils outside the spaceships iuid SOlilelhiil,s n<ll, iliosllv nol. l_]_lrl,, , ]ilt'r;u-v

cllissics of space IIavel inchideJules VClilc's novt!l l+)o#n I/le l'arlh to/]le J/mJ#l (1865) an('[

1t.(;. Wells' /'7_:_tMen in the Moo. (1901). Bolh ot lht'st' books WCI'C In_idt' inlo inovit's of
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tile same nanles, respectively; Verne's in 1958 and Wells' ill 1964. _ Ill both the print and

fihn versions, lhe space travelers left Earlb with neilber space suits nor nianeuvering units.
hi Verne's story the characters flew in a ballistic projectile, shot from a huge cannon,

toward the Mo_'_,ll. Tile}, relied upim the probability that they would be able to siuvive in

the rarified atnlosphere of the Moon.
En route to tt,ie Moon in Verne's sequel, Round the Moon (1870), the French adven-

turer Micl,iel Ardan asked his traveling companions, "Why cannot we walk outside like tile

meteor? Wily cannot we lauillch into space tllrougll tile scuttle? What enjoyment it would

be Io feel oneself lhlls stispeilded hi eiher, lllore t_lvored than the birds who lllliSl list- II,ieir

wings to kee t) then-iselves tip!"' Practical hnpey Barbicane, president of the (tun (]]tib tl,iat
had shot tbeir projectile into space, responded with two reasons. First, there was no air in

the etber ot + outer space. Second, tile density o[ a man being less than tbat of ttte projec-

tilt" in which they traveled meanl that a man outside the spacecraft would move at a speed

not eqttal to that of the craft and lhtts tile lliall would move apart frolll the craft.
l+alel" Ardan exclainled, "Ah! what I regret is not being able to take a walk oulside.

lNllal vohiptuo,iisness to float anlid this radiant eilier, to bathe oneself in it, 1o wrap one-

self ill the Sllil'S t)llre rays. If Barbicane bad only illougl.il of furnishing llS with a diving

apparatus and an ail:pulnp, l could llave ventured out."" Again practical l/arbicane

countered lilt' proposal: a diving apparatus in space would burst like a balloon lliat had

risen too higti. Barbicane thereupon prollit)ited "all sentiinenial walks beyond Ille

pr_!iectile." bttt his autllority applied only to bis t]ciiollal colnpanions and llol to writers
of oilier science tiction works.

What Ardan nlissed bottl in prinl and on tihn, Buck Rogers and Flash (;ordon

achieved. These lwenlietb-centlny fictional heros provided inspiralion--and Inunoimlo

Itle astronauts and engineers involved with nianeuverability in space. Mission specialists

Briice Mc(]alidless and Roberl Siewarl even called eat'h other B/ick and Flash ill Ihe cabill

of the Space Sluitile Ol,i lhal llisioric mission when llle award-winning nlaniied manell-

velillg unil was first used.'; Originally the star i)| a coi,i.iic strip, Flash Gordon elllerlained

Inovie atldiellces via Itlree serials: Fla.sh (;ordon (1936), Flash Gordon's T6p to Mars (19<18),

and Hash Gordou Conquer_ the tfniver_e (1940). Created by Alex Raymond and played by
Busier Crabbe, Flasll Gordon fimght the evil torces of Ming tile Merciless. t le traveled in

Dr. Zarkov's rocketship and otller spacecraft. Tile technolo_ff of lit_" support and maneu-

verability did not chiller his advellllires.
Buck Rogers siniilarly appeared in I)rinl and Oil t]lm. Under the llallle AlllilOlly Rogers,

lit' made llis debiil oil the pages of a pulp magazine ill 197t"I. {!sing lbe ilanie Buck, he

moved lille a coinic slrip the tblhlwing year. A decade laler tie appeared on tlhn in twelve

episodes of Buck tfogem (1939); like Flasll (;ordon, lie was played by Busier (habl)e. hi ilie

oligillal sloi_, ', written by Philip Francis Nowlan, Rogers awoke from suspellded aniilialiOll

ill a future time--year 24 It.t--when Americans wore "inertron" bells, bolh "j.,,u,ers" and

3. 1'70.1 the I-uHh to the Mr.m. Waverley, 195_, alid /+Tr_t slt_,_ m the Mr.m. (]uhiliil)ia/'Ailierall, 191;-t.

llltOiinalillli ;llloul all Inovit's int'liliOllt'd in this arlitlt" appl'ars ill Ix\lie 1lalliwcll, ]lallilvelli_ t'Tlm (htirb', lglli t!di-

iion, edilcd t)_ lotto Walker (Nvw Y_nk, NY: Itatpm lh'rcmfial, 1991), pp. 3S<t, .I IS. Fol Vcrne and Wells. Thv
I)t'sl o'¢t'rvicw _lf s/icille ticlion cind st)a_ctliglit is Frederi('k 1. ()rdwa) 111 and Ran(iv I.it'bt'ilnallli, cdilors,

lJlu,]ui_lt_ lor Spa,,', ._;,i,>_.e t'THiou to ,gcienre t'Tut (!,¥ashillglOll, DC: Slllilhsolliall hlslillllil>ll Pit.s\, 1992).

t. .luh-s \k'rnc,/'7ore the t,.'mth to the Moo#t (l#1d fl "l}'ilJ flroltlld /l ( 18(15, 1870; Philadelphia:.l.B, l,ippin<oll,

n.d.), part 2, p. 173.
_), \rt't'llt'. /'}ore lhr I(ar/h to lhe ._[00?1, part 2, I I. 177; tlaitii(an_' i(,spllllSl" is ¢111the \;till(" page.

6. "'Slcppin' oul _vilh Flash and ll_u¢k, '" NASA l.yll/lllll B..lollnson Siialc (]l'lll('l, .l_/)fl+e _%).lt,i /¢rmudup,

23,-I {94 Pl,lllilal) 19St): 1-7.
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"floaters" that increased their mobility.: A jumper made tire wearer weigh "in effect" as

little as desired and therefore able tojnnlp considerahle distances. Floaters were advanced
julnpers equipped with rocket motors that enabled the wearers to float in air similar to a

diver" floating in water; directional control came through the wearer twisting his body and

moving his arms arid legs. These rocket-powered mobility nnits inspired science fiction

writers and the recent Wah Disney-Silver Screen nlovie The Rocketeer ( 1991 ), which like the

original Nowlan story' inw_lved tnaneuverability on Earth, not in outer space.

Generally, spaceships and space suits received more attention in science tiction stories

than did technology for maneuvering. Robert A. Heinlein is an example. His Rocket Ship

Galileo (1947) is about three boys, recent high school graduates, who accompany an atomic

scientist to the Moon and while there defeat Nazis. The heroes wore pressurized stratosphere
snits that look like diving suits. The hehnets were bowl-shaped plexiglass, and the soles and

seats of tire suits were insnlated with ;csbestos. Tire charactels in print had no maneuvering

de_4ces. Heinlein's thin book became the loose basis of Destination Moon (1950), a good (]okl

War movie about combined American industry racing to get to the Moon before the

Russians. In both book and movie the space vehicle is an atomic-powered rocketship; and

Woody Woodpecker gives a delightlhl explanation of rocketi T in the movie.

Traveling to the Moon was a race, not simply a space race, but also a military, arms race.

In Destination Moon the fictional C,eneral Thayer announced, "there is absohrtely no way to
stop an attack from outer space" and thus "tile first country' that can use the Moon ior the
launching of missiles will control the Earth. TM Ill the movie private indttstl-y supported the

lnnar mission because governnlent was unable to nlohilize the necessary, resources during

peacetime; the movie script thus i_ailed to anticipate tiederat appropriations in time of a

Cold War. The film travelers perfornled extravehicular activities in space. Wearing space
suits and tethered to the spacecraft, tire); unstuck an antenna. ()lie man released hold of

his safety line and drifted away from tile ship. t le was resctted by another lnan who carried

a large oxygen bottle, released gas fin- propulsion, and steered by manually facing the
nozzle away from tire desired direction of travel.

Science Fact

Michel Ardan's wish for "a diving apparatus and an air-pump" was not far afield

from the early development of special suits fi)r high-altitvde flight, tile predecessors of

early space suits. In the 1930s aviator Wiley Post attempted and achieved stratospheric

flight. As he said, "The main objective of high-altitude tlight is to increase the speed of

7. Philip Francis Nowlan, Armageddon 2419 A.IL (1928-1929; New York, NY: Ace Publishing

Corporation, 1962), pp. 24-25. This version of the story contains both "Armageddon 2419 A.D." (1928) and its

sequel "The Airlords of Han" (Iq29), both originally serialized in Amazing Storie_, but with "a certain annmnt of

revision and condensation" in lifts book, according to the Ibreword.

8. Deslinatim_ Moon, [ rniversal/(;eorge Pal, 1950. In Heinlein's hook ttave Space Suit-Wall "l_avel (1958),

alien flying saucers transport space travelers. The hero of this tale, ('liflord Russell, won a space suit in at Sk?s_'ay

Soap slogan contest. Previously used at a satellite station, this obsolete pressure suit was a real-though fiction-

al-space suit, not a toy. Made by Goodyear, air conditioned by York, and equipped with attxiliary systems bv

(;eneral Electric, the suit had a body of silicone, asbestos, and glass-fiber cloth. The helmet was chrome-plated

with a bright reflecting surface so as not to ahsovb heat from the sun. Oxygen came from steel bottles carried in

a backpack. The suit, named Oscar by its new c,wnel; selx'ed Cliff as he was kidnapped and taken to the Moon,

then to cold Pluto, and then beyond, ;tnd-of course-hack to Earth. Clitt concluded his adventures by deciding

to become a space suit engineer. Throughout his adventures, Cliff rode in spacecraft or lunar rovers, or he pro-

vided his own mobility without the aid of any maneuvering device.



.+_()4"'Mr)REFA\'_/RI'D"lll,\XIII1'_l_lP.lt_'.:" 'l'ltE MANNED ._'I,\NEI.'VI,A_INt; [_NII IN ._l',\t ;E

lr;tvcl."" lit' [bresaw Iransconthtcnl_tl and Iransoccanic |lights i_}r lhc lrmlsp_)rlalion of I)as-

St'II_t'I'S ;t.ll(I t'rcight. Btll Io []_: ill {lit" lhin ah oF high altintdcs, ilc nt'edcd both oxygen and

sntticicnt prt,ssetre to protect tilt" cells of the body. iie recob_nizt'd thai lhe aircrati's cabhl

could ix, scaled and filicd wilh air raider pressurt_, but _ll the addition of "prohibitive

weight." More spt.cificall,v, it would he intpossitlle to pressurize tile plywood shell of his

llT,,ie Mr,', a l+ockht'cd Vt'g;I lhill lit" had tlown Iwice il],!)tlnd lh(' world and lh;.ll ht, tl'.;t'd

in his high tlying, i le thcrc[brc apl)rO:lchcd the B.E (;oodyc;ir (:<roll)any wilh tile ide;t o|

"a st\it, sonlt'lhing like ;t divcr's <hilt]l, which the pih_l can were. ;ind which can bc blown

ttp wilh ;ill" <ll" t)x_rgtlll lt_ tilt + rcquh'ed prt'ssiire. '''+'

in rt'sptiilst- Io Post's rt'qllt'Sl, (;ood),t'_tr lltiih hhii lhrt't" prt'ssttrizt'd stills. Tit\ t]l+sl

cosl h'ss ill;tit ,,_7."_ (eqtliVlllt'nl Io al)oill $_(}i) hi 1994 dollars), ii rupliired dilring lilt

illiln;lliitt'd it,st, bt'li)it • tli_hi It'slhig-. Post gol sltick in ihc st'clliid still, which Iiierall)' had

1o lit' Ctll off hhn, :tg;tili t)t'tort' any I]ighl test. The ihhd still il_ll only passed lesls lit the

ArliiV's I<lw-1)rt'sSliit" Cll_illibt'r ;il _0,'ri_lil Field, I)ut also liitg rt'qtlirt'lllt'lilS dui'hlg lilt' 75

ttoui-s ltl;It I>_lsl hlg<_t'd ill tilt" still. Thai snil l)r<lvt'd conillalitilt' wilh llis ah+t)l;uit" _lilti

alh>wcd sliliicicnl nlol)ilitv for hhn Ill o])t'r;ilt" lilt' ]ll;illt"s coilli-ols; thotlg]i wht'n iiil]aled.

tht' suh alhnvcd lllil'¢ Vt'l+V Ihnilcd lind)lilly. In ii serii's <dllights in 193,1 mid l{i!+._ ]>osi suc-

ct'ssftlll'c dt'nloiislr;tit'd ll'it" iilililv ill lilt + l)l't'sSiil-t • still, +i'o coillillilt' his eXl)t'riliit'ills hi lii<_h

althndc tlighl, lit' acquirt'<l ;ili<litit'i" ;lirf)lmlc. lh" ;uid lilt" Iltilit<>i+isi Will R<_t4cis <lied in ;l

crash of lhal t.xpt,rhlit'iil,ll pl;uit', it +r_ish fr<lili vt'i)' low ;illiliidt'. II

t>osl's sttttt+sstUI ])l-t,sStilt' still, howt'vel; hllhimict'd lt'se;ir<h pl()_l;tlilS of ihc ,-\llil)r _tlld

N,tvv, which coiilr_iclt'd whh iii;illtl|;itliirt'rs--(',olldrich, Bell Ahcr;ifl, [!.S. Rlibbt!r,

N;iliOll_l] (];llll<lii, ;intl l_ilt'l oliit'rs--t_lr ])rt'ssiut' stills, iiiili:tllv lilr t'xf)t'rinlelil_il dt_sig-iis,

1;ill'l- I_ll t)rodllCliOli stills. Militm T Colilr_it+ls, iil_tl is illilil_tl_ Inoile)' ;llid itlilil_lr,',, spt,cilica-
lions, (tt'tilll'(I It'C]lllic;tl Iil-llgri'ss ill lilt! dt, vt-hlplnt!lll of I)l+l'SStli't ' Stills. ()lit > _oitl l_,'itS Ill

illt'l't';ist' lilt' inollililv of thc t)t+l-S(lll inside lilt" still, Itl _tll<tw Iht' pih>l ill_ll't + i'_ill<_t' tl[" lii<lVl'-

lilt'ill, ,\llhough ])l+O_l't'ss wits sl<lx_,; lx_/l) kt')' tttwt'lOplllt'lllS wt'l't" :tchicvcd ill lht' 1950s. ()llU

wns Ihc linknt'i rcslr_iinl. This Ihikiicl-iivh)il rt'slr;iiililig ]_t)'t'r prcxt'nit'd ;i sllil froln

b;ilh>oilhl<_ uiitit'r iirt+s_;uit', hilFltdilCt'd hi 19Dli b) the i)avid (]l;trk (]l_lllllnii) _ilid ihc Ah

FOllt', Ibis lt'illlll't' hcll)cd lllilkt' lilt' i\111177<_-7 plt'SStll'U sllil sl;tlld{ild <\it' For\t" t'quillilll'lll.

17.'st llil<lls t])'ing lilt' X-15 C×l)t'rinicnlal l)htnc woi-t" this i)lt'SStlit' stih in SUl)CrSOlliC t]ighl.

Ill 1957 ll.b. (;OOdliCii iilld Iht' Nay)' i)uih swivtq ioints wilh _tirli_lll i-olitlht<_ bt'ai'hi_s, mid

_ilso tlnlt'ti.johlls (sclnirigid iict'oi'diOll pleats), hilo the ]%'imk ii still, lii:ldt' _l| ;i rtlt)l)twizt'd

lttl)ric, init)rll',t'd Vt,lSiOllS apl>Cm-t'd hi 1958--Mmk lit--and ig]9--Mark IV.

When the t!nhcd Slmcs began its m;ul-in-spacc program, hi gh-:thhudc prt,ssurc suits

wt'i'c itdaptt'd hll_l sp;tcl' stills, :\s sliilud hi ;I Sltliltisoniml I>nl)lic_ltion, (;otld)'car t'iil_int!er

"Russcll (;ollt", is considcrcd lilt' t]llht'r of Iht' Aincric;ni sp:lcc still t<n COliSlrucihlg- the first

sut ccsshil hill)llit'ssiil-iZt'd t])hig sllh I_ll Wiley l>ost, ''' lir+!icct ]%,imciil-,V pr<lvidcd thc sll,ict'-

cr;tll lit which _islr<_ll;liits th-sl ilSCd si);lct" StlilS and lli<l'_('d thc It,( hllohl<_ic_ll ll;isis <iF hlinimi

si)_ict' Ili<_hi. i'ht' Mt'rctlr)' Sll:icl' stills wt'le :ltial)iCd fiOlli Itit' (;ood','t';ii_Nit'¢s; M;tFk IV suit.

The sl/_tct' still w;is :i pr<ltt'clivc s),slt'lli ilia\dr" of _lhliiiiliiZcd n)'hln, Nt'<)l)rt'iic-co;ilt'd ll)'loil,

;ilid vnlcmiizcd ilVlOli, Ii +,Votlld prt,ssiiri/t" olilv in lilt' t'Vt'lll <l[;ili t,iilt'rgt'llCV, hi lh,tl St'liSt',

9. Wilc_ PllSl. "Fl',in_ Ihe ,'41r_llltsl)herc; Wil_') l>_s! Sct'ks New Rt'c_lid," 1><4.Ur. Jl_'rDa.D', Ma_l:.i,r', 62

(()lt_dlci 1{t!{4); ,il.17-I.i.rl; qu, llt' i)li tl_ll4t ' 197,

IO. Ih_sl, "Flyinl4 the' Slr;tiospherc," p. 193; scc _llso Slaiilc_ R. M_dill+i mid tl_dlllx 11. Iolnis<m, 117/_ I_+e,I,
II/', 'l_'illnie %l;it', _lml I/ic 117_7d]_ 1"7_I I+n_.#; ' ,",'./I I_nlil|ls_)ili;ili :'%iill_ils _lt Flight, ,_liiiill_.'l _] (%%'ilshillt41_ni, 1)(2:

_iiiiitinl>ili;tii hisliltilil_ii Pit'ss, 1971).

I I. I/_,l;lll II. Sit'llili<_ tln(I FIHII¢('s N. ,';It,ilhi_, 11711/¢%,_._ ,_.'; I/'#Dg t4J,,I. IJ#vll]l <11./l<l_#011s(,_t'%% _4nk, Nx[:

ti[+ l']'_;iliS ;llld (]llllllllilp,, 199'.1).

19. l,illi;ul I). Nozloski. I '..'_, 's,#.+<r (;far O#Hfill/n,k, lt,',l_lmi_#rztll (_t_,';t_,llill_l <ill, I)(]: _lllilh'4(lllitili ]llsliltllillll

Press, I{){lti, p. IF>,
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¢'quil)ping the suit for l)rcssurization was a l)recaution against the i)ossil)ililv that lilt' space-

elall ntight decotnl)rcss , a redundancy 1)uill into the Mclcui): pr<)grain tol _ the l:,rott,clhln

of lilt" astronatll. F,Iill tit{' suil was Sl)Ccially adal)tCd Ibr v¢'lilihilhm of the asll+Ollatlt, I_}1

waste rclnoval, and [i)r sati'ty and conltbi+t. (]tiangcs wcrv niadc as eXl:,erience VtalTanl('d.

()tic aStl-,Otlatlt all +t IilIIC, and safely coulincd in the spacecrati, Mercut+v astr<mauls

ol+l)itclrl the earth. No Merctuy +tSll,{)llatllt VellltUt,d outside the spacccrafl into ()tltCl Sl)il('t'.

The importance of intcgl+ation of all aSl)CCls _t lilt" space i)logranl tx'catnc, al)f)arl,nt dUl s-

ing Pr{!ject MercuiTe. As one hist<)riat+ concluded, "l+hc <_l-t'alesl Icssoll learned I+t-_lm the

Mcrcttry flights was prolml)ly tltc' Ulli,quc inll)Orlancc ++t+pool)It to lnachincs. The Mercury

l)r<lgl+ani Imgan wilh a machine that had a man in it. And by Ihc end of thc plOgl+alll, it

truly became a Inalincd Sl)acecraft. '''; Spacecraft, clcw, Sl)aCC suit, and oilier tnissh)n

eqttipnlent needed to be integi+aled. This less<hi applied to inmtcuvel+htg unils then and
later under dcvclopnlent.

Although nlancuvcring units were not SlmCilicallv :t i)arl o[ l'rQject Mel+Ctll_, ih,p possi-

bilith,s ot niancttvcrilig in space were cxph)rcd CiC)ll((tllTiPllt with the Mcrctu_' i]ighls. 'l'hc

Air Foi'cc, Ik+t" cxalnl)h,, , Ix'gan testing spacc 1}r<_l)ulsion mills, hand-heM, 1)istol-Iikc, coin-

l:ncsse/I-air devices, at its kt,losl)act • Medical l,al)oraloiv in 1958. That work was done al lhl,

la|)OlalOly ill lt_t'i+ighl-Patici-sl.)n Aii PlllCl., [l,asc, Ohio, with SOlllC Icsliiig also COlldtictcd ill

NASA's Air l/0arin<_ Facility in t[ousl<)n. The lllaill pi<lt)lcin of il hand-h<'ld unit was "ihl!

difllculty of aligning ihc lhrllSl Vcclor with the cclllcu of iliass of lhl' lllail, c;<llishi<_ rolali<in

wilh lralishilion resulting in unworkabh, flight paths": ++ in other words, lhe asli<ilialll could

liOl lilaiiilaili cOnll-<ll. The Air Forit"s /\t,lOSi)acc Medical Division isstied ii icl)Ol-I Oil

"S(q|;Mant'uvcring tor lhc ()rbilal {{'orkcr" in 19(_f), Thai vt,al + the Rockt'l Pi-ol)ulsion

l.aboral<_l-V al l+)lwaldS Air I;oi-cc Base, (]alil(irilia, pr<widcd assiSlallCe hi dl'sigilhl<g Ihl,

[)ropulsh)n svslCiil tor all ext)crhnc.nial IliallCiiVClillg unil, it lCSt'aich device dt'signcd I_li

lt'sling under wcighllcss condili<liis, but IlOl tor list" in ihc CllViiollniClll oJOtlll,i- st)ac¢,.

This t'ail'_ work <d lht' Air I;orcc, h'd io liialit.iiVi,l-ilig unils [_)r Pro.jeer (Dcn/iiii, during

which aslr<iliaillS WOlC space stilts and rt'niaincd tcqhcrcd io ihc Sl)aCt.ciat] during i'Xliavt.-

hiculai + acliVily. ()nlv I)iic.t]), usiilg niailCtlVClilig linils, astlonalLls ])cgaii lllancilvcring in

Sl)a(c, Oiltsiih. lhc sl)aCCClafi , dlllill<_ Pmjccl (;Clllilii.

Maneuvering in Space

Pl'Qiccl (h'inhii provided NASA exl)ei-icncc wilh cxtravchicuhu-activity in sl)acc and

with two llialiC'llVCFill_ devices. ()lie de'dec was the lland-lleld Mali_'iiv_.'lJli_ I.!nii

(t 111MU) llial While iiscd in 1965, also knowli as Ihe self InaliCuvering/lilil, ])icSsilro giin,

or shnply ,_llll. Thv sccond dcvh'e was a backpal.'k called variously lilt :\SllOiialll

MaliCUVcl-hl<12,- [Illil C\MI!), thc Modular Maiit'uvcrhig |;ilil (MMI;), Ml/dtilar /\slroliaiil

MaliCUv_'ring [ rnil (MAMI!), and Dl'paillnClii of l)ctt'nsc CXl)Crillll'ill 1)-17. (;_.'iiiilii crews

accoinl)lishcd CXll-aV_.'hicillar aCliVili,t!s, six holilS of leihcied lhiie aiid six hours of siaiidin<_

up in lhc ol)cn halch of lhc spacl'crafl. The live crews wh_l accunnilalcd ihc Icllicicd ihnc

wt'rc al)oai-d (;e,,#._7,w./4, 9,,1, IlL 1I, and 12. [_olh l[tc haiM-hl,ld alld backl)ack niancuvcrhlg

13. /bid., p. 5(#.

II. Juliml 3,1. (;hlisucnscn, Aerospace Mvdical l,ul_<)F;m_r',, i,, Ali,l I;l_vi b[lighti 'llc_nl (:[cnnc_]
(] Io,,vaid Ilal iteM), l-]dw;iids Aii I_'ol(_, I_,;is_.,, dol ilniciil #] in "SUl)pOli ot I}ll' (;einini Pio_i;illl. ':\ [)o( llill,<,ill

Collc_hm,' Vohiinc II--MMU, Ihioug}l 1)c_{'liilici; 191i.I," t)_, Rcsvalcli and li'_llii_ll_g _, I)i_isi_ii, R_kci
I'iopul,don l.al)_mll_r). All l:ol_ c _.MClliS (]_llillilalid, I)ii lni_loiiini loll #7i;77F), Air I"_)zl_' llisiozi_al Rencai_h

..\gone), Max_u.I1 Air Ig>_c Base, Alabama. Scc also.lohn (L ,";imams aim Melvin S. (,o_dnVl: 'id/:Ma,,,.,_,,,d,_,,/m
/]: O*7.1a/ 117.A'._IWiighl Air Devclolnncnl Division h'l him M P.Clll_zl (R)-(71S] (Wiiglli Pall,.'lStill :\il I:or_c llasc,
( )1 I; ,\closllCl(_. Mcdic;il l)i_isi<m, \Vu-iRht :\il l)lg>t']_q>nnclll I'iixision, 19t;(i).
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devices were scheduled for testing during tethered activity on these tlights, but only tile

hand-held unit was ever used in space and only on Gemini 4 and 10. Both maneuvering

units, however, provided experience and established precedents that contributed to the

(_ollier-winning maimed maneuvering unit of 1984. From the 1960s to 1984, however, the

developers of maneuvering units explored several directions.
Civilian and milita_' branches of the Federal government arrd contractors and sub-

contractors in indusu T participated in the design and development of maneuvering units

for tile (;etnini prograrn--and therehy established the pattern of collaboration that con-

tinued thereafter in tire development of maneuvering milts. NASA was the lead agency.

Project Gemini was phase two of NASA's manned space flight program; Project Mercury

had been phase one, and Project Apollo would be phase three. NASA's Manned

Spacecraft Center in Houston managed the agency's manned space flight program. The

prime contractor for Project Gemini was McDtmnell Aircraft Corporation, headquartered
in St. 1,ouis. Other contractors designed, developed, bnih, or delivered a variety of prod-

ucts incorporated in the Gemini missions, including space suits, life support systems, and

maneuvering units.
Tile Manned Spacecraft Center managed the development of tile hand-held maneu-

vering unit. Per policy, this NASA center participated in research, design, and testing, hut
contracted out construction. In developing the (;emini hand-held unit, NASA balanced

the advantages of tractor or tow thrusters arr¢l the pusher mode. It developed a propor-

tional thrust system, allowing the astronaut more control than an on-off system. The unit
accommodated the linlited dexterity of tile gloved hands of an astronaut. The initial unit

used on Gemini 4 had two one-pound tractor jets and one two-pound pusher jet. The gas

was oxygen, deemed safe to store in the cabin of the spacecraft. This was a self-contained
system. A later model, intended for use on Gemini 8, received its propellant, Freon 14 gas,

f_om a tank packed on the astronaut's hack. In a still later model used on Gemini 10, a hose
hundled in the astronaut's umhilical cord transported nitrogen gas from the spacecraft to

the halad-held unit. Refinements in tile handle of the unit were also inade as the Gemini

tn-ogran| l)rogresscd. Equipment to train astronauts to use the hand-held units irwlnded

aft:bearing simulators in the Air Bearing Facility.'"
The Air Force managed what it called the "modular maneuvering unit" (MMU) pro-

gram, initiated in 1963, and the Air Force's Space Systems Division became the lead division
for developing this maneuvering backpack unit. Why was the Air Force participating in the

civil space program? First, NASA requested the Air Force's assistance because the Air Force
had launch vehicles (like the Titan II rocket modified for use as tire Gemini launch vehi-

cle) and other resources.'" Also, the Air Force had effectively supported NASA's Mercu_'

program. The Air Force, in fact, had pursued its own human space flight program,
Dyna-Soar, fiom 1957 into 1963. Canceled three years before the scheduled first flight, the

Dvna-Soar program provided important technical information ahout hypersonic flight,

rtientrv flight control, and heating problems. Secondly, the Air Force, and Department of

Defense in general, approached space in terms of national security and military strategy.

Dyna-Som; fi)r example, grew out of militat3, interest in a piloted boost-glide bombe_
missile (called Bomi), a reconnaissance system (called Brass Bell), and a hypersonic

weal)on and research and development system (HYWARDS). The three programs were

cons<flidated into Dyna-Soar in response to the Soviet's successfid orbiting of Sfmt?zik in

15. Harold 1. Johnson. William C. tluber, Edward H, White, and Michael Collins, "EVA Maneuvering

about Space Vehicles," typescript report (without the reterenced tigures), no date, pp. 2-7 plus tables I-IIl, in

Record Number 007189, NASA tlistorical Refi'rcnce Collection, N._SA History Otfice, Washington, DC.

16. ('olone[ Daniel D. McKee, "(;emini Program," pp. (_15, in The l_.S. Air Fone i_l Spare, edited by

1Aeutenant Colonel Eldon W. l)_,wns (New York, NY: Frederick A. Praeger, 19661, p. 6.
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Octot)er 1957. Even aflcr tile <cancellation of l)yna-S(>an lhe Air F<)rce retained mililat T
obj<,_ctives for a space program. '7

Ill tile United States, ci+ilian and militar?,+, objectives t)ecanm intenvoven in national policy.
Congress responded to Sputnik by establishing three spa<e orb_mi/alions in 1¢.)58: the ci_41iam

National Aeronautics rout Space Administration (N:kSA), [he mililan, Adx'anc<,,d Research

Prt._jects Agency (ARPA), and tile executive National Aeronaulics and Space Council (an a<tviso-

ly panel reporting to tile President). At Ihal time tile <t)unll y pttblicly entere<,t a technological

and scientilic, as well _ts political, spa<,:<,'race. Of [he early years of that space race, NASA histori-

an Roger D. latmius conclud<,?d, "Fit.'sl, NASA's [)r<)jects were <l<,'arlv <,:old war propaganda
weal.xms thai national headet.-s _+_mtcd [o use to sway world opinion ab_)tl[ [he relative merits of

democntcy versus lilt" coummnisnl of tim _>xiel Union .... Se<on<l, N+LSA's civilian effort serv<,'d

_ts an exccllen! smoke-s<,TCCn for the I)Ol)'s [1)epartmenl of I)et;unse] milihu T spa<,e eflbrts. '''*
Fronl /tit" mililary perspecliv<,h General Bernard A. Schriev<,'r explain<,'d/lie nature of

<,ivil-milimry co(q)erali<m:

N+LSA programs by Ihenlselv<,.s will not buil<l a military capability. That is not

their purpose, nor should il be their purpose. A mililary cal)ability can be tTe-

ated only by a militm T organization which possesses a <,omt)ination o[ technical

knowledge and openttional experience with mfilable military e<luipnmnt. Both
N/LSA and the l)epartmenl o1 1)elkms<,, hay<," valid and dislinctive roles in lhe

nati<mal spat<,, progrmn. Their ett_wls are <,omplem<,.nmvy, not (:ompetilive;

their programs are cooperative, not <ontli<,-ling.'"

"File Air Fov<e had particular inter<,,sl in launch vehicles, operation of spacecraft, conmnmi-

cali<ms systems, and--in (;cneval Schriever's wordsI"tc<,;hni<lu<,.s u<,'ed<,'d I<i tnmspor/ and

SUl)l)ort man in spat<,, an<,l It> pennil hinl to li,m<,ti<m eflb(tiv<,,ly there." To [uneliotl elli'(live-

ly in space iml>li<,,<,lnmnet,veral)ility, and thtts tilt' Air F<)r<e's r<,'search and devch_pment of

maueuv<,'ving units, including expet+iment 1)--12 in the Geudni [light program.

Among tilt" colnpanies involved in the early man<.'uv<,'ring work was Aer<)-l<,,t General,
which prepared an inlh,ential report entitled "A Ro¢'kel Svsteln t(tl+ IAmi[ed Manne<,l

Flight" (195!1) and proposed an "Aerol+ak Flighl Vehicle." As early as IG)53, Wendell E

Moore of Bell A<,'rosystellls had tle3gull designing a rockel I)e]l. t te_continu<,,d his effort,

and ill 1960 Bell obtain<,'d an Army contract to i)rodu<,<,, the Al+nlv's A-I prototype rocket
belt. Ill 1962 Presidenl John E Kennedy viewed a Bell ro(ket beh in tlight demonstratitm

at Fort Bragg, North (:ar<dina.-"'Thc next year I+ing-Tem<,'<>-Vought (ITV) lirepared t_tr the

l)e[)artl+n<,qlt t)f [)elk'rise l)reliminaty designs of a Remote Maneuv<,uing Unil (RMt!) t() 1)<,,

(_jected fr<tm the spa('ecrafl and lhen t+emotely moved, by ;ill astronaut inside th<,' spa<`<`'-

el+aft, towartl a lal-<_et Ihat had also been (_jected. The unit was to I)<,"man-rated st) that

17. Scc ¢ halm._ Iw¢_. "l)vlmmic Soariltg," pp. I 1-19, in l)ctmis R..Jenkins, 77++"[li_tm's' oIlhv,,,hJpin.4_ Ihc

:'+7+tirmal .ST+a+_. "I}an+/*mlaliot+ ,?+'+h'rr+, Ihe Be g+u*ti.+_ Ihrm+g_h S'I;S'-50 (Marcclinc, M(): Walsworth l'ublishing

Company, 1992); and Rm Flankli. lhmthin II, '+The Rise autl Fall o[ 1)'¢na-S;oar: a llislorv ot +\il Fov_c

Itypcrs_mic R&I), 1944-191_3, +, Ph.l}. disscrlatiolh Auhutn t+nivcrsit,,. 1!195.

18. R<)gcr 1). l_aunitts..\(.LS':t: A tli_lo_ 7, +g Ihc I(._;. Cieil,_¢pao. l)m:,+m,+ IAmil series] (Malal)m, F[+: K)icg('t

Publishing (:<)mpatly, 199-t), ill ). 2+,4-35. Regarding the spat'c rat(' ill the (mllcxt ()[lilt' Cold x:+qtn scc ])avli('ulal Iv

Waltcr A. M<'I)oug;dl .... The th'avetts arm/he Emth, a P.litieal llislt.'r +!/[h; .Spate ,:tg_+,(New York, NY: Basic Books.

1':)85). Regarding Ihc immediate response to Sputnik, scc Rol)crl A. Divint', The .+/ml*lik C/+alleng_e, l,]i+enh.wm

IPe+p+m+e I_ the 5;+n,iH :qalellile ( New Y¢_rk+ NY: ( )x I_>rd t :n ivcrsi U, Iq-css, I _.)tt_+).

ID. (;t'tlcral l+.crn;ud A. %chricw.r, "l)ocs the Milihu_ llavc a Role in .";pact?" i)agv.; ._9-{:_R in ,SJ*a++.:Its

Impact opt Ma++ aPirl 3;rwiel_. c<lilcd by [.illian 1+(';1, [Essay lndcx Reprint ."Gcricsl (19fi5; Frccport. NY: B<._ks li.

l.ibtmics P_css, 1977,), p. 63; thc phrase qtum'd in thc same t>alag_aph is Item p. B2.

20. Rcgardi.g the hist_,r_ ot the Bell rocket belt |.ogtam, scc B:ur_ E. l)i(;rcgorio. "The Ro_ kct Bch,"

Ame*i+an Ilmla,t,_e r?/ I_tve.li+m C'v 7;,+hind.t,9,. I l (Spring l':)_J('0: 46-50.
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Inaltnal optuation would also hc l)ossiblt '. Bota Rcaclion Motors also did lelcvant small

rockt'l work nlldcr _ovcl-lllllt_lll t'ollll_tCl.
In November 1963 lhc Air Force's Acro Propulsion Laboratol T plol)osed to dt'velo t) "an

individual back-pack CXl)erimenl which would permit the _tSllOll;:lllt Io lll_tll('tlVCl" indepcn-

dcntlv around lilt (;clnini vcificlc.":' This was the beginning of the: (;cmini _LSil-t)ll_ttlt o1"

inodnlar lnancuveving mill. The Air Ig)rc¢:s proposed extravehicular experiments lbr

(;emilfi had priority ".05A, equivalctH to thai <)[ Ih(' Ballistic Missile Program," and thus
required While t tousc approval. :u Thc Rocket Propulsion l+aboratory in Calitornia accepted

teclmical rest)onsibilit _ tbr tilt" rocket propulsion system, which us('d hydroRen l)eroxidt" as
the monoprol)cllanL For design and tahrication, Ill(" Air Fmct' |nil|ally f)l;mm'd to granl a
soh'-sOlll'('(' C01t|I+_.ICIIll lfing-Temco-V<mghl, but soon issued a request tot technical I)rOl)OS-

als. l:]a.' and Bell i('spondt'd.
"l'lw Air Forct" t,vahutted lh('sc lt'chnical I)rOl)osals on nine points; i)l-Of)ulsio,l, (,nviron-

lll(qlI,I] control svslcm, (,le(tl-onics, flight conmlllel-, i)owen acrost)acc ground (,qUil)mt'nl,

_vt'rall s','slt'm, rt:lial)ility and quality control+ and i)rogram l)lan. Bell was "Vt'l-y strong" in

i)lopulsi_m and scored a nincty l)erccln overall Elf its proposal, and I]+V so<wed only sixty I)t'r-
cenl, hnt "both were considered acccptal)lc. "'"+ ITV then thoroughly amended its u'chnical

proposal inlo something "greatly trot)roved" though still a bit weaker than the Bell i)rOl)osal,
I)ul l il_,"s cost proposal was $750,000 less than Bell's. The Air Force n(,gotial('d a ('osl-l)lus-

inct'nlivc-fe(" C(llltl";t(l wilh IJ'V tilt Ill(' Cl_nSlrnclion and dHiv¢-iv ol lln-et" backl)ack mancu-

VCl+ing mlils.

,ks lilt' 1)limc (;|,mini COlttl;I.Ct(ll, Mcl.)_lnncll AircraD (:Oll)oralion intcgralt'd lh('
nlancuxt'rin_ nnits and i('lated ('Xl)tq'itnt'nls lilt,el the (',en|ini Sl)aCt'Clafl. Although B.E
(;oodrich had rcceivcd Ill(' first contract Ill <h'sign Gemini space suits, t'vcn dclivered two

i)lolol_l)CS, Ill(' David (]lark (:ompany won the Collllittl to l)lo(hlct' tht" (;t'mini Sl)aCt'

snils. -'+(:lark thus participated m intcguatin_ th(' space suits with both the s|)accct-all and

lhc IIlltllt'|lVCl+illg till|Is and ln_tllt'llVt'l+illg CXI)t'I'iIllCIIIS.

(:lark produced lhr('e models of space suits actually worn on (;cnfilfi tlights and con-
tinuallv modified the models in rt'st)Ol_Se to the astronauts' cOlnln('nls, l.ike thei, Air

Force i)redecessor (the A/P22_2 pressure sui0, these space suits had linknet Dacron
wt:ct'n throtlghotH one laver of lht' suil. The linkncl held the pressurized containment
laver to th(" conloms of t]tc l)odv and thcrt'l)y aided lm)l)ilily. The basic cxtravchictnlar

m_)(lcl (;4(: _v,vigh__'d thil-ly-tiv_" potmds, ten pounds more than model (;3(: w<),n _)nlv
insidc tit(' spacecraD and only on G_,mi,i 7. (;4(: weighed more mostly because ol addi-
liomd J.ltll('l- lavt'rs of nylon, itlll111illi/:('(| Mylan tnnvov<:n Dacron ins|Liar|on, anti NolnCX

ht, al-rt'sisl('nl 111alcria| that torlned a ])rotcctivc hazardous-¢,nvironntt'lH shield. The (;4(:

hchm'_ similarly had additional prot('clivc layers: visual, thermal, and impact shields, l,ikt+
Ill(' It'st of the suit, tlw Itt!hn_!t was continually rood|tied. The lighlt'sl (;elnini suil, jusl six-

Ic('ll i)otmds, was Ill(" (;5C, worn inside tilt' spacecraft on i)tlly lh(" (;emi,i 7 mission.
Variants of(;,t(: WClt' worn by both iil(,llll)crs o|+cr('ws of Gemini 4, 5, 6A, ,_, 9,4, I0, I 1, and
12, whether or not t,xtravehicular activities were l)lanncd, as all:,' oI)mfing <)f Ill(: space-

crafl's hatch eXl)oscd the crew tll the SlmCC environment.

21. Colont'l J.M. Silk, I)irccton: .\i_ ]qlutu R_wkct Prol)ulsi_+u l.;d),_tat+n',, t<, M+!i,,r Saaxccha,

Ntlxcmllcr 20. 1963, docun_vnl #4 in "SnlIp(+It ol the (;cnliiH Pl_gratn, 'A l)octuncnt C(dlc+ lion,' Vohnmc II. `+

22. ]+;rill (]. l:+lh ks()ll. :",|t'llll) IOl" the R_'CoHI. 'qh_gt++,tn (i:+]i\," l)l',.cmbcr 5, 19(i3, d<_cllIn,['ult #(i in

"'Stq>pott ol lilt' (;t'lllilli PttlgranL '+\ l)octm+t'nl ('iolle(tion,' Vohnne It."
_'.+. I_+.(:. Eril k+<m to I'RPRIq lt'g;trllitlg tli I) to till" Aero Propulsion l.abolalory ol Ma_th 30--A.l)ril 9.

196-I, th_ttmwnt #1l) in "Sill)pOrt _+I till" (',emini Program, '.,\ [)octm+cnl CoIlt_ction+' Volunw II." Tim ++grt'atb.

inlllt<+xc<l" (itlOtt' l;tlt'l it+ the l>aU;tgtaph tame |r+lln dOt'ltmenl #1 l about a May llWit'w, ill till' SilIIIi' vohltnl'.

2t. (:hat)It'| l, +'(;l'miud SI)aCC Sit|Is," pp. 51-72 in Kozloski, I:.._;..';tm, e ¢;,'m: anti (;rcgor_, I'. Kcnnl'dv,

"l)cxch>l)mCnl <_t Iht' (;|'mini Space Stilt and Extravehi(t_lar Eqtfipmenl, ++1)t), 97-1119 in Natio.al A_ uml .+,_u._'

,'I/l;s;'u;, IG'srrmh Ib'/n,_1/._ I ON4 (Washingl,_nl, 1)(:: .gmilhs<n+i;.In Institnti<ni l'r('ss, 1984).
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Integration of the backpack tnaneuvering unit and the space suit posed a particuhu-

challenge to Gemini engineers within government and industry. In 1964, for example,

I+TV tmcovered a problem while testing tilt' modular maneuvering unit. The company's

exhaust phlme analyses revealed thai rocket exhaust plumes impinged on lhe space suit.

The exhaust heated the suit, particularly the helmet and the legs. NASA opposed adding

insulation patches to the space suit as a solution, so LTV proposed other solutions that

involved modil_Ang either the manetwering unit or the space suit or hoth. One way to

avoid overheating the suit was to extend all thruster nozzles tar enough to avoid impinge-

ment. A second method was to extend the upper forward nozzles beyond the helmet

impingement and to add a leg restraint device to prevent the astronaut's leg from moving

into a lower plume. Third, I;IX r proposed modil_dng the space suit, extending the upper
forward nozzles beyond the hehnet, and rebuilding the lower suit of materials to

withstand higher temperatures. A thermal skirt, a fourth idea, was proposed to cover the

astronaut's legs. All the proposals posed their own prohlem--"delays of valTing length to

the MMU deliver T schedule."':'"

The decision was to extend two fonvaM nozzles on file maneuvering unit and to rel)uild

tile lower section of the space suit, hut without altering the delively schedule, something

"'not possible if we are to meet NASA flight dales," according to the director of the Air Force

Aero Propulsion lsahoratory.-'" This colonel explained, "The only other ahernative is termi-

nation of the program." He urged close monitoring of contractors and subcontractors, also

simuhaneous qualilication testing, reliability testing, and hardware tahrication, yet "there

nlllSl be no conlpromise with the astrollanl's safety during space flight." This approach

worked. It meant, however, additional weight to the special suit the astronauts wore outside

the spacecraft, douhling the weight of the fabric in the legs over that of other (;4(; suits. +ks

moditicd fiw the first in-space test of the t)ackpack maneuvering unit, the suit's legs includ-

ed neoprene-coated nylon, uncoated nylon, fiberglass cl<>th, aluminized highitcmperamre
fihn, and Chromel-R cloth (stainless steel).'-':

As the modular inaneuvering units neared completion in Februat T 1966, an accident

occurred. There was an explosion dul-ing a reliability lest of one unitiat hour 96 of the

planned 100-hour operating time. A qtfick investigation revcah'd the problenl to he in
I3%"s now damaged test equipment, in the company's Space Environment Simulator (also

known as the SES). There was no prohlem with lilt" maneuvering unit. With the design

and development phases complete, and lht' final verificali()n tesls in pr<)gress or ()n sched-

tile, the explosion merely delayed lesls conducted in that <)he t;acility.

By mid-April 1966 all the testing had bccn ct)mpletcd, and the three cxperinlcntal
modular nmncuvering units had heen delivered to the Air Force. (;enfini astr<)nauts were

in final lraining for using the units. Wearing training packs, they experienced brief peri-

ods of zero gravity ahoard a K(:-135 aircraft.'-" To obtain zero gravity in t]ight, the pilot

pushed the jet airplane into a dive, l)ulled the nose up, and flew over a parabolic arc; lhe

weightless condilion occurred going "over the huml)."

25. .].E Kcphart. Trip Rcpm-t [Dallas trip, March 24, 1965], dot UlriCh! #12 in "Sut>l>orl of the (;cmini

Program, "/st I)ocmncnt Colh'ttion,' Volume I]I--MMU, Janitor', l-Junc/if), ]':)liS," I)v Rcscar_ h and q_'t hnolo_. ,_,

Divisi<m. Rocket l)ropulsion [.al>matmT, , :stir Foltc Svstcms Commal;d, Oll mitvolilln H>II #26225, Air Froco

ttistori<al Restart h Agcncy, Maxwell Air Forte Base. At.

26. Cololwl Rit hard T. Hcmslc?. to A[in] F[orcc] R[ockct] Plropulsioll] I.[abouatovy] (Colonel I.].M.I

Silk), AprilS, 196:3, <lotumcut #14 in "Support oflhc(;cminiProglam.'ADo<umcnt (;cdlcction,'Volumc lit."

27. Kozloski, { :.S. S/mu' (;ear, p. [ili.

28. Regarding tile cmwlusion ot the prc-tli_ht activities, scc "Support of the (;cmini ProgranL 'A

l)ocumcn! (;ollecti_m,' Vohlmc V--MMt?, ()ctobcr l, 19C,5-]lmC 30. 19f,6," b', Rcscalch and Tc<'hl_olog_

Division, Rocket Propulsi.n I:abova/orv, Ai_ Force Systems Command, on microfilm roll #26225, Air Forte

t listozical Research Agcn_',.
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(;emini flights had ahea<ty hcgun, in t_tct, E<I White had accomplished the first extrave-

hicular activity on |uric 3, 1965, as part of Gemini 4. _ He used the Hand-Held Maneuvering

Unit, the pressttre gtm. In ease of emergency, that is in ease White dropped the gtm, it too

was tethered. Commatld pilot lames A. McDivitt kept the spacecraft in a stahle attitude while

White maneuvered ouluside the vehicle, and McDivitt took pictures of White's space walk.

After White used all the gas in the hand-held manetwering unit, he could still maneuver with

the aid of the tether line, but that gave Mcl)i_fitt problems controlling the spacecraft. White

conlirmed the earlier Soviet tinding: Man can maneuver in space.

For extravehictdar activity, tire astrotmuts wore the (;lark (;4C stilt and a lit;u-support chest

pack, either a Ventilatiort Control Modttle ( (;emini 4) or art Exu-avehictdar l,itc • Support System

(EI.SS, Gemini 9A, 10, 11, and 12). ltl the spacecraft, astronauts cotmccted their suits to the

crld+t's life SUl)port system. Outside the craft an oxygen hose, electrical and communication

wires, and a sati'ty tether connected the astronaut to the spacecl_dL These were bttndlcd in the

umbilical cord between the chest pack+ astronaut, and spacecratL Otttsidc the spacecr',dt,

according to plans for six Gemini tlighus, the a+stronartts wotdd carry either the hand-held

lnanetwcting device or wear the I.'I_,'-madc astronaut manetwering unit, lhc backpack.

Gemini 4, 8, 10, and 1I itlcluded airlolrg their missions experimenting with the ttand-

tlcld Matleuvering Unit. White walked in space during Gemini 4. For reasons unrelated to the

matletwcring unit, the (,emiPfi 8cxtraw, hicttlar activity was canceled. (,emini lOand I I carried

an impr<wed maneuvering unfit, one supplied nitrogen thr<)trgh a hose within the ttmbilical

cord. The hose colmt'cted the gtm to two umks aboard the spacecraft. DuriHg a Gemini I0

docking exercise. Michael Collins successtidly recovered a package l]-otn a target vehicle, ht

the process hc lost hold of arid drifted away fiom the target vehicle, tie used the hand-held

unit to tp, anettver hack to place. This was an unschcdtfled use ot +the device; the scheduled

tlsc was canceled. Before using the manettvcring aid outside Gemini 11, Richard E Gordon

tllanagcd it) tether the spacecrafl atld uu+get vehicle together. Due It> exhatlstiorl fiom the

physical eltbrt involved in such early extravehicular activities, the crew hahed the extravehic-

ttlar experiment hetbre using the Hand Held Maneuvering Unit. Evaluation of the mission

tiwused on the workload and hody restraints rather than the manetrvering rtnit. _'

(,emini 9A provided the first ol)porttmity to test the modular or astronatlt maneuver-

ing unit. That was lttne 1966. Astrtmaut Eugene A. Ccrtlatl experienced difficttlty donning

the tnaneuvcring unit due to the problem ofmaintaitring body positiotl in zero gravity attd

the necessity of holding on to hand and tbot hars. Outside the traft, he discovered that

cxtravehictdar tasks required both more time and more ettort than ground simulations.

Also, his visor togged, reducing visihilit)_the result of his exceeding tlqc design limits of

the Extravehicular Life-Stq)port System, the chest pack. Due to these problems, particu-

larly the rcdrtccd vision, the extravehictdar activity ended before any operational evaltJa-

tioi_ of the maneuvering unit. As a restdt of Gemini 9A, NASA changed the loot restraints

on ftlttlre (;emini craft, added underwater simulation of the weightless environment (this

proved ntorc effective than the hrief periods of zero-gras'itv training ahoa,d the K(;-1.'3g+

aircraft), and supplied astrollattls art! allti-tog solution to be applied to lhcir visors heforc

cxtravchictdar activity. Such chatlgcs itr cqttipmctlt atld lcclmique wcrc ntadc aDer each

tuissiol+. _' The ttntused ItlallCtlVelitlg trait rcqtfired no tn<+dilicalion.

_¶1. A l[++[k+rt .'_p+t++',Gemini 4 t(xtraz,ehi+ulaP A+tit,il)', a 2F+-p_gt"t_m_mt'mo_alisc b_ot htuc ptobat)ly ptd:,-
lishcd hs NASA in late 1965. in Record Nttmbcr 0tl718_, NASA tlistoric:d Rt+l_'reHc< ' (_<_llcction.

30. D. (_._'et+ f :oot+s and (;.E Kcllx; "Medi< al Aspcct.s ot( ;t'mini Ext_vchictdar Activities," typescript reporl

(witho;_t the rclk'rtqtt t'd tigures), no dale, in Record Ntttt0>t'r t_'07189, NASA tlis_<_tit al Reti+rt'nce Ctdlection.
31. R.,'\I. Macht'll, I.D. P,ell. N.P. Shyken, :u_d .I.W. Prim. Ill, "Stim+narv ot (;cHli_fi Extravt'hittdar

t)t>t.t-aliOl_ " tyl>C,+cript report (witht>ttt Ihe reletent+.+d tigt_rcs), t+o dart +, i_ Record Ntlmbcr 007189, NASA
1 list.tical Rt'tt'rt'_tcc ( _t+llct tiott.
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(;emil+i 12 again tk_alured the backpack modtLlar maneuverit_g unit in a plan that

changed I)ef_)re tlight. The unit was uot even carried at)oaM the spacecraft. Both astro-

nauts, James A. Lovell and Edwin E. Aldrin, completed extravehicular activities, aided by

body restraints like waist tethers, t()t)l restr;+tinls, :+.nd portable handholds 1hat had I)ee(l

added to this missilm based on previously identitied need. These spacecraft-based aids to

exlravehictfla.r activity had taken precedence over the rockel-pt)wered units--foreshado'+_
ing the fate of tile award-witming MM(!.

The dewqopmenI, delivery, and integration of tliff, ht-rea(ly maneuvering units, not the

operation of the units m space, proved to be main accomplishnlents of the Gemini

maneuveritlg programs, u The hand-held unit +',,';is leste(l ill space twice, briefly during

(;emi_H 4 aim I0. Prolflems with the spacecraft or tile environmental control systems

oct(uteri betore the unit could be evahlated (ll+J other Gemini tli<ghls. Similarly, an envi-

ronmental control prol_len! caused the cancellation of the backpack experiment planned

tor (;emil_i 9A, and plaus It) test it on tile (;e_t+itli 12 mission were dropped bel_)re launch.

No operational test of the backpack unit was achieved duriug l'r(!ject (;emini.

Before Prt!ject (;emini drew to a ch)se in 1966, the Manned Spacecrali (]elltel awarded

Rocket Research (_orporation a COlltlact t()iml)rove tilt" (;emini hand-held lllalletlv('rillg

unit; improvements iucluded usiug hydrazine as the pvopellallt.:" Under Air Force contracls,

both l.+I_: and Bell Aerosyslems designed nmnetlvering ttnils that could be operated remote-

ly or controlled b,v :tll astr<maut wearing lhe trait. :u IWV's Remole Maneuvering Unit (RMU)

CO(lid I)e worn (In the back, whereas Bell's l)ttal-lhu-l)ose Malwuvering Unit (I)MU) was to

be mottnted in front o(tlle astronaut. I+,</th tlnits incorporaled television cameras, slal)iliza-

lion ;:llld control systelllS, ele(llonic SCllSOlS, alld (OlllllltlnicatiollS eqtlil)tnenl. As

unmanned (,nits, they were intended tbr +'vt_rk It_t> hazardous R)r a man, st(oh as inspecting
an enenly satellite, as well :is tot rescue, repair: and transfer operations. As manned units,

they could be used dttring any extravehicular aclivily.

NASA explored these and other maneuverill<g technologies. Some units were considered

for later (;emini missions, lot the Apollo Applications Program (,,L;_.P), for even Pr()iect

Apollo, and lilt Skvlab. Project Apollo acctunulaled a total t)t 17<) h(lurS of extravehicular

activity, mostly lutmr surt_tce lime--walking on tile Moon or riding the lunar rover. Nt)ue of

the Apolh) extravehicular lilne involved the use ot a lnalletlvclillg unit in fiee or tethered

flight; none was m'eded to tifllill Apollo's lunar missions. Yet ,,\polio aud the other earl) space

programs provided opporttmity not only It) experiment with maneuvering units, but also t<lr
many companies and individuals to acquire space contracts and experience. Ed WhilseU,

then with the Air Force, tbr example, worked on several extravehicular activity support

devices for Apollo, iltcluding a hand-held, selt:proptflsion ,_tm used in the low-gravity envi-

ronment of the Moon's surface. One grottp of space scienlisCs had recomlnended a "l,unar

Flying Unit (LFU)" to increase lunar surface mobility and therehx' to increase Ill(" scienlilic

return from lunar missions; _' the hlnal lo'vel; a wheeled vehicle, provided the increased stu-

face m(ibility on the _l(ion. Whitsett also w<wked on the .+kAPlhat became Skylab.
Initially part ot +the :L',,P, Skylab experimelll T020 consisted o|a foot-controlled maneu-

vering unit (F( :M U). Donald E. I h'wes of NASA's l,angley Research (_enter was tilt' prilwipal

investigator; he built on the earlier work ofJohn D. P,ird, alst> <)1 Langley. Some el/gineers at

32. .I,)ht_s_m _md _)fl_t.ts, "EVA Pvhuwu',cviub_ ;d_mt Spate \kqficles."

3?,. Mem(H;uMtm+ t11() ii i (;halh's W. Malhcws rt'ga]ding "MS(: (_ollll:t(| wilh Rot kct Rc%c:llch ('.()rp. fiJl

"lw() I tand-Htqd Mant'uvcring L!nits,"Junc 14, 1967, Record N_). 008()9::;, N,.\,SA ttist()lV Otfitc.

34. ++Spate Unit IQ Is Scc<md Only to Man," l),_+,t_,et I'_/, Augu,;t .I. 191:_5, p. 9; and 'T, ell l)csigns I)Mt r

I<) Propcl Astr<mauts i_ Orbital T;tsks," :t++J+/+._r/t,,',.|alltl+U ",, 191;7, p. 9.

35+ William David (:ompmn, Where" No M.++ Ila+ G+.++' hte]+.+, a /tit:opt, q/Afiol/, l,una+ l+x/+l.+al+,,n M++_..s
(Washin_t_m, I)( :: NASA SI'-4_ ] _, l ':1_9). pl ). ._",!;_, set + also 97-99.
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tile Manned Spacecraft Ccmcr opposed the I,angley toot-control experinmnt and expressed

"skepticisnl about the worth of tile experiment's objective and concern over the monetary

and manpower expenditures connected with its implenmntation. '',"_The program continued.

The main purpose of foot control was to free Ihe astronaut's hands. Tile experinlental unit

used a cold gas, high-pressure nitrogen, supplied front a tank mount on the astronaut's back.

Called 'ijet shoes" because the thrustet.-s were mounted under tile asmmaut's feet, tour

Ihruslers per t_>ot, lhe ntancuve[hlg mill was pedal operated./_stronauk_, tested the jet shoes

inside Skylab's ()rbilal Workshop, a "'shirt-sleeve" cmfironnmnt _us _Lstronatiks n<) hmgcv

needed to wear space suits inside tilt' proteclive enviroumcnt of tile spacecraft. They also

conduclcd at space suit lest o| tile niancuvering unit since the uhinlate goal was a unil to be

used outside {)| a spacecrali and thus by a suited astr<maut.

Building upon the Genlini cxaml)le and experience, Skylab's experiment M509

included both at backpack maneuvering unit called the Automatically Stabilized

Maneuvering Unit (ASMU) atilt[ an improved hand-held maneuvering unit. Both tlilits

were propelled by Ifigh-p,essure nitrogen drawu fronl a tank on the astronaut's back. Ill
l]tcl, bolh units could lie used al lilt" same lime. These unils were tested inside Skylab,

which contained almost 12,000 cubic tEet of living space. Skylab allowed Ihe comparative

lesting of the jel shoes, tile improved hand-held nnit, and lilt" backpack. On the three
Skvlab missions live astFollatllS tlcw lhe M509 ext)erimenlal trails on eleven sorties lhal

totaled [bulleen hours of orbital flight testing--all inside Skylal>, some in shirl sleeves and

some in space suils. The backpack proved superior in tlighl qualities and precision

control..ks an expcrimenlal unit designed [or tesling inside Skylab, tile backl)ack lacked

lilt" svsteill ledtllld;.tllcv deellled liecessary l'of sal_'ly oulside a spacecrali, and it required

at secured person Io assist the astFollalll inlo tile unit. Under NASA ('Ollli'a('l, lhe Martin

Mmieua company built and supported tile M509 backpack maneuvering unit; North
Alncrican Rockwell lind also been a conlender [_)r tile contract.

()n assignments Io lhc Manned S|)acccrafl (achier and the Air Force Space and Missih'

Systems Organization (SAMS()), Maior Whitseu headed tile M509 experimenud prt)grmn.

NASA admired his ability to balance exl)erimenl objcclives, hardware dewdopment cost,
and schedule constraitlts, aild his ell_lls Ioward consolidaling Air Force and NASA rcsear<-ll

inlo at singh" nali_mal program, important dtning that period of limited tundiug lot space

programs. (]aplain Bru<-e McCandless of tilt" Nas T and l)avid (2 Schultz of the Manned

Spacecla[i (/enter (rcnanwd the Johnson Space Cemer in 1973) were co-invcstigaiors |<>r

Ihe M509 experinmnt, generically labeh'd "astronaut maneuvering e<luipnwnl." Whitsctt

later sunnnarized the backpack prograln: "An cxpcrinlcnlal MMI_! teste<l onboard ihe
NASA Skvlat> Prograin orbilal workshop established key pih>ting characierislics alid capa-
bilhv bas_" fi)r [lilllre :MM(! svSlelllS" and conlribliled Io lhe "operalional MMU" ilsed tin

31i. Donahl K. Slavton quoted m (;rcgol T I_ Kennedy, "HIIMI.I, AMU, and MMU, the Dcvchlpnlen[ o[

\slionaiit MaliCtl'_Clillg tFnils." pp..t7 I-I42 lit ,_,#¢_lab,Space Pla!/orm_ aud t/ir I:lllure |Advances in Ihc AslllnlallliCa]

Scicm-c_, V<,lumc 4'JI (San l)icgo, CA: Aincrican :{slronaulical S_u'iety, 1{t87), 475. Set" also Ihmald E. I h'wcs and

Kcllllt'lh E. (;hivcr, ]):l,el_*pmenl <!1 3;kylal_ lTxperlmrtll TO20 Emphwng a 1'7u_t C.nlr<,lb'd +_J[:lllt'ltuglJtlJ_ I!?lil

(Washington, DC: NASA '['N 1)-3809, 1972); and David F. Thonlas,.]ohn D. Bird, and Richard E th'llbauni, fl't

Slt<,,t_, a n l'7xtm¢,ehi< ubit ,Sim_r l.mwmolion IJex,i< e (Wash in gt¢ in, D{ ]: NASA TN D-3gli¢.t, 1967),
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lhe Space Shuttle. '7 Only len years after Skylab, NASA called lhe Skylab backpack unit Ill{"

"ancesloY" of the Space Shuttle MMU. _ In lurn, (;cmini's modular maneuvering unil was

the "ancvslof of Skylab's automatically stabilized maneuvering unil.

Manned Maneuvering Unit

Engineer and historian Walwv (;. Vincemi wmlc in I,_qmt l:n/,4neen Know and tfow 7h_ 3,

Kmm, It, "Engineering knowledge Yetlecls Ihe t_|c! that design does not lake place for ils own
sake and in isolalion. Arlitaclual design is a social aclivity divecled al a praclical sel of goals

itm'n(le(l to sctwe human I)eings in some direct way. As such, it is inlimalely t)ound up with e('o-

nomic, tnilital T, s(wial, pel+onal, and enviiotmmntal nee{Is and cotmsl,aints. ''+' That is true not

only of the experimental MMt 7--modular maneuveting unit (,f Project Gemini, 1)ul also ()t +the

operational MMU--manned Ina.neuveving unit of the Space Shuttle pmgtam. Spa(ecralL like

mam'm'ering technology', iliad(" the transition from Cxl)eYilnenlal ((;emini and Skylab) or

exphmuo D, (Apollo) to operational (Space Shuule). The reusable and operational nature of

tile Space Shullle inlh,enced the design +tnd t:abficatiotl of the Shulll{:s MMU, as did Ihe

exl)e,i,nental experience with eatli('v maneuvering teclmolob,D: In lhe post-Apollo emiton-

menl of reduced N:LSA budgets, both the Space Shuttle, like a commetcial lnwk, aud the

MMU, like a wotker's tool, wcvc expected to l)ay ti)r lhetnselves."' Neither would.

NASA, Rockwell International, Marlin Marietla, Thiokol, "and lhe entire govern-

menl/industrial team that improved lhe concept of manned reusable spacecvati" won tile

Collier Trophy for 1981. '_ Thal was Ill{" veal l]lal lilt' Space ShtlLl]{" illade ils maidvn [light

(in April) and made the tivsl tlighl of a reused spac{'c,aft (in Novelnl:_{!r)--bolh in the

orl)iler vehicle named Columbia and dcsigualed O\:-102. Then ot]icially called the Space

TYa,/spovlalion System (STS), the Sl)ace S]lutlle program was in [_a(l a small fleet o[orbilev

vehi(les. ()lher sl)ace shullles built by Ill{' end ()f 1984 were Challenger (()V-0¢.19), IG_le, p_ise
(OV-101), and l)iscove_w (()V-I(}3); AIIgtlili._ (()V-104) was tnldee-(ot/slrtlcli()n. _eMMUs were

used Ol/ IW() tlighls of Chalh%wr and ore' of l)iscove U, all three tlighls in 19b}4.

,37. (:,E. Whitsctt, Role o/the Mm_n,'d ,_lam'_veri_*g 15+# ft. the ,S_m+e S/alio_l, [SAE l'cchnical Paper Sm its

N_. 8_il012] (Win tt'r+dal¢', PA: So(icly of Autonlotive Engineers, 1986), p. I. Rt'gatditlg _,Vhit:.;('tl duties, set +

m(qlmlanrlttn+ [tom William C. S(hneide,. l)irt'ct<)r ol the Apolh+ Apl)livaliOllS Progtam, to Assistallt

Administlall>l; ()tlict' ot D()D and ltllcragt'm_, Allitit"-,, April 9, 1969, copy in Retold No, 009228, NASA ttistm 3

()tilte, Washington, I)C. See als_ (I.E. Whilst'It and B. Me(landless II, '+Skylab Expet+inlt.nt MS0!I Ast,tmaul

MalWttx¢'ring Unil ()rbilal "[_.'sl Rt'sults ;tnd Futut,p Ai)l)li('ati_ms," The ._k_lah l¢cxulls [,'\dvan(vs in Asl_<mautical

S{ ic,u (' S(iences, Volume 31, Palt I ) (['arzana, (;A: Ammi(an :%',,ll ollallli(al So(i_.u,', 1975); l.eland E l:',_'h'w and

Ernst Smhlingm, Sl(vht& a (,ubb,lmok (Washington. l)(:: NASA EP-Ill7, I.q73), pp. 197-98, 2111-02: and W. l)avid

(;o,nlmm and (;ha_h's I). I_,cnson, l.ivit_g tirol _t;*d_i_g in .'_a_', a Iliqo_ 3 o/._kyblh (Washington, D(]: NASA S1'-

420_, 19,q?,). Rcg;uding Whitsvtl, scc l.cs Quio_ Ira, "Tim Rcmarkabh' Flying Ma(hin(': a I)ibul(' to Ed Whits('th"

(lipping Ivom ;m uni(h',llified ,[ohns(m Spa(c {]cnlCl employee i)ubli(alion, and _¥hils('ll ()biltlalv [(tied 14

()('l_;,I),pr 19_,}3}, tl_m_ a tl_)uslon l_('wsl)al)('r-I)olh clil)pings obtained hom lhv.l(_lms,m Space" (:vntm:, ttousl,)ll.

D, qiils,pll was ,t'ducal(-(t at Au})urn I.:uivevsit}, and Ihe Air Dwce [nslilul(' ot 'li'chnoh)w. His Navy colleague,

Me( :andh'ss, hchl (h'grvcs fi'<m_ tl_<' Naval A_adcmv arid Sla|lt_)ld [ rnivvvsil.,.

38. NASA, "i I-B "l_.n0_ Spa((" SIIm0e Mission lh(,ss Kil" (R('h'as(' N(). 8,1--t, ]",_q)ltlal_ 1'984), i). 15.

39. Wal_('l (;. Vilwenti, t_/mt l{*L_Zzm'e_ Kmm, aml llmv Thc_' Kmm_ It, A_alvti_al S/mlic_ /iota A,'_ozmuti_r*l

lt_tmV {Baltim_rv. MD:Johns Hopkins Uni_v,sil} I'lcSS), p. 11.

t(I. Ah'x Roland, "The Shuttle, 'l]iumph or Turkey?" I)i_ove_6 (No',rembc_ 19b_5): 29-49; and 1)a,fivl A.

Bland, l_., Johns_m Spa(e (:enler, ,STm_e Shuttle I';E't Oppmtunitie_ [.1S(;-113911 (Ihmslon. I-X: Johl_son Spa,,'c

(;ram',. n.d. I im.-1'9841 )-

41. Quotafim_ tiom tht' bas,t' _,t tl_t' Collier Trophy, as ,quote in Bill R_bi,.', I'or (m'at_t A_hi:vem_'_lt, a

Ili_tm3 _![ lb. Aem Chlh o/America mid the Natiomd /D'm_tauli_ /_t. ialttm (_Vashingt_m, 1)( :: Smithsonian Instilution

Plt'ss, 1D93), [). 2'35.

"t2. Rcgav(ling Ihe t]iRhl vehi( h', see Jenkins, //g_lm3: _?[l)_'velopi*l£r Ihe Natbmal ,Sym{e "l}r_n_p,*_l¢lli:m Swh'm;

Spa,:,.' ShulOf c,[fi(iall 7, t('pla(('d Si)ac(' ']'vansporlalion S,,sl('m as the t)vogram name in 1990.
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Widl the Space Shuttle, NASA introduced a new type of spacecrafl, hut the shuttle's

MMU represented an evohHional 7 development of maneuvering lechl+ology, |)ased heav-

ily upon the M509 hackpack tested on Skylah and the earlier Gemini backpack. What was

the award-winning manned maneuvering unit? Whitsett detined it as "a self contained

propulsive backpack" and "a miniature spacecraft which an astronaut straps on tbr space
walking. ''':_ Shuttle aslr<.)tlattt .Joseph P. Allen called il "this spaceship's special dinghy,"

which "resembles a backpack with armrests, or son+re kind of overstt|fled rocket chair."" In

a brochure ti)r the "l)ayhmd commttnit),," NASA advertised the MMU: "Since the Manned

Matlettvering Unit has a six-degree-<)t=freedom control attlhority, an automatic attitude-

hold capability and electrical outlets [br such ancillary equipment as power tools, a

portable light, cameras and instrument monitoring devices, the unit is quite versatile and

adaptahlc to many payload task reqtfitemetlts. "_'

Although approved tot dew'lopment in 1975, the shuttle tnatlettvering unit remained

ill the design detinilion stage until tired|rig became available in 1979. Under preliminaty

design contract NAS9-14593, Marlin Marietta estal)lished the opetational MMU design

delinition and develol)ed subsystems hardware. )';Dr|ring that peri()d Martin Marietta also
wot+ked with Rockwell Inlernatiotlal ()n the MMU/shuttle interlace and with NASA on the

MMU's itlterfaee with the astronaut's space suit and life support system. Finally in 1979,
NASA h't the MM[.I t_/ht+ication contract, number NAS9-17018, to Martin Marietta.

Prelim|trot T designs and specificati(ms were updated, technical changes were adol)tC(I,

parts were i)rocured, vtq-ificati_m requirements were defitwd, components and then the
MMUs were assembled, the units were qualilied, mission proliles were drawn, tvaitling

]'t'qtfiretnetlls were (lel]tled, and tinally tlight har(lware was (lelivered. The astl-onattl rep-
resetltalive tov the MMU was l+_]uce McCandless, wh_ as a member _t the astronauts corps

had served i| (:ap('.otn or capsttte communicator transmitting v<fice lnessages 1_ Ap_lh)

spacecrali It), I I, and 14, and who had participated in Skylab Expevimet_t M509. Whitsett,
who had moved from the Air Force to NASA, also brought experience with Apollo and

Skylab. 1t¢" worked in the (h'ew Systents Division of the.lohnso_ Space (:emer. Waher W.

Bolh, ndotlk mallaged the Martin Marietta program that buih l|le tnamwd matlettverillg
units. Marlill Marietta delivered the two operational emits to the Johnson Space (;enter in

Sepwmber 19b13. Each MMI! was valued at $10 million. '7
New featttres of the shttttle maneuvering units included lh_gertil) cotltvol (rather Ihall

the tiring hand-grip control of the Skylah unit), and storage in the cat-g<) hay. ()nee in the
MMU, an astronattt cotltrolled position (ti_rwatd/hackward, It'ft/Yight, up/down) with

the left hand ail<l v<_tatit_n with the fight hand. Tolerance of extreme temperattlt+es was

achieved itl pat-t by painting the MMU white to keep tit<+" telttperatttre l)clow IV)0°

Fahrenheit and hy using elecltical heaters to keep compot_ents ahow+ their +tninimttm tem-

pe,ralt_re limits. An asit+onaut cottld recharge the propulsion system at the shtHtle's cargo
hay tiom airborne support equipment called the flight support station; this stq)port

station also provided storage of the MMU when not in use.

The shuttle MMU system had redemdancy. Two silver-zittc hattevies provided electrici-

ty. Yhe propellant was gaseous tlitloge_+t, (;N2, stored in two tanks. The |)roptdsi_m systems

43. Whitsett, I¢oh' o| the' Manm'd Alune.vem_g U_+it |or the Space Slalio_, pp. 1, 5+ Regarding the evoltttioH

_+t the awat'd-winning MML!, see Kennedy, "tIHMU, AMI_+ and MML!, the l)evch)pment <_f .,_MII>II_tIII

Mat_ete,'t_'riv_g Units;" and t),j. Shaylcr, "'Flat' Shtttde MMU," ,_)acefliKh! 27 (Itnw It.ltqS): 2t_3.

44. Allen, I+'+ntet'ing Space, p. I 13,

45. Bland. Space Shuttle El,;4 Opportunities, p. 7.

46. Marlin Marietta, "Briefing: Manned Mat_euvering Unit," at 1.ytuhm B..lohnsun Space <+:eme_.

Septettd)er 27, 1979, _opy obtained t'_mt Johnson Space (:enter I.ibrary, It_mston.

47. Craig Covatdt, "Maneuvertrig Unit Keyed to Simplicity," Aviation Week & Spm'e Technolo_._ 120

i latumry 23, 1984): 43.
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were arranged in two parallel seLs, each set opet_lting twelve thrusters; usually both sets--

twen_'-four thrustel_--were operational at once, hut the MMt) was capable of fllll operations
on only one set. Furthern+ore, the Space Shuttle normally carried two MMUs, the second in

case of emergency, and the shuttle could be n|anetriered into position to rescue all +l-stronaul

shouM an MMU Ib.il. In con+junction with tile propulsion systenl, three }.,+TOS--one each lk>r

tile yaw, pitch, and roll axes--provided an attitude hold capability. (;onstructed mostly of alu-

minum, an MMU weighed 340 pounds--nlamsive, though weightless in space. The operating

time was six hours, and the operating range, 450 t_:el from the Space Shuttle.

Martin Marietta trained astronauts to fly the MMU at its Space ()perations Simulator

ill I)enver. A magazine editor who flew the MMU in lhal simulator reported, "The mini-

real training and precision flying features were demonstrated by my ability, with only a tk'w
minutes practice, to maneuver the unit safely in close proximity to tixed objects. '''+
Astronauts received eighteen hours, not a few minutes, of training ill the simulator. The

two main ti+atures ill the simulalor were a six-degree-olXfreedonl moving-hase carriage and

a large-screen television display. NASA of course provided the standard astronaut and

extravehicular-activity training.

NASA carried two MMUs (serial ntnnbers 002 and <)03) aboard three Space Shuttle
tlights in 1984: 41-B ill February, ,11-C in April, and 51-A in November. Six astronauts--

Bruce McCandless II, Robert L. Stewart, George D. Nelson,.James I). van ttoften,Joseph

R Allen, and Dale A. (;ardner--flew the MMU. These mission specialists flew the MMI+r
on a total of nine sorties fi)r a total of tell hours and 22 minutes. Each aslr<)naut donned

and dofled tile tnaneuvering unit ill the open cargo bay.

Before exiting the pressurized spacecraft, the astronaut donned an extravehicular

mobility unit (EMU) that consisted of the spacesuit and a portat)le liti_ support system. A
NASA brochure explained, '+The Extravehicular M<)bility Unit consists of a selt_c_)ntained

(no umbilicals) life support syslem and an anlhropomort_hic pressure garment with ther-

mal and micrometeoroid protection. ''+" Tile Hamilton Standard division of United

Technologies Corporation, aided by subcontractor ILl: (formerly International l.atex

Corporation), prodttced the space suit. The suit consisted of m<)dular paris; the torso, tor

example, available in tive sizes. (;loves were still custonl-made |kn a particular astronaut.

The life support system, also supplied by Hamilton Standard, was in a backpack that could

attach to the MMU, which became ill etfect all outer backpack. The EMU was essential to
extravehicular activity, bill the MMU was one of several extravehicular aids available fl)r a

mission; tile remote manipulator system, tools, tethers and other restraints, and portahle

workstations were the other aids. The astronaut and the extravehicular mobility unit, and

any tools needed for an assignment, comprised the MMU's payload.

"File shuttle manned maneuvering unit was a tool with itspecitic mission. That mission

was the recover T of satellites. The astronaut using the manned maneuvering unit wits a "ser-

viceman" who service<t satellites. NASA offered this recovery service to civilian agencies, the
military services, and commercial customers, all of which had satelliles in orbit. To retrieve a

satellite meant rcaching the satellite, grabbing it, stopping iLs rotation, and moving it into the

Space Shuttle's cargo bay. Although weightless ill space, the satellite still hall inertia, against

which the maneuvering unit nee<led power to stop tile rotation. Retrieving the ,+,lar

M:tximum (,_olar +XMx) satellite wics to be tilt: th,'st operational assignment of the MMU.

4_. (:<:,ault, "MAiiCtlV('liltg Unit Keyed to Simplicity," p. 43; :rod (:n_tig tl+utlcy, l)av<" ()w_nar. _m<l l.ex

R+l>, "Mamwd Mitncuxering t _nit Simul;_fions on the Si):tct' ()pt'l;_tiotls Simul;tlm," types(t ipt [ 19S.t I, ol+t_tined

Irom the,Johnson Sp:tce (',cntt.l, 1 louston.

19. I+,l:md, >._++a++'._Ttt+tt/e I:AS,I O/_p+_Hun+ti+_+, p. 3. Regarding the Shuttle sp+we suits, st'{" Kozh)ski, I :.,_'. _+par+'

(;_':_, pp. 173-.t4.
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I amwhed in 1980, the Soktr Max solar observatory had experienced electrical failures within

six months, and NASA planned to repair the satellite in the cargo bay of a Space Shuttle.
Other missions were considered fbr the MMU, including inspection and repair of

thermal tiles on shuttle orhiters, handling and transferring payload, construction of space

structures (like a Space Station), and rescuing loose material or personnel floating in

space. Martin Marietta promoted the MMU as support of shuttle extravehicular activities

like inspection of the shuttle orhiter and like deploying, retrieving, and smwicing pay-
loads. But satellite retrieval was the primm T mission in plans and in practice?"

The tirst use of the MMU occurred on the tenth flight of a Space Shuttle, mission 4 l-B,

during which the MMU was tlown on demonstration tlights. These MMU {lights demon-

strated capahilities deemed appropriate fiw use in the planned retrieval of tile Solar Max

satellite on a later shuttle mission. Courtesy of the manned maneuvering unit, McCandless,

then a Naw captain, became the first person to tly free, untethered in space; the (late was

February 7[ 1984. _,._,qfile orbiting around the Earth at a speed of 17,500 miles per hem;
McCandless floated from the cargo hay into outer space, 15() nautical miles above Earth, an

experience he described as "a heck of a big leap. ''_ Mission specialist Robert L. Stewart, an
Army lieutenant colonel, also flew the MMU on shuttle mission 41-B. While flying the MMU,

thesi" men were in a journalistic phrase of the time "human satellites. "+'`-'They checked out

the equil)ment, maneuvered within the cargo ha'r; tlew away t+rom and hack to the orhitet,

perfoHned docking exercises, recharged the MMU nitr<)gen lallks, and collected engineer-

ins data. The MMU, according to Martin Marietta's post mission report, "pertormed as

expected and no anomalies were reported.' .....
The main propose of flight 41-B, the tourth using the orbiter ('hallenge_; w_Ls the deploy-

ment of two commercial comnnmication satellites, Western Union's 14_star V/ and the

Indonesian I'alapa-BZ These satellites were released, but failed to reach geostationary orbit

due to problems widl tim commercial upper-stage technology designed to lift the satellites
t]om the low orhit of the Space Shuttle to the higher geosynchronous orbit--jr|stile'ins a later

rescue mission using MMUs. Also, in scheduled extravehicular activity during tlight 41-B,
aslt'()llatlLS delltOltSll-ale(| tile shtlttle orl)iter's llti+uliptllalor arm. ()ire man at it time rode on

the manipulator fool restraint work plattorm (a (;rmmnan product) attached to the remote
manipulattw arm (it Spar Aerospace product), while missi<m specialist Ronald E. McNair

inside the sl)acecrafl controlled the movement of the arm. On this mission lhe arnt devel-

oped it liltlle problem with its wrist joint yaw nlotiotl capahility, hut on a later mission the

manipulator arm would achieve a satellite rescue after MMU-retrieval at/empus failed.

In April NASA launched the eleventh Space Shuttle mission, 41-C, which again use(l

the orhiter Challenger In response to the previous mission, Marlin Marielta had made only

two minor changes to the MMU hardware: new, ac!justahle lap hehs installed on the MMU

itself and a modificalitm of the tlight support station in the cargo hay. The main purpose

of the 41-C mission was repai,ing Solar Max, and the maill [)tit-pose of the _'l_l[! <)ii the

mission was retrieving the satellite. If sttccessful, NASA predicted, this "Shuttle mission

could launch an era of satellites with replaceahle parts," satellites repairable in space. '_

50. Matlin Malicua+ Matttted ,'_la*u'uverin!.," l!t*il, I_$s,_:_(;uith, (MMU-SE-17-4G, Alnil 19_2), p. 12.

,')I. l_ttltt' M[c(',alldicss lI as qllOt(+d ill ('.l'ilig (:O'¢illlh, "?_Stl<)lllilllS l+[valllate _t;lllCtl_.t'lill_ P,alkpalks,"

.tvtatiem W+'el; cS=Spa+e 7i+htl¢d++,Z'_, 120 (Fvlnuatv 13. 1984): 16. Bcli)rt + tilt' tiec tlight in _,]Jit( t', OIIt" tllii_itZJll(" had

prcdiilt'd "l(Vell Bllck Ri)gt+ls would cn'+_. BIIIt(" Mc(:andl<'ss:" "Riqlt+alSli[ ii)l it Spa<e Rcstuc," l)i++m,e,, 4

(NCl:,lt'ntt>cr 1993): 24-27, qtiolc []oni p. 2:'>.

52. Clair (:ovitult, "A+++tl'ImiUllS Io Pcrlorm t!ntelhctcd EVAs iron+ ShtJtlh'+" Avialio_'t t$}'ek _' .h_,+,'ue

7}'¢11noh+_' 120 (Iamtarv 9, 19841: 44.

53. Miutin M[ttit'ttil. ,'lltltln+'¢l ,'Utttteuveru+g grt_it. ,%_mte +h'hullle IJtz(gvtttm: Malined Ma+leuv,'ri_lg+ I_tlit lJml

,lli+_i+,++ ,h',mmmx 16;troll [m .SIN 4113 ( li'chnical Reporl MMU-SE-I 7-101 I, April tq_,4), p. 2.

54. R_duqi (;. Ni(hols, +'Repairing Salcllilt's in F,pitcc," II(s..4t "lh+hnede_k'3 4 (lium;uv 1!18.1): 15-16.
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Again if+ the l)OSt-mission t+cp<)Ul, ,Marlin M;uiella (<mclttdt+d th+tt its "hardware l)erlbrn](,d

as ¢'Xl)t,ct(,(l with no atmln:ilics" for both missioti Sl)eci_tlists, (+COl+gO Nelmn _u+d ]alncs D

van ]loftcn.:' But the astronauts tlsinb_ the MMI! l,tih'(l t,(:. rt!trit'vc lh(+ s+ttcllilc.

'V_,_'_tt+illg the MP+,It!, Ncls<m [)e]+fi_rlnt.d tht + ¢,<lUipln¢+l+t clleck(ml flight, inoxcd I.+30 li'ct to

/Sa/rlr+llrlx, Inltlched iitl(Ps with lh(" slit¢qlilc, and _lttcnil)ted 1o dock lhrt'c tiini,s. I It' wits tinltl)h"

to +utbilizc the +alcllit(', to slo I) ils Sl)innili_. The fhihirc wits htlt'r +tllril)utcd liOl Io the MPvlU

I)iil Io 1|it' lrUlilii<lil pitt _ill_ichlliciil dtwic¢" lll<)lililcd tilt th(' illillS o1 N('lnoil's MMU. in lioilt

of him; this device x+,'il+ ._ul)i)_ist.d Io lock o11Io it ll+lillllil)ll Oll Ihc sltlt'ilitc. ()llCC N('ls</il tilld

docked, hc mlS i_l list! ihc MP_IU ihi+usl(,i.s Io hlih lh(" s+tlcllitc's i<llllli_lnl. With Ill(" satciliw S,l_i-

bilizcd, th¢" lil_ini|)iillilor illill w<)iihl ,_l'iis, i) the slilcilitc _liid lllliVc it iill<l Ihc t'+il'_() bit'+' ti)t +

l'C]){t]l ] The MMU l'iit]lCI + I]litI1 lhc inltliil)iillit<)l iirtil w;is I_> Cill)llllC ._l'l;./fll 1%t(Lv ill oidcl Io itvoid

ill(" possibility <)]+lh( • i'ollllilig s;ilcilite Slillppin,_ th¢' iil_init)tiiiilor ill'ill. I/lit N('is_lil ill the MMtl

Ihih'd to silil)ilizc the s_itcllilc, s<) NASA I)('l'_;<)lliit'l hi _])iil'(' _ilid Oll l_il-ll+l iml)rovist.d+

|_hi[iliC<.'i1 _il NA,_A's (hlddliid S])ltc(, Fii_hl (]Ciilt.l hi Miii'yhtiid illlilllt[cd lhi<lii_li i-iidh)

('Ollllll+llld_, lo (+X('ll SOlil<. + <.OlllIo[ o_,,('1- tlic Sl)iiinhl<_ + slilcllitc lind b)' i+CplO_l;ilillliill[ thl" slilcl-

Iitc'+ coilil)ult+l t<) slow ihc spin. ,+'ghutlh" coilliil_uldcr Rol)eri 1.. (;rippt'il th'w the orl)ilcr t_li ii

precisi<)n r('ndc/x'oiis wilh Ih(" slitellilc. Th0n _i.xiroilluit 'li'rlT, l, 1 liul oiR'l+_ilod lh(" iillitlil)iiLilor

_iilli I(i c;tpllil+( • Ihe slowly i+ollilin[ +iil('liilc. :Is lilt ('xirliv('hicuhu +tclix41y in Ih(' Ol)('n (itl]-<) I)ii_,;

Nclson lind Villi ]t(llh+ll rt.l)iiil(.d ,_*o./_'_,;'+l/r+v, itiid tht" (]h(I/b'II<irI'FCI'CIV rch'itscd Iht" ri'l)ilirc<t s_li((I -

Iile bltck into olhil. The iiib;.'_i<lil, Ihoii_h lllii lht' PvlM/!'s i-+)h" ill ii, xvlis :t sii(lt._;s. "t ]ilil+s Sliilli]

,_rllt)," not Nclsotts lit-c( • tlight, quickly IR!Gtlnt' Iht" Syltll)ol of ltic illilit)(iF htiiilitii st)lice tll<_hl/'

l)('spitc the dockin<_ t)robh.ln cxi)t*i-iciiccd thil+ili<_ inis_;i_lii <t 1-(] ilild Ih(' tiP4(' of Iht'

iliiiili])uhtlor ill-In to ii(llit'_,'t' cltplili(', N,,\_,-\ pcr,;(inlic] still I)('lh'vt'd lh_il Ihc MPvlt; coiiht

'+prm_ldc _ill CXllii IliCit_lli'(" <)t" cOnllol in th(" ri'irieva] pi'oc<.'P.;.+;" <)1 [I.IIIIl'C +ili('llit¢' lt'('oxvi"+

o])t+rilli()ii_. :'r Ni\_+,\ scht'dtlh+d lilt" MPvlI! I_)1 + its lICXI ic(o'¢(.1_, , lili+_+;]Oli I+<)1- NoV(,llibCl-.

Pvlissioi/ 5 I-A, i1Siilg i]lc oil)ilcr I)hf'OlJr>r_, ,, l_Itit_ 1() ICS('llC iht! ll'Ttx/ar itll([ /J(li+lp(I slit(+llii('s lhlil

inission .t I-B hltd di'l)loy(_d iit Fcl)ltlltl) ,, This lilil(+ mission +pcciltlisl.b_scpll Aih'n hi MM!!

_Clill] nllllll)or Ihi_'(' iiil)lur(!d lhc l'+Ua/_aslitt'llit(', iiild l)ith' A. (_itl+diit'i . in PvlMU s(+rilil litlni-

t)<.+l- tml I('c<)vt'l-(*<| Ih0 ll+'x/r/rSlilellit('. Tiley IlS('(l it lICW. iil+lt)l'OVt'd Citl)tllI-C device, il slill_l,i;

hi lhc S/l(('(':.;St_ll] I+(.co'¢c1i(,_. Tlic ('+t])ltil+C Illc(hlilli_iil worked. _tlid lilt MMt!'s _itllOliiiith +

iillitud¢" hold ftinclion +t<)pped Iht' +iltellitc r<)tlili<)n. A_ihl. lilt. MMI+s "])er|_)i+llil,d its

¢!xpected wilh I1() ilIlOiilltiicg. ''+'_ /\lid itgltill, tht" I('ccl'++'Cl_ opci'illi<)ll_; did II()l proct'cd _ls

l)hinnt'd: tilt" rt!lri('vil] (,quil)nienl did li<)t tit Oil(. <)llh(. s:ltellitcs, _lnd lht" lliCil h_id Io h_dd

lhc s,_il011ilc,s _ln(l itilllitiltll)' iiiov(! lhclii illlO tht" p_tylo;td iiisioltd _d tishl<_ lhc in_lliil)tillil<lr

litill, l)_'spiic its(" pi-ot)h'liis, ,,\lh!il c<lnchidc(I, "the c_iptilr(' hlld I)('(+ii t]ti ('_isicl Ihlili iodt'<)

cliltLropiil_. ''+_' I/olh sltt('llii0s WCl<.' :+t'(til(*d ill)o_ird lhc l)hf0z_.r_, _lnd rCllil+liCd Io c;ti+lh for

r('tui+t)ishlliCnl _lll(l lc_iih" I))insiii-_iiitt, conip_liiil.+s Ihlti h;id ilcqtiil-('d lit(' _;ith,_t<_c ri,t?,hl_.'"

AIh_,.t <h.._._;, H+>/J.tl _7h41(" ('F¢+(hnui_l Rt+l),)ri MPvlI;-_;E+I7-11)7,/\tit411sl 19_4), i)p. 7-'.1.

_lli. t)t'linb, ()'VCI I))'(', '+l>llllillg tile AIln lln S<llar M:tx," l)+'w0t,+># 5 f_lullc I{t_+i): ](7-71. Ih_w the _.>/_:_ /llax

il'+;ciic Inissioii wits stipp<lscd Ill t41> is dt'l_iilcd in (:i;lil_ ' (]oxmili. "Tighl I)_lt t> Ch_il]t.ngt>s Si)l;li _llix R_'p_tiit"

A_,i.t'io. llT,_,k _.÷ ._;/J_e 7;'dt.0hJAr'; I<J0(Pv[_lrch 2(:_, I{t_4): t7-.")1; lind limv lh_' iliissillii ;tl tlulll) _cnil is it'pltztt'd in

( ;liti<_ ( ]i)%_lll]l, "()hilcr ( ]ul'i +, I_t'sl_)lt.s ,"gol_Ln _,lllx, '+ ,!_,/<l/io. |!+{,,f,kC++._/Jr+'_v'77'+h#t_J/.,kv,,,170 (April 1(7, 19bl-t ): I P4 7(I.

F>7. "HAS.\ l+,elicvt+s EVAs \tllid 1)¢'spitc Rt'cmt'ty l>rol_h'ln, '+ ,|_,#.liotl 11+7.+>I+o÷' ,"qJv:+_'77'H_._>/./(_ ]7(I (,\llril
16, 19<_.t): 71-7++; It'_tl'l<[ill_ thl' tll)l kiuig t{lihllc, M'c this article and All<ill _.. ]%.llil_]l, ++N,\_,_l _t't'k_ (]itllP_c o|

l)ol kiil_ Filihir+.'," Oll pli_l' 7.'1 ot lht' _,_illiC instit'.

_-)_. M;tutill Pv|;lrit'tl_t, 7'x/r;#l,,l_,d Mvl#lell+',e'#7#l<_rl,'l'lil, L_lJ_l+" _ ' *%'hl.£llh"P#oArlTl#l#." Jilt'Ill#It'd ;'llt'l#lt'll_s_'gV#l_ l'#l/l /J.cl

x'xl]_/eJ## ._'u.l_'l#al) I_l'i.Jll ,_'7]_, 5[ ,'| ('l'l'c]ini(;ll R¢.lloil MMIr-SE-17 1 I t, |"Clll II_il'_. ll.l_.r)), p. 2.
Dg+ .IOScl)h :Sdlt.ii _is quott,d (ill I)_lgC <..>{}'till lh'uirv (:. l)('lilhlll, ",_,.dd+,ub,, 7b.l.rr.w Ca#u, . . . ", set' _tls<l

"_alt'llilc Rcli hmil Sll_'_'l'l'ds I)t'_pitc E(itlipllicni Piol>h.ni, _' A_,iatio. llTv,k _'+._,'p_H, 7;'_/_../g_', l'Jl (Nmt>nil)(,r I{i,
1{t_4): l(i-I{i.

t_,1). "Fh_" instil;in_ t+ iiiidct writt'rs li_td paid NAS.,\ SF_._ niillion rl'_ llvcr',' it'c hi _llh;in(c _lt iht' inissi<ln; s_'t+

"{ hldcrwrilcis I'il_ IOi N_tlt'llit_' Rcl<lvtny 'l]y," +'h,+;fl/+'.#l [l;'ek _.++<_/_l++' 77'rh.o/o/O: 171 (()ct<lbct 1, 19b14): 78.
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On three missions ill 1984, the Manned Maneuvering Unit pertormed as expected and

with precision and vel,+satilio ". ltumans could safely maneuver in outer space free of both

spacecraft and tether. In recognition of the development of the MMU and the NASA-indus-

t_' satellite rescue team, the National Aeronautic A.ssociation awarded tile Robert J. Collier

Trophy [br 1984 to NASA and Martin Marietta, with special recognition of astronaut Bruce
.McCal'ldless I1, NASA's (_harles E. Whilsett, Jr., and Martin Mariem|'s Waher W. Bollendonk.

Conclusion

Thc MMU was only Olle piece of space news in 1984. President Ronaltl Reagan had

opened the ,(ear with a State of the Union address reminiscent in part of John E Kennedy's

1961 "goal, befi)re this decadc is out, of landing a man on the moon. ''_' Reagan directed

"NASA to develop a petm;menlly tmmned Space Station-and to d<> it within a decade. ''`'+

The Air Force and Navy claimed no militm T requircment lot a Space Station, which was

seen as competition tt)r timds the 1)epartment of Deti'nse sought it)r rail|tat)' space opera-
lions. The Detcnse Advanced Research Projects Agency, ti)v example, was sin(tying a

rammed space cruiser, a light spacecrafl in contrast to the heax),-cargo Space Shuuh'.

(;eneral James V. ]larlingev, Commander of the Air Force Space (:ommand, claimed Ill("

Soviels had "lhe world's only space weapon," an orbital anti-satellite system that threalened

the low orbiting satellites of the United Slates."' This co(retry needed, according l(_,

llartinger, "m protect our assets in space." Regarding tile arms race in space, a defense
contractor tleclared that "the Soviets have taken the high grotmd on the technolo_; and

we're left with the high ground on the debate. "'_' Reagan's Strategic l)efense hilt|alive,

including controversial laser systems, addressed these milil;uy concerns.

In 198t Congress appropriated thnds [or both the Stratcgic Defense Initiative and the

Space Station, and tilt' government's civilian and military agencies continued their routine

COOl_eration in space matwrs. The Air Fot-ce, tot example, had provided cotllingency sup-

port ti)r Space Shuttle Ilighl+s si,tcc the I>eginning, and il increased that contingency support

in 1984. Ftlrthernlore, in August, the United States adopted a new National Space Strategy
that delineated roles lot N:_SA and the l)epartnmnl of Dcli'nsc."' The civil-military-

commercial inliastrttcturc adapted to the changing space cnviromnent, which remained in

part a political ellvilOtllllellt shaped by the international competili<m known as lilt., Cold
War. The Strategic Arms limitation Talks (SAIW) and Strategic Arms Rcducli_m Talks

(START), lot example, had increased the imporlance of reconnaissance satelliles, which

were increasingly needed f<)v vcrii}/ing compliance with disarmamcnt agreements. N+_SA
and its hun<heds o[COlltlaC[Ots begall development of the civilian Space Sial|on. In this con-

text Whitseu liwecasw<l amph' roles tor tilt' manned maneuvering mill in the Space Station

program: assembly, transportation, insl)ection, conti[/gency, and tescue. ....

61. l_>Im E Kcrmcdy, "SF, ccial Message to the (:_>ngrcss on t!vgcnt National Needs," May 25, 1961. in

l'ubli+ _ l'apep', o/ the 15e',id,,',,tl,, _[ the l;niled Slale',:,lohrl E Kt'tlllt'<['_, Itt61 (Washington, DC: (;-ovcrnmcnt Printing

()flicc+ 1962), p. 4tl4.

t;2. Ronald Reagan, "State ot l]le UlliOll Addvcss,"Januat) ' 25, 1%';4, qtll_lcd in (h'aig Co,/allll, +Trcsidcm

()+ dcrs Start (m Space Station," ,At,mlirm Week & ,gpace 7+erhm,b,A'y 1211 _]antmry 30, 1984): 16.

63. (;choral .James V. ltartm_cr its quoted <m l)agc 128 in Edgar tJI,;amcl. "The Thrcal in SlmCC and

(;halh'llgCS al [+csscv Ahitudcs,'" /tit l"m_e Alagazizw (;,7 (M:uch 1984): ] 28-31 ; scc alsc_ (;raig ( ;o,,ault, "I)ARPA

Studying Mitlltlt'd S 1)ill t" ( ]l uiscv,'+ ,h,iali+m Week & Space l+'+hm,loto: 120 (Mart h 26, 1<.t84) : 20-2 I.

[i4. Robert l.. Kilk, pies|dent of 12I_ +Aerospace, as quoted in +'LI.S. t!rg, cd t_> Ncgolialc Treaty Based

tq>_m Frecdom of Space," Aviali+m Week & Space Technololo, 1211,/22 (May 28, 1984) : 118.

fiS, Craig Covauh, "'tI.S. Adopts New Spate Strategy, +' Aviali+m Bi'ek & space 7+'+h,'mh+K', 121 (August 27,

1':t84): 14-16.

tiC,. ANhilsclt, IPede o[ the ,_la,+im'd Ala,'wuveH_'t K I +ni111. the ,'_pa<,; Slalio_+, pp. II)-I 2.
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Yet the MMU has not been used since 1984. There are several reasons for this. First, most

extravehicular activities were etti:ctive without use of the MMU'. Tethers, safety grips, hand

bars, and other restraints allowed astronauts to work in the open cargo bay. Furthermore, the

maneuverability of the Space Shuttle itself and dw utility of the shuttle's robotic manipulator

aHn had proved capable ofresctfing satellites--the primary function fiw which the MMU had

been designed. The orbiter could be piloted with such accuracy that on mission 41-B, tot

example, commander Vance D. Brand piloted the Challen,wr into position so that

McCandless on the manipulator arm could grab a foot restraint that had broken loose and

tloated away fiom the orbiter. On flight 41-C, the MMU failed to achieve mechanical mating
to the SolarMaxsatellite, bnt the orbiter and manipulator arm recovered the satellite. On the

l)iscover3' mission, 51-A, commander Hem T W. Hartsfield operated the remote manipulator
arm to knock ice ofla waste-water port, the ice being a reentry hazard. This sort of contin-

gency was a potential MMU activity, but the lnanipulator arm solved the problem.

Another reason for lack of use of the MMU was the Challenwraccident. InJanuar T 1986

the Challenger exploded 73 seconds after launch. The crew of seven, the spacecraft, and thc

payload were lost. That accident initially prompted a suspension of space flights that lasted

into September 1988. The accident and resuhing investigations also prompted new safe D,

rules that would require expensive changes to the existing MMU, changes pending both a

customer and a mission for the MMU. Still another reason tot not using the MMU has been

the lack of a new user with adequate fimding and appropriate mission. Finall> since the

Space Station is still under discussion, the Space Shuttle remains the inain space hmnarl

flight program of the United States. The MMU is not necessm T to its operations.

Thus today, as Robert Frost observed in 1959:

But outer Space,

At least this far,
For all the tuss

Of the populace,

Stays more popular,

Than populous. '_7

67. ;the PoetU o/Hobert I"rost,edited by Edward Comwry I,athcnl © 1959, 1962 b;' Robert Frost, © 1969
by Henry Itoh & Co., Inc. Reprinted by permission of t[('nrv Hi)It & Co., In('. (New Yol-k, NY: Holt, Rinchm't,
and Winston, 1969), p. 469, quoted with permission.
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Advanced Turboprop Project:
Radical Innovation

a Conservative Environment
by Mark D. Bowlcs and Virginia P. Dawson

In 1(.t87, a ll+Lshinqqon Po.st headline read, "The aircrafl engine of the fittln-e has pr<_pellers

on it. TM To nlany this smteinent was something like heralding "tile reincarnation of sih.nl

movies. "_ Why would an "old tecluiolog_'" ever tic chosen over a nlodern, ncw, advanced aher-

native? th)w CoiLld propeller technology' ever supplant lilt: tinhi)jet rcvohilion? | low could the

'jel sol llli[ld-Sct" of Cl)l])Ol';llr_ exc('utivcs, who (ltH/lal/d('(t 111(."[)rcstige o[ speed and "illlitg("

and slatus with a jet," cvcr be salisficd wilh a slow, ll<:,is_; propeller-driven aircrafl?' A Wa.shi_tL, lon

Times correspondent preditled that lhc lurbt!jel would not t)c the proptdsiim sysl('nl of tilt"

[il[llI'C. Inslca(l, t]l(" ]illure would witness more propellers than jilts and if"Star _,ValS her(> I,ukc

Sk)_valkcr cvcr bccante chairnian of a Fortune 500 (-Ollll)itlly , hi? would replace tile C()I'])OI'_IIC

jet with a... luiboprop."; h al)pcared thai a tuHlopro l) revolution was undcl_vav.

NASA 1.ewis Research (:eiil(!r's Advanced Tlubopro]) l'rt!ject (1976-1!i87) was lhc

source of ibis oplinlism. The energy crisis ,ff lilt" early 1970s served as tile catalysl till

renewed govtqlllll(_lll inlercsl in a(!roliatlli(s aiid NASA ]aundicd Ibis ambitious llrojecl to

relilrn to fucl saving, propeller-driven airtTall. The Arab oil enibargo t)roll<_hl ditticuh

lilnt's to all of An|or|ca, 1)ul lilt" airlines indu_Ir)', in l)arlicular, Slitl('lCd mid tT<'arcd t()1 ils

t}.iillre in ill(" wake ofa slt.(, i) rise ill tllel |)li(cs. NASA rt'si)ollded Io lilt'St' feats t)y crcalillg

a progranl to inlllrovc airciati liicl ctlicicncy. (if lilt' six ]ll'Ojccls NASA fluldcd l]lrti/igh IIlis

progranl, lilt" A(lvanccd Turboprop Proj(!cl lllOllliS(!(| lilt" grt>_llesl payotts in l('lllly, ()l fuel

saVillgS, bill il was also the II1OSI conceptually radical and technically demanding.

The pr<!iccl lit'gait in ihc caHy 1970s with ihc collal)oralion ot iwo eligillccrs, 1)anicl

Mikkelson t}Olll NASA Lewis, and (Jar] Rtihrl)aC]l of tlanlillon Standard, tilt' nltliOll'S last

nu!jor propeller liialiill_iClllrCl-. Mikkclson, lhcn ii yOlilig it/!iOllaUlical i('st'ilrch CilgiliC('i;

WClil back Io lilt' old NACA wind tunnel ie|)orls whcrc hc folilld a "gliiiiili/!i of hol)C" liilil

]lropclh!rs could l)c redesigned it) nlakc l)ropcllcl=liowered aircraft tly faster |tilt[ highi,r

Ill|ill those of tile Inid 1o laic-1950s.' Mikkclson and R(ihrtlacli (alll(' till with lilt" COll('t, pI

of swt_cl)illg the ])ro|)cllcr blades to I'C(|IIt'C noise alld illCrcasl, cJlicicncv and NASA

received a joint [lalcnt wilh Hamilton Slall(i_ird till the d(w('lopinClil of lilts I<_chnolo_ry. AI

Ix_wis, Mikkclson sparked the inleresl of a small cadre of engineers and lllltliii<_lqs. Tlicv

solved key technical pl+obh, nls essential till- the creation of lilt" lurhoi)roll, while at ill("

s21lllC lime l]ic?, allra(lt'd Stil)porl for liic project. After a pr(!jccl office was cslablislicd,

they Ilecanle polilica] advocates, using technical gains and increasing ii('C('llt:+ill('/. Ill lighl

for coliliiltlCd |iuidillg. This involved wiilliillg governnienl, induslry, and public supi/orl

I. Malilla M. tl;unihlm. "Firths (;ivc t>i(ipclh'ls a Ncu Si)iii," llh_hin_/,#_ I'o_t. t:clliumv S, 1!187.
2. Rolwri,I. ,%'rliNg, "P,a( k Io Ih(' Fululc wiih I>llq)l:alis, '' I_%'i11¢(Jmw 1!)87).

_/. R,_, _lll}ll', ()FIll rcl)oll Oll lhc RE( ;AT Mild% (()llll_i( I HI Xi\S,_l, April 22, 197(k Nincd i);tllClS, NAS:"I,

Ix._Gs I/<'st'iil<'li (]t'lll('l, ])(iX _7"1,

I. Ilugh llri( k¢'l}, "Tulhol)tOl)S till" Ila( k'.,'" llTz_/_ip_,_t<,+_"/'Hm'_,No_cllll)l,i l, ]_.tNt, t). 511.

5. [nici_ic_ _illi l)anicl Mikkclson, t)} Vilgiilia I)mvson mid Malk I/owI<._> SClllcuillci 6. 1995.

321



322 TI It: ADV_LNt :ED TI RPX )PR_ )P PR{ _lEt .q

,4 n advam ed pmpelle, _wid recm_er_ model i._ _howa i?_ the NASA I,_,_l_ Resear¢ h Center '_ 8 x 6 [oot super_oni_ wind tun nd.

ts_rpdl*'? (]]iciem ie_ atul ?mi_e aw mett_ured at cruise math number_ up to 0.80 and at takeoJ] and approach condition.s. 1/_tne

pit_ h angle_ and prt_,Ofitn to-vane axial _pat i_l,'_ are varied. The tegting was pro7 oJ the Advanced Turbrrln_r p PSoject, with the

goal o[ providing the technoh_K,_ ba_e to enable the I ".S. developme'at of quieter, fael e[Jh'ient turb*$n_rp engines with a *vm[ort-

able ain_aJt interior rnvimnment. (,Ni4SA photo no. 9(1-tt-78).
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for the new propeller technologg,,, hlitially the project involved only Hamilton Standard,

but the aircraft engine tnanuthcturers, Pratt 8+:Whitney, Allison, and'General Electric, and

the giants of the airframe industry, Boeing, l,ockheed, and McDonnell Douglas joined the

bandwagon as the turb</prop appeared lo become more and more technically and social-

ly teasible. The turtmprop project l_ecame a large, well-f traded, "heterogeneous collection

of human and material resources" thai contemporary historians refer to as "big science. ''_

At its height il involved over forty industrial contracts, fifteen university granls, and work

at the four NASA research centers, l,ewis, l ,angley, Dwden, and Ames. 'lahe progress of the

advanced turboprop developmenl seemed 1o toreshadow its future dominance of com-

mercial tlight.

The project had four technical stages: "c<mcept development" from 1976 to I_+178;

"enabling techt|olog,D." from 1978 to I t.}8<t;"huge-scale integration" from 1981 to 1_.187; attd

finally "tlight research" in 11.)87. v Duritlg each of these stages, NASA's engineers confront-

ed and solved specific technical problems that were necessary |or the advanced turboprop

I)roject to meet the defined government ol2jectives concerning safety, etficiency at high

speeds, and environmental proteclion. NASA l.ewis marshaled the resources and support

of the United States aeronautical conmnmity to bring the development of the new lech-

uolog}' to the point of sttc¢'essfttl tlight testing. In 1987, these NASA engineers, along with

a wide-ranging induslry team, won the coveted (;ollier Trophy for developing a new fuel
eMcient turlmpr<_p propt,lsion systenl, s The wintfing team included Hamilton Standard,

(;eneral Electric, I+ockheed, the Allison Gas Turbine Divisi<m of (;eneral Motors, Pratt &

Whitney, Rohr hl(htstries, (;ulfstreatn, McDonnell Douglas, and Boeing--certainly the

largest, most diverse group, m be so hotmred in the history of the prize.

l)esf)itc this technical success, the predicted turboprop revolution never came, and

no commercial or military air tleet replaced their jets with propellers. The reason for/his

failure wits socio-economic, not technical. Throughout the project, social issues intlu-

enced and delhled the status of the advanced mrl)oprop. From the beginning it was the

perception olan eil_21_ e crisis, not a technological innovation, thai spurred the idea of the
project itself. The Cold X%u-and the existence of Soviet high-slmed turboprops played a

key role in convincit+g (_ongress to ti,nd the project. As the project progressed, Within

each technoh)gical stage, the engineers ttsed distinctive and creative appr<)aches to deal
with the c<mlplex web of government, industry, and academic COtltractors. More often

than not, the Illilin qltestioll Was 11oi does the technologD+ work, but how can we get

g<_vernment, industry, and the pttblic to accept this technology,? in the end it was a socio-

econontic issue again which shelved the program. The ,'eduction of fuel prices <.'nded the

Ilecessily Ik>l fuel collservalion ill the skies and today the advauced turl)ol)ro p rein,tins a

neglected, or "archived" technology'.

This is not to imply that the techtfical achievements were unimportant. Each distinct

technical stage of the pro iect determined a corresponding social action. During the concept

developnlent slitge, creative advocacy was lleCeSSal)' to sell tile g,overlllllell| and illdtlStl_? Oll

this radical idea. During the enabling techn<_log), stage, engineers used complex project

management skills to ensure that this massive team would function ef[ectivelv l)uring the

large-scale integration stage, NASA had to deal with a competitor that sttrprised them by

introducing its own high-speed ttubOlm) p. Fit]ally, during the tlight research stage, NASA

became aware that no cu,-,-ent airlines would adopt lhe advanced turl)ol)rop and thus lhe

i:,. St+t'.]anl,.'s H. (:apshc+_, and Kazcn A. Radt'r, +'Big Science: Price to the lhesei+t," O',iJ,'i+, 2.d st't:,

7 (1992): ',g-2.q.

7. Rox l). Ilagm a.d I)chotah Vrat>el. Advam>,d 'l},_holmq, I'roie+l (Washit_glOll, I)C: NASA SP+495,

1!)88), I:'. _il{I.

,% (',itafiml I_l Ihc (:oilier rl'r_phT, i. Rm, t). Ila_cr a.d l)chorah Vrat)el, p. vi.
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cnginccns waged a I)atllc to win lhc (;oilier TroFdly to try and gain positive stalus and

iccognition lilt lhcir technical achicvcmcnl.

The i+clatitmship bctwcCll lllcsc technical ;tnd .social sphcrcs was ilCVUi cithcr a sinlplislic

SIc)I) Cll"social construction or Icchnological dctcl-nlinisn+. Rathct, Ill+.' t-clalionshi I) was Ol)t=

of interdependence. At tilncs Ihc i)rojccl advanced on ill Icchnical nl<.,rits; lit olhcrs, it

prt)gi+csscd thYough political pclsuasion. At each stage, only :lftcr NASA cnginccrs arid Ihcir

iliduslrial and aca<lcnlic partners solvcd 1)oth thc social and technical I)rol)lclns holding it

back, was the a<Ivancc<l lurl)ol)ro I) p,,@ct able to obtain funding and |hove fon+¢md. But

tdtim;ttcly, thc soci<_'conomic issue of l)Clrolcunl pricc mid availability mmmgcd to sculth'

NASA+s tcchnical success.

Thomas l lughcs, a pronlincnt hislt)rian of technology, has argued that Ihc rc,',;carch

and dcvclopnicnt organizations of the lwcnliclh ccnlul 7, no illallcr whcthcr lhcv arc Nil+

I)V a _oVCl+lllllClil, indttsti)', or lncntbcrs of a univctsity conmxunily, still+`" technical crcativi-

IvY In these organi.+ali<ms Ihcrc can bc timnd '+no Irate ol a tlash of g+`'nius. '+''' In contrast+

Ihc lillc 19th century tor 1 htghcs was lhc "golden era" of invent|on--: tintc when the inde-

t)cndcnl inventor t]otu-ishcd with|rot inslitUlional COllSll';/itils. Recently, David I t<lunshcll

has challenged Httghcs's t<lillcillioil that iitdustrial i-cscaich laboral<wics "cxpl<)it ClCalivt'.

hivcntixc gcllitlSCS; Ihcv ncilhct fno<htcc i1o1 lllll'lllI-C lhclli. ''_ N_)I lHllV (';ill lilt' indlislrial

rt'scarch l;tl)oralorx nurtul+c a crcali'cc indivithml, bill c<Alcttivcly, pC<)l>Ic t,llg;igt'd ill

rt's+`'ill'ch illlfl dcvclopnlcnt ct)tlll+ibtitc It) tllilkill<_ :.ill illVCllti<lll ;i connncvcial lt'illilv, hi his

study of Ill+`" t)l-g-;uti/alion of research at I)u Pont, t t<mnshcll paid Iril)ulc to the ilidivi<hml

I)rillian+.+c o[ the organic chcnlist Wallace I I. (_arolhcrs, but lit" arguc<l that Ill+`" real "genius

of nvh>n was in Ilic orgallilalioll |hal developed it into ollc ol Ill+`' |host :.;iicccsMU1 add prot_

ilal)ic nlatcrials of the twcnlicih CcilllilV. ''i-' In our view, lilt' NASA Atk;ulccd Turt)opl<) l)

Prqicci icprc,sClil._ aliothtT cast" in which or<_aliizaliOllal capabililics> ilol individual _cliiii_

illoile, crcalC lht" opi)oriuility tor sigliilicant illllOValiOli. "|'lit" or_aiiizaliOli Ilial sul)l)OlqCd

the (tc,,'chlplllt'nt ()f iht" ltll'l)Ol)l'Op wits t{ll+ II/I)l'C COlll])lcx lliitll Ihc It'sl'ill't'h ]al)olalol 5, of

|lit indusirial lirin, yci it responded to the t'llt'l_' crisis to iid\;iiltC ii i:l¢li<;tl idea. As Donald

N<)lt'(t, wtit) headed lilt' otthc ill NASA lx'wis Rt'st'arch (]oilier lhal lli;iil;i<_t'(t Ihc lllrct"

,lircta[] ClitTk7 t,fticicncv pr<!iccls it!inarkcd, "Tile cliil)alc iila¢lc ])topic <it) ihiilgs lh;il

n<)ililltliy lhcx"d l)c too COl/SCl_,'iiliX't ' it) do. "_ The history of the advanced lurl)ol)io p

dt,llltillMliil('s how a radical hlliovalioll (';ill CllllH_,(" ti-oin a ¢lCllSC, collscrvalive wcl) ot

1)tircaucracy It) licarly rcvohilionizc lilt world's ahcrafl propulsion svslcnis.

The Conservative Team Environment

Allhtnigh NAS:\ won scvcral (;oilier tl-ophics till innovations related io litc space

i)l+O_-i-lilii, it had produced iio Wililicrs ht acrollatlliCS since the li;)tlildill_ ()f lilt" a_ciicy in

1958. ,NASA's ]lrt'dccc_.;sor <tr<_anizaliOli, Ihc Nalioila] Advis_)l), (]_)nililillcc t<)1-Aclon;iulic_;

(NA(L-'\), had received tivc C<)llicY lrophics for coniribtlliOns lo aeronautics bciwccn 1979

and 19.')I-I. Thcst" Irophh's paid ll+it)ulc It) ihc individual creativity itlld Ihc liniqiic rt!st'arch

t.nvironlnclll of the NA(;A's rest'arch lal)oratorics.Janics R. i |aiiscii has described iii this vol-

lilliC how cii_iilct'r Frcd E. \_.t'ick used Ihc NACA's tiliitltit' wind ttlllliCl tacilitics lo dcvchip

9, l'honlas 1'. thighcs. ,/mcPT+aP¢(;rm'si+: p. F>-t.

I0. /bid,, It+ IS3.
I 1. Daxid A. t lomlshcll, "1 lughcsian I Iistory _1 Tvt Im_)h_g,?, :rod ( 3mndhil tan Busmcss I lisl,._l x: Pat allcls,

lh'pattul cs, and ( ;t |tics," lli+lm'r a,'td li,dim,l, q2)'12 ( I ':t95): 217.
12. Ibid. St'c also. Daxid A. l[ounshcll aild.I(ihn Kcilly Snlith,.]t., Stiem_' rtnU C<,#/_o_te,%[,at%q: Du P.#I¢

I¢_;1). 1902-1!],7(J (( ;alnlllidgc. MA: I.;anxl)rit|gc I_lnixcrsil} l>rcss. 19S8),
13. InlciViCX_ _iih l),m;lld N_lcd _tl (;;is| >%¥cslt'rll P_t'st'i'_l" I._ni_cisii b I)} Viil4inia l);l_s_>ii add M_tik

I/o_dcs, ;%lll_llSl l_l. 1995.
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tile NACA low-drag cowling. Succeeding Collier trophies awarded under the institutional

aegis of the NACA followed a similar patlern, lx'wis A. Rodert won it for developing a ther-

trial ice prevention system tor aircraft (see |tit" essay hy (;lenn E. Bugos, this volume),John

Stack won it twice for his contributions to superso]fic theory and the development of the
transonic wind runnel, and Richard Whitcomh ca,ried off tim prize fi)r his discovery and

empirical validation of the area rule. VVhal made the award garnered by the NASA/i;_dus-

tU' team in 1987 different was that it recognized the collective talents ofgovermnent engi-
neers flom four NASA research centers, academic researchers, and contractors from the

propeller, engine, airfiame, and airline industries.

The history t)[ the Iurhoprt)p prt)jecl is interesting from an institutional standpoinl
hecause it took root and th)ttrished within NASA's conservative, hureaucralic em'irtm-

ment. It was mr)deled, not on NASA's small-scale aertmautical research projects (typically

carried on t)y ft)rmer NACA laboratories), but t)n the large-scale projects t)f the space prt)-

gram. The NASA. Lewis Research Cemer adopted an adnlinistratively complex team

approach that depended on input not simply fiom other NASA Centers, but also fitm!

mnnerous industrial and tmiversily COlltraclt)rs. Essentiall}, NASA Lewis Research (_elller

1)ecame the center of an extensive governnwnt-induslrv-academic complex. At each slane

in the projecl, the management team determined what needed to he done and sough! the
appropriate help both tionl within and oulside NASA.

With its expertise in propulsion technology, the NASA Lewis Research (]enter was ide-

ally suited to nlanage the turboprop prt!iect. Set up in Cleveland, Ohio, during \_,kwld War

II as an aircraft engine research lahoralory, I_ewis became the third laboraIol T of the

National Advisory Committee tor Aeronat|tics. l,ewis engineers pursued airtraft engine

research in the uationa] interest--often over lhe objection of the engine companies who

perceived the governlllenI as interfering with the normal tortes of supply and demand.

Dming the early years of l|le Cold War, lhe laboratory participated in cngine research alld

testing to assist the ellgine companies ill deveh)])iug the turbt_jet engine. After lilt? ]atlnC|l

of Sputnik, the laboratory tocused on a new national prioril_rocket propulsion research

and developlnem. Almosl all work on air-breathing engines ceased for nearly Ien years.
The retunl to aircraft engine research coincided with dracstic reductions in stall,

mandated by cuts in NASA's large-scale space programs. _' The mass exodus of nearly }q00
personnel in 1972 sparked an effort to redefine the center's mission and lind new sourtes of

thnding. The tollowing yeal, ()PEC's oil cmhargo galvanized lhe (]enlel"S directoL Bruce

l.undin, to look tor ways to use its proptdsion expertise It) help solve the energy/' crisis. In 1974,
I,ewis received $1.5 million tora wintl_metgg, program ti-om tile National Science

Foundation and the Energy Research and l)cvelopmenI Administration (ERDA). A program

in solar cell technology' developmem followed on its heels with increasing funding of various

enerD'-relawd programs by ERDA and ils successor, the Departmenl of EnerD,. The chang-
ing locus of lhe (]enler's activities prompled rumors-emphatically denied-thai it would

become par! of ERDA. The new entph_tsis on energg' elticient aircrMt, unlike the ERDA pro-

jects, promised to keep lx,wis slrongly in NASA's lbld.'" Moreovm. it broughl high visihililv It)

the aeronautics side of NASA, long overshadowed hy the enornloUS budgets and presligt', of
the space program.

Ahhough it shared similarities in management with NASA's space projects, lhe turbo-

prop project differed in significant ways. First, ahhovgh the advanced mrhoprop was the

rcincarnaliou of an old idea, il involved lhe crealion of culling-edge Iechnolog T. Space

II. Virginia t_ Dawson, I,h,Kine_ aml Inm,vatiml: I,ewi_ l.abomlm?, and Amev4_an 1"7_puZ_ion7i'_hnoh_g)
(Washington, 1)( :: NASA SP-4,'_,Ot;.1991).

15. IbM.
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projects involved rigorous oversight, but generally relied on existing technologo'. When
necessat3', NASA contracted with industl T to produce whatever new leclniology was need-

ed tor a i)articular nlission. The turhoprop project uipped the creative talents of engineers
;it NASA in ways tllat were reminiscent of the NACA tradition of in-house research, though

in managenmnt scope it transcended the narrow institutional boundaries of NASA's
research centers. Second, though all NASA projecus of the early 1970s needed to be "sold"

It) ;ill increasingly tight-fisted Congress, the controversial nature of the turboprop meant
that NASA Lewis had to build support both at I leadquarters and within the aviation com-

nnmity. What NtKSA retkured to as "advocacy" needed to 1)e vigorous and continnous

throughout the life of the project.

The Energy Crisis and the Politics of Funding

The OPEC oil embargo of 1973 awakened the United States to the degree of control
outside nations had over the lives of ever?' American. Ttle increased price of oil affected

all areas of the economy, but none nit)re than ttle airlines industlT, mEarl Cook, noted get)-

grapher and geologist, has argued, "Whoever controls the energy systenis can dominate
tile society.": An extension of this argument is, whoever possesses the fuel supply controls

the chert' systems. Five sources of energy, including petroleunl, natural gas, coal,

hvdropowel, and nncleal, accounted tot all fuel constnnption in the United States during
1{)73. Of these five sources, Ainerica was most dependent upon petrolenm, consuming

approximately seventeen million barrels of oil a tla)q _*At i1o other linie in American hi>

tory was Cook's aphorism more evident than in 1973 when the United States imported six
toil'lion barrels ofoil a day, 64 percent of which came fiom the Organization of Petroleum

Exporting Countries (OPEC)." The concern in the United States was that since OPEC

controlled the I)etfoh'um, conld they dominate American society?

In response to the energy crisis, in 1973 the airlines industry initiated its own tirol-saving

program which rednced fuel consumption by over one hillion gallons per yeai: +' But these
nie;tsures were not enough..let tiiel prices jumped from lwelve cents to over one dollar per

gallon and mud yearly fl,el expenditures incre:tsed hy one billion dollars, or triple the earnings
of the airlines. Prior to 1972, hlel acconnted tor one_lnarter of the commercial alllines' total

direct operating costs/_ l)uring the crisis, flu'l represented over half of tilt: airlines' operating
cosls. The result wa+sa reduction in the nnmber of tlighis, tile" gronnding of some aircrati, and

the "fnrloughing" of sonic 10,1)00 employees. If the siitlalion in the early lttT0s seenled bad,

prospects for lilt" t]iiure appeared even worse, linking the t;lle o| the airlines, the cost of jet
tuel and the prospel]l_,, of the nalioil as a whole, airlines indnslry Iohtlyisis rnshed to their COli-

<k,rre.sinen. The politicians, in tnrn, appealed to NASA.

1ft. "lilt' Israeli victor; durinl4 the Six-Day War in 191+7 rcsuhcd in rctalialion I)_ OPEC. Seekin!.{ to lorcc

a pro-Arab stance lrotn the lTnited States (Israel's allvL Saudi Arabia inq)oscd an Amt+titan till cmb;ugo toll-

c urlt'itt with iht + quadlupling o| oil piiccs troiti lilt+ liliit'l- ()1'1_](; nations+ St>¢' t)on t'crci/, The :%hddh" East 7bday

5th t'(l. (Ncw +t_llk. NY: Piac_ci, tt.l_bl), tD4. (till% B. Nash. cl ;il. 7h+' A;n+'+7+a. I$,ople: C..+'+/i+,t£,a ,%,'fHi0/t fit/El (1 ._lotHqy

'Jd cd. (New _tJlk, NY: I tarpc_ & P.<m+ t>ubtishcrs, 1994i), p, .q71.

17. l+]arl Cot)k, Mau, It.el;O+ '_.+ie#y (Sail Platlcist o, (;k: {{r. 11, Ftl'i'lll;ill. 1976). p. 2118,

18. A barrel i't)llidtillS 42 gallons.

19. In 1973, iolal tT.S. crude oil inlporls tolalcd 1,184 million tmrrels, 765 ot which came trom OPEC.

The OPEC nations at thai time included Algeria. E( u;tdoi, Indonesia. Iran, haq, Kuwait, libya, Nigeria, Qatar,

Satldi :\r;il)ia, Unitt'd ,+%iaill l*_nliratt's, alld Vt'llt'Zlli'la. 3,'lali+ti¢al Abslra<l .1 lh¢ Unih'd ,_lllles (l+_+ashill_loll, l)(;: U,S.

l)epallnlt'lil tlf(;illllint'rct'+ 1994), p. 593.
')11. (;lithm it+ VOlt K_iiili, ieslilliOlp, bcflu'c the U.S. Senalt', (;omiliilll +l' on At, lOlialilical alid Space

Sch+nces, Sctiit'niber I0, It.iTF+, p. t.
21. Donald 1.. Noicd, Iohn B. Whitlow, it., \Villianl (L Sirack+ ",Slalus [Ipdaic ot th<" NASA Advanlcd

'lm.tmln<,l) l,tt+ict t" untml)lishcd t t+po_ i, N<>rcd I n irate papcrs.
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Sources of U.S. Energy Supply: 1920 and 1973

Nalural Gas (4,(Y7_)
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4,()q )

/

Coal (7 . ;....... -

Natural Gas

Hydropowe_

('llil

Nuclear

( 1.0_;'_)

1920 1973
Source: Kash and Rycol'l (t984)

1973 Crude Oil Imports to U.S. (millions of barrels)

Other

\ /

\\

(65,5_7r)

Saudia

Arabia tlnited ,,\rab Emirate:,
(169) -_

waml I._ 1731

I/'_ Ecuador

Nigeria _ (17)

rene/tlela

Kuwalt(lSI :_z_%_ han(79)

lraq tl )

Algeria

Imports by country OPEC imports
Source: Statislical Abstract (1994)

Why was.jet fuel so important to our national interest? Clifttm 17. Von Kann, senior

vice-president of the Air Transport Association of America, pointed Otll ill it 1975 Senate

statement that aMines were "more than just another means of transl)orlation."-"-' tte assert-

ed th(,y l)layed a major l)art in the c('onollli( arid military stlccess of tile natiotl. They also

22. Kmm testimony, p. 3.
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provided tile inflaslructure for the mail system, tile national export system, and the $60

billion tourist industry. Jet fllel was the "life-blood" of the airlines, but it was also their

Achilles heel. lte warned a l:ailure to control the rising cost of thel might |csult in either

lilt' nationalization or tile wilhering away of the "basic huilding block in the strtlclure of

lilt" U.S. ec<i, nollY'¢. ''_ Sellator Barn.' (;oltiwater linked lhis crisis to the possible "loss of a

large part of tltlr World suprenla-cv. ;'eL The fuel crisis created an ol)portunity lot NASA al a

time when Congress had drastically cut lhnding tor tile space program. Aeronautics, the

lirst "A" in NASA, had long taker{ a hack seat to the spectacular space missions of the

Apollo years. Now the agency was ready lo reassert its role as the nation's premier inslitu-

lion ti:u _ research altd development m civil aeronautics.

hi .January 1975, .James Fletcher, the NASA Administrator, received a ]ettet+ iiom
Sellalors Barry (;oldwater and Frank Moss.'-'" The letter suggested a massive lechnolog)'

p|<_iect involving NASA aud industry 1o hel l) ease the hur<len on the aMines caused by Ihe

enerb, _, crisis. Its goal was the realization of a new generatiotl of futq-ctl_cicnt aircrall.

(;oldwater and Moss asked NASA to propose a plan, develop Ihc teclmolog_', and facililate

the "technology' trallsfer process" It) ill(hlsiry.'; Technolog D' transti:r la/er ]Wcalne a pa|-tic-

UlaU'lv thor|p,' issue in the debate over whclher tile governtncnt shtmld carry development

to tilt" pointof cosily tlight It:Slit|g, or leave thai phase to Ihe nlanul,lcturers who stood to

I)enelit handsomely frt)nl this gove|n|nent-generated technologT.

In Fel)ruary i975, NASA formed tilt" Intercenler Aircrafl Fucl (_OllservaliOll

'lk, ch|lld<lR3: "Etsk Force to ext)h)re all potential <)[)liotls. _r Sixtet'll goverllmellt scientists

and engineers fronl NASA, the l)el)arlnvenl of Transportation, the Federal Aviation

,,\dminislratitm, and tile Deparmlent of [)eli_qlse took pa|t in l]le seven-lnonlh study.:*

.lames Kramer. the task force leader, called for any new ideas that would satisl},, govern-
ment criteria, even those that might he considered "unusual." The lask lorce defined six

,n@)r areas with the potential lor significant impact on aircraft fuel tqticiencv. It recom-
mended lilt' creation wilhin NASA of lhe Aircraft Enerb,_' Etticiency (At lEE) Progra|n, the

adminislt-alive umbrella tbr six new aeronautics projects--lhree related to Ill+.: airtrame

and three to tilt, propulsion syslem.-"'

NASA assigned managen|ent of lhe three propulsio|l projects to the NASA I,ewis

Research (\'liter: The thst of these pnopulsion projects tocust'd on improving existing turho-

I;.ln engines through tile redesign ot seh'cted engine co|nl_o|lt'nls. It was lilt" least lechnically

chalh'nging of the three pr<)jects and alined tor a live percent increase in fucl etticiency

within a tk'w veals. The second pl'oiecl, tile Energy' Etticie|lt Engine (E:'), involved huihling

"a Inand ne(v engine from scratch" and olt+ered a tin greater t)ayott--an increase in fuel

etliciency of ten to t]t'leen percent. In essence, NASA l)roposed t<) assunle lilt: risk t+or

developing an "all new technology in an all up ellgille. ..... \Vith a ilew "recotl])lllellt pro-

gl;llll" ill place, lilt' govel'lllllellt exl)ecled to get hack some of its illvt'Sllllellt o111 o[ 111<"

i)rofits of the engine manul_cturers, (;eneral Electric and Pl;tll 8¢ V'¢hillle'v.

23. IBM., p. 5.
24. Senator (;oldwatm's rt'sponsc to l_thn, ibid., 1',. 8.
25. h _r;ts likely lhill lilt' NASA staff dvaDcd Ihc hqlCl.

26. Barp,' (;ohlwalcr and hank Moss u),];|lllCS (_. Flct(her, as limm[ in, Ailt];flt F'm'l (:ol]sclxali_m

'li-t hnology, lask force report, September I0, 1975, pp. 138-39.
27. Ro', 1). llagcr and l)ebotah Vtalwl, Adl,amed "li*_boprtq_15_)je¢l (Washington, DC: NASA, 11188), p. 4.
28. Ailt rail Fuel Consetva<ion TechtH>log'3', lask torte report, St'plen|l_tq 10, 11175, pp. I and 2.

29. The Aircraft Enerb, D, E[ticiency (At]EEl Program air|tame 1)r0wt ts included: Ihe Fuel Conscrvati',e

Tr;insporl Ill itnl)rOvc on actod',namit dcsigt', and potentially save liliccn to twenty pCITCII| ii] fuel use; tilt +

('.onlposilt + Ptinulr'+ Strut tutcs whitll would decrease the w<'ight ol aitctalt lht_nlgi+ the use ol t oml)ositc matt'-
rials and sa'+c 111Ill I_'+t>tq t t'llt ill tucl tosls compared Io an all metal all plalw: and I .atllill;ll I:h+w (:ontlol to allow
all aitclalt to maintain hm <hag, lllu:s (it'atillg :t potential hwl savings ol IWCIII!,' Ill loll', pCll t'llt+

30. N<_rcd illIcl'X it'W.
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Ill contrast to these two relalivcly conservative pr<;_je(Is, tilt+ advanced turboprop
offervd dramatic incrcascs in fnel efIk:icncv. NASA plmmcts llclicvcd lhat _lll advanced

turl)opro F, could reduce lucl consUn)l)ti(m +by lWclllV It) thirty [;,erccnt over existing tur-

l)ofan engines with comparabh, perlbrmance _tnd ]las_,('tlgcr c(mJort at speeds tt F, to Math

0.8 and altitudes up l<) 30,000 It+el. (It should I)¢, noted that cornmtller mrl)oF, rOp-F, OWVred

air(raft in cllrrellt USe fly al far slower SllCCdS and lowt,r ahitudes.) The amllitious goals of
lilt+ turbol+r<) F, ira!jeer made it (;onlrovcrsial mM challcnging both I]otn a teclmical and

social point of view. ']i'chnically, studies by Boeing, Mcl)onncll I)<mglas, and I+ockhe(+d

Imint('d to l()t|r areas <ff <:<mc(,rn: llropcllcl . efficiency at (it_i+¢' speeds, both internal and
external noise probh'ms, installation aCl-(_dvnatni(s, ;{lld m,dnt('nan('e (osts. +IS()ciallv, tlt<."

ttlrl)<)prop also preSCnl(.d daunting pr(d)l<.'ms, l+,cc,tttsc of lhc '+l)erC(,F, ti(m of turl)opr()i)s

as an old-fashioned, troul)h+s<)me device wilh no l)aSSeng, cr app<_'al," the task fin-co F('1)O1"1

noted, "tilt + airlines and the UnalniI_tctttrcrs have little motivation to work (m this Clt_iltt'

type. ,'u ('Jifton V(m Kann stnccinctly stumm(,d t, l) these c<m(t.rn+ to Barry (;<ddwatcr dur-

ing his Scnate testitn<mv ,,vhctl h(" said that <flail lh(' im_imscd im+jccls,'"lhc propclh,t +is
the real C<)llll'OV(Tsial ()llC. ''++

What nut(h" lhc govcrnnicnt willing t<) asstnne thv rb, k li,r mlch a diMcuh project?

Proposed fuel savings was one important lactor. I IOW('V('I', the lask lot+co relmrt hldicalt,d

anolht't + signific:mt and related isstu'--thc Soviet t)ni<m had a high speed "lurllopro F,
which cot,ld fly hom Moscow t_ ll,tvan,L"" The continuing (;old War prompted tilt +

United Stales to view any Soviet technical l)rcakthzoug]+ as a potential threat to ,,\mcrican

s('t'uril+V, l)uring the cn('rgm_ crisis, tlm knmvlcdgc that Smict lufl)<)prOF, transF, orts had

,drca(Iv achievt*d high l)rOF, cller liwl t'J]]ci('nc}' ,it Sl)CC(Is appJ<mching those olljt,t-powcr(,d

])lanes seemed grave indeed and gave impetus t<) lhc NASA l)rogranl. Dttring the govcrn-

liICIll heat-trigs, NASA r<.,l)rcscnlativcs displayed sCVCla] photos <ff Ru.,;sian tufboprop
plums to +,+'it]t'Ozlgr('ssi(mal backing lot the pt+<tjcct. '' The (]old War helped to dcline tilt"

|urbopr<)p debatt,. No t'xtcnsivc Sllt'culaliOl] _)ll the implications of Russian air sttpcrio]-i-
IV IoF ,,\mcrican national st+cllrilv '+CCln¢'d ll(+C.<..ss;try. The Sovh+l Union could not hc

allowed io lllaintaill lechnical supcrimitv in an area as vital as aircfall fuel ('I]]ci('llCV. Thus,

the iCl)<Wt inchtdt,d lhc dt'mandiiL_ Ad'v,mc<.'d Ttu%oprop Project as [)art of the t_'n-yc,u-.

$670 million Aircralt l,hlcrhm_ Ellhiency l'1+ogr,m+ Io impr()ve fucl cfIiciencv.

Concept Dex, elopment and Early Advocacy

In(htsll+V rc'sistancc and NASA ] ](,adcluartcn-s' sensitivity to the public relations aSl)CCt
()f Ibis OpF, ositi(m were anlong tilt' kc'y reasons that <)t tilt' 'six pr()jc(ts within the +-\il(+ratt

Encrg_ +Ellic'ienQ, (ACEE) prt)gram, only the advanced ttu+l)opro[) faih'd to l't'('+++'i\rt' ftmd-
ing iu 1976..lohn Klincl)crg, later director ol +l.cwis Rcscm-(h (_entcr, recalled that iI was

dclaved "l)¢'(atlsc it was conskh.r¢.d too high risk ,rod too rcvolulionary t<) bc ac(cl)ICd by
the airlines.' .....

31. llagm and Vrabcl, .tdvamed 7i+tb,;l,,nqJ l'_+qr,_/, p. 5.

32. Air(Hh Fucl (i<ms('rvalioll Ji'chnolog_, utsk li)Hc tcpoft, Scpten'd_cl I{L I!I7F;+. p. It.

?,3. (;lihim l:. \+on K.ttm, t('sliill_}ll\ bclotc lhc [+.S,. Sl'll+llr, (;<nlliliiltt.(. l)il At'l<mattti_a] alid Nl)a(('

S( i+.'n(',:'s, Scpt('nll)<.f IlL 1975, 1). 9,
31. Mikkcl.-,(m int,.'r'd cw.

33. ,\it(rail Fucl (:c+lls(+f,.ation 'li.¢ hmd<)h,), task lin¢c t,,+l),nt, S('pleml:+cf I0, 1973. p. IS. 'l'lmsc Smict

h)llg- riulg+., tu,holn,)l)S in_ hl(h'<l Ih(' l'ul)(,h.v ['['-!15 "Bcal'" (uhi(h wciRhcd 31().()()0 l)_,tuuln, had a nl;tximuln

talL'g(' ol 7,,ROi) Illil(.'_. _1 i)H)l)(.Ihq dialll{+h.l <l[ I_.4 I}.'(+t. JIl(I Ol)(qatcd al a .7.") lll_llll (itliM + +,l>(.cd) Jlld th('

Ant(mo_ AN 22 "( ;()( k" (which _cigh('d 7)_-)II,{R}O p()tllldS, had a nlltXillllilll l_ill+L[(' (1_ I'l,_()() Illi](+N, il i)r()l>cltc_ (lialll_
t'lci (it _()._+)t_'('1, all([ (q)clalcd at a .(;9 I}IH{ h ( IiliSt' speed).

36. John Klinchctg, (iu()tcd it} "'t h_w the ATP lq(!j(., I ( higin;m'd," I._'wi_ ,N_,,_, luly 22, 19_S.
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If tilt, advanced turhoprop was so imf)ortant to the national weltme, why did it

encounter such opposition from the airfiame and aircraft engine manufacturers? Donald

Nored. the division chief in charge of the three propulsion projects at Lewis, remarked

that his engineering peers in industry were "vm y conselwative and they had m he." They

were "against propellers" because Ithey had "ctmq)letely switched over to jets." Because of

their commitment to the turhojel, they continually cited problems that they helieved

resuhed fronl propellers. This included noise, maintenance, and tile fear that the "hlades

would come apart." Noted recalled each problem had to be "taken up one at a time and

deah with.":': It appears the governmenl's revolutional T vision of the future tiightened tile

aircraft industry with its large illveslmenl ill turl)ol_an technologT. Aircrati structures and

engines arc improved in stow, consmxative, incremental steps. To change the propulsion

svstt, m t)| tile nation's entire ctmunercial lleet represented all investment of mind-boggling

proportions. Even if tilt: govermnent put several hundred million dollars into dew'loping

an advanced turboprop, tile airframe and aircrati engine industries would still need to

invesl several hillion dollars to commercialize it. RevolulionaIT change did not come

easily lo an estahlished industry so vital to the nation's economy.

aFurboprop advocates encountered llot only the opposition of indtLstt T rel)resenta-

lives, hut the hesitation and timidity o1 NASA tteadquarters. By de|:_tult, the advocacy role

t_A1 tt) NASA l,ewis engineers, tl.mgh the puhlic relations aspect of technolo D' funding

had never heen the (]leveland laboratory's strong suit. Lewis had a reputation for being

more conservative and techuical than tile other NASA (:enters.:" One l.ewis engineer

remarked that when other (;t, qltels Selll tivc representatives to important meetings, l,ewis

sent one. Moreover, research engineers from lilt" acronautics side of NASA had little expe-

rience managing major contracts. _tkq the energD' crisis and the need fi>r projects to sustain

lhe (;enter's viahilip¢ within NASA galvanized at small cadre of l,ewis engineers into action.

They used their technical and new-tound managerial creativity to sell NASA ttcadquarters

and'indusll T t)n a revoltLtit)nary new im)t)ulsi(m system--one that mighl forever ground

all exisling subsonic turht)jels.
Technically, tilt: elllile ftlltlre of lhe advanced lurhoprop project initially depended

on proving wl_elher a model proptan couhl achieve the predicted fuel etliciency lalCS. _'

If this model yielded successt_ll results, then t)rqject adw)cates would he abh" Io loblty l_r

increased fun'cling for a large research and development 1)rogram. Thus, t'vcn (h.ing ils

eatliest phase, lilt" techuic;tl and soci:tl asllecls of lhc I)rqiccl worked in lalldClll.

1,cwis t)rqject nla.nagcrs awaldcd a small group of researchers at I,ewis and ttamihon

Slandar(l a contract t_r lilt' (teveh)l)ment ola two-toot diameter model l)rot)l_m, called the

SR-I or single-rotating l)roplan. Single-rotating lllealll thai the prol)t_ut had only one row

oF blades, as opposed to a colllltCx-rolatitlg design with two rows of blades, each lllOvinlg iH

opposite directions. This model achiew'd high etticiency rates and provided technical

data that the small group of ellgillet'rs could tlse its alllllltlnlitiOll ill the light to COlltiXltlt"

the program.
At the same time tha! Ihcy I)rm'ed the technolog,_' using small-scah" models, l.ewis

Cllgiilet,'l's huill a consensus I_.)r the I)r(!jecl, defending it against objections of skeplical

SeglllelllS ()l" industry and g(lVerlllll('ll[ advisory committees. Advocacy is essentially "mar-

keling" or "selling" Io gain government fundin R a,td industry backing for ncw prognuns

like tilt" advanced lurhol)rtq). Funding governmt'llt programs is neither scicnlitic nor

emirely rational, bul (lel)cnds on pOOl)It and how they navigate a complex t)lu-eaucracy,

?,7. Notcd inlcrvicw.

38. Ibid.
?,9. Am'tall Fucl Conscrvation "l_.'thnoh_g,y, task t0rtc lt'p_,l, ,qt.ptcmbct 10. 1_,t75. p. 46.
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whil,., avoiding nunwrous political <.',llallglcnl¢'n+t_+. I)tuing the Apollo years, NA.'-IA had
what amotmtc.d to a blank cht'ck to land a lunn.m being on the Moon _vithiu a d¢'cad¢,.

Not n,t'¢'¢ling to spend lime and cnct-g T lighting tilt ftmding, cngint+crs had greater [rc'e-

d<ml to locus on Imihling and tcsling hardware..uld tnanaging Sl:,a<-c tnissions. But to kccp

the ])r_igrmns of tilt+ 1970s ally+.., ¢'vt'n those that r¢'spolxdcd to :t nali(>,lal crisis, rt.(luircd
¢'flOrl in nl+>nHcchl+ohlgical Sl:,hcr,.s <+factivity.

l+cwis was fi>rtlmah, that l)on.dd Norcd/a nlacstlO <)I pr<+j¢+,ttnattaqcmcnt, l)laved :l
strong v(+I<.,in btfihling a (onstittwnc.+ ill support of the pr<!je(t, t :nlikc nl<_sl <if+the _lhcr

I.t'wis ¢'Ilgint'crs inv<)Ivcd in advanced wrl)(ipr<)p (l,t+veh)F,tnent ' lw hailed from the space,

sid<., o1 NASA's h<_tlsc. I h." had worked +>n c].'mic.d rock<.+ts and high powcr lasc'vs i)l-i_>r to
taking up his post :is head of the Aircraft l_],tcr,t,3,, l:.flicicn¢v l'rogran_ ()llict, al l.cwis in

197."_. I It + hcll_ed to show ;lt'l'<+llallti,uitl ('llgilltrt+.l-S, lll(lr(' +l+t CilS(' with in-hollS¢, lt'st'_lr¢-h, how

to ,t¢'gotiat_' tilt' s'¢stcm I_l "++,'illtnlldin_. Ill 1981, with Fr;Ink Bcrk<_twc N<wcd atl¢,n|l)tt,¢t to
dcnwstit!+' Iht' advocacy process Iiv laving th>w _ gtfithq los flit ollwrs within lilt' Acr<mauti¢s

l)irt'¢h>ral,:.. Tht,y disal)ust.d thei'r oidcl:sccking cnginct'rin/c<dlcagut's <d lilt" m_tion thai

advocacy c<_tdd Iw compt+css¢.<l itlt¢> :l st'rit,s ot +wtql-dcfitu, d stt+ps. Rather, Iht'y wrote', it is
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"t)asi(allv hllk)rmal, unstrt_clur(,d, and quite ()ft(m conli,sing. "._ Shl((, ()nlv a I}.'w of tile

F'r()l)osed NASA progralllS rt'(eivc(I llllldJ]lg ca(}l v¢'al; Iht.y argll('{L lh(' a(l_'o('a(v f)]-,()(.,..ss

had b(.'(onl(, css('iltial all(l a('lJVi{i('S rt'lal('(I t() il shi)uM rcc('ivc a "high i)riorilv. '''
TII,t' a,{lvo(a(y guith'lincs Jn(li(';.llt'([ lhal lilt illlt*l'_l(-li()llS wilh "ill([llSllX', advi:.;()rv

grotl|)S, and ('sp('ciallv |h,a(lqtlal+l(,rs will ()tl,t'n relrlllJ].(, rapM, c()nq)ri'ht41siv(, <tnd
in-dct)lh rcsl)ond('nls Isi(+l Io I-(,(ltl(,sts,"': ()n(' early rcqucsl ()t lhc lurb()l)r()l) l)r()j(,(- I (.cn-

Iul0d ()ll Ih(' _iil(l_t{l ill(lllslrv's {Oll(('rll ()%t,l Ill(' _;_tJ<.+|,_ ()t proF,(,lh+rs. All itil-t'lattl a((i(h']l!

;l(Ivis()r rais(.'(I a qll(_sli()li (J{llill_- ;.I llll;,(,lill_- <)[ Ih(.' Ill(hlslriaI Advis(:,rx ]_()ald ;tl NA,"_A

I lcad(luart,.,vs c(mc('rning Ihc "s;tf('lV as])c('l ()1 pr<)l)cllers I)r('aking ;txva(' flom Ilic (']lgi]l(,

;tli(I I]1(" 't'i;t. ll]l;Lt(_(" ('atlSt'([ ])V lllcir illl])ill._('l]l('lll illlO the ('|I:.,;(']H_(L ''+_ Lt"_vii_; ('rlg-ill('('r,,; ([lli('k-

Iv latmcht,d their own sltutv into i)ropcll(,r ';atk'lv and c(>mmissi()n(,(l similar slu(lics at

I lanfihot] St,m(1;u(t and I)cll()il Dit'scl Allis()n. l'll(, +-(.'stills w(']c ()vcrwhchningly p()silivc.
I+cwis ('xanlilll,d ()v(.'r 12,00fl <t('ci(h'ilt ri,lJ<)ris Il'()lil 1!173 Io 1!)75 and tiilili(I lit} installCC

wti(,r(, ,i i)r<)p(,lh, r blade 1)r()kc away t}Olli hs t,iigiilt, _' ll;iniih<)n _lali(1;ird rcl)(>l+lC(I Ilial

;iJtl..i-tifly iilillioli h()llrS of i)ropelici; Iliglii Iiiil(, lht,r(, ha(l li('v(.'r I)('('ii ;in iilslail((. <if slrii(-

lural tai]tlr(, r' Idl'hih, ;ifl('r lwt'illv nlil]i()ll h()tlrs, l)('Ir()il l)i('scl Allison f()lnid (lilt" slrtlc-

lural J_lihlrt,: Ihcx Iv('rc quick io i)()ini <)111 Ihal "lh{, air(T:di lan(Ic(I r()iliilit,lv wilh()ui fur-

lht,r ill(itit,iil and n() (lilt, was h!iurcd ill lh(' aircra['l ()r ()ll lilt' ,_r()iiiid. ''l_' "l']lis t,xani])l(, typ-
il]cs li()l only lh(, ('arly Skel)iicisn/ail(I r('sislanc(, ])v ill¢hi,.;lia,, It) lh(" i(h':i <)[ rt'llirnin_ Io i)r()-

])('ll(,r ilircrali bill also lilt' "iai)id, t'<;lilll)riqlt'ilsivc, and ili-(Icplh resi)lnlst,s" ()f NASA lie)

induslr}'s ('oll('('l'llY,. Th(, atlv()('acv ])l-()(-(,ss rc<luircd It) "lllal-k(,l" and "s('ll" lhc ra(lical 1111:

I)ol)r<;' l) f-,r()jc(i ,,',,;is ill tilll sxvill_. |'1 (<mlillli('<t I(i Ctt,.'cliv('I} dill'us(' lilt' ('()ll('(wI/S ofsk('ptics.

Enabling Technology and Pro.ject Management

Stl(.'('(.'sshil a(lv()('acv t)roughl lht" t0rnial ('slat)lishnicnl ol Ih(, Advail(+c(I Tin-b()l)r()})

l>r(!jccl in 197S and hiilialion (if the cnahling icchnol(ig), i)]lasc. ,'ks Ihc h'a(t (](,ill(q +lin lh("

I)r()iccl, N',\SA lx'wis lia(I hill rcsponsil)ilhy |0r lilt! niaiia,R-enlt!l of ils in(l+(,asingly Jiii_

thuig and c()nil)lical(,(I l)ic(.cs B('tbrc Ihis i)h;tsc 1)('gan, _',\S,;\ cngin(,crs (h'visc(I :l

(lctailcd "iliallagt,iiit, ill al)pro;l(.]l'" ail([ tilt, ])lali was al)t)r<)vcd hi 1!177. ()tt](iallv, l,cwis was

I<) h;<tvt. "rcst)()nsit)ility i_) t'xl.,ttil(, Jill (lctaih,(I pl-<!jccl t)l;uiliing (l<)tunlt'lllali()il, d('vclop
alid i]ll])lcnicnl lh(' i)r{)clir(,ilit,lil ()f (,()iiil)()ilClilS and svsl('iiis, pvovid(, l('('hili('a[ (lircclion

Ii) (_)lllra(lOlS, i)(.i-t<}rlii (.()iill+aCl atiniilliSlrali()li, t)t,rliJrlil t'il<L_ill('t'i'il/_ tiill(+lioiis, ((ior(ti-

ii;.il(. Ilic rclal(,d hi-ii<)u,_c r('scarcii and Ic('hn()i(><Lry l)rogranis ' alld ('x('rcisc lilt" lisua] i)r(l-

.it'c| l('vii'w rt,i)<irlili _- iill(t ('()llil'()] J+inl(.li()llS. ''c Thcsc ilil('rrt,];ll(.(l ;tclivilics pill l+cwis ill

ill(" nii(Idh' ()t'illl iniri(;tl(, w(.'l) (l[,_()x't,r IIII('lll (<)l]l('r NASA {]('lll('lS), hl(hlslrv, _tl/d a('ad-

t'nii( ((nllia(ls. lil-,!jcct ili;Liiia_-t.rs W('l(, rcsl)onsibh, I()r ;issigning tit' I('(hn<}h)gv (ontra('ls.

[]i('y also ]lad lilt" c(iually itlll)t)llalll hlli('lil)ll ()f tqlStllhl_ thai I)oih lilt, i)ul)lic all(| lh('

l_ovt'rlllll(.'lll vicw('(t ill(' ATI ) l)OSilively.

tO. l),)nahl I,. N<)icd and Fralik I). ll,(,rkl)l)(+(, "(;uidclin(.s t<)r A(ki)ia(x ()f lhc Nt'_ l)l(i,41;lliiS in the

.\t'r(ili:illliis l)il('(i<milc " unl)uhli,dicd lt,l)oil, lailllar x I!ISl, N()r('(I iial)t.ls, NASA-I+cwi_ R('scai( h (]('lil('l, l]h,
N()rcd 'l/(q-k,-ip(,(. ll(ix 73,'g, t;'- 1.

I1. IDH., p. Ill.
t_. /Did.

L13. .l" E. V"'ikct(', .\it'( I_ill A( cidcni ilil(llillati()ll, AIIglIM 4+ 1976, N<,Icd pal)cis. NAN.\, t)<)x '.)2't.

-t-t. l'aul I, M( Kcnua (Ix'wis R('scmch (:(.nit+]) i(_ Wik(.Ic, l,,Iv 1<2, 1!)71i, N,_rc(I i)ap(.rs, NA_;A, box '_<_- . ..I.
|_). R._|. |.t''lrilll;lll (I lalllih()li Standai(t) h) 'l_<'ikt'l¢'..]llly 27, 1976, Noi('d ]){ll)lpi-N ' NAN,\, box <2<2.1.

Iti. it(:. Nh)l I) (I)<'ii_)ii I)i_'_<'l Allis<)n) Io I'. (]lili,,inlan, lul, , 14, 11t7t:,, N(>ll'(I l)al)crs, NASA, b(l× 77+I.

.17. Proicci I)Lui li)l Ihc A(hmu (.d linl)_qm)l) I)lo,_rain, Ncl)l(,inlx. i 1977, NASA, N(llt,(I i)iilX,i_, I)_lx <,.)<..._t.p. 71L
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()tiC/! the ili_liial4(!ili(!i]l stl+tlClttl+(, l','_ts in i)hi(+( ., the tt'chnohig}, silt(lies (<)tild t)('gin.

T('¢hlli(:;tl[),, thi,4 ])liast_ d¢'+lii with titur ('rilical l)robl(,lllS: nl(idi|lcalion ()f ])r()l)(,]l(, r a('r(l(lv-

lialnic+, ¢+i[in iiii(I (()lniliUililV lioi+(,, ill+l_tl]_ilioii _i('FodVll_illli(+, _ill(l (hiv(, +V+t('ill++ '+ Prol)ell(_l +

a('r(idviianlic work inchl(li_d (;xt('ii+iv(, inx'('+li'gali(in+ oti)la(h, sl,,,.(,(,f) , lWisl, a'ii(l lhickn(,s.4. ]'h("

]at(. 1970s wa+ lh(' first tinic thai ('ilgin(,(,r+ ti,,i(-(t a high +l)Ced c()nlt)til(+l + t<) analvzt" ihc (l('sign

(it a [)rol)i,li(,r. (]onii)ui(_rs w('r(' 11ol )'01 in wi(tcsi)l+i!a(t tl_(l wht'n ih(' llllt)<)[illl'r(,l)ia(,cd f)ro-

l)('ll('r-l)oxvt'rt'd ])lan('_; iii lh(. l(,)50s, lx'wis l)lO<gl_tlli ll('l_, its(+([ their (;l++lV nill)tT(-()lnl)til(+rs I(_

d('vch) 1) the fh_;t llir(+c-(tilnt!ll+iOllal l)rol)cllcr it.('r(idX'llanii(, aliltl),+ _ A fili+lht,r +lru(tuial iiil(t

:i('r()d)li+/nii(- _l(hi('v('lilt,nl xv_i+ 1() Ii+(' lhilln('l lilaiiillill t)la(lcs io r('du((, lh(. fhlll('i i)r()l)it, ln+

anso(Jat('(I wiih lh(' +tot.1 l)rol)(,]l(,r t)la(l(!s ti,s('(l lit lilt! 194()s aiid lq,50+.

Tht, a(lvantag(, o1 t)rot)(!lh,i+s 1() ,',;ave t]io] had Io 1)c I)alan(-c(I against lhe i)oi(,niial

]i+trin Io th(" t'ilvirolllii(,ill lh(,il + i1oi,4(, (-aus¢,d. i'' N('w ('onli0til(,l-gl,li(,i-al(, d (lt'+ign cod(,,4 ilOi

OlllV (+(lllllit)lll(!(l I() illl[)lOV(+d ])rol)('ll(T ('ttici('nc),, t)l_lt (onilibllt(,d Io solving i)l-ot)](,illS

ii_o(+Jlll('(l wiih n(li_i,. Engiil(,(,i_ ch),4clv nloliilor(+d t]l(+ clli'(l ()f t)r<)t)cller n()i_;(, (ill 1)<)ill

(:_ll)in ()c(tlli_tlllS _ill(t [)(,()|)1(, ()11 th(" gl+<)tlll(t. To Sill(iV ])rol)ell(,r _i(()usti(s, l]l(W liiOllill(,([

[)l+(l[)cller llll)(l(lls (ill _iJ('lSli/r air(Tiift flls('hlge al lhc' NASA Divd('ll flwilitv. MiiT(ll)h(>n(,_

h)(at('(l ()ll th(. ;iil[r;iln(, _liid iilso Oll ii I+(,arj(,i ('lla,4(+ |)];tll(" |)r(')vi(t('d (lai;t ;il (+i(l_;(, l+itllg( ,

and al _t (lislanc(,./t.tl(,r r('vi('wiil_ Ill(" soun(tl)all(,rn data, ih(') (<lii<lii(l(,(l Ihal _iil)siaiiiial

-IN. l)<)n;lld I. Note(t, ](din B. IA:|lith).,v, lr, ' Vv'illiain (L Nlia[ k, "Nt;itu_ [:l)(lai(, <l! tilt" N,,\_+ _, +'t(t'.;tli(t.(t
Ttnh[>l)r_q_ t'rqJt'( t," tml)ubli_h('d _('l)O_i, N[>H.d i)al)t._,, pp. 4-10.

40. ,\ilt i;lti t:tit'[ (][)li,_l+rx;iliiill '17,_ ]ln[dlik_v. l_i'>k f(n((' lt,lJorl ' ,";,Clll<,nill(, r lit, 197.:'), i ). IN.
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noise re<htclion technolo_0' was necessary Io meet die established goals. Eventually, they

achieved a rcduclion of sixty Io sixty-five dccibels o[ noise dHough a comb|hal ion of slrHc-

rural advances and fli_hl pad_ moditicalions.
The linal two technical problems <ll the enabling phase dcah wilh installalion

aerodynamics and the drive system. Numerous inslallation arranffem,tmls were possible t_lr

moun'ling die mrbOl>r_l_ on |lie wing. Sholfld lhe propeller operale b v "pushing" or "pulling"
die aircratt? I low should the propeller, nacelle, and Ihe wing be most clti.'clivelv imeff, ralcd

Io reduce-' dr;|g and illcrc'ase t_lel etlicicncv? Wind |l.|lHlel lests weft" able to reduce dra_

significantly by delerminin,_4 the most ad('m_ta_eous win_ place|nest R_r the propeller.
l:.n_incel_ _flso'examined vat|oils drive lrain problems, includin_ lhe _earboxes.

SohHions to all die enablinl4 phase teclmical problems was still not enoul4h m 14uar-
;mt_'e the cm_linued ftm(tin_ of the i)l-O_Falll. Kev social questions were still associaled

wilh tl_is cmmovcrsial lechnohl_7. A vil;d concern I_tr the advanced lm-I)ol)rop prRlcct

Inana_ers was d_e social question concernin_ P;_ssen_ers: ilow receptive wmdd d_ey be lo
Prolx,llcr-drivell aircratL" In 197F_, a _overmnenl panel reported Iha.t the_' were "_ellt'la.I-
Iv I_PPoscd Io die mrbol_r_l_ aircratl. Primaril'_ because lhey ti_.h Ih_t there would be litlle
or no Public accel)tance. '''_ 11 the Public would no, tly ill a tmbol)roP Phme, all the 13_ltel_-
tial t'_tel s;_vin_s would be lost llving empty phmes across lhe country.

In response to ll_is concern'] NASA and United Airlines initialed an in-tilth| gues-
tiom_aire m delermine cuslome|- re_clion to propellers, l_,olh NASA ;rod hl(hlsl_7 were
aw;_.re _1 die disastrous conseguc.'nces for the fmme of the l)l'o_l"atll if Ibis sl_l<ly Iolmd that

lhe public was ;,,_;_illsl the rel_.irn of proF, eller planes. As a resuh, the guesliom_;_ir_'
de-cn_t_hasized the propeller as old lechnolo_,'7 and emt_hasizcd Ihe lurbot_rOl_ as d_e con-
limiation mid ;_dval|ccme|_! of llight technolo,'¢7. The I]|-sl l)a_e of the survey c,,nsisted of
a letter t13ml the United Airlines vice presidem o1 i_lmkeli1_g to the paSSellger asking l_n

cooperatiol_ ill a ']ioinl induslry-go',cH|mcnl study cm_c,.'rlling Ihc al)plicalion of new
lech|lolo_, 7 lo fHt,,|rc aircrall. "'_ This opening letler did not menlion the new lmbot_rOl>S.
Th,." l_.|rbol)rol), inconspic_ottslv renamed the "l_rop-talf ' to give il a more l:_lsilive con-
notation, did not make its well-disguised al)l)earance umil 13a_e t_mr oF d_e s_lrvev where

the l)assenl4','r is timtlly mid thai "_prol_-fan' planes cmdd tly as hiff, h, an s;d_.'ly, and almosl
as t_lst mid smoolil as.jet aircraR." This was a conscious rhetorical shilt |toni lilt" ||'I'll1

"propeller" 1o "prop-t_uf' Io disassoci_tc il in peoples' minds from the old piston enF, i_e
lechnolo_G' ill lhe ple-je[ I>ropulsion end. Bri_u_ Rowe, a (;cneral Eleclric vice presides!
wid_ oversig, h! of the _dvm_ced propeller pr_jecls, explained this new labelinF, Sll;lle_,_ _, I le
said, "They're not propellers. They're I_tns. People tilt th;lt 11]otlClll Wits t'_tllS, ;111(1old
_e¢-hnolo_o/was propellers. ,So now we've F,o_ this modern prol>eller which v¢c warn tit call
a t_m.":'-' The qucstimH|airc explained Io lhe l)assen_e| Ih;ll not ollly did Ihe "'l>rol_f;ms'
• . . look more like t_u_ blades |hall propellers," they ssoiild also use t'_,vellly to d_itly per-

cent less f_el than.je_ aircraft.

Tim queslionnaire Ih¢'t_ displayed three skelches of planes-two were propeller driven and
the d_ird was a Ire'holdup. The passenger had to choose which one hc or she would "13ret_.'r io

travel in." Despite all the planes bein_ in-tli_,hl, lhe skelches depict_d _he prolx:llers as

simple circles (no blades present), while the individu;_l blades of the mrboli._.n "were visible.
These were all subtle alld elleel|re hints to the l)_ussen_er that the "prop-t_uf' was nodding4 I_'_t

and that d_ev were already tlyin_ in planes powered by en_'ines with t_ul blades.
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Not stupvisingly, the sut+vcy yielded lavoral:,Ic results fiw tlm tu,+boprop. Of 4.069 l:,assen-
gcvs surveyt_d, filty l)ercent said lhat they "wotnld fly pt+Ol)-l:,u+,"+thivt+v-cight percent had "no

pre!erenc<:, atnd only twelve p,et+ccnt F,r,..Itwrvd a.jcl." If the airlines could avoid lhrv inc cas-

es ,_lue to the miplcmcntalton ol the turl:,_pr+)p, eighty-seven l)tWcenl of the respond,miLs stat-
ed they would l>rel_w to fly in lhc new itul:,oprop. Relieved and buoyed I+ the results, NASA

ellgilleetm liked Io point otnt Ihat most of the passvngcns did not evclt kn<;w whal proF, ulsi<m

system was ctunt'nltly on the wing _+f their aircraft.:" According to Mikkelson, all the passt'n-

gets wanted to know was "how tnuch werc lhc drinks, and how tntu:h was tlm ticket. ',+"Equally
relieved was Robert Collins. vice presidcnl ,_)1 ,t'ngin,t,,t,riug lot [ init,t,d Ai,-linvs. who conchtd-

ed that this "carq/ully c+P+.qrucled passenger sut-vcv.., indicalcd that a I:,rc, p-t_+tn with ,eqtfivalent

passeng,ew c<mlfor! levels would no! t)e neg-atix_+l _, vi<:+.v,_,d+ espt'ciallv if it +.v<:re r<:cogtli/t.d ti>r

its ellicietwy in r,edu¢'in<_ liu'l c<mstmlpli<m and holdin_ Imes <h,w/l.' ....

At times |)r<+jc¢t Inanagemctlt also involvcd inlbrmin,g and changing govmnnmnt

opinion. At,lOllltlll+(+s l)rogratns wilhiu+ NASA, l)c,catlSC ()I thv lmv levcls at which they wcrc

traditionally funded+ had never required clos,L, ovcrsighl l)v tlt+.' (;eneral Accountint g ()llice

((;A()). The large Imtlgcl and _lcal('l visibility of the ..\ir_+jal+t E]+<:vg_' l+'.ll]ciencv l+,-ogr,tm

(A(:FI+I) suddcnly l)u_mght it unwanted ,tttcntion. The first di+afl of the +, (;cm'r,d

Accounting ()lficc's I!)79 lt'vi,t.w, though g,_'ncrally lhvoral_Ic toward th<: A(:EE progn;m+,
was highly critical of the advanced turl:,olH-O F, pr_+jcct. It conclttdcd with lit+.+statcmcnt that

tlm "(;AO b,ulievt.s lhat much ol +the lu,pl savings tmdvr AC',EE ,mrilmled to tlm tunl)oprop
will not t)e tealizcd. ,'+'r

"Flit' draft's "l+l+.'galiv<. ` loll("+ alid "inislcading and dislolted view of the l)r<)gl-;tlll"
deeply ('()ll('('l+ll{'d NASA Ix'wis pi-<!icct III_ilI{I_('I'S who t_';tl't'<l Ihe ll!|)('llllSSil)llS il would

iiavl<, Oil tllndill_, dl!ciSiOliS, TM They qtiicklv WClll oil Ill{' atlack. (]('lilei Dii<:clof John

[Qill<.'l)crg tieaicdly r<.'sllond{,d Ilia{ Ill+.' (;A+() had lioaicd Ihc turt)<lF, ro p ]lrojeCl unltilirlv

in coinpal-ison with th<.! other aiicrafl cfllcil,nQv lil<_j_._ is, caliiug lht, (;:\() ignorant of iht'
pr{!ject's "ilih_.'lenl tlii{,ertaiiili+.,s. ",_'

NASA [x'wis im!ject lilalia<'d/.TS i)revailcd in the b:iltlc agaillSl the ncgalivily of the

(;A() draft rc:porl. The thia[ pul)licalion sl)ccitlcalk conlaiiicd ,i rciraclion. Tilt' "(;,,\()

carefully rt'cvahi;tted iis l)rcs<.,nlation arid lnach, al;,|)i-ol)ri;tic a(!jUSllnent s where ii lni<_hl

t)e conslrttcd tllat lhc I()11+., was uilncc¢'ssaiilv ncgctlivc q+tl Ihe dala niisi_,adilig." All i'Xalll-

pie of thcsc "al)pi-ol)rial+., adiuslni+.,nl,s'" is ai.+t)al-i..lil in ii i.'Oliipal-iSl.iii of how o11<.! SC'lll<+'ilCt,

changed from the di-at] Io the linal version, hi Ihc drafl, lhc scnlence ai)pt.art!d sis: "The

"l]isk Fol(o Rcl)Orl shows lliat ill 1973 lii+.,i{, was COliSid('ial)l+.. disa_r+.!c-lliClll Oll the uhi-

llialo lik/qihood of a lui+bopi<) l) Cll_ille ])cing used Oil coiiilli(,i++<-ial airlhlcrs. '''_' In lh_' tliial

pul)lication, the (_A() alll_.lll(h,d the Salll<.' s+.'ill('ll({. I<): "The i)ossiblc use of tuil)ol)l-o p

._!+I pr(ll)-Pan, stii'+'c_, lcsulls, l)t't elnlit'r 197s, NASA, N<,lvd lial)t,is+ box 231.

54. lnit'ixim+ wilh Kcith 5icvcr,,, Ailgllsl 17, 199!'1, alld tt'lct)h<)nc iiill'i'dm+ +_ith Ra'+illllii< (]_lll+i+l_l+.
AilgtlSl 17, 1995. t),, Vir<_illia l)axvs(iu and t%+tark Bowl('s,

.r).+'+l. Mikk('ls<)n ini('ux it'++.

3(i. Alllh()l%' itali( s. P.ol)clt (]. (]l)llins +4lall(.lli(+lll Sllblilitl(,d l<+ hill)( <lllllllitl{.(. Oil II+illSl)()l-llilil)ll ' lixi;iti<_li,

and ni;itt'lials, t[otlS/" ot R/'pr<'sl'lllali'_cs (;i)llllllill(,l, Oll Stitql{t, and '[_.lhillllt)h,_; I"t'l+ruar'+' 21i, 19Sl.

;-17. ])it'iinliliai+'+ dia|i ot a proposed l('p_lil, Icxi¢,x_ <it NASA", AiII rail l+]nt,l_-+ I':tfi<it'n_ l'rojc_t, (,A()
_lli(('. Atl<_llSt 1{17{t. N( ('d I)allt'ls. box 1_2.1). ?,[i.

_+)_. [Jllkll(l'.+,li N/\S,\ ]l_'a(lquail<.rs adiuinisilal<li to,I. I1. Slolail)_. ]anii;ti_, 21, 19_1), NASA. Nolc(t
llallcls, I>_× 1<"17, ti1_. (',,%() l(.l_lii.

_>9. ,[_lll_ M. Klillt>l)l.l_ i(i N,.{SgA II(.a(l(liiiul<.lS ' l)l'l(qnht'l 7]. 1979, NASA-I.ewis Rl'sl'al_h (;('lil('i,
Notcd i)al>t+zs, hox 1<"+2, fih' (;AO rt'pOll+

#_()+ Plt'linlillai'+ dlatl _)t ii pr<_p<>_,d i_,p<_lt, I('%i("l_> <_t N:\SA's +L\il'l rafl |$Alt'l_V I'][ficicn(x I't,_jcct. (;A()
ottict, Aut4u,,i 1979, Noi_.d papers, I)o× 11'42,p. ?,7.
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engines on 1995 conunerdal aircraft is still tlncertaili, hut has gained support since 1975. '_''

Tliese editorial ('hallges giving the lepOll it positive spin indicate tilt" elleclivelleSS ()[ pr(!jcct
liialiagers ill challging public opinion. Evel),ont', it seenled, had beguii to itssociale the

advanced lllrhoprop teclulolog_,' witti tile possihiliiy of t)rill_hlg abOllt all aeronailtical "rev-

chillon," a paradigm shill, or as Forhes nlagazine headlined in 1984, "The Nell Slep." As

surely as "jets drove propellers tionl the skies," llle new "radical designs" could bring a Flew

propeller age to the world. '_''
It is inlporlalll to tllldelscore how itllportalll tile hlierpersonai skills of the l)rt!iect

inanagers werc to continuation of the prOgl-alll throughout this enabling technology

ptlase. They wcre responsible llOi only for lilallaging tilt- proieci's le(tlnologry, hut also for

enabling, proving, niaintaining, and adjusting supp<)rt for tile turboprop. Ttley continued

to push this controversial teclulologry agaillSl iltc conseivative interests of the govellllnelll,

ilidusllW, and the put)lie. Their consistt'iil stlciess Dared the way for the third slag('.

Large-Scale Integration and Competition

After two years of work, tilt: advanced turboprop idea hegan to attnlCt greater connnercial

interest. ,is a 'l'estill of NASA's advocacy eftor(s, news articles I)egall Io predicl the colnillg

propeller "revohllion." All indicators pointed to lhe introduction (if tile new turhol)rops on
conlmertial aircraft by tile 1990s. Wilh the snlail-scale lllOdel testing complete, a dala base, alld

till accepial/le design "lllethodolo_' established, the prqjcct lllOVt'd into its IIIOSt |at)or alld (:()st

intensive ph+tse--lhal of taige_cale integration. Tilt" project still tiad serious uncerlahilies and

prohlenis _t+sociatt'd +dth lransferrhlg Ill(" designs tronl a small-scale niodel to a large,tale

pi-op-fan. (k)uld en/rineei,_; inaintain piopuision efficiency, low noise levels, and sliuclural

hitegriiy with an illclea.s(" in size? Tile l_uge-Scale Advanced liiOll-|_ul (l:\l') project initialed

in 1980 would aiiswer ttlese scalahiliiy queslions and provide a dalaha,se t_)l Ihe develol)nlenl

and I)roducliOll of thll-size ttlrho|{lns.
,is a first step, NASA had to establish Ihe slrucltua] integrity of the advanced turtle-

prop."' Pr(_jeci iilanagers initially believed thai ill the developlilenl hierarchy ])erli)rnialice

came first, l]lell llOist', aiid thlaily SlrllClllre. _{s die pro.iecladwiliced, it hecaliiC clear lhal

strtlclural integrii$' was the key technical prohlt'lll. '_* V(iitlOlll the Col+reel hlade strliclure,

peri_lrnlallCC Colild ne%'el achieve predicted fuel savings. NASA awarded |talnillon
Slandard lhe conlracl fin the striiciural blade studies thai were so crucial to the success of

tilt" whole l)rograin, hi 1981, i|iey hegan 1o design a large-scale, single-relating llrop-t{ul

illade of t'Olllposile illalCliai. Five veal-s laler tilt')' completed COllSll-iicliOll Oll a 9-tool-

dianieler design vci T close to lhe size era connnercial inlldel. The model was so large thai

iio wind ltlllllel in the t!niled Slalt's could a(-(llliilllOdale it. The Ituhopro I) lllltlla_el-S

decided to risk Ihe possil)iliw thai lhe l_lliOlJe_til aviation COllllliilllily niighl henet]i [lOnl

ill(' iechiiolog T lhal NA,_:\ h_ld so arduotisl,,' petter'tied. They shipl)ed ihc large-scale pro-

peller, called the SR-7I,, 1o a wind Itiililel ill Modanc, Franc(', for testing. In t!aily 1986,

researchers subjected the niodel 1o speeds ii I) lo Math 0.14 with shnulaled altiludes of

17,000 fi'ei. The results conl]riiled till" data ohtahled tioni Ihe small model f)roilelh'r

designs. "Flit' large-scale model was a success.

61. "A look al N,\S,,\'s Ahcrati ](iR'lkrV Etli¢iency Ptogranl," 1)', lhl' (:onil)lllillel (;ent'ral ot the I:nilcd

SialeS,Jul) 7S, [91.40,Nored papt'rs, llox |_RT,fih' (,At) lepOil, p. 4_'1,
G2. Howard [1,anks. "The Nell _ll't)," #,}l#D_%May 7, 191-I.1,p. 31.
li.<t. "lAil_t'-,_l_tl(' ;\d_.iillC( 'd Prop-F;lll PlO_l{llll (1,.\1>)," Iuihlli({ll l)lOp_sal h_ lx*wis Rt'_;/'arcll {]ciill'r,

,]iinlliti_, I I. 1982, N:\SA, Nored l)al)Cis, box 229.
ti4. Norcd ililt'i _,it'w.
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Stwccss SlmWZlS imitators. Wllih' NASA continla.d Io work wilh Allison, Prau &

Whiln('v--and 11alnihon Standard t<_ (h.vchi l) its _id',;+lll<-(,([ tui-ImFwOp, (;cn(+ral Elc<lric

((;l+_)--+Pl'atl &" _,,'(hitncy's ill+tilt t'OllIpt'liloz--W;AS quictly (hwtq()l)ing an altel+nativ( + l)r_-

[)(.'[h'r system. A Ibatlzrc ()f radical iztvcntitms is lhaI c<)nq)(.lit()rs olicn intr()duc( + alt(,t+na-

tire fi)rnls ol a similar Icclnloh)gy l)cliwt+ Ollt+ li)z'nl can l)fcvail ovt'f another. Historians ()I+
tccllnol()g), ]lav(, sh(r+.,.n _1+_1]_ r cases <)l" "i]it¢'rl;,r('tativ(+ ll('xibilitv" wllcn "two or ('V('ll Ill(it'('

s(wi.tl gmUl)S wiIh clearly (h.v(,lol)Cll I('chnol()gi(-a] lrmncs [allil_l(IsJ arc slriving l()r d()lll-
illltllt't" ill tilt'field. `''+; This hal)F, Cm,tl when (;('n('ral Eh'ctric intr()(ht¢'t+d its own r.ldica]

illtt'rnativc to NASA's advan(cd lurbol)r})l) l)r(!jccl_l hi' [ !ntlucl('d Fan (L!DF). ( ;E Sl)Z.lng
tilt michwtcd iitnl <m NAS,\ (()nl])hq(qy I)_, stul)ris(..

hl NASA's (lcsign, lilt' lm)l)(qlcr n+()t_llCd in ()no (lirccti(m. This was called a single
r()tati()n tr/ict<w sVsltqll aild included a rt'lalivclv conll)licatcd gca]l)<)x. Since one oflhe crit-

i('iSlllS agaillSt [h(' litil)<)pr<) l) ])hin(.s <if lh(! [_)_()s (lilt + El('tlra, (i)r ('Xalll])i(,), was thill lll(,ir

gt'arl)<)xcs rt'qtfircd ht';lVV IllHilli('lllillC(', (;1+_ [o()k a dill(,l+cnt al)l)l+()a(-]l t() ])l'()p-t_lll dt'Si_ll.

Bcgimling in 1!),_2, (;E ('ngin(,(ws Sl)Cnt five v('azs dcvch)l)ing ,t gearh.ss, ('()lHll('l=l+()[illill_ -`

Imsh('r svsl('nl. Th(,v lll})tll|t(,(I tWO p]Ol)clh,r_; 0)r I]uls) <m Ill(" r('il]" (}[" the p]iillt' IIKII lilt'r-
idly ])llsh('d il ill flight, as <}l)l)<)s(,<l t() th(' "l)ulling '' of ('()llVt!llti<)ll;al l)rOl)(,llcrs. In I!)_3. the

airtraFl ('ngin(. (lixisi()n t)l (;cnt'ral H('(Iric r('h'as('d lhc u]ithwt<_'(l [ml design t(_ NASA
sh()rtlv Ill'It)i-t, tlighl If'sis }_1 tilt. NASA in(hlstl+V d('sign wt, r( +s(hc(hflc(l. Sud(lcnlv tll(qc w(.r( +

Ix,,(} ttwl)})l)r<) l) ])r}!jc(ts (()nll)(,ling lilt the sam(. lit]ills. Nor(,d rc(allc(l: "They Walllt.(I tlS h)

liS, _.Vicl)c E. Bijkcr, "Th<. S<,(i;t] (i(mst.ti(ti(,,+ ()i l+,akelit(.: loxsatd a "l'l+(.(._, ()I hv+cnti<)n,'" liP+ + .%.t,'<'/

(,'o, stl u+ li._+ ./ IDbmd..kmat 5;_Irm_, I _2.
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drop cvcvvthing and give thmn all ou, m(mt'y and w(' couldn'! do that.' ..... NASA

l [t.a(h|uallets endorsed the "'nov('['" tmdu(tcd [itn proposal and told NASA l,<..wis It, (<)op-
cratv with (;t,,wral Elcctri<. on Ill(' tmdu(l<.'d l,m devt'h)pmcnt and l(.'sting.

l)cspitc NASA's initial rHu(tancc to sUt)l)<)rl two prqje('ls, tilt' unducl<.'(| [_ut prov<.'([

highly successful. In l(.);45, gr()ml(I t(,sls dmntmstrale(l a ]ut'l (-(ms(wvati(m r:m" ()1 twent_

t)CI(Clll. ''7 l)evch)pmcnt _t" the undu(+t('(1 fan I<..apt ah('ad of NASA's ()rigi,ml gcm_'d

design. Ore" ";car latin, (m AtLe, ttsl 20. 1986, C,E instalh'd its tmductt'(| lint tm the riRht wing

()l a B<)cing _727. Thus, to manv NASA cngin('<.'rs' dismay, the tirst flight ()f an advanced

lurl)()l)rttlt system dcnt(mstratt'(I tit<.' tc<.hni(al fcasiltility of Ih¢ + un(ht<.t('d I_m system--a

[)r()])rict;u+v engine 1)<:hmRiHg cnlirHy It) (;cnt'ral Eh'clric, rather than lht" I)roducl td th('

j()int NASA/industry loam. Ncvcrlh('h'ss, Ih<.' (Oml)<.'tititm Itetv:t'¢'t+ tit(' tv,'o systems, and

the willingness of ])rivatc industry to invest its own (lcvchlpmcnt hm(ls, ht'll)vd In,|lit cv<.'n

gFt'TtIc] ltlOll'lCItltllll f()l" ,il('ccpt_llt('C t)J" Ihc llll'l)o|)lOp ('<)ltCCl)t.

NASA cngint'crs ct)ntinu<.'d It) pct+li'cI their + single--olating turltt>l)r() l) syslcm through

l)r¢,limitt,u T st;tit)nat T flight tcslhlg."" "I'|w lirst step was It) take tlt,." |[amihon Standard
SR-7A prt)l>lim and c()mbim +it whh IIw Allison tlUb()shati t,nRinc ,rod gt'arl)()x hi)us<.'(| with-

in a Sl)C<.ial tilt uacellc. NASA ctlgim'crs <.-()ndiut('(I a static ()1"stilt on;|)' test at Rll|tl"S I)H()Wll
Fieldat (;hula Vista, Calili,nia, wht'rt" Ih<.'v ln<lunl('d lilt" na(cll<.', <_(,:cu-l)()x.<..ngin(', and l)t+o-

pcll<.'r on a small low<.'r Th<.' statiomu+v t<.'sI met all p<.wli)rmantt' ()bicctiv<.'s aft(!| liliv hours

()I tcsting in May and June I(.)81i. This +su('<.'<.'ss(It.;red lit(' x,.'av l()r an actual flight test offly."

im+l)<t|)rt)l ) systcm. In .Jtllv I(.186 t'ngin<. `<.`l+sdismatilh'd tllc static ass<.'tnl)ly and shil)l)('(l Hit"

parts t<) Savannah, (_t+()l'_ia, I<)I-rcasscn|l)lv ()n a ntt)dilied (;ullstt+t'atn II with all cighl-l)la(Ic,

singl<.'-rotati(m, tuft)|)lift)It (m its left w, ng.+" Thc radical (h+t'alns ()f tit<.' NASA cngincm-s lot

fu<.'l ('llici<.'llt Itr(>l)cllcrs wt'rc linallv (h)sc I,_ ltt,((mting r(.ality. Thc ltlanc ((retained ()vcr (i<)(_
st'nsors It) nitro||or (,v¢+rvthing tY()m ,icousiics to vibration. Flight tcsting-tht" tinal slag c of

a(lvalitt'([ lurl)l)|tr(q) (|<.,(.ch)pnv:nt-l<)<_k place in 19197 when a modili('d (;ullstrcam ii t[.Ik
flight in the (;<.,orgia skies. Thcs<.' flight tests proved lit(" |tredi(ti()ns ()t a tv+.'t'llt'+It) thirty I),tq=

cent liu'l savings (ma<.lc by N..\SA ill tile early 1970s) w('r(" inde<.'d c()rrccl.
()n the heels of tile' successful tests, ()f both tit<.' (;E and the NASA-industry team

(Icsigns, came not only in(+r<.'asitlg SUl)p(trt tor propeller systems thutnsclvcs, I)ut als, i high

visibility fr(tm media rcports tovecasling the next l)r<tl)ulsitm rcv<duti<m. Tit(" ,\'+v0 }'brk

f/m+:+ l)r¢(li(1<.'d the "R<.'tui+n of tilt" l)t+Ol)ellers '' while a l,:l+'a:+hip+(rloll Tii+*le.', hea(llint+ r<.'a(l,

"'Titrl)ot)rops are I)a<.kY `> Ft,]thcr It+sling indicated thai this t)r()l)ulsion tc<.hnolt)gT was
rcadv li)r ct)mntercia] dcvclt)ltnlcnt. ,+Yslate as 1989. tit<.' U.S. aviation in(hlsll T ",,.'its "('t)tt-

si([t'l:ing, the devch)pnicnt t)[ st:vt.lal nt'w engines and air(rafl that may in(-t)rporalt+

advanced turbol)rop prol)ulsi(m sYstems'''+' But th(" cc()n()mic real|tit's of I(.187 were far

dilh'rcm t+rom those I)r('(lictcd in tilt" early 1970s. l'ht)uRh all thc te(-hn(dogy and social

i)rl)blcms standing in tit(' way ()f comm(,r(iali/.ali(m wcrt" rest)lye(l, lhc a(|wmct'd turl)_)-

prt) I) nevcr reached In()du(iion, ;t casualty ()[ the (mc <.,t)nlingcn(y thai NASA enginccts

liCV<.'i-anticipated--that fut'l l)ritvs would go down. (Scc ligurc 5) ()it(c lh(" CltCl+gy crisis

l)asscd, the riced ti)r the advatwc(l turboprop vanislwd.

6(:,. Norcd intervi<.'v,'.

(:,7. lam,:s.. • llaggc,t',, "l'mplan t'l)date," I). I I.

tibl. tlalgat and Vrlltlcl, :tidT'+t:++r#. "l)+d>olmV_ I'm:e+t, lip. 4':I-7-t. lhis shrift' was calh+d llw I'l<qlhili '[_'st

Asst's_mvul (H'A) i'r<!it'tt.
Ii(.I. Mai', _aiidx and l,ilida F,. t'llis, "N\SA t;hial Prc)lltan Plll_iaill I:lil4hl h,sls (;oildtit It'(t," ,\',t,"/,t New_

\la_ I, I!tSg.
7(). Andic',x Pllllatk, '+The Rt,lilill <1t Pit_t)cllcrs, +' The New )b_k "l'Tmes, ()tlol)l'i lli, I{ISS, 172. llugh

\'it kt'l'_," l'lu'l)oprops ill(" I)at k!." '/'/ ' !<l_tshi',Tt"" "fim+'_, No',cnll)('l I, 1984, p. 5ii,.
71. Mal_ _,_lil(l',' and I.inda _. Ellis, "NA,<';A ];inal |>tol)l]tll Pll)_l;tllt FliRht [csls (]<in(hl(Icd," N:t._'A X¢lv_

_,l;l_ I, l{hqg.
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Environmental Contingency
and Insufficient Momentum

One of tile main diflicuhics in Ill<," dcvelopnmnl of a radical new tcchn¢>logy is the
potential prqjccl threatening prolflcms that arise. If th¢'y arc h'ft unsolved they can dt"sll()v

an entire pl£ject. Historian of tcclmoloh_, Th<mms l lughcs called these probl'<`+ms "rcverst.

salients." Hughes argues that all large ttwhnological systems (of which the turbol>rO p is an

example) inchlde political, economic+ social, and Ic¢:hnological components, v_'These

system components arc inlcrnelatcd so that if out of the COlllpot'l('tllS is changed or ahcrcd

in any way, the t+esl of the syst<`'m will also bc atti'cte(l. The svslt'ms themselves grow and gaiu

momentum by the process of removing "reverse salicnls," +which arise and could potential-

ly cause the system to lail. An cxatnplc will hclp clarit}' the importance of solving these crit-

ical pr<fl>lcms. In 1878, Thomas Edison cncouuter<..d a tcchuological reverse salient in his

attempt to develop his electric-lighting system. This probh'm was the short-lived Iilamt'nt of

the incandescent bulb. Edison realized that cvcn if he solved this problem, a ftuthcr eco-

nomic reverse salient remained. The expense of the coplmr wire needed to link the cntirc

system together was cost prohibitive, lot t)otential wide-scale acccplance, if Edison could
not reduce Ihe amount of copper ,iccdcd tbr his ch'ctric system, then gas-lighting system.,,
would beconm the in<)lo atlraclivc alternative Io the pro[firm ol street lighting. What is
important to understand is that either the technological or tilt+ c{OllC, lllic I+{W(,i-s{' salient

¢¢mld have caused the Edison SVSlCm of ch'ctric-lightittg to [ail. 7+

IJke Edison, the nlanag{!t+s ¢>t Ill+." tlu-boprop pl-O.i<`,ct also ccmtionted a variety <>t cril-

ical pr<4)Icms. These prolflcmls inclttd<.,d econ<mliv (tilt+ m,ce:,;sitv of maintaining'at favor-

able ratio <>f cost to impl<_'nmnt tttrl+opro I) lechnolog T V('ISIIS SaX'illgS ill fuel cf[icit'll<.'V),

political (how Io rcceivt, funding tot a long-term i)r¢!jcct), social (how to implemcn{ a
technolog T which the public could perctqvc as a "step backward"), iustitlttional (how to

stwccsstully manage the government, industr'e, and academic r<.'lations), and t<`'chnical

(how to actually build a turboprop that inq)rovcd lu{'l clliciencv by |¥Velllv l<) thirty

percent). Each of thes¢, pv<>blcms had the p+>lcnlial to sabotage lll¢ _ cl(tirc syst_,m. NASA
euginccrs had their own, IIl(}l'e praclical a,ut dirc<'l tcq'm tbr "I'C",'(+I'SOsalient"--a "show-

stopper." [n 1_.)t'+,4,engineers listed a number ot technical show-sloppets Ihal threalcncd

to dinall the pr<+ject if left unsohcd--lor example, tmacccplabh, lcvtqs of cabin noise. 7'

As syslem-I>uild<..rs solve critical prol)lcms, the systt,m itself generates IIIOIllt:llllllll.

This Ill¢>lllt'tlltllll contilltles to increase and build until, according to [lughes, eilher a

('OllV('l'Si()ll. at calasl]-<>[)lle, or a (Olltinge]wy o<,ctlrs. (_()ll'Vt'l-Si(His _llt(| calaslroph(.s break
lllolllcnltlnl flH-ough either a change in societal belief, like a religious conwwsion, oF a
massive Icchnological fililure, like a nuclca,_rcactor cataslrophe. But, i! is the vole of con-

tin<_cm?, which interests us here as the kuv thclor in tile currc'nt neglect of the advanced

turt>opr+)p technology. Hughes id<:utifit+_l one particular "contingent environmental

change" that altmed the course of the tPtllile automobile induslp,_the enct+gQ, {,isis. i h'
argues, "Thc oil embarg<> of 1973 and the subsequeul ,is{' in gs{soline prices uhinmtclv

compclh,d U.S. automolfilc lll+lllllt_t('|tll'Cl'S l+> challg(+ sttbslantiallv an automobile, d¢'sigtl
that had b¢'en singularly appr<>priat¢: to a tow-cost-,pntqg T cnvil-OtllnClll. "r_,

72. Thotnas I'. l lught.s, +\'+'l+t,+J*h++41'oz+,ct: I'.leHrt/i+ah+m tt_ +l_'st+'*t* .'_',+l,'l_. ISS#1970 (l+,allimol<.. MI): Tim
Johns thq_kins t,,ivt'rsitv I'rcss+ l!h_3

7:+;. l lue/hvs, Am:rha_ (;ene_A." A +.','nl,+,_, ,,/ Invcuti¢m and 7_',/molo<,_,! I'.'_llm_ia_m (l.<m(hm. l-:,,Rhu)d:
P(ql_llill [_,l*()ks, 198_:)), pp. 71-74.

74. (:hmtcndth'd.'1'.w.malsh.w-st.pl_,r_"Februavv6,19_4.NA.";A-l.m_'isRt'searchCvnu.t,N,m'dpapv,:.,
l_>x23!LfileATI'memos.

7_. llmI.,p. IIi_.
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The developnlcnt and subse(tuent neglect of advanced turl)oprop technology is the
rcstdt of this sanw enviromnental contingency. In tile early 1970s, the energy' crisis created

a situation which nla(le it a national necessity for the g(wcrmnent to explore new ways to

conserve fliel. What tile nlanagers of the A(lvan(c(I Tnrboprop Project (ATP) did not antic-

il)ate and coul(l not control was a (lecreasc in tile cost of fuel. As the energy/crisis sul)si(te(l
in the 1980s and the fuel prices decreased, there was no longer a favorable ratio of cost to

implement turboprop technolog3' versus savings in tuel efficiency. As John R. Facey,
advanced turboprop program manager at NASA Hea(l(limrters, wrote, "An all new aircrati

with advanced avionics, structures, and aerodynamics along with high-speed turb(q)rops

wottld be nnich more exl)ensive than current 'turt)otan-powered aircrali, and fhel savings

would not be enough to ollset tile higher initial el)st. ''_ In the case of tile ATP, its managers
overcame all o|" their critical prol)lenis. However, when contingent economic conditions

changed so that tilel cost was no longer ,I critical [r(iblem, regardless of tile technical suc-

cess of the pr(_ject, the advanced itut)<)pr()p lost its potential markel in the in(histrial world.

Yet Keith Sicvers, at that time the manager of the ATP, along with a handflll of project

staff, was Colwinced that the NASA industry teanl had made a significant contribnti()n t()

aviation that ought to rectrive recognition. To win the Collier Trophy, tie again sunnnoned

tip th(' advocacy skills that had provc(t s<) wdnat)lc in bringing tile c()ntroversial advanced

tln-I)ol)ro l) to the l)oinl of technical feasibility, l le used Iheni to lobby 17)r Ill(" l)r('sligious

(',oilier 'Fr()l)hy among the wide aeronautical c()nstiluency that had 1)articil)ated in

advanced turtiol)ro|) d¢,veltq)inenl. NASA I tead(lUaVt('rs initially exl)ressed s()nte rehlc-

I,iiicc Io Iol)bv l()i ,iwar(ling ;l l)rizc tbr l(,chllol(igy lh_ll was nnlikclv Io I)(' lise(I--al least

ill tile near fiilure. Bill the iilnill_ wits l)erlt'cl. There was little coinl)eliliOli f](inl NASA's

st)ace endeavors since siatt in the space (lirt, clorale wer(! still in lhe niidsi of re'covering

fr()lll ill+." tragic (:hallenl4er explosion. ,+Ls a resllh, lit<.' National Aeronatilic Association

,twarded NASA l+ewis and tile NASA Industry Advanced Yurbol)ro I) Team the (Jollier

Trol)hv ,it cerenlonics in Washington, I)C. it)day, the technology' reiliains "Oil lhe shelf,"

or "ar('hivi'd," awaiiing ihc lithe when fuel r(inservalion again t)econies a nec('ssil)'. _

Oest)ite the i,tlllelli negh'ct of ill(' a(|vanc¢'d turt)()i)ro D, this case study (ll, lll(liiMr, ites

how radical inll(ivalion Call elnerg(" [ronl within a ((liis('rvalive, t)lireancralic g(ivernnlenl

ii<_t.iicv. The g(iverllint'nl--ilOt iii(histr%_aSSlilne(I iiic risk tilt- dev('l(iliing lhe n('w tech-

iiol()g_'. !1 lise'(I laxl)ayeis' nlollev I() advance a radical idi'a to lhe I)()ilil el leclillicitl t('_tsi-

bilitv. [;ilgiilt-ers involved in tit( { pro.ieci ust'd a(Iv()cacy I() build a c(insensns ,tinoilg ih("

nlt-llitielS l)| ih(" a(,rlinauli(al conlinunilv lhal Ill(" a(Ivanc('(l liirl)()l)r() p would l)i()ve a

viable alternalivt' i() lilt" f_.n less (!n('l'_r_f efi]cient illrl)ot]lll lechllohll..,_'. In(It'('(I, tile techni-

cal and social achievt'nienls of tile proje(t w('Fe c()n,¢in(ing (!nollgh I() (Irivc (;elwral

Hi'clric to iiivesi its ()wit fun(is Io (levelo I) a c()nil)eting design. Tills COml)eiilion w_ls (,vi-

(lenc(" ot wi(t(' accl'l)l_lilce for tile turt)ol)ro [) conlet)l.

The ('()lli('i-Tr(il)hv in 1987 was l)resenied to lhe "l,ewis an(l the NASA indusli},

Advan(e(l ]'llrb()pro f) li,am," The lealn, (l(,tllled in ils wiclest l)(>s,sil)le conlexi, inclu(h'd

(it,ner_ll EIt.ctric's in(lel)eilllelll coilliiliulioi/ of th(" [II)F and its s/ii)_t'(lilelil [light I('sling I)y

NASA. hi ((lillr_.lsl l() tirt'vi(lus (](llli('r trlll)hi('s ill ii('r()iiauli(s W()ll I)v ill(' NA(L,\, n() illdi-

vidual received st)ecial illeillioil. (]ellaink, thronghoul ih(' (,levtqi _,(,_tlS ()[ iis (,xi_ienc(' the

tir()ieci h,l(t (,nconl-li<t_,t'(t inv(,nliveni'ss ()t"indivi(tuais in it vai-i('ly ()1 (1 SOil)lines tr()lii higilly

lhc(ir('lical coiHril)llti()ns in t)la(l(' (lt'sigii al/([ ,ic()usiic_ t(I lli()l(' routine' leslili_. P,Irli(ilJant._

76. .]t)lnl R. Fail'v, "Rt'ltirii olthc l'tn-bopr<lps." ,lem+paceAmrru+t (()(tt,bi'r I<.)bl14): 15.

77. S_mlc Slicciti( tt.(hni_h)git's g¢'li¢'tat/'(| 11_ Iht' XF| ) llr(!it'(t _li+1, iii list' toda',. Th('sc ill(ill(it' it(list'

il,dllCti(in adv;inlt's, gl.all)ilxi's lh_ll liS¢' lhl' A'IT (l¢._i<_ll, illid ll'llaiil Ml'tll'llil'_il ;idvaii(t'nl('llls, tor t'xtinlilh'. Ii1_'_

to k('cp the l)l;l(lt's *,l;tl)h', ilsl'd ill ¢'lll_,ilw ¢l('sit4ilS I[)dzl), in(htdill_ I_llgl', high liv-l);ins valil11111 lillii/ll _,<it Ih_' liP:Ills.

_it'/¢'1 s ililt'l i it'/c.
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in tile Pr¢!jecl rail lh¢, gamut ti'om govermncnt, mliveIsitv, mid industlv ]-cseavchers. But
W]lal die prize recognized above _dl was tile' ])rffje(t's III_III_I_('II|/DII[ gelfius.NASA I.¢'wis man-

agers did not simply mintage conlra¢Ls. The_' ke[)! the.' [)r¢>jecl _dive. They used _dvo¢acv to

win induslly l)_-lrlicil)ation amt coo[:,evalion, as well as stimulale COlnl)eliiion. They l)US[lc..d
t)oth the technical aud Ihc s,_cial ant)cots of tht' l)r¢!jt,ct t<) create the syslem's m<_mt'tltum.

Yel once the eJler_,O, ¢'Hsis passed, lifts momt'mum was insHllicietH to dish)dgc the massive
technological momCmtum of the existing turl)ofim svsl¢'m.

NASA engim'crs involved in lh<.' ATI' l.-ffject :'+Ill] l(,'ln;iJll ('onl]delll Ill,It lhe l_.lllll(.

ec<momic conditions will make the lt.-hol)rOl_ ;llll;t(livl. ag_tilL When fuel I)¢'c¢)mes scarce
and thel i)rices begin 1o Hsc, the ltuboprOl)'S de_+igns will be "¢m Ihe shell" ready l,)

respond with tremt'mh>tls lhcl-ellicienl savings. But, Icclmoh)gic+d m, glecl is not 'the

enlhusiastic slwct'ss ¢m which NASA ¢+ngitwevs buih their careers, l)¢mald Noted wislfully
reflected oil Ihc l)r<!jecl arid said, "We +thnost tnadt, il. ,&lmosl tirade il. '':_

7N. N,>, t.d h H¢.rx it.,,,,.





Chapter 15

Return to Flight: Richard H. Truly
and the Recovery from the

Challenger Accident ]
by John M. l,ogsdon

Y;event'+-lhrce seconds after its I 1:37 a.m. lill_lt on Seplelnl)er _.), 1988, those watch-

illg the launch of lilt' Space Shllll[e l)i_.,verv and its five-maul crew breatllcd a collective

sigh ot relief. I)iwm,e_y had passed lilt' point-in its mission al which, on January 28. 1986,

l]lirtv-Iwo lnonlhs earliel; Cbalh%_er had exph)ded, killing its seven-person crew'and bring-

ing the [ :.,";. civilian space progranl to an abrupt halt? Alter ahllosl |hl-ee veal-s with(lilt it

launch of the Space S|nlttle, _ the United States had rclurned It) tlight.

I)residing m'cr the return-to-flight effort lot all tlttl one of 1|lose ihirty-two nl()nlhs was

Rear Admiral Richard H. Truly, l.rnitcd States Navy. Truly was named Associate

Administrator for Space Flight of the National Aeronautics and SF, ace

Adtninistrati<m (NASA) on Februal T 20, 1986. In thai its|lion, he ++'as I-esponsible nol only

for overseeing the process of returning tile Space Shuttle to flight, bill also for broadt4

policy issues sttch as whelher tile ('ha//eng_er would be replaced by a new orb|let, what role

the shuttle would play ill launching futttre c<mnnercial and tuitional security payhm'`Is, and
whal nlixltne of expmldal)h, and shuttle launchvs NASA wottld use to laun'ch its own ntis-

siollS, tit+ sel+ved as lilt" link between the lllall V elllities external to NASA--the White

House, (_<)ngress, external advisory panels, the'aerosp,tcc industvv, the m¢'dia, and tilt +

general t)ublic--with contlicting interests in the shutllt"s return l<)'tlight. Ill addition, he

had tile tasks of restvucturing th<: way NASA tna,mged lit,.' Space Shutth. l)rogranl and
rest<|ring tilt+ ba'`llv shaktrn morale of tlt'`. NASA-industry shltllle team.

The citation <)n Ihe 198_ (+ollier Trophy presented to +i\dmiral Richard It. Tnllv read: '+1_+

outstanding leadership in tilt+ direction of the recovery of the nation's tan'ned space

proglmn." This essay recounts the managerial and technoi<+gical challenges of lhe relurn-to-

flight eflort, with particular altenlion to Richard Truly's vole in it. Howevcl. +t'+Truly himself

I. This essay's lindings alld conclusions are the rcsponsil)ilitv ot lilt' ;ttllh<)l, and tl_ nol nt'c('ssatilx

rt'llccl the ,.it'ws o[ NASA or Iht' (;t'org<' Washington [ [niversip,. The aillhl)l _+ishcs to a(kn<,wl<.dgc with ,gr;lli-
ruth" Ihc <htgg,t'd rescav(h assistanct' ot Nathan Rich; wilhoul his cHkwl:.. Iht. task w<mld have t)een much m_)te
dilticuh.

2. This essay is m)t ;tll at'tc)unt ,_t Ihc (:tl./h'._..:t at( |dent, hut lalht'l Iht' i)n)( css td r<'(oxcriu R h,+m that
mishap, l+'ol such an a_(ount, st'c Malcolm Mt'(_onnt'll, (J'hglll_'ltge_." t ,_ltll:Jr ),l:d/u.¢l.m ((;arden (iit_. NY:
l)< ml:,Icda?.. 19S7).

'._+ r['h{* Ic,t real nam,p lot the cornbin+.',_l Slntlth' _)rbitcr. Sl>a_ c Shllltlt. tiiaill ,pnRint's, ,exlt'rnal l;u+k, and

styli+'[tot kct l)c>_tsl<'vs, idus a m, add|it, real Spacelal:, cquipmcnt llll)lllllt'd ill the <)rl)ilt'r's pa;h)ad ha;. is thc Spat,+.
"]ranspl>l lati<m ,'_,Slt'lll {sr['s). ]11 I}li', ('SS:|}, lh¢' I('I Ills "_]tlll/[¢'OI ,_S'p"/¢ 1' ._']tlllllt+HI'(+ (II]UII USt'd at'+an ;tlt'¢rllalt, Wax i)l
idcnlil'dng fin' STS.
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It i_ thumb_ Up ]m the, _huttb, a_ the ST]g 2t_ Dt_tove_ _ew _d,_hmte theit wtur_ to l';a_th _,ilh I,'i_e t'n'_id,_tt (;e(.it& Bush. 'lh;

,.bit,'_ _ ..ffdetrd _ _m_e_Iul ]imrda_ mi_i.ll with (i pe_/i'<l I(m_h _hmm .1_ (hlolu'_ 7, 19h',V... 1¢._4_'t_ 1)_'_ Lake ICu_¢wa., ] 7,

ht Ihis ]m/urn'. ]_ttt b']l l_J rtLrht, a_': Miu_im_ .h_;e¢i¢lli_l /)a_.rid (.;. tlilmr_:_, (;ommantb't I.)edetJ_k tl. (l¢bk) IIm_k. l',_

15_,_ident (;em]qw I_lt_Jl, I'il.l ICi_ha_d O. ('.v_'. uml Mi_i.u Spe_mli_l_ (u'._l_e 1). NeLson aml ]¢_h. M. I..utl,_r. (N, L"iA photo

m_. 88 11-497).
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recognized, tile recovm y t)mgvam wa_sa comprehensive team dtorl;' :LsIhe first posl-(:halb.nt_er

flight approached, he sent a memonmdum to tim "NASA Space Shuttle "IFam," saying:

As 1 re/lecl over the challence_ pre._enled to u._, a_M _mr n'.spo,_se._ to them, my oven'id-

in cemotion i_ one q/pride in as._ociation+ You--the men and women who cm_tpo.w a_,(t

._upport this unique org_anization--shouh I take ,re,a/prate i_l havinz_ reviewed the/bun-

datioPt /or a stro_Lre_; sa/i,r A mev4can qm<e proL,'ram. I am prmtd to harm beel_ a part

q| this e[lorl; I am proud to have witt_e_sed your extrmndina_y accompli._hments."

Immediate Post-Accident Events';

When Truly was named NASA Ass(to|at<`. A(hninislralor fi)r Space Flight, h¢' loM the
press that in the thr<`'(' wt'eks sitlce lit(" (Jtallett_er a(Ti([<`'n111<.+ had not "had oil(, lilOlilClll'"

to review inl()rmation _l|)()ltt the mishap.: Wh('lher he n'aliz('d il ()v not, Truly was ('ll[('l'-

ing a very chaoti( situation. A1 the tim(+ of Ih¢' acci(l<`.nl, NASA Adminislralor.]_mlt.s Bt'ggs
%ViL"i Oil _i ]C_tVC O[" _tbS{2ttC(_ 10 deal with a t:ed<`'ral indi<`'tm,L+nt tlttr(+htl,Pd to his NASA

(|u/ics.(Bcggs was lal('r c()nq)h:t(qy (_xon('rated ()f any wrong (h_ing and wen r('('civ('(l a let-

t('r of apo]ogD' from th(" Auomev (;('m'val lor lining mistak(,uly indicted.) ,,\(ling as

Admitfistrat()r was NASA Deputy A(hninislralor Willimu (;raham, a phvsi(isl with (h)sc lies

to conservative While tlotts,: staff tn(mtbers but no exp<.,rit,n('(, in (i(,'ilian space tnalt(,rs

pt+ior [o being prop()scd for the NASAjoh. A fi'w weeks <`'avli,.'r, (;rahani had h,t'cn natn<`'d

Del)uly A(hninistralor, a _'+*',qtit("| [()its(, p()li/i<:al app(,intmenl, over/h(" objections of Bcggs
and oth<.w senior staff at NASA; in his shorl lime <m Ihc jol) h(' ha(t remained htrg('lv is()-
ht/ed [ram (are('v NASA (mq)h)yccs. \Vhen (,'halleng'er cxph)ded, NASA was thus I)¢'r("tl <d"

('xl)('ri('n(('d and trusted h'ad('rship.

(;rahant was in Washingtott when the accid(,nt oc(t,rred. I,al('r in the day, h(" fl('w to

the Kennedy S[)a('c (\ruler with Vice Prcsi(h, nl (;corge Bush and Senalors.loht'l (;h'nn and

.lake (;arn. The latt(,r three flew back t() Washing/on athw c(msoliug lh¢" fiunili(.s of
(;hall,+'nWr (rt'w me,nbt,rs and nlt'eling with the Shtnth. launch tt'atn. (hahltllt slav('(l

b('hind; in a series of llh<mc calls Io tht" While | I<)tts(. (h,ring the night, a de(isi(m Was
Itiil.(|(_ to ha'v<`' tit(" ])rt'si(hqtt appoint an exttqnal r('view ('()tllmissi<)n to ()v(q'se(" tit(.+ a('('i-

dt'nt invcstigatiou. Ahh(mgh (;raham had I)('('n hH('ti'd I)v his NASA slatl ()n how tit(,

invcstigali(m after tim 1967 Apolh, 1 tit-(" had t)('cn handh'dl hc al)l)arentlv did n<)l argue
that tim NASA Mishap Inv('stigation B<)ard, .,;¢'1u[) imme(liatclv aft('r tit<.' a(cid<`'nt, sh()uht
(<)nlintt(, I<) ]('ad lit(, iniquity.

This naming of an ('xt<`q+nal review pau<`'l was in mavk<.+d (+()ntrast to what had hap-
/)<`'ned uin('t<`'<`.n y<.'ars ('arlit,r. <m ]anuluv 27, 1967. Wire I h<." h+al+ll(,( thal a ti <., dming it

litilll('It pad lest ]iad kilh'd lh<.' tlu:<.'<.'Apoilo 1 aStl+Oliatlls NASA ,+\dministrator lames W(ibh

mnn<.'(liat<.qy n()tifi<.'d Pr¢'sith'nl I,ynd(m Johnson, and told him Ihal NASA was h<.,st quali-
tied t() condu(t lit<`' a((i(h'nt im('sligali<m. Wchl) latt'r that cv,t'ning toM his asso( iat(.s that

-t, ()l th()s(, ',vh(J ;'-)_kt'd (ll+)++(,h vdth him in Ihc itqlll H-I(,-IliRhl ¢+tli,tt, Truly singh'_, Olll |<)i pallic td;u

pl;d,_,,' ,\_nohl AMri( h, Ri[ hard K<)lus, a_(t (;('rahl Smith. Ea(h (d lh<'m, hi' H_)l(_s ",:h's+,'r,,'t' an arm ,)r a h+g <)1 Ih('
(;(,lli,.'_ l'nol)h,,.'" l',.'ns<mal ( l)illllitlllh ati<)ll t<_ tl.' alnlh,+v, August II, 1!195.

5. N,\5,,\, :xh'nl<_tan<hml [l+()lll \I .\ss<)(ialc .\dminintlat(+r Ihn F,l)a(<, l'liuhl to NAN,\'s +..,1);t¢¢̀ Shtttlh +
l}.'ant. "R<'ItHn to I,'light,",] mc 10. 1!+88.

_:,. (qdt's+ ()thv_ ;vi.,c ( it+.'d, this mtrtatixc (_[ th¢' r,plutil-IH-11iRhl ('H0rl is hasvd (,+_ a(c_+uut,, in llu" ]cad

in q had¢, i<uHi_al iv+alnm ii;+,,l,' d': ."]Im+e 7},d+,wd,,,_++ heH'alt<.r II4"_-4.YI'I, +\5,++,)h;X' 'l)m,'+, and the l|;'+s/m+ff/rJn PosL
All tllit.c ga',c dctaih' imctagc Io lht' t'llhrl.

7. .k)vv )bJ>]t 77mr'+, I_<'l>itl;iix 21, 19<"16, p, ,\12.
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"'this is an cvent that we have to control .... Wc will conduct tile investigation. We vdlI gel

answers. There ++,ill l)e no holds barred. We'll issue a report that can stand tip It) scrutiny by any-

body." Meeting with the President the next da_; Wel)l) told him "They're calling for investiga-

tions .... A lot of people think it's a real issue: It)l tilt" |+tlture, alld that you ought to hay+' a

l)residential conunissiot+ to bc cleat + of all influences." But, argnled D&'bb, "NASA is lilt+ best

_wganization It() (it) tile investigation l- TM.]OhnsOn concurrc(| ill Wrl)b's approach; NASA had
,lhcadv sclccted the initial melnl)crs of the accident review panel, and they sct to work illlIlIc-

diatt+b, il (;crtainly there vveI( +external reviews of the Apollo tire+ particularly l)y NASA's congres-

sional oversight Ct)tlllllittccs+ Ht+wt'Vt'l. lht'ir st+lt'tillg point w_cs lilt+ N,,kSA-led invcstigati<m.

[+,v Iiot CVCll attcnlpling to retain control o[ tilt, Chall.engeraccidcnt inquiry ;it tilt: start,

NAS,X, found itself subject to seat+thing external scrutiny and criticism, and lhc space

agcno; had to share decision-making power d/|t-i+lg tile return-to-tlight cttot+t with a vari-

clv ot: eXtOlhal atdvisory groups ovcrsecing its actions. Dealing with, on onc hand, tilt +

dr+sire to get the Shuttle back into operation as quickly its t)ossil)lc and, on the other. Ihe

tcctmlnlendations of a(Ivisorv grottl)S who gave ovcrriding priority to safety t+o+lct'rl+s alld

organizational resl+ucturing_ was onc of Richard Trttly's gct,alesl challt, ngcs bctwccn

Fcl)ruarv 1986 at+d Scptemllcr 1988. This was particuhtrly lilt' cast + as the a.ccidt+llt invt'sli-

gation quickly changed ftotn one focused on tile technical t-atlSeS <)1 tilt+ ('Jmlle+Pg'er misha I)
to one I)t+oadlv conccrned with NASA's organization and dccision-tnalkitig I)toct'dttrt's.

()n Fel)rllatv 3, P+csidcnt Ronald Reagan :tnnounccd that tilt + investigation would bc

calrricd out I)v it thirtct'n-l)Crson I)ancl chaired by fornlcr Sccrt+tat)' of Stilt<." William l;

Rogers; lilt" gt'oup quickly I)cc;+llllC known as tilt" Rogers (;ommission. Reagan asked lhe
(_Olllllli.";sit>ll tO "t'cvit'w the cit+('tltllSla+ICCS surrout+Mitlg tilt' accideut, deter+thine lI +Ic proba-

bh +(';lllSC Ol+ +':+Itl.+';,¢!s,t'cCt)l+llllc+ld corrective at:lio+l+ and rcl)ort back to lilt+ wilhin 12(1 days. TM

Within a I_'w days after the accident, NASA investigators had pinpointed a rupture in

at licldjoint'" of the shutth"s right Solid Rocket Molor(SRM) as lhc proximate cause of lilt +

('hrdle,Ker explosion. ,+ks the Rogers ('xmunission began its work, there appcart'd to bc Ill-

lie co+ltrovetsy on this issttc. |h)wcver, in a closed meeting at the Kennedy Space (_cnttq

<m Ft+J)ruatw 14+ (]ommission mcmbers were "visibly distttrl)cd" to Ic;un that t'ngincers

lrotn the litin that manul_ttlltrt'd the SRM, Morton Thiokol Inc., had thc night bclorc rt'c -

tmmlcndcd against laumching ('halh'*tl&r in tilt' cold tCmlWralurcs prcdictcd fiw thc ncxt

l+IC,l'tli+Ig; that their lllallagt+lS, at tile apparcnl tll"_illg O[ NASA officials from tilt' Marshall

Space Flight (Icntt't, had ove+rtth'd their rcconl+nendiltion; ;tnd that thor+ + senior NANA

tnanagcrs rcsponsil)le for tilt+ hutnch coin+nit decision were unaware of this contentious

interaction. This was a "tut+ning poit+t" it+ tile investigation; tilt: Commission itnnlcdiately

wcnl into executive session. It decided that lilt" NASA tcillll wotking with the (]+.)ltllllis, s,i<)tl

should not inch+de ally individual wilt) had I)ccll involved in tilt' decision to lattnch

Challent_+q: It decided to t)roa<len tilt' scope of its investigation to include NASA's man-

agctncnt practiccs+ (;cnlctqlcadquartt'rs t-chltionships, and the chain of conlm,tnd ]or
launch dccisions-in cfI_:ct, shiftinR tilt' focus o[ the inquiry from a technical lath+re to

N:kSA itself. At the end t)f its cxcctttivc session, the (]()lllllliS_;iOll issued a damning slatc-

mcnl sttggcstit+g that NASA's "dccision-tn:tking process tna'¢ have ]well tlawcd.""

8. Wcl)b is quotcd in W. lh'm', l,ambtight, l',,w,'++_+_+ Ap.llmfi+mes E. WelJk o[ NAS.A (l_.ahimo.c, MD:

.]t,hns 1101)kins (',mcrsip, Press, 19!13), pp. 11-I and 1-t6. l.ambright pro\ides an at+ _,tln+ _+f Ihe .,\l><_lh+ tire imcs-

ti,d, alilm _tl pp. I.t2-88 ot his book.

9. +lll,'d+:5/'l_ Fchttuuv HI, It.tSfi, I), 24.

Ill. So-+ alled l:+ct allsC it x',':++_, aSSCllll)It'd al ;| N:\_;:\ field cctm+l (KcllllCd}. Sp_t(c (_t'tltCl) lalht'l lhall al

lht + l+lalltllat Itlrt'l's plant.

I I. Atl_:.gT_ l"ebruat _. 2+I, It.),g(+, l)p. 22-25. mul 1_)vtc Rcnsbcr_.wt. "Shuttle Pml>v Shiltcd (;otu:.,c l'.arlx.'"

ll_M+i_+£q+m l'ml. March 17.19S6, pp. A1 alld ,-\8..\IR.I a imblic ]waring a wt't'k latcr it+ which iiiii( 11 thc sam+' tcslimon)+

t_,k plat c. William R<_gtq s told the press fl_at i. his opinion the dt.t isiol|-lllakil+g I)rot t'ss defmilclv "'was flawt'd.+'
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This indicuncnl ofslnmlc managcnwnl prmidcd tilt" backdrop againsl whi(]l Richard

']rulv would work in succe{'ding monlhs. As lh{' Rogers (:ommission Izi('([ Io fix responsi-
bility [br Ill{' "tlawcd" decision 1o hu,nc]t (Ymlh%w,; Hw agency was Ianl|)alll with inl(`'rnal

(.:(:,llt]i(ls and thLg(`,l:poi|lli|lg" The ,_,_,t_, )brk 77,,,_ rcport(..d 'on ils tl-o11[ ])age Ilia! !It(`"

Marshall Space Flight (k'ntct, tl|(`, key organization [br diagnosing :tnd fixing tit,:" SRM
probl(`,nl, was "s(`'(`qhing wilh I'('S{'ltlllll(ltl, hoslililv, (h.i)r{.ssi<m" and vxhauslion. '''? AvirtIio,

1,1.{,,ded('scrib(`,d Ill(.' [LS. spat{, program as being ain a crisis silualion. ''':_Truly |cmark{.d iu

his thsl F,rCss conti..|c|/{c "I hay(., a ]ol Io do"; ]w was c{'|'lainlv nol ovcrslalill_ Ill{" silt|alion.

Truly Takes Charge

Whih' hc may have bvcn tllll:,tltli]i,ll- wilh Ihc <h'laiJs of Ihc Ctm/h',g,'er,nish tp, Richard
"|'lilt}' _.%':lS,lt() 5;ll',tllgCl" to Ihc spa{'c agorav; hc ha(`t bcc|l a N.\S:\ ,ISll()ll,tlll [l'()lll ](.}(i!) I()

1983, had pil.tcd scvc|+al of llw Calh r ttt|powcrcd l('sls (:'t Ihc s]nulllc, and had flown as

pilot on thc s(`+cotl(I s]lulll(, mission i_l Novcmbv|- 198l and as commandv,-of lilt' cighllt
sin|lilt mission in Augusl-ScF,!e|nlx.,. 1983. tit, h'fl NASA on ()c!ol:,cr 1, 1983. Io Ill'COllie

Ihc t]rsI ]l('a(I o[" Ihc Naval Space (:o|n|nand; iI was fr<>lll lhat posilion lllal h(" I'CIIIl'llC{I !()

NAS,\ lo assl|mc conlrol of lit{' ()trice of Spat(`: Fligh!. Truly was au cngincc|ing gradualc
of !It(`" (;c_wgia lnslilulc tfl T(,chnolog T aud an (.'xpcrienccd Naval a'vialor. T(:, I||(:,sl, lit{'

(omtlinalion oF his !ethnical t)ack/round and aSll.Ol/all[ cxpcricucc--aud his absc|wc

fro|n NASA tot lit{' pt'|iod pr('ccdi|l,g Ihc ar.'t'i(h'nl--|nad<, him w('ll qualified Io head Ill{"
I('l IIl'll-I()-l]ig]l I ettOrt.

Truly SpClll his firs! wt'cks as Associa!(' .-\{hninislnah)r I:,ccoming falnilia|-wilh tit{' silt|-

alion It(.' had i|/hc|il(`:d, organi/ing his immcdialc of/hc, and cstablishing ,| (lose workin R
|elati(mship wilh Ihc RoR{,rs (:<mlmissi_m. As s<)<m as It{' c,)!('r('d oil]c('. T,uh lw(amc

chair of the "STS 5>I-l. l)ala and l)csign ,-\ualvsis Task Force.,"" which had I)ccns{!l Ul) I:,v
Acting A(hni|tisl]aIo, (;rahatn I<) pr()vM{, N,\,q,.\ SUl)l)Orl 1() lit{" Rogers (:ommission. ()n('

of Trulv's crucial early dc(isi<ms was to bri|tg in.J.R. Th()mpson as vice-chat| and ([aV-l,:)-

day head of !his I;|sk to|cc: in efl('(l, Ihis put l'ho|nF, SOn in (ha|-gc of NASA's i)arl in" Ihc

accid(`:|)l invcsliga!iou, l,ikc Truly, Th()mps<m had b<'('|t a hmg-lintc N,\SA c,|q:,loyc{., I:,ul
had Ix'on in anolher.jol) in lhc ",cars pr{'ccding Ih(' (:h#l&,,gv_ Inishap.'" Other n|clnl>crs of

the task [orcc xvc|-c ._l:':,tl'()ll;.ttllR/)lx't-I (:rippcn; (:ol. Nathan l,i,Msav, (:()ltltllall([{'l', ]+:asl(`'l'll

SF,aC(" and Missile (:{.|lt{.|.; ]oseph K{'rwin, l)ir{'ct<w, SF,a(.c .rod l,it;v Sci('nc,_.s, ]olms<,l Sl>a(.c
(:e|)l(.r; Wallc| Williams+ Spe(ial Assistanl t() Ill{' NASA .Ad]ninistrat<)]-; and th(' h',tdc|s and

d('pt|ties of the six lask t()l(c l(+alllS olt dt'vc]|:q)lllCllt alld F,r(>dtt(-li()|t+ pt+<,-lattnch atcliviti{+s,
acci(lc|tI analysis, ]nission I:,]allllillg all(I <>])cr'alions, sc,||ch, rc(()v('rv ,Ill(] IX'C()IlSII'II('lic, II, ;All(1

photo and leh'visi|m s||pporl thai had Iwcn s<'l up to parallel !It(' o;-ganiJali<m of lilt" I,_,ogcrs
Commission invcsligalio||. The task to,-cc in It|||! (hmv <m all rclcvau! rcsou|xcs of NAN:\.

[:')elw{.(,n i|H('nsivc !ask fiw{'e cffi_rls (hHing March and Ai)ril 1986 and !It(`" cquallv

inlense a(livilics oF lhe tillcen-p{.rso|| inVcsligaliv(, s!atl of the R<)g{'rs (:ommissi<m {plus _l

pa|'all(q i,)v{'sliga!i<m I)_ lh{, stall of lit(" (:(>|n|l]illee o|l S{i{!|1('{, and T('chnoh>g,y of lit{"

12. Nr'._)ink TL,;u._,Mar<h Ill, I!l:g6, p..\l.
13. .|I'(_¢NT:F('l),u:u.,21.19,_(Lp.22.

I-l."l'hcCh.//,,.A,e,missMn had lw<,H(h,niR,lalcd51-[,:asnoh.d ab()_c, STS was lh('a(_m',m li)rlhc
S])a_(' lransp_ulaliot_ S'.sl<.m, lh,e <,Ill(ial namc for d,, '-;F,a,:vS]lullh..

15. llmmpsc, n h_ld SI)('III |W('IIQ._.C_l/Sil| Ihv Marshall Si)a_c I:li.e:hl(:('ul('l as an _'ngin(',et aim IIHIIIH_
(T. bUl a! lh_' tinl_.'Id lh(" a((i(h'nl ha._lI)t'('ll |_u Ihl_'l' ',cals lh(" d,pplllV Ilhc(Iol _t Ihc Ihin<cl,m_ ]qasma Phxsics
[,al)o_alolx in l)_int(.lol), N<"_V J<'IS{'_,,
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lhnlsc tlf Rcprcscntalivcs),+" it was unlikely that any aspect of the accidcul would go uncx-

aulincd. Tills was cspt+ciailv lilt+ case givcn 'tilt' ('t)llSiillll nlcdia scrutiny of Ill{ + invcstigati<m.

Bv lilt' end o[ March, Richard Trttlv was t+eadv to Ro public with his rt.ll|rn-to-llight

straitS: in at March _+| mt.nlorandtnn wilich hc latin described as a "lurning, p<)int" ill lilt"

rt,ct)Vt, l-y t.[]Ol-I, 'r he listed the ";tcliolls rcqttired prior to lilt' next tlighl":

Truly also spcllcd out lht" '+orth'rly, consclxativc, safe" criteria tor the I]rsl pt_sl-accidcnl
Shullh' Immch. Thcsc inchldcd: a daylight launch and landing, a t:onst, rvativc Ilighl pro-

file and mission ruh's, conscrvalivc "crilt'ria for acceptablt" wcalhtq +, a NASA-only [ligtll

('I'CW, tqIgillt+ till'tiM within lilt" cxpt.ricncc basc, and a landing all Edwards Air Force Basc
in (]alii_)rnia. Ht" closed tile iIiClllti bV noling tlial "OlIF nation's |lillllt' in sl)a<'c is dei)t'n-

dr'ill on lilt" individllals who intlSl Ca'lT'C I|iis slialt'k_' olil saRqy alld succcssflillv.. • . [I is

lilt')' wllo linlsl tliidt'rSlalld ii, and lll('y wllo lllUSl do ii. "_
Truly rcvicwcd llis Sll'itlt'g)' I)t't_)rc itll audience o| {)11(I1 1,000 al llic .]OllllSOll Sl)_tct'

(]t,iiI('l; his rt,lllarks wt're iclcviscd Io ol|l('r NASA (]t'lllt:l's. Itc ar/z, ilCd lhal "lht" I)iisint'ss

o1 flying in :_pittt" is at bold t)llSillt'ss. _,.%'t"(allllOl print c iOll_|l illllll('y Io lllak(" it It_l tly risk-

free. Bul _'t' :tl(' cerlailllv <_Oill_ Io ('OlTt't'l illlV inislakcs wt" in)Iv |lave iiladc ill lhc I)aSl. and

wt' art' gOilig It)/_t'l ii g_iiig again.jusl its sotli'l its wc (an IlliCit'i" lilt'St' .guidelines." The ,%,'_q_,

}br#,' "17,,'_ rt'l)tirlt'(t lhal "his lil)l)t'al wt)r(Is at)l)carcd io 1)e incanl Io lifi Slliriis al lilt' llt,lea-

<_llt'lt'(| it<l_t'llty and It) llll-ll lilt' slaff's t'ycs forward to lilt" slllllllt"s ['tlllll'C...."'"

hi iusl m't'r ii iIiOlllh a|lt'l lakiii_ oflicc, aild wcll lit advanct" (if ally rccollillltqldaliolis

tltllll lilt' Ro_tqs (]Ollllnission alld lilt" (]t)ll_lt'ss, Richard Truly |lad st'l Olll lilt! gt,llcral

oullincs of lilt' Sll'illl'g)' lie wmild t]l]low ovt'l" lilt" [olh)whlg Iwo and ()Ill' half vcars.

t |o,,vt'vt'r, llial il would lakc lhal loii_ Io rclllrn llic Space Siiulllt" Io llig, hl was lik('iv hlcoil-

ccivai)lc Io liini and his associalt's ai ilic end of March 19b16. NASA pianiiin<_ al lilt" liinl+

calh'd I_r al worsl all l,q,-illoillh dclav io.luk 191"17 ill lailiicllhilz , lilt" ncxI shllllh', l,cfi ioils

ltWli dt.viccn, ii is l)ossil)lc Ilia) N:\_A andiis indusliial ('Ol/IF_li'lol'S could have lill'l lilis

scilt'dulc. NASA was lit) I()ll_#.'l ai Ii('c it<_t'lll, ho,_vt,'¢Cl-, lilt' _;h.lb%g,'l ac(id('lll {llld lilt"

CStlllill_ cxlcrlllil SClUlillV ill N,\S,\'s derisions had (liilll,_('(I lilt' it_('ll('%'s tlt'CdOll/ id

IlL lhc it,i)Oll ill lhc Ilou_,c in_cslil4alillll did nul alltll'ai iuitil (),.Iol_<'l alid. with Sillill' ditliuvli_l'_ in

_.nlt)liasis. I)asi_.all', i_'ill'lak'd Ihl' niaiol clilicisnls ill llle Ro<_l,l's (;oiinnissioil. Ncc It<irish' {lt Rcplcscnlali,.l's,
( 'alllllllilit't' ilil _(il' (t" alld l_.'chnltloR_. /.t,_:sli_'fllloll oI I/If (711.lb'._'#,l_'+_D"t. 1lllllSl' Rcpllii 99-lli IlL ( )l lolX'l 7{l, t_)b{{i.

17, I>l.lSllii:ll ll)liiliitillil alillll holli I{illiclrd Tlul', l_l _ hol, Ali.l_llSl 1.t. ]99]1. hi Ihis (l_lliiliillli_ iilillll,

I'luk n_i_'d ihai "iu II1% _.it,l_. Ihc Sllilll'_ _, ouilincd in )his iiit'llltl (illld in ln).lS(; nllt'c( h abOlil it) _ts ihc Itlil/-

illg pl>ilit ill Illl' ll'lo%l'iv..\llhough I hall I_l[.l'll L_ll'ill (lilt' Io lllit't Iht' sliall'_,'_ lit lllllh Bill (;lliliailil ,illll Bill
Rowels, ii siRiiili_anll', I)it'_cdt'd _lli_ lllllllilsilliis i>t cilhcr Ihc Rll_t'lS ({llllllili_SiOll ill Ihl' (]llllt_it'ss .... aild

Iht'lt'lillt' did illllt h l(i _i%1" _.%lS,\ Ih(' II'l'/_,il ', Ill ilii])h,llll'lll il, 1 illil' _llld _i_.lill, il _iis tisl-iI t)_ 1111"itlld i)lll_.'ln Ill

kcc I) lhc p_,,qsh', Ihc I)lll_l_tili ))lid lilt hild_/'ls oil Ila(k; hi 19_9. il|ll'l ihc t]isi _t'_il l/lSlil(l'sshi] tli_his _'i_'
tilidci Olil hell, I _l,ill I)til k alld rv_iv_cd il _ai_,tull). lh'spiic all llial hallllCiiCd in ihc iillClilii, _<" had dolil>

.llni_>si pi_'l is_'k whal was laid llul iH Ihc Miil_. h 71, I_.tNI7 incni_tlanduln."
|_ Mi.iiillralidilill I ' i M, Asso(icll_" .\diliiiliMialoi I_ll _,l)_l(l' l=lil41il Ill l)istiillulion, "i_llatl%r_ Ioi _al_'l_

Rt'itililin_ lhl" _l)ii(I ' _huilh' hi I:lilhi _laliiS," _lcillh 7.1. 19_ti. {Vilh icsl)t'll ill )he a( llii_ilis Ilni'd iii 'lilll_'s
iiit'ilill: (][I :(Llililtil lit'IllS l.isi; ()_,ll=()pt'iali_ms altd _lililill'liCillle liisiiii(liliils; _llid ()MR_D=()l)l'lali<'nal

Mainl+.'ilail_ ¢" Rcqliiil'nlt'nls _t)'.'_ iti(alion l)ll_ tillieilln,
1{I. ,\l_<, ti./¢' "f_.l,'_, Mai_h 9t), 19St_, p. I)91.
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action fi_rever. Over the confing nlOllths, Tn-ulv would have the almost impossible task of
balancing tile pressure to fly as soon as possit_le in Olcl<,w to gel crucial national security

and scientitic payloads into space while ¢OlIVitlt'hl_ lilt" _g_I _C:_r'S watchdogs that a rCllll'l'i
It) Hight was adequately safe. It was nc, I to bt' an t'_lSy assiglmlC'lH.

Trying to Get Flying Soon

As nwntioncd earlier, it was clear within a ff'w days of the accMcnl that th<,' direct

cause of tile mishap had been a taihue in tht" joint t)elwt,en two segnltmts of one of the

shuttle's two solid rocket motors. That Jaihlre was in turn quickly uaced to the t_-tilure of

lhc "O-rings" designed to prevent the escapc, tllrough lht+ joiHt, t>f lilt • hot gasses gt'nt'r-
aied during SRM firing. On March 11, Acting NASA Adlninisuator (;raham Iold a con-

gressional committee that a redesign of tilt' SRM joim and seals WotLld bt' net_dt.d, and
estimated the cost of the redesign at $350 mill|oil. _'

Respollsibility withitl NASA f_)n overseeing the SRM lily with the Marshall Space Flight
(7teller in I/untsvilh_, Alabama. On March 25, Truly, acting <m his m<,mlOl-andtun of thc

previous <,lay, almounccd the creation ola Solid Rot"kt,t Motor 'Ikmnl +'to rc<,Ottlnlet+d :uld

<wersee the il||plctn<,+ntalion of a plan to reqtLalif_,+ the solid rocket motor (SRM) tbr flight,

izl<,'ludit>g the gtqt,t'ration c,f design concepts, mlalysis of tilt' dt'.sign, platlniHg of tt!s[ |)lO-

grams and analysis of resuhs, and any other initiatives twcessarv to certit+ +flight r<eadiness. '+

The Ibllowing day, Trttly namedJam'es Kingst)uo, ' I)ircctor of Sckmcc aim Engineering at
Marshall, to head lhe team on an interim t)asis. '-'_

Within a few <,lays, Ki||gsbut T toM Th<," New )iM,, 7bmtg that Ill" I>clieved a rcdcsignwd solid

rock<,+t nlotor could be ready fiw flight within tw<,'lvc nl<mths, and wouM not rcqtliv<,, ordc|ing

sul+stantial new haMware. "We can use everything we have, and.jtLst nlodit), it," hc told the

Times. In particular (though it was nol publiciv acknowlcdgcd at the time), N,,LSA h<>pcd to t)e

able to tLSC72 sit+el ca.sings for tile SRM tilat h;td t)t'cn ordered six ni<)nths I)elore the Chall,,,.,+ger
accident. As wouM l)<,'tOlne <2vidt.nt in the course of the accidcnt invcstigation, NASA had l>ce|l

aware for some timc of pr<>l>lclns with the original ill:sign <>fflw fickljoinl; these casings had
|)CCII [)larmed to acconmlodate a new joint dcsign incor])oratil,g a "capture f]xttllC" that ]lad

I)t't'n Stlggcsted ;t.s _lll illl[)l-OVt+l]><.'lll t)ll tilt! original joint design as cat-ly its 1981 ..,u

Ill its eagerlleSS to get started on the rct|un-to-flighl process, NASA al)p<,.arcd to be
getting ahead of tllt+ findit|gs al|d rcco|nmcndalitms of thc Rogcrs (]ommissi<m, whMl was

1lOt scht'd|lled to rcport to tilt" Presidcnl until early June. For t,Xaml)lt, , Truly had sltid on

March 25 that it was prolmbly infk'asil>lc I<_,Idd ;I crew t+:,;Citl)_,pod to tilt' slt|lttlc ort)itct,
but "certainly if the Presidential Comlnissit>n c_ulchulcs wc should (h) that, wt" will tic> il. "L-'_

Particularly troubling to tilt' (]ommissi_m was tilt' speed with which il t-edt'sign of thc SRM
ficldj<fit>t was bt'illg prt)poscd. ()n May 7, tilt' ()rlaudo 5;e, ti_iel, in an article hcadlint'd '+Red

Flags Fly ()verJtfint Redcsign|," l+t!l)<)rtt.(i that "t'llgillt't.rs rt'dcsigning lilt' shtlttlt.'s tlawcd 1)<>osi-

er joint will submit a prclinli|la|y plan to N,kSA today, bul lnemlwrs of thc (]hallt'ngcr

20. [IbslHttgqtm Most. 3,larch 12, 19_Lli, p. AI+

21. NAN:\, "%1"S 51-I. t)ala and I)c++ig,, Anal,,sis +l]tsk l",w< c: llistorital Stmltt,ar; ".ltm t` 19_-_, pp. 3-75

and :+,-76. tn this t'ns;0,, the lennl Solid R<,( k+.+l MoI_)r(._,RM is llst'd t'xct'pt wh(.nn tlw ((,ultc'xt is clearls on<' th;it

deals xxith the oxt'tall Solid Rocktq t'_ooslt'r SRt+,). which it+coul>.V;11cn not oiflx lht' SRJkl but ol]it'r t'h'ztlt'llls su<h

:is p;tliit lllill. I'('C(?_CI'V Nvst('n|s ;|ltd _ll| aft skill lh:tt <'<mt:thv+, the l:,.Its whith Iu>Id the ,+";htHtle I<> lht' latin< h pad
tllltil the lillI(' ill l:tuIl( h.

'22. .",)+1' )h+'k lL'm",, March 30, It)<_6, p. AI. St'ptctnl)cr 22. 19,_6, p. AI, at+t( Sc I Itq|+l)t'r 2.3, 1986, p. A]

2++. llml+ l'rtfly, in :m August 14, 1995 pcls<+nal tOmlntn+it at|on to tlw HIIlhor, IIOIUs '+I <hm't It'nucttflwn-

makiug a l)ublic +_)n;,ucnt like lh;u +tl++)ut a tnvw t'st a]:+<, p_nl, aud il 1 did, it "+',as ¢ t'+t_,inlv :in ill-:L<++ised statcm+.'nl.

since _t pod ++as totall,, out ol the. <itwstiolt fi_t scxc]-al to< huica[, l>udgct;tty, and s< hcdtHe l(';[NOlP%"
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(;(muuimsi()n say thc a_(-'ttcv is tnoving Io() liist on the l)roj('ci mM cottkl rcl)t'at it.'+mistakcs."

Sotnc (_ommim, lion tn(-'nfl×#rs, the afti(.l(' (hthlt('(l, "'al+(._• so (:oncvrli('d ;tb(:,ttl Mm+_hall l)ol(+hing

tlt(++t'C(It's+_,ti that they want an indt'])(_'ndt+nl |)ariel of experts to appro'++ the new joint. "u'
NASA had little chtficc but io t+t'sl)()lt(l t() lh(+ (_o+tl+llissioli'S COt+('cr+ts, l)artictflarly

tinct th("+ had b('(()ttl(- . public; the a_('ll('+' ill lit(. +wake of tlt(+ (_hrzlh,,geritc(.i(Icnl lutd lost

the itlfili(v to act (.Ot+ltlt'r to those rt'viewi+Ig it from tlt(.+ ot+tsi(le. The (<)tt+missi()t+'s (olt-

(.(,l+ts wt'rt" (o+Yttttt+ll+icatt +d Jet ;I [)riv:tt(.' lttt'cthi_, with NASA's lop ofl]cial_+, and +t l-CS|)(msc

lidh)wed quickly. On May (.), fruly al+llOt++t(c(l that.lames KiFigsbttry would l)e tel)laced as
hcad of the solid rockettttotor tcdcsigtl te;tlli by.]oh+t Thonias, who had been Spacelab

Program Office ma+mger ;it Mmshall l)cl(_tc being assigned to lit(." 51-1+ Data and Design
Anal+sis Task Force in March. This was a switch that had been in the works lot some tithe,

I)+H ii itlav hay(-" been acct.lt't;iled by Kingsl)tuy's bullish approach to SRM r<_.-dcsign. Truly

idSO altlt()t+ttc(.'(l that "an inclcl)('tMcnt grOt+l) of senior experts +,,'ill I)(.+ formed to ()'+;('t+S('t+

thc motor +e<lesign" and tiull this group would l)c involved it+ all phases of the r(,dcsign

(.'[l()rl, "++,'illreport directly to the r\dttiillislrator o1" NASA, and will thor()ughly t+('view and

int(..grltlc the findings an(l r(..(.-omtnctt(I_ttio+is" of tlt(.+ Rogers (;()tnmission hi car1_'ing out

its VCSl)Otisil)ilitics.'-'" Tit(." iut(.,racli()ns l)(.,tween this external panel, which was ;ll)])()iul(.'d l)y
the Nati()nal Research Cotmcil(NR(]) in.lime, and NASA during tit(." redesign and t(.!SIil+_

of the SRM w()uld bc a k(-'y determinant ()I the pace ()f lhv r(.,Itun-to-llight })r()((.'ss.

On May 12, Richard l"ruly got a new t)oss.James Beggs had h)ng sin(-(: r(.'signed as NASA

A(huinislrator. The While ttousc, in M,uch, had nominated James (;. Fletcher-as his r(.+plact'-

nwnI. NASA Adnfiuisirator fr()m 1(.)71- l (.)77, th(" period during which the Sl)_W(."Shuttle had

l)cc, al)l)t+ovcd and d(.'v(.'h)l)e(l, Fl(-'l(ht't was (ItLitc Ibm+liar with th(.' l)rograni, h took tw()
m()nths l()r Fl(.g(.h(-'r's +iottfination to l)e al)l)roved by tlt(-' Senate. Aft(.'r l)chtg sworn ilt l:)y

Vii't" I)r(-'si(l(.'nt Bush, FI(-'t(I|t'I told tlt(." I)r(.'ss that, if ncc(.'ssal T chang¢'s to make tit(" shuttle

mtl(' wcrc ix(it c()mpleted by th(.',ltdy 1(.)87 l+u'g(.'t (late for the next latulch, "wcjttst w()n't fly+"u'`
In cl]+:¢t+ any chance of a next launth l)eforc early 1988 ha(l vanished '+vith NASA's a('CCl>-

lane(.' of tlt(.+ ovt, t.si_hl role of all (.,xtcrnal advisory group, though it took s(.w(.,ra] lllOtt|hs

l)(.'I()t+c tlt(_' a l.f,t'n(.y fully recognized that reality. If th+.'rc had been any prior dotd)t, it x+i+ now
(lcar that th(." rc('onmtendations of th(." Rog(-'t+ (k)mntission, {lilt' ()tit ill early.+lute, woul(l I)("

tht' d(.'lining context lot NASA's rettu+t-t(>-llight (.q1orl, ill least in tlt(.+ public mind. It +++its(-l(.'al;

tttort'oxer, thin those fecoml'ii(_'tidati()ltS would go well beyond the n(.'e(l fin a l(.,(l(.'si_lt o[" the

SRM t(> ma+rv ()tht'r st+gg(,_+tions (in how lh(."Space Sht,tle shottld l)e (>p(,ral(.'d and manag('(l;

Th(.' X+'w )b))+ "['lllll'_i colltlttctitcd thlit, "+,.'ill+suc'h a l)ro_id set ()I" r(.,(()ttil+t(.,1+dalioIts confl)ined

with Whir(." I h)us(-' and (()ngr(.ssi()n+tl })r(,sst+rc l_)r lhll COml)liancc vdth them, "lit(_" COml)l(.'xi-

tv (if NASA's land lhtts Richard +fruly's] litsk ,tl)[)(.'ars t() hltv(.' l)('('it ,_r(,:ttlv nu,gnific(l.";:

_I. Mike 'l'homas. "Red Flags Fly O,.cr.]()itlt R('(h'sign," ()rl..<h) ,%)+tinel, 5,|at, 7. 191'4(i, i ). I.

_), NA.";,A Relc_ist' N6-F)_, +'Thotmts A',siHm's Rcsl)Onsil)i]ity l()t NRM R('du'dgn." ,"+lay 9, l(.)_(i,

26. l_Tz_hi.,i._trm I'o_I, .M_t_ ]?,,It)Nli. i). At0. Fh'tt hvt brought with him Io NASA s()mc 1)agga_(' +hal wan

t<+) (()ml)lit_tlt' Hutl1<']s ilt stLl)s,_'qut'tH m()tHhs, l+cl()_(' c()mi._, t() NASA i_)r his first t,.'tt. ;in A([Nd.i,,tHtol,

Fh.tt he+, +i \l()llm)u, lut(l l)ct'll ])ic:+,idct+t _)I lht' t'ttixclsi1'_ (>f U1+th. (7oti_t<'++,'+d<)n_d i file( s. l)atti( td_ttl ', %(.teal()+

Ml')t'rt l.',<)tt', t h_tt_cd +lull thefc v,_v., a "'Utah ( (,ti:.,l)h_tc'." tilal had rcstfllt'd, both in the oii_i._tl I(.17] , ¢ hoi((' <)I

+hi' t t)llll;t(lOl [()I the' NRI +, and iH +he l)l_ut'+, l<)I it., ,(.<l<,sig., it+ ]_IVolili++111 lo'.;at<Is lht+ t'l+th-|):ts(:d let( ilitic', (,t

Nh)tto. 'l'lfit)koi inc. 'l'hi_+ ifiaP., thcv tl_dmcd, v+'a_,Ic_Ming NANA to give' iinfitcd _111('tHiol] I() SRI_ ii.-dt'_,i_lX i)l'(t -

l)o++_iln t fi)tli COll11_i( lorb+ olht'l- th;lll M()tlOll "]'hiokoi, hi t)_ll (i( tllHI, A(.l(!jt'1 |l;l(| l)rol)o_('d _i NRI++(_1_1ill oilt' i)i('c( '.
x_qih()ut field iohits, th_li wt)ul(l ('limhl_ttt" th(" iit't'd toi _i i( I r(.dt'_iqli _tll_)14t'i]l('i. St'(" ('o'¢('i-?l_(' <)t illis is_ut' ill

'/Tw ,\'_e )7,)#+ #Tme_+Jtil) It.i, ll.)N(_, t ), AI: _t'pl('lll|)t'r 7'</, 19,"4('). i ). ATe/; |)(.((.lli|)t'i 7, I t.iNt'_, 1). AI; L)t+(('ilit)('f _. lt,tl4fi,

i ). A l; _iiid ill il l)t,t ('lnl)t't (,)+ lt.t¢,)fi cdit<)rial, p. A20, Ac(ordhil4 I<) Ricllluti Trul',, 11i('s(" ;lltli(_, "<l('el)l', _iild l)t'l-
_()il_ilt'," trl)ilt)lt'd Adnihli_li_llor Jii liit+_ H(q(h/q. "l)til lh('y it'iill)' tilld Zt>l() i,lti'(l cilht'! ()il lh(' i('( (i%(+1_ lll()_l_ilil

()l Iht" i(+(|('+;i<_li, " Pl.r_+olillL (()iliiiitiiii(_iliOli 1o ittillior, Atil_liM 14, 1{){).'3.

77. ,\'+'w )7.k 'lTme_,,]tmc 17, 19N6, 1). AI.
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The Rogers Commission Report

The Presidential (klmnlission on file Space Shuttle Challenger Accident (the olfici,d

name of the Rogers (:ommission) suhmitted its rcl)m-tIo President Ronald Reagan on
Fri(lav, June 6; the report was reh'ascd to the pul)lic the lhlhlwing Monday. The over 200-

page document, which contained delaih.d _tssesstllt'nts of tilt" causes of tfle accident and

of NASA's overall failings related to lilt+ mishap, cuhlfimltcd in nine reconnnendalions.
Among lhet+n we're:

Recommendation 1- "7+he/bully Solid Rocket Motor joint and seal mu._t he than:led.

7'hi+ could he a new th,._v+ rlimi++aling thr ]oi,! m a n,des&n o/the cum'l+tjoint amt

seal ",,ff_o, "the Admini._trator o/NASA ._hould reqm,._t the +\'atio_ml Rewanh Coumil

to,finm an independe++t A'olid Ho<ket Mentor tb',+i_,_novel:+ig&t committee to imph'men! the

(:ommLg.gio_t i_de_i_r_ n_commelldalitn+_ - a_d o_,e_:_evlhe :l+'giqvl('[]in'l. "

Recommendation H - "The Shullle 15o_'ram .Wrmluw +houM be reviewed. " A[_o,

"NAX4 ._houhl e_tcouragre the Iran._itio_ o/qualified a_tr+maut_ into a temy mana<4r+_
me_tt posilion+. '_"

Recommendation III- "NA,%4 and the prima+y ._hutth, co+ara+tol:_ +hoald n'_i:w all
Criticality' I, 111, 2, and 211 items and hazard alltt]yLW'.+."

Recommendation IV- "NAX1 .+hould e_lahli+h an O[/hr _!/ sa[i,l++, lb'liahilit++ and

Quality A.s_urame to fie h+'aded I_' an As._o+ial,_ ,Idmini_hatm; n,pm:tin A,:ti_wtl_; Io the
NASA Admini_lralm: "'

Recommendation VI - "+\:4X't must take ac/i+ms to improve landi_ _a/i,O.. Thr tin,,

brake and _uzsewheel s_'_tem must be improved. '"

Recommendation VII- "Alake all C]]m+ts̀Io provide a r_ew e.s<a/m ,_y_trm fi_r use durinff

controlled g+lidin¢]li_fl+t. ""

Recommendation VIII - +'The nation i_ n4iam'e +m the ,+huttle a.+ it_ pm+cipal .+pme

launch capability created a n'h,nlh,ss pn,_._un, o_ NA,%._ to im_,aw the /lithl rate . . .
+\_4X'1 mu_t e_tahli_h a lhi_4tt rate that i_ Io?t._i._l(:pllwith il,_ _'._oan_.' ....

In canting oul its mandate, lilt' Rogers ('+ommission had intcvdewcd more than 160

IX'oph" and held n,orc than 35 tinnull investigative sessions, gt+n¢,raling more than 12,000

pages <11+transcripts. The frill-time, stall grew I(l 4_{, pltns s<+nw 140 part-time SUpl)ort special-

ists. In lhe <.'rid, tilt+ rep<wt lone(l down any strong crilicisnl of NASA's ove,all perfiumance

and responsivencs.s; such a harsh approach had been inoposed hv (klnltnissiolter Richard
Feynman+ :+"Rather; the rep<)rt's recommendations were followed bv a conciliatory "con-

cluding thought": "the (_om,nission urges that NASA continue t<_l-¢'c¢iive 11+¢+suppori of tilt"

Administration and tilt' nation .... The findings and rcconm_endalions presenled i. this

2<% (h-iti<alit,+ I iltqn,, wt'_c th<)st' whert, a lidhue tould caus,., loss o[ lilt. or vehicle; (hitit alil'., IR, '.+,ht'rt'
a li6huc <dall _edundal_! haldwart +items (ouh'l havc the '+,;|lilt"elh'(t; ( hilitalitx 2, '+',hell' lailurt' coul_l ('3ltl'_t+h,s'+,
ol unissim_:(:riticalily 2R, wht,l,t, l:,lihnrc.l all _cdutitlant hardware items touhi ha'to lhc S;tlllt"t'l]t+tl.

29. lhesidcntial (',<mnnissi(m on the Spacc Shuuh' (',]+alh'ngt'n At(ith'nl, IPep¢.t Io lhe l'wsidenl,.lunw G.
1986, pp. 19,",;-201. ()thcl ret'onunendati_nts +h'ah with lhe need Io impro_c inlcrmtl <<mumiifications within
NASA+partit ularly at tht' Map, hall Spate Flight ( :t'nter, and improving n+ait_It'nance pro(t,dtu-t,s for Shuttle parts.

30. II>++hi++gt+ml+,+t,Junt' 8. 19_6. p. At +llld+\_'l_]++,'_+77me+..lu,,t+_, lt.l_G,i)+/kl. ,Nt+t, Rit hard P. ]gt.t,tlltl_itl.
+'An ()utsidt't's [m,ith' View o[ the (:hall_.ngt.r l,,quir)," l'hv+i++7iuta+,+]+'t'l>ruai,, I th+"+M,pp. 21_-.+_,7lot Ft'ynlnan'_,
vicws <d the inxt+stigalion and tcpolt. Fcylm_m,'s cfiti_al views o[ N,:xSAweft' imhlisht,d as an appt'ndix t_ilht' lull
Rogt'ls ('+<,remissionrt'pout, but th<' v_dtunv ofthv rt,l)<+rlit+whith tilt')' alq_calcd was not p_intt.d until wcll altel
the lt'lt'ast' o[ lilt' tnain tt'xl ol the lt'l>Oll il_,t'll.
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reportareintendedto contributeto thefutureN,+_SAsuccessesthatthenathmboth
expectsantirequiresasthet'+v+`+nty-firstcent|tryapproaches. "+'

(In June 13, President Ronald Reagan directed NASA Administrator Fletcher to

implement the Rogers conlmission recommendations "as somt as possible," and asked for

a report within thix+ty days on a plan tor doing so. :;+ NASA's response came on July 14;
Administrator Flet(+her told the President that "NASA agrees with the [Roget+s

Conlmissiotl] recolnmendatitms and is vigorously implementing them." (In June 20, in a

memorandum to Richard Truly, Fletcher said that lie would take direct responsibility lot

implementing recommendation IV on a new sat_:ty organization to rcplace what the

Rogers Commission had characterized as NASA's "silent safety program. ":`.+Fletcher told
Truly that "tile Oftice of Space Flight is directed to take the action for all other

(]otlllllissit)ll rec()llllllt!lltlatiOllS." l;]elcher asked him to "status lne on yollr progress (in a

weekly basis.' ....
While sul)mittitlg its tep<wt to the President, NASA released a schedule for the return-

to-flight elloN lhal slipped the earliest possible date |dr the first launch by 6-8 mt)nths, to

early 1988. Administrattw Fletcher noted that some within and ouLside of NASA were urg-

ing that the three remaining Space Shuttles be returned to tlight immediately, with con-
straints on Ill+,+tonditions trader which they CO|lid be launched, but that, although he was

"uneasy" and disaplminted "about the arid||tonal delay," in view of the large visibility of the

,tccide;lt . . . when we start flying again we want to ntake sure that it is really sate. ''c'

hnplemetHing tile recommetldations of the Rogers Commission, and modil_ring them

when justified+ would occupy much of the time of Richard Truly and his Space Shuttle
lealll for the next twcnly-six months. They worked in the glare of constant congressional
and media strut||p,' and outside reviews of their actions. There was little margin for error
in their task. This+was in marked contrast to the situation in the lnollths tollowing Ihe

Apollo accident, where, after one round of congressional hearings on the NASA accident

rt+port, the space agency made the required technical and management fixes without any-
one looking over its sh_mlder, hldeed, NASA in August 1968 even secretly made a decision

to send tilt' second lmst-accident mission, Apollo 8, around the moon. This decision came

befi)rc tilt' modified Al)<_lh_ capsule had been tested on the October 1968 Apolh_ 7 tlight.

Fixing the Solid Rocket Motor

As mentioned earlier, a Solid Rocket Motor rl'ealll based at Marshall (])tlt including

1)erson,wl fiom other NASA centers, particularly Johnson), and led since May by John

Thomas, had gotten all early start <m SRM redesign. Sharing leadership with Thomas was
Rmce Mitchell, another M:ushall engineer. Working with the NASA teanl was a parallel

gr_;up of engineers from tilt' SRM manufacturer, Morton Thiokol.
This group was headed by Allan.]. McDonald, who had been one of those vocilmous-

ly oplmsi,lg the launch ,_1 Cl',alb%wr on the night of Jalltlal+y 27. McDonald's testimony It+

31 t'lt.sidcl_tiat Conlnlissitm. 16'pint I+_the 15+_+irlettl+p. 201.

32. +t'_tshl++_?++_l I+.+l.[unc 14, 1986, p. A2.

33. Flctch<'r announ¢ ted on 8.July, Ihat lit' was establishing a ncw (Htit c ot Safi't_, Rcliabilily. and Quality,

Asstu an|c, it.pol ling dit ctllv to thc NASA Adnm6stralm _.This <.trice xv<mld be an ilHt+rnal watchdog with rt+spccl

I,+ the at tilms _1 Ttulv's ()trill' ol Spate l+'light, t'(rt+hittkrt+Jn Pt_sl, July 9, 198(_, p. ,.'kill. t_t.t ausc thc <Hilt'vail,re/ i)t

this otlitt" was outsidc <_f Richard Trul,,'s rt'sp_msihility dut-itlg tht' rcturn-t<_-tlight t'|litl'I, it is II(It discussed in

lit'tail heir. ] [owt'vtq, tilt" inputs of the Otl]ct' <it Sati'lT+, Reliability, aild Quality t_,Stlialt{e ilm> Trub:'s matlagt'+

lilt'tit dot isi,,ns wmc t It'aflv all illlp(lllitnl consideration in that t'|ll)l-t,

3,I. NASA, AHnms to lmplt'meul th; IPr+_mm+,udati+m_ _4 The 15*:_ider+tied (+r,mmis_Um on Ihe +S/race ,gh_tllb'

t .'halb'l_.t_e_ A.ident, .]ul', I't, 1986. pp. _+ 43.

35. ,\'_v, lblk "l'+m,,:'...lul'+ 15, 19gfi, I>. AI.
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lilt. Rogt'rs (:omzni,',;sion abtml the cvvnts of that night had Illought hill nnuch posili,.e
Illt'(li:l ;tltt'llliOll. F(>]]o'V:ill_ II/al tcstinlom, ]lmw'vcl; Mol'lon Thiokol had Icassigncd

McDonald and anolhcr svnior eng-incvr ,.vti<_ had otll_osed lilt' launt]l, R<lgcr Boi.s:jtdy, Io
.jol)s not rt'laled tt> tilt+ SRM. Congrcssi<mal outlag,i., at suth a t_'assi_,lllllelll atld NASA
prcssur¢, had led lilt" lirul l<>rcstorc McDonald I<_a ccutlal lolc ill lilt" SRM effort. +'+

Tilt" Marshall and Morton l+hiokol It'+tillS plavt'd tim ccntral r<d¢' in dcveloping an
approach to SRM redesign and testing; l]onl lalc 19SG, lilt' lc;un "+vorkt!d out of ICtnF,orarv
quarltqs near tilt" Morton Thiokol titcilitv in I+,rig-haul (;il_; [!tall, north ofS;th l,;Ike (:itx+: ltl_ +
SRM redesign cllitrl rcccivcd two <tver;lll direclivt,s hom li-ulx's oltice: most ftmdanlclltallv,

"to provide a solid rocket motor Ih;+ll is s;tt_' to 11_4"' and, scc<tn&lrilxq "'to mininlizc tim inlpat:l
o1 tilt" schedule by t,sing existing hatrdwarc if it _'an I>c <hmc wilh_ltH compr<mlising salty< ''+:

'lhomas revealed <m .July 2 that tlm rcdcsign t'llbrl was Ibcusing on two ;lhcnnalivcs'l_ll-

fixing tilt' field j<fint, both oflhcnt l:,+Ised <>tlusing lilt' F,Zcviouslv ordt'rcd caslings. +_()n :\ILglusl

12, hc announced an ovt'ra]] plan lit,-SRM rcdcsign, whMl iI1chulc<l nol only chaugcs in lilt"

Iit'l<l.joilll but also tixcs t<l tim SRM nozzh'-t_asc joint aud m tht' noz/It, its¢:lE Tile rt'dt'sign
pr<q)ost'd tbl +till., tit'ld.joinl inc<trpo,;tlcd lilt' t'apllll,t' E'aturc thai had bt't'll discussed since

]lclorc tilt" (:ha/D'.,grer accidvnl, addcd ,l thiFd ()-Hng, and made <)thor tnodilicalions."'

NASA's plan was controversial. For ¢'×amplv, Ihc I]<ml lt;tg-c otThc New };+r/¢ "/Tree+, <m
Scplcmbcz +23, rep<lrtt'd "rising conccrns that it [NASAl may lit, discardin+_ nzorc rcli;tblc
<h',,+igns in an t't]orl to s;tt.'t, title and hundrcds of tnilli<ms oi dollars, '+",

Among those with Yestqv;tti<ms al/ottl tilt' ]lath NASA was I;ikitlg wcrc mclttl)crs ot tilt'

NR(: Pa,u't oil Teclmic;tl ]']v;tlu;tlion _+t N,\S,\'s RvdcsiRn of the Space S]lutl]c Solid Rockvt
BooStcF This was tilt' cxltq'n;ll lt'vicw group th;ll had l:,t'vn vstalflisht,d in.[unv al the lll_-
lug ol tilt' R<+gcFs (:olnmissi<m: lht' ¢'It'vcn-lnan l_;incl was chaircd by It. (',uvlbrd Slt'vcr, ;l

highly Ycspt'Clcd Cllghlct,r who had Ill'ell l)ilt'ctor oI tilt' Natiotml Scicnt:t ` Foundation
and Stit'liCe A(b,ist'l l{I Ih'esidcnl (;erald IMrd.

Th<' Stvvcr Pa,lt'l's lhst rCF>Olt w;ts sttlmlilh.d to .lmn<,s Flctchcr on .-\tL_ust 1. h
acknoxvlcdgt,d lll;ll. _lt tilt' lit_ hHs <hiving ,';RM rt'dcsign "s;lt_'tv is tilt" In'imv consi<h'ra-
lion," but lhat "lilt' cHtic;ll nati<mal nccd I_r tht' launch capabililv <fl tilt" shtHIIt, makes
tinlt, ;t c]ost' st'(c,11d." The Paucl cxprt'ssvd varlv c<.lcvrn that tilt + lest pl'(t_l';lIll I{)l" lilt'
redesigned iilOlOl-"iilt'+.'ls olll'+ ;i lllillillill] i'Cl+liiil_,l/it,lil. >'''

()W'l" lht" IleXl IWC, Vt'al+S.,lilt' ._It"_'l'l+ l)ancl would kcl_'l/ C_lllSlHlil pl't'S,<+,lil'COll NASA lit

cxploi't' aheinalivc dcsi,gtls and lo coiidllll all t'Xicii'dv<' l{'sl F, rO_lalli. L' ]'lit" I)ant'i's lit'xl

ll'l)_>il was Stll:,niillcd Oil ()ciobcl" IlL aflci" N:\SA had aliliOliilCCd hs choice tO1" lilt"

icdcsigii <d tilt' tlt'ld joint. Thc Panel glt'cc only a tcpid ('lldlllSt'lllt'lll If) N,,\S,,\'5, plaus,
liolili_ thai "'it' Illis apltl'<l<ich is siict't'ssfiil, i,t'., it" Hit! Icsl i)roRianl SliCCct,ds and lilt" Icvt']

:17. N:\_;A, I¢+,/..! I. Ih+"P_+e>id+,.l: h,q_h'....li.g- ID,, leH+....,.d,._li..., +q Ill_' PJ'i'_M+'s_Ii,'ti (.r¢)?llllti_ %7(*1_Oil IDa' %/_:t;'
Sh.lll,' CD.ID,._*._ .IH/d+,./..liinc 19<<-47,p. 1'3,

:_,N ,'x.'_7_'};_#/,' 77.1+'_, Jill', '3, 1{t,'-447.p. AI.

:{!1. .++ll'D-,:_,7: ,\llE_tlsl I_. 19S(L pp. <->0-21. tqll _t d<'laih.d dcs_ rillthln _d Ihc SI4AI il'lh'si<_ii, set" N,\5;\'s

.llinc 19<<'+7t4'll_lii (it lil>l_ h wan ilnillt.ilil.iililit _ ihc It'(<llliliil'ildalhllp, ol I}lt' Ri)!4t.l,+ (:l)inllli.,_i_lti tiicd ;il)l+_.t..

t<1. ,\_7t, };l#D 'l)l#tt,_, Nt'ptt.ili])tq <2:1.iJ. A1, _('(';ilsll tht" I,<X,;l'_hHl_liHi Pont. _o\l,llln)l.i- Ill, l!l,'.4(i, p. %1 and
_tl\Uillil¢+l - 7_1, 19,RG. p, ,\3.

II (:_>iililli,,,,i_lil _il t(ngiiit.ci hl54 and 'l_'t lillil_il .i_,_+ll,lli_,. N;liitm;ll Rt',,c;ul h (:lliiiil il. f.'.lle_t_'d #_l'lJ_Jlt_ o]

Ih,' I'.:*,"1 .. 77': D .i, ,U I:_,./..lio:_ ,/ ".',IS I:_ 12,'<&_i,q-_<4 Ih_" +s/;,_.e ,%7_.1U,,,._;+;li,_lI¢.< kH B##sl#,# ( "l,il:;tShill_tOIl, ])( :: Nali<>iial

+\( _idlqll_ t'l t'xs. It)PIN), I>1>-<2..',. "]bin Iti)< tlllit'lll is h<'r/'altcl Icli'li<'d to ;is NR( :. ('Mh,+t<d I¢_'/._Hs.

17. Ril h;lid Tilth IClllaik_+ Ihat: +'{;iix _l<"+l'i aild hi_ ,NR{: <_ll>tlp t_t'it. _iih<nil dOlibi tht' iiioni hclpitd

<nit',idi' Hd',isors'" _ll ";lit _, +.lllllliii_,_,illii. ¢ollilt il. 1211>tiil ' o1 (:,)ii_4ic+,SiOli;il i <lllllilill+..,p I h_,,. nla;t'd l_illi N.\_,.\ all

till' '+'+{it Ill I}it' clid. ;iild "l+,l'l( , (llilSllti_ iitl.l\ I iilil al (';1'I'+ IJilll' lhl'% ilc{'dl'd Ii_ Ill'." t_l.iSl)li;il i <lliiililliii(';ilillli 1o
ihc ilillhl)i; ,\li}2>liM I I, 1!195.
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ol saR'lv is.iudged acceplabh', tiiL"slmuh' iligln progranl can resume at the earliest time."

The I)a'nel expressed some skeplicism about lhe likelihood of such success, however, urg-

ing that "NASA maintain a l)rog,am It) explore and develop original, possibly quite dif

fi.rent designs . . . for the contingeno/that the baseline design may not otli'r st,lficienlly

good perf<nmance and margin ol saf_'lV" It holed that if th++' design competition had not
been conslrained bv tilt_' desire to use'the previottsly-oMer++'d castings, "we believe thai

more basic ahelnatixes It> the basic design would probaMy be preli'rred once Ilmroughly

aualvzed.'" The Panel also told NASA "we I)++qieve thai the planned test progrant requires

siguificanl augmentation with additional t_uililies and tests. ''_:'

NASA, after spirit++'d iuternal dcl)atc, concluded thai the panel's suggestions were well-

Rmnded. and added a uun)ber of partial and full-scale tests to its plans. ()n ()ctob++'r IG,

NASA also announced thai it would Ibllow Iiw I'anel's t-ecolmncn<:lalion and btfild a st'c-

ond Iitcilitv fin lull-scale It,sis of lhe SRM." NASA did get Panel endol-senlcl|l tit ils dcci-

si(m not to follow one of the Rogers (:tmmlission vecommendatit)ns. ,,\l the urging oi

,nosher Joseph Sulter ol l+,,wiug Aircraft, lilt' (:ommission had suggested thai lhc

Icdt,signed SRM be lesled ill a verlical pl)siti_m, since thai was Ihoughl to more closely sim-

ul,ttc Ihe vari(ms (onditi<ms during ,tclua[ SRM use. ('.<mslruclin_ a stand tor such a test

would h;w(' cost [v,/ellly million dollars ,mtt added al least ,i ycal- to lilt' lilll(" I)efiwe lilt'

next shullh" Immch. l+)olh the NASA Marshall tt'alll under .]t)hn Tlmnlas and Allan

Mcl)on,|ld at Morion Thiokol argucd Ihat a h(wizontal lest could bc conduclt'd ill a way

|hal belier sinmlaled tlighI Sllesses th:lll "+,+.,:Oll|d it vertical lest. The Slevcr l'anel COliciirled

"that }lorizont,d lestin_ ('till I)e apl)rolwi,m'. ''c'

l+,elwe++,n [.qS(')and August 1988, the NASA-Morton Thiokol lt'am conducletl a lest

progr,un tha.I included eighteen [ull-scale bttl "sht)]l burn" tests <)| SRM joints; sevcnlv-six
It'sls ot subscale motors: fourleel) SRM asseml)lv tests: and tire t:ull-duralion lesIs O[: Ihc

rcdcsigned SRM. Flaws ill SRM insulation and seals in joint areas were deliberately inlro-

duted ill a lUllnl:_er t)t tests; particul,uly stwele [I_IA_.s v,;el-e tl-e,tlt'd I]H Ill+: l,tsl lull-st;de

SRM tiring J)eJ(He return to llight, in Augtisl 198_.":

The lesl progratn did not always go smt)olhly, and on o(casitnt llrtMuct'd resttlts thai

forced tilt' if'am It) revise their l)aseline design. As ,t resull, lilt" dale for lilt" first lattn(+h

slil)ped twice front a Fel)ruarv 1!188 target, to June lt.18_ and then to the ,,\ttgttsl-Septenlbel +

pcriod. Farly subscale tests t:onvinced lhe le,un Io slav with the original ()-ring material,

rather than inlr<Mt|ce a substilUle. The first full-scah' firing was delay++'d from Ft'l)ruar_' to

May 19_7. The redesigned ioint was thsl tested ill a sut)scah' firing ill early August 1987;

the lull scale test can)e on Allgtlsl !_0. (Richard 'l'rulv's Fe;l('ti(:,ll I() lhe successful test was

"a couple of grins.") _; A December 23 test o| l]|e new design al len)pelitltlles close to those

al the lime ()I lit++" (:ha/h'P&er latLnch was al lhsl called a succcss, l>ut a R'w (lays laler

t'll_illet'lS disct>vt'ved that lhc redcsigned otiIel bool ring at lilt" jullction l)clWt'ell Iht"

SRM n_)zzlc and tilt' rest ot lilt' Ill(lit)l had t_dlcd. `+Aftel+ lhis If'st, eVell thtmgh it hztd not

idcnlil]ed the sp++'cific cause t>f thc t,tilure, ill order to savc limc Ihc redesign Iealn al:,an-

dtm++'d the new till'sign and returner[ tt) one thai was a modit]cation of the p +e-(:halh, lz_er

design ;utd had performed well in lhe August lesl. A successful fourth [ull-scah" lest tm the

43. NR(:. (:+dh',tal t6,pmts, pp, 7, 13, 12, and 14.
4 I. NASA Rch+ast . Sli-I t6, ()clol)cl 16, 1986.

15. W+_llin,_lo_ 15_1, ()(lob,.'| 3, 19S6; NR(:, (:o/letted I6'[_mls, I). IO.
-t6. ,\llan Mt It(maid, "Rt'lmn to Flighl wiHt Ihc Rcdt'siRncd Solid Rot kel Motor," AIAA I)al><'l 89-2t0.t,

lul,, 19S9. p. 13.
47. ;\',_+, )h#; /)mrs, August 31, 1987, p. AI.
-IS. I'Gzshi_t_t,, P,_I. l),et('mh.,,'i30, 1987, p. AI :rod ];u,tu,,v 5, 1988. p. AI.
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new tcsl stand that had been sugg(,'sted by the Sierra Panel cam(`' in.lune IDX_; it sinlulal-
ed tilt+ bending,-, vibrations, and oth(,,r slr(+sscs of an actual liftot/.

The tinal full-s(,:al(," ICSl CalllC on Augusl I N; il was tit+_+most demanding an(,I (,:onlrov(,q-

sial of tim series. Tit(,, ne(ed tor su(,h a test, introducin_ lh(," "xvolst cle(libl(,+" flaw, had been

urged on NASA by th(,' Stever Panel its "(,,ssential. '++_+̀fh(," t-ed(,'sign team used a putty, kniti"

and shoelaces among other means, lo inlmdtt(,(,, holes in lilt' ptimala,, SRM seals; thes(e

tlaws allowed tim sccpag(,, of gases ill order to check wh(,qh(,.r ba(,'kup steals would a(,'tualh ,

work. Such (,h,'litlclal<_rly induced majof flaws w(,'rc unpr(,wt'd(,'nt(,,d in the hislo W of solid

l'ock(,'ts, [Itld "tllolllhs of int(,'rnal d(,'balt." wilhin NASA and Mot-toll Thiokol had prcc(,'d(,,d

Ri(,hard Truly's d(,'cisi<)n t() ac(,(,Ppl th(,' NR(; veconnnt'ndati()n and aplm)V(,, th(,' politically
very tisky $20 in)Ilion test. (If there had bc(,,n a lailur(,. (,huing th(c test, NASA certaiulv could

not hay(,+ launch(.,d l)iscove U a month lat(,'n (,'v(,'n th()ugh lh(," )(,'st mot<)f contained flay,,>, wt'll

tley<md anythiug likely to app(rar in l)i,').cOZJ+'F_,i_) SRMs.) Although th(,'r(,, w(,'tc sore(,, within

NASA who I.tvovcd the ICsl, most did not; tllal Truly appr(w(,'d il sugg(,rsts lh(," [)owcl the
Stevt,r l)an(,,l had over lh(," (,hat'a(,'t(,!r and pa(c of tlm _(,'lufn-l()-l]ight (,+fit)ft."'

As tilt" lest ended, Allan M(,'I)onald and R()vcc Mitthell, tilt' NASA cngin(,.(,,r wh() had

shar(cd leadership of the SRM redesign t'ff()lt ',_'ith J()]llt Tho,nas, I(,,al)t ()It lh(,' still snl()k-

ing II{)()sl(,.r t() chct:k f()rj()int t_tilltf(,,. Th('vc was u() (cvidt'n((,, <)f it. In lilt" crow(,1 watching
the test, Ttuly sh<mte(,I "we did itl""'

A [i.'w w(,'(,'ks ]at(q +, :l MOI'IOI] Thiokol Sl)()k(,sman atlll()lltlC(,!d thai th(," l(,'sI had b(,'cn "as

ucar pct-ti'ct . . . as yol! can imagin(,.. "-'e Wilh that out(onle, NASA.judged the r(,'dcsigncd
SRM rcadv tilt use. In its S('pt(,'nfl)(.v 9 tCl)()vl It) lilt' NASA A(hninisllal()t +,lh(," St(,'v(,'t Pan(,'l

(+ont'ttrt't'd, noting that "risks remain .... Wh(,'th(,'r tilt' h'vel of lisk is a(ct,i)tablc is a
lllittlt'l" that NASA In))st.judge. Bas(,'d on the Pan(,:l's ass(,'SSlllCll[ all(t ()bs(,,l+"+,,;tliOllS .... ,¢.,,(,,

hay) + no basis [br objection It) tilt" Cltlt(,'lll launch scht'dulc for ST_,().• " _l " ,)+i_

To its grcat velicf, NASA was now lbh l)oth ltwhni(allv and p()liticallv r(,'adv to rctltrn
the Spat(,' Shultl(,, to flight. Successftd]v r('tlcsigning th(" st)lid r()ckt't m()ior hat) b(,'cn tilt'

"h)ng poh," in tlt(., t(,'nt" ()f the reluln-t()-flight (,'l]o,-t; with tilt" mut(,'d (,'nd()vsenlcnt l)v lilt'

St(ever l)an(,,1 of th(c r('dcsign ('ffi)rt, tht" last obstach,, to an initial posI-C/mlleng_er flighi had
|)(,:i'll 1"(,_lllOV('d.

()lit,+ I)(,'fS<)tl close t() tilt" pr()gram sugg('stcd that lh(," r(,'(h'sign and l(cSlillg w()t-k

I)(,qw(,'(,'n (,'+,u'l,,+"1986 and August t988 "(,'x(,('cdt,d, by I()Ul ov tivc limcs, th(,' amount (>fwt)fk

put into original nlotof wt)t+k ill Ihe nli(,I-1970s. ''+'' While Richard Tt-tfly was n(,.cessarilv
removcd fvonl the day-to-day engineer + Ig details of th(c (,'nterprisv, h(," al its ()utsct fo(,us(,,(_'l

('ffi)t-ts ()n ()nly th()s(,' ](,'d(,'sign a(tivilivs that w('rt, mandalovv, fi:)f vcqualil_,ing tile SRM fi)v
us(,' <),l lilt" lit+st p<)sl-a((id(,,nt flight, and ,+(,'sist(,,d pvessur(,,s ff()m nlanv flollts Io inlrodu((,,

cllang(cs, i)l(huting n(,'w dcsigns, additi<)nal l('sts, and tlitl_.,r(.,nl (()lllfaclofs, that wou](I

.19. The I('(Olnm<'ndaliOl) (am)' in thv.lun(, 22, 19+'+7 l)alwl tt.l)Ofl I<) Adlninistrah)i- Fh't( h('l: .Nt.(. NR( :,

C'_,lh'+h,d A'rport_, p. 27.

50. Lih+h/nu+m /%+t. August It), 1988, p. A3, 'l]ui,, remarks lhat, alicl the "lielte" inlt'tnal (h'l)at(', hc

(Ic(id('d lhat lh(' St('",'('r l)an(.l was toll('(), alld thal the )isk ol lh(' test was "v, ot th takill_+" I ](, also Sllgg(.sls )hal

"'I w()llldl1't h_i'_(, h(_'sitalt'd I() go th(' ()th('l xwp, had I b¢'licv('d t]IHt lhl..y W('I'(" "+VI'()II+_." l)t.tsonal +.<)nununi(atiotl h)
aulh()i, Atl_IISt 14, I!)9_).

51. /hM.

?)2. No++, Y+.I; 77,'m,',, Aut_t,st 31. 19_qP4.

.")3. NR( :. (,'olh'_tcd ltepmls, 1). 58.

51. M<)it<)n 'l'hi()k()l assistalll gen('tal managt.t flu >+pace (>pt'taliolls Richa)d Davis. quot('d in ,.l'+')'_.v._)7_
Sel)t('ml)(', 2(i, l!)_H, i ). 17.
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have delaved resumption of shuttle tlights eVell more."" "Dally tlci;mtded the NASA-Morton

Thiokol <.;[fort lo a sonlclinles hostile Congress. He accepted the risk that the proposed

"minimum necessary change" apprt>ach to redesign would not be successfltl, and autho-

rized ordering SRI_Is itw<)q)orating the baseline design changes for the thst post-

Challenfer tlights at tile lime the redesign reviews were completed, bul before major tests

of the redesign had hi'gun. If lhere had been a major design failure in the test progranl,

NASA would have had to go back lo sqttare one, and those SRMs redesigned or scrappedY'

When lhe pre-lamtch test program concluded with tilt' At!gust 18 success, Richard Truly

had lcast)ll It) be excited.

A New Management Structure

Ptttling it new illallagelnclll slrtlclttre ill place was second in importance (o redesign-

ing the SRM as a prereqltisiu" It) clcaring tile Sl)ace Shultle for its return It) tlighl. Richard
Trttlv made a rei.lsseSStllellt of lilt" etllirt' shtttl]e progtalll lllatlHgt'lllt'lll slrllclttl-t' the lit-st

ilem" in his return-lo-tlight strategy ill March 1986, and the R<)gt'rs (:ommission lisled such

;t review as its second recommendation. In _lay 198ti, newly veins!ailed NASA

Adnfinistr:tlor Fh.lchcr had charged tilt' lit!reel- tnanager of the Ap(_llo ])rogram, relired

(;cneral S,tnluel Phillips, wilh conducting an overall review of NASA organization and

nlanagemcnl. ()nJtHle 25, Trub,' direcled astronaut Rol)ctt Cril)pen lo ti)rm a facl-thMing

group specitically iesponsil)le 'tbr assessing the Nalional Space Trans|)orlati_m Systent

(NSTS) managenlenl slructure.

A tirsl step in reli)rming program lllalla,kr_elllel/l was the del>arltlre or IrallSler ol" a

mmltwr of those who had been in key managentenl positions at the time of lilt" ChallenKer

accident. By ()ctober 1986, there wcre lleW dircclors al lilt' Jollnson, Marshall. and

Kt'nm'dy Ct.tm'rs, and scvetal olher individttals at Marsh;ill who 1):ulicipalcd in tilt" deci-

sion to lain!oh (,'hallel_¢vv had h'tl NASA.

The (hil)l/en grtml) suhnti!ted its tindings in August. They wetc ctmsistcnt wilh Ihe

views of the I'hillips review, and so tm NovelnbCV 5, alter exlensivc consultations within

NASA, Truly :tnnounce(I a new shuttle managcmcnt slructttre.:': Avialio_z !_'eek described it

as "rcscmbl_ing lhal of tilt" Apt_lh) program, with tilt' aim _f prexcnling communicalioxt

deticiencies lhal conlrihltled 1o tilt" UhalleTtf, eraceidcnl." '_

The key management </]latlge was moving lcad responsilfility tiw lilt" shultle from tilt"

.l,,hns.n Sl)ace (_elliel io NASA l leadtluarters in V+ashingt_m. Arnold Aldrich, who had

55. NAN.\ di_c_tcd s(m., c_t lilt" t)lt'ssHl(' li)l" im(_hin_ thins _)lht'l lh;lll M¢)llc)ll [ hi<_k_l in the SRM

lcdcsign t'lti)ll bx :umlmiH in_ oil I,"; lul_ 1986 th;ll it w_mld sct'k l_ dcxch_p a sc_ _lld-gcnm ati_ m ,\<txanc cd S_)lid
R_ kt'l M_,t_l hn nsc I_t'giHlfiHg ill the t';l_l_ 19911s, itlld Ih:tt Ihl' t_mlpclili_m I_ ImiM this bl_)slc_ _x(mhl bc ml

_,pcn on!'. ]h_ r ;\'l'Td,)itzk 17.._..I.h 19, 1986, p. :\t. NASA als_ ask('d _tllt.i n_lid io_ kcl n_antlill( tUlCls l(_cliliquc
I}_c M_lton lhi_,k_l rt.dcsign, lluI tills did not totally ilqil'vt' Conglcssi_mal and induslvx InCSsuIc ti,I a molc
bl-_adl_-bascd _cdc,,ign tqtiwt. AWc¢.";I_ i:cl)nu;ir_ 9, 1{t87, I)t). 1 lfi,-17.

St;. As it was. NASA had to ltqloiit tilt' SRS, Is inlcnded tin use in tilt" SI S-26 Inissi_m xvi(h thc design tin
the SRM ill)//h' illllt'l i)ll(ll l ilt_ Ih;tt ilad bu('ll tl'sl('(] ill the Atlg[ISt 1987 lull-st ale tiring: the I)_()nh-lS had Iwcn

hmh _dth tilt' design that had titilcd in lilt' l),t'tt'lltl)t'r tt'st. This (hange took ;lllll(_M thlcc nl_lltllS and was a Ini -
Illill\ I'('iIN(lll 's_;h"+,lilt' N|'S-'.'G laumh had m bt' dela_'d Ilntil August ol Scptembcr tt.t<_'8.NASA di<l i.,t knm_
_heihcl tilt" l)ctcnlbc_ tifihnc _:ls dtk' to a tinnily design <n I_:_ dt.lnandin_ test that had Iwcn II('ltin'nlcd al Ihc

!'lid lit lh+._It'_,l liling. Ralhcl Ihan x_ilil tol lilt' ICslllts Otall ;in:tl_nis tl_ dclc_ inillC _l_i_ h was lilt' (asc, NASA, want-

iHg I,_ lmlmh lhc Sh.ltlc as s_)_m as I+_ssil>h', ch<_sc t_ ,_> _,++'ith ;1 m_Militalim_ _1 the i)lc-('halh'_+fer dvsign.

ll_,,2:;VI, lanuar ", t. 198<_. p. 22 ml<l I;Imt;ux II, 1%_8, p. 2t.
57. Mcm<_randum I_) t)ist_ilmti_m h<.n x,I Ans_>ci;Itc .\dlninist_;mH , Spate I"li_t+t "()rg;uli:zHi+m ;llld

t)tlcration ,_1 tile Nalional Sp:uc rl-l'_lll_,l)tll'tilti(lll Ssslt'm(N.%'l'Y,) I'mt_r:un." N<_xemllc_ 5. 1986.
58. Atl',.:;_.g/_ N()xcnlt)c_ Ill. 1986. it. 3il.
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1)cell NSTS manager in t h)uston, was asked by Truly I<) (t)nle to Washington as [)ire(toy,
NSTS--in eft__'cl, the single director of the S[);tc(, Shtllll(, Program, with all shutfle-rclated

activities at the ,Jt)hnson, Marshall, and Kcntw¢lv (]t'ttlcr,s vepovtittg to him. ! le in turn

would report dircctly It)Truly. Aldrich, who w;ts'th(, only tOl)-Icvcl shultle manager wht>

retained his p()sitioN after the Chrtllet_A_er accidcnl, woulti hay( two del)ut s, (lircttors, on(

tof the NSTS Program based al,lohnson, alld oH( fi)r NS'I'S ()l)evations, I);_scd at Kcmlcdv.

Richard Kohrs was named to the firs/ deputy i)_sition; Rot)(,vt (hippell, the st'((intl. "]'h'e

l)ireclov, NSTS would have "approval authovil,: fi)r lop-lcvcl program requirements, cvili-
ca[ h'ardwarc waivers, and fiw l)tt(lgct aulhoriz[tlion ;idjuslmcnts .... ".,

Truly in his m('morandtlm also ItOl('d I]IH! "it k(.:v ('h'ttt('ll[ in the llllilll_tl(" Y,tI¢'C('_.;,".; o_

the Office of Space Flighl is a revitalizalion of Ih("()SF Mattagt'mcnt (]otmcil. ''+"' This

body included Ihc Associate Administral<w for SlmCe Flight attd Ihc I)ilcctors of Jt)hnson,

Kennedy, and Marshall (:lnd lh(" [[nttc+h stnallcr Nali_)ntal Spa(:(, T('chnolt)gy

l+aboratories). II h.td not t)et'n vt'ry aclive in lhc ])r('-C/_allelz¢er period. "Ibis tOl)-lcv(.1
group, l(,ad t)y Tvtfly, t)('g;ul Io mr'c! on a m()nthlv basis, and s('vvt.d as th(" thrum ti)v ovt.r-

seeing lhe v('turn-to-tligh! ('fli_rt in the mt)ltl]ls (ollowing. Its m('('fings wev(' dt'scvit)cd as

"frc(-wheeling, llo-h()lds-1)arred," at which "t)vogvammc issues arc tlush(,d into the open
;Md vclellt]essly |)urstl(,(1 It) rt's(tlulion."';'

A s('(()lt(l/tI'y ;.t,'.;p(!c[ of |It(+ Rog(:ts (_Olllttlissi()lt lO('()lIlltl('ll(lltli()lt Oil tttittl;tg('llt('tll (']t;iltg('s

'W;m [hi:t[ "NASA s]tOtl](| Ctl('()lW_lg(' I|1(" tl_msiai()n ofqualifi(,d ast r<)llilut.s inlo agt'n()' nl_tll_lg(!ll|(,nt

positions." RJchard 'l)tfly w:_,;himsc]fa fiwmt,r :t';tronmut, and it might hay( b('cn cxpcctt'd tilth
imF, l(qnenting |his rlw()m,n('n_(t_ttionl would have I)c(,n a stv, tightti)tw t (1 matt(q:

The r('ality [tlrtt('(l otll 1() t)(" s(m_t'wlmt (lilli.'r(,_tt. In tit(' w;tkl" <)f [hi" (:lmlle_tA_eracci(l(,nt '
lilt' public (lis((:_t,r(,d lltltl Ihc imag(, (>f the astt(mau/ covl)s was v(qv much at ()([ds with real-

ity, and that the grt)u l) was va(k('¢l with "l()t_gstandittg stt:tins ;in(-i rc'st'ntmcnts," and with

"h)w znorah,, intcrn;d (tivisi[_ns, and a mat+;tg('mt,nt style that t_s('s tlight assignmc_+ts :ts a tool

io Sul)pt't, ss dis('ttssi()tt and disscnlY ;_'(ihit+f;tstt-<)t+at_lil<)hn Young, who had c()mm:tndt,d the

tits| shtlttlc missit)n, w:ts t)arti(-tfiarly (ritica[ ()f NASA's ;q)pv(t,t(-h t() Hight safely. ....

"]'ruly's l]_sl (hall(rig(, th(!tl, w:ts |el)till(ling :t t)osiliv(, attitud(, alnt)tlg his li)vm(,r ,tslv<)-

nt:utt c<)[lcagtn(.s. I It" m('t wilh tht'm Ill'iv:lit'Iv in March l itS6, :m([ mad(, surf, thai (;ril)pcn
(()nsitltwed _t,";tl'l)ttittL| vi('wS its II(_ r(_vicwt'd sl_ull](, t)rt)gr;tnt Itt:tltitgt'lttt'lll. 1|(" W_tS n()t I<)t_tl-

ly sttcc(,ssftfl; some in the ;tStl'OZl,ttll ()]]i('t +t)('li('vt'd hi' was |()<t aml)itit)t£s it| tt_'ittg to rt'turn

th(' slluttI(, t() Hight 1)v Fcl)vtmt?,' 1()_I_, and was i)l;mnin_g ()tt t[H_ nlanv laun(ht,s i)cn - vcan

t)nt((, l|t(' shtttth- was back in <)])(qali()n. Tht,v w('r(" critical of the mt_ast_rt,d |)act' <tt: thc

l'('('()Vt!l+y ell<wt, giv('u_ a launch t;++tg('t (rely sixiccN xntlnths ii_ tilt' l'tlltll'(', pointing ()ul tlt+++l

;dlt't" Ih(" Apollo 1 fin'(, Ih(' ((+nlmand tno(l'tflc was rt+(h+sign(.d i_ _mly ('ight('en m(mtlls and
sugg(,stiltg that "ttl_ttl+tg('lt|<'HI has ('ilh(w got to ('ttl back wha! I]+t'v w,lnl I<)(it) t)('t()]'(' nt'sliltl-

ing flights, ()r g('t a 'lig(,l+ I(';tlll' apt)roach I<) pick up ttt(tltt('ttltltll. ''+++

By.liLly 19,"+7, NASA ll()t('¢l lllat "ten ¢:ttl't'('Itl <11 fitn'mct" ;t.stz+<)tt:lltls hold key ag('nwv m:tn-

;-tgt'tn(.itl l)osition+s. "'++:'()n(" ()f lilt'Ill had t)('('Zl Rick tl:uwk, w]+(_ s(:tv('(l ti'()m Atl_ttsl l'(,)S(i It)
.January 1987 as NASA's :kss()(:i;_tc .\(Imi_fistv;tt()t l_)r l+:xl(,vnt_d R<:l;tli()t)s l)¢'Ibrc h( + tt'tHi-tl(,(l t(_

I Iotnst(tn to It;tin I()z-tit(" SI,";-2(i mission. It was n-:tth(,r well kn(twn Ih_tl ] Iau(k wzus]ikt'lv to (_mt-

nland Ih(" first ])(_sl-a('(idt'ttl shl_tlh. Ilight; h(' w:Ls thus a (:()Nvi_witlg Sl)ok(,stnan_ for t'i+t' satk,tv

59. Ri('h:+x(l +l'zlnl'+ nnv_,n_(_t:+ntllnm, N(:+'vtHb(.r 5. l!h"+(;.
60. /hid.

(il. [':I" [.ax++'u('ll( (', "Np;I(,_' Nhlnllh'-Rt.tttrll l() Flight." ,_;parc/h,¢h¢, N<'ptt'nllbcz 19_, l ), +';52.

62. New );.k 7im+_+, Al)ril 3, 19_1i, i ). 1),9 and IlhshltP_:¢m 15e, I, Apnil I, 1!1,_6, i+. A1.

(i','). S<'c, [i)_ cx;tmpl(,. Mt'I_+(_;tn(hiin t+v(_m (i1)_ +(ihit,t_ +.Xslv_z_;_lnt ()lfitc 1(_ (;A/l)itt'ct<)_, Flight (itc_x

()l)('t:_li(,nv,, "()e_(' I+:_ll ()1 th(, 51-1. A(( i(lt'lll-,';p:l(v Shuullh, I'l(_g_;ttll Fli,',4ht S:dk'l,,." Ma+(h 6. 1(.)86.

I;4. ,IH',.U,_;71 ( )_ a_)l)('u 2(), t98(;, pp. 3,1-35.

65. N.\S \. Im/d¢'_zr_'_llali._z _,/15'+¢)mmcmlatirm_.JHIv ]!INT+ ]). _:_2.
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aspecc_ of Ihe remnl-to-tlighl ettbrt. ()lher _t_lronauls brought imo mamlgemenl [)osilions had

"some ditficuhies in adjusting to the realities ol tmrl_aucratic life," but feh fllal "their lm,Sence

had made a dillbrencc, I)oinling wifll pride t<) inlhlence on key policy issues.' ....

Other Changes to the Shuttle

Even tletore tile Rogers Conmfi.ssion sul)mitted \is rel)orl, Richard ]'ruly made one ke,v

dot-is\on related lo reducing the risks of future shuttle Ol)eralion. Sonic in NASA, even

bctore ilw ac(i(|cnl, were c()nccrncd about lhe wisdom of using a modifi('d Centaur rock-

el, fuelc(l l)y highly combustible liquid hydrogen, as an Ul)per slage to carry salellites fronl

the sJl|lllle's I)ayl(;ad bav t() other mbils. Am()ng tile payloads ti)r which the (]elltlllll- wits

to I)e tlse(l werl' two sol[lr svstelll cxl)h)ralion nlissions, Ulysses Io explore the Still'S polar

regions and (;alileo Io orl{it.lupilcr; several classified Deparlment o1 l)cti'nse payloads

were also scheduled to eml)lov the (_elllltlll-Ul)pCr stage.

:\ (ombinatio|l o[ congrcssional pressure and die more slringent sa[(,tv (-ril('ria being

aptllied to thc shtllllc alter the a((-idcm led to a NASA rt,ass('._smeni oil :enlmn. Ahhougli
mcr $700 million had ahcadv l)cen sl)enl on no(lil_'ing the (i(,ill_illr li)l shu,tle us(', and

tin unavailallilil', would causc'mag()r dehws in flw solm system exploralion program, Truly

recommended'cancelling the Shullle (!eniaur [)r()granl. A(hninistrat(w Fleich('r agr('ed

LIII(I illillOUli( "e-'d lh(' decision on.June 19, 1986."=

AIIlflhel kcv decision was u) IClliliiiitte planning fi)r laun('hing lhc shlltlh! ill|() polar

orbit trom the _'an(lcnberg Air F()rcc Base in (;alilornia. This decision meanl Ihal ill(' vel;

t'xl)t'llSiVt' Shlllllc l.aunch (k)inplcx (i al \_uldcnberg woui(I t)e moth|i_tlled and thai lilt'

litliiil)('l ()[ oVt'lili] Dl'ilallilielll ot l)et_'nse (l)oD) tlights Oil the siiulllc reduced (1)Ol)

would list' ii Tilan IV exl)endat)ie lallllth veliicle [iir payloads originally sclie(hiled t()l a

shlillle [alllich trolli \tindclil)(!lg). This decisi(in redtltCd o,_elal] schcdllie |)I'CSSIII't_ on il

tinir-orl)iler shultlc ilcct, and clilninalcd Ihe need lilr a lighlci; tilanleni-wound SRM case. ''_

Thc third l-e(-Ollilnelldittillli o[ Ilie Rogt'lS (]OllllllisSiOli tlad direcled NASA itlid ils

induslrial 1)arlncrs Io rcview, in terlliS of salTely and niission Sil((ess, all (hilicalily I, IR, 7.

ilii(t 2R ilCIIl_, ilild hazard illlitlvs('s. Richard ]]uly had called lot ;ill ('V('li lnOll" t'xlell.%ive

risk r('view in iris Marcll 1986/-t, lurn-lo-iliglil slrale_'. The Rogel% (]onllnission had also

sel)al.lil(,] }, I-(WOliillielldt'd il series of ii(-tiOliS Ill illlplOVe iandillg safely.
That the shulllc ]lad ]leell living whil a iliinlber of less-tilali-Oillinnini s vsl('lns alld

colnilollenls wlis well klioWll Io lilose close IO Ihe i)rogralli, I)ul Iiie ])ressines o1 liiaili-

lliinilig an iliill)ilious lalinch schediii(' mid biidgel COllSll-ailils }lad Illocked ally extellsive

rt'view and ui)gradilig of lilt" shullle I)(,[ilre tilt' accidelll. _,'heli it be(iilile cie_ir tilal lhe

shulile would l)t" groililded fin sonic liilil', :\illOld Aldrich, al tile lilne still in cliar<_e oi

lhc shuliic I)lOl_lillll ill lhcJohnson Sl)acc ('\,lilt'r, had oil March 13, 1986. initialed a (Olli-

iirchellsive review aililCd al ide ilit}iilg Imssible shulile ill)grades. By file elid of May,

Ihis rlwit'w tiad identitied "-14 potentially Icritically] [lawed comi)oil('nls of lhe space slim-

ih" . . . lllal lliw¢ have Io t)t- tixed before stnlttle tlighLs Call resunlt'."'"'

The COlldilCl o[a ionl|lrt, hcilsivt" Sin\tile Failure Modes alld Criticality Analysis alid lh('

audil of Ihe i-csu]lill<_ (]l-ilicalilv I alld 7 ilClliS relOllllllt'nd('d tl)IIw Rogt'rs (]oillinissiOll

wits till exleliSivc and COliil)lex [)roccss. hi its July 1986 rei)orl ill\ iilil)]clnCiilalion of the

66. A)+v tm-k 77m+_+,.ltmc2, 19147,i ). (:2.

67. :\½_, }brk "/Tme_,]UlW 20, I{)SII, |). AI.
6,% (5)mmcni on draft ol dfis t,ssay by Rit hind K-hrs,Jub' 19, 1995.
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Rogczs (]ollllilissi()n r('('t)llmltql(lalh)ll, NASA indicalt'(t tirol "lhc m'('rall rc(gahlali()]l i_

plannlcd t() <)((uF ill(rt'nltqilally and is s('ll('(ILll¢'<i 1<) c()nthnlc {hl'()ll<_h inid-l!)X7.";" By the

lilli(.' ])lw'(lT,l_l'y %+GD4I'('_|(|'_ J<)l" httlll(h, {h(. ]isl <)[ (]rili(alilx ] i[('lllN had gr()wu J'lOlil th( _ ()] 7

items il.l lhe lilllC ()[ (JIHlll'_l_'t'f 1<) ],.'_()<_; ('it('[/ ()l + Iliose il('nls had It, i)as._ l)arlicuhu-lv ri<_()r-

otis review b_:lbre l),;w._)_,ep 3, was (leafed Ibr H[ghl. rl']}{_ Illllll[)('r ()t'(]lili(+alilV I R items had

_[l£() _l+()l?t,n (halllalicaHy, ]]()ill 7_7 I() _, lOlL ;j

_illliLl.i- I() his _;illiilli()li %vilh r(,sl)t_(,i I(} SRM lo(l('si,_ll, Ri(hard Trtl]V t()lllld iL]l ('xl('l'l]_l.I

l(!Vitgv ('Ollllllillu("HSS('s_;ill_ _'A_A'_ a([ioll_ wil]l l('sl)t!('ll() risk _Iss('SSlllCll(itll(illlltll_|_t'lll(.'ll[,

Tht' National Rcscar(h (_()un(il (l-calt'd a (:()nunittc{, ()n Slnnlth, (hili(alilv and llazaz(ls

:\llalysis All(ill ill _{.I)i(,]IlI)(T l(.)l.,lli; Ill(, (]<)llllllill(.(, Wit:., (hail't'(t l)v r('lir(,d ,,\ir'F()l(+(, (;t'l}t.lal

Ah()n F, lay. hi its initial ](.,l)()r[, sul)lnitll..(I to Janncs ]q(q(]l('l-()]llilllll;tl.% ]!}+ ]!)_7. the Slav

(:()llllllillc(. ]1()If'([ I]li|[ il had +'l)('('n t_tV()lab]v i]nl)r('_,s(.(i 1)x' I]llp (h_(li(-alt,d cffbF{ an(I

¢'xlrcliicly b('ncli(i<l] r('suhs ()t)[aill(.(I lhtus till." "_'h(" (_()l]illlill(.( [ IiliS('d it Fl()hl[ []ll.tl l'C'('[l]l'('(t

Ihl'()tlg'h()lll i[:,,4 work. ilia[ "lh(' ])r('sClll d('(isi(m-makil}g pr()(css within NASA . . . al)pcai-s I()

l)(, bHs(..d ()11 {h(' jlld_lllt'lll <)lcxpcri¢.]l((.(1 ])lil('|ili(Hl(H's HII([ ]Ills I('c('i't,'('(I 'llr('|"_/' litth' ('()lllI'ibH-

lion [i'()lll qtlaIIlil;<tlivc' allalysis.'" "l+hc (]<)lnlnill(,(, also (lucsli<}ll(,d lhc linlin<f 4- ()'fill(" rink r('xi(.w

ill [('l'l|lS ()t" ill(ol+l)()rati]l _ i|li.Y r_.'sulting d('si<_n (]lan}g(,s ill ill(' shutth' I)c/orc its s(h('du]cd

I('[[IFII l() Ni_]ll (ill(Hi Fl..bl'Llill+V ]!)_). II()[illf..{ Ill,HI thtT( II iv I1()1 I)( '+[illll., 1() ill () " '
' . ,, • ( Ip()Id[C Hlly

sul)slantial d,,'si<u,n+(+hatigt's lh+il nlav l)c m(ll(at(,(l l)%,r t I(,' ()tlt('(mi('" {)1" the ]('vi_'w.:-'

Th(' Slav (:()lnntitt(.(, ((inlimi(,d ils work lhi()tl_h()ul ]!),X7 and sut)nliltt.d its final

I(+p<)lI I<l ,,\(l'lilinislralOl + Fh,t(h(,]-ill l_lllili|]'7,' I!}_, allh()ll<_h Ih(' r('l)()rl was I/(;,l ]lladlp i)ut)-

]i( J]:)r {w() iill)ilth_. Whih' <_-(qlCl+a]ly i)(isitix(, ill I{)lll_'. il (Tili('iZ¢'<l NAS,.Vs risk il:<.;_(,_;_,lll(.lll

actiX'ili('s a_, still Ioo "[I'il_lllt'lilt'( " mid "sui,j<'(livc.'" alld 1()1 11()1 lakin_ a(h'anlag(, (it wi<lc-

Iv tlSt.(I (lUanlhaliv(, Ic(hili(lil(.S such ilS i)l()l)aliilislic lisk liss(,ssnlt.nl. ;_ P_lil. niosl inll)<lrlanl

Io Richard 'rrulv iili(I his ass()(iallC,..;. Ihc (]()ililiiill('(. [iiillid "_il):.;<lhilt+lv I1() sh()w-SlOl)t)t,rs"

fr()lli _t risk ;<iss,c'SSill(,ill pcrsl)¢,(-iiv(, in I('riip4 ()r N+\.%,,Vs l('llnn-llt-lii_-hl li]:lliS. _

Ricliard "['rtliv h<t(I r('licvc(t ilill(h ()[ the i)rc..,sur( , ()J iinl)i(,ui(.lllin_ tile sl,i)ai.alt,

R(),_l'rs (]Oliliilissi<)ll rc(<)lnliii'lidali()li ()li iill[)i-()Vill<g- lalidhi_ s<ltt'iv I)'_ llialidaliil_ hi his

March 9-t, 19('h{;, I('luru-l(>lii<_hl Sll'iili,,Lry Ihai Ihc first tli_hl woulil l_lii(1 ()n o1/I.' ot' th<'

exlrt,int.l.v h)n<_ rlliiWavs al l_]([w;<irlls _\h- For({.. Bas(. iii Ih(' ('.alil_irilia (h'sl'rl. hi ils l(.)_7

rt'l)()rl I() till' I)r(.si(h,nl, NAF, A said Ihal il had i<h'ntith.d scv(,ral d('sign iinpr()xcin(,nls "I()

illil)r_ix'<' Ill(, ilillr_hl,4 ()f saf(,Iv t()1 Ih(' lail(lilig/d(.((,l(.r;ili()ll svsl('lll. _oni(, ()t lh('s(,

hill)l+(Ix'('liit_lilS art' liiodili(ali<)li:.; I() i+x.iSlill_ i-I('ni<_llS _iii(I will I)c (i<niiph,.ic([ i)ri() r I<) Ih(.

ll(!Xl I]i<_ht." Bul, a(hh.d NASA, ilili)r<iv(.lli(.ills involving liiilr(. ('xl('llSiVl,. (h,si,R-n (+]iali<_i.s

w()uld hav(" I() I)(.. ((,i+til]cd t<)i [ligtii ali(l Ili('li inir(>(tu(t,(t ++hil('i in lh(' ])rl)_Tali/. ''>

In tit(l, this was lho ])hi]<is<)l)h ) t()]]<)w('(l t()r alni()si all (t_.'si_ii c]ian,g_.,s I<) lh(' shulilc

in tiic aft(,i+inaih (it llic C/_a.//_'n<7_'r a(('id(qlt whi('h '_,'('1"(' ill;)l r('lal(,d l(i F,R_.I r¢'(h'sig i. The

thsl i)osi-a(.ci(Icnl shulil(. [li Rhl was lailii(h(.(I ii,4 soon il:_ ])()ssil)l(. all('r lh(, ri.(lllaliti(-ati(:,ii

7il. NASA, ,IHi+.+_ 1. h.pD'.w.t IDa' Ib',...*.'.d.ti,,._,July I I, I!lSll, p, 19.

71. II>_Di_k_lo. I'._1, :\lll.[tlsl _?L 19,RS, i;+.,\ig; NASA, '+NSTS SR&(..),\ ,\nscssnlciil " Scplt'nll)cr 13-1 I, 19SX.

72. N;tli()n;ii R('ncai( h (;otilit il, (]l)lllliiilh,t, ,)li Shullh. (',lili(alilv R<'vi(,_ all(l 1 lazair(Is +\nalxsis ,\lidil,

/>_)_t (.D./h'._,_ /','_,.I.alD,. ,!/ .',]._. '>It.riD' I_id¢ .l_r_#n_,.I _IIHI 31.##vlT_,#t.,#tt ' (_,%'JshillJ_h)ll, 1)( ]: Nali<)na] ,%(ad<'in',
Iqt">x. lalitlalX I{)SX , 1)11, !1,<'4-100.

73. "lhb, xxli,, iil)l _i IIt'W ( rili( i.,lll i)1 N.L\5;.\. 5;l;ill I)t lh(' 1,"i'liii( > I|+ltlst' ( )llit r <d F,i il'ii((, iiiid [/,i liii_)hl!4 _,
had IliJ(ll, similar (liti(isin_ iu I{)1i<..) a., <N,\,";.\ (>xahialcd ',alilliis xvaxs i>t (aiixin,R ()ill il iiillllii<+d lilinnh)n h> Ihr

Jill)till. 5,t'_' J<dni x.l.l._)L_s_t(_ii, "%('h'( tiiit_ Ihc _,%'ii_ i_) Ih(' M<l<)ll: rhc (;ll()i{ c <d th(, l.iillar ()il)ilal Rt'iid<'/X_lll.,
_,l_)(h,," +I+'_._/_.,./h_t.*m., .luNt, i<.)71,

71. ll}+_Di.71.. /#J_/, },lai{ h 3, 1{)<"48,i). ;\(7; <'%7'l_,}}_/: 77..<_. b,lal{ h _), 1{),'-48.p. 112: ,%/+.._,, b.lail( tt 1 I. 1{)8,<'4,
i ). 17)1:i.

73, NASA, h./d_'..'./_._/De/_%-._...d.t.._L lul'_ ]{)+_7. i)1), 3.")-3t;,
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ol ill(" _1_1 lor lilt4111; lhc illll-_)chlclitlll _lt(llhcr rt'dcsil-_li('(| shuilic _-ll*lnClll,s _ls ti ri,siill ()t

ItlC ri`sk rt,vit'w`s clr ill Arnolcl Aldiicll'`s cxmiiill_ili_m ()t dt,`sir_lt)lc `shiilile inli)r()','t'iilt'nl`s did

iil/I h_lvt' `si_llilic_llll ilit]ilCiic(' oil Itl(' _;htilllt' ltilincli sche(hllc, l lowevcr, iht' [)_)sl-

(T]lftll_,lt_f,lll"_'it'v¢`s did hlt_'e lllhl'r illl[)_.)ll_llll illll)ilcl`s, bolh I)(,|ill(" tlll(l _t|lt'r r/,lllrll I() t]il4hl.

"l'hc `s%'`sl('lll "i','il`s ovi'itlil Illll('li `sillT.'r iill(I rclhibh" (ill _l'[)l('lli])t'l 71-), I I-t14_, l]l_tn il h_lcl bccn

ill lilt; I_,t81-19blii [)t'riotl, Hit' shiilllt"_, iii_liii i,ll<_inl',4 ,,Vl,lt" lll)_i_i(lt'd, il`s |)l'_lkl'`s ilill)io','t'd,

iillll lh(' \r_tl'_'t'_4 ill the" oi'l)ilt'r lll_ll COlllr_llh'd lhl" t|_lw o[ fllcl Io lilt" (irl)ilt'r'`s cll<_hlcs nllttl-

ilT/'d i_l I)rt'vClll tictidciil_ll chlsurt', l/ill Iht' rc`stih x_'<l`s _1 "`shulllc in Iitlilsilioil'; "lhc h_ir(I

Irtilh," stlid Aldrich, " i`s lh_il lhc it'_lll\' lili{ior tll_lll_t'`s l_ikt' _,tgii`s," ....

Adding an Escape S),steln

.\`s _l tT<tl'ilit'l _l`sll'llll_ltll, I'_itll_ d "['rul)' ,_lvc i)_tllicill,lr, I)t'r`son_tl _lllt,nlioli I(i I1/(' R()_('l`s

(]Olillni`s`siOll i't'C(illllllt'll(ltllillll Ih_ll _111 t'`SC_II)I' b,\`sl('lll b(" ;lcl(Icd I() lilt' `slliillit" l_t ,tlhtw il`s

(ltgv Ill ll,;l','t' ihc whiclt' hi till ('ll/('l_t'ii( _, whiic il l_,'ii`s in coiilrolled gliding Ilighl (i.t'.,
iifit'l lh(' ,NP_Is lill(| thli`shcd Iirili_ tlll(l 1)con iciliSOllcd iiii(I lht' `shlillit",s nlttili t,ll_hli'`s shut

chlwil). In tiltl, ;l `scmth ttlr il _i_ll)ll" (',s(_ll)/' `s,'_`slt'lii lill(I I)t,_lll/ill Milith |l.)_t); tits lilt' `st'm(h

i)ro<R-rt.s`st,(I tislrOli_liil l/i_,_ili ()'(]Olliior ])hi)I'd tl kt')' i_dt' ill i`s`sl,`sSili_ v,iriolin o[)ihliis.

,,\lll,i-ilcllit I'`s (lill`sillt'lt'(l inchldcd t{jt'¢ Ii(m `st:_il`s, "ll_i(l()l i(l( k_.'l" (,xIF_t(lit/ll ()[ `scttic(l cic;v

Illl,llil)t'l`s, I)ollllill I)_lil _lul ,lli(l Ii_lttor io(k('l t,xir_l(limi Ihl()ll_h Ih(' `sidc ll_llcti, All I)lll

the hisl iiilt, l-ll_lli%l' l'_('lt' t,liiilill_ll_'d 1),, Ih(' (,11(I (it I.I.)_ti, bill ill il`s July 1_.)_7It'l)lll't I() lht'

I_rt,`sidt, lil (ill lio_' it w_ls ilill)lciliciillii_ ihc lt(l_ci•`s (:olliliii`ssi_ln i('(•_lllilli I'lid_ili(llls, _'\_"\

st_i(l Ih,iI _i (h,cision Io iill])lt'lllt'lll lilt" sidc htll(h. I•licl,:.t'l-]) (IWt'l'l'd t'`st•_l[ it" til)l )l(l_l(']i "h;l(|

ilitl lit'I'll Ill{lilt'."::

_\S,\ hi l)('Ct'llilit'r I{ibl6 li_ltt in t;l(l liltltlc _l It'iillili_,( ' dt,(-i,sion Io ,_o tOl"l,,,illd with Ihis

_ll)l)r_i;tt h, it h t•olild I)(' `shitv,'ii `s;lii`sl;icl(ll_ ill If`sis itll(l iilsl_lllt'(l ili lillit' li_l Ih(' liCXl ];lilllCil, _

t_,_ _t,i)lt, llilil,r 19_7, dut' 1o (lc'lllv`s it/Iht' l('`slill,_ l)r_lg;l;Uli tiii(l Iht" l)()`s`siliilii,s' lhlil _iii _i(IC(llilllt'

slipl)l ) of l/;lri,s tl)i Iht' _;%`slt'lll iiii_hl I11)1 lit' ;/_;iihll)lc on :l lillit'b, till`sis, N,\S,\ l/#.,<_iill I(i COll-

,,idOl • ;l `siliil)lt'i ,lllcrlltiliVt'-OliC ii`sil/_ _i Iclcsco[)iil,_ ilit'llil I)olc t'xlt'lidilil._ iiillt' I('('l I)tg'Olld

lhc `shullh" t'sc,il)t' h_llch. ]n _tll t'lllt'il_t'll(•V t-it'l;' lilt'lil|)('l •_ would till_lch Ih('lll`s_.']'_'t's Io lht"

l)_dc ;ill(| slide tlwlly tFlllli lhl' `shlllllt" ¢lrl)hl!r'`s W[lllZ , b('t])l(" lilt')' ])_ll•il(hul/"d I/) E_ll•lh. :'>

ll_;l`sct[ on It'`sl:_ (it ihc IW_l `s,_`slt,lll`s, Trul'_' in April 19_414 `st-lcct0d Ihc I)l)l_' c`s¢•;lliC

iil)ljl•llttiii. l'his w;l`s [)t'lilll[l`s lilt' iti`sl llit!i_li' [) il'-]itllllch tll()it't' ,sit' 11111i11_ t'r_)lil _i |_.(l_('i's

(]tllillili_,_;i(lii I•t'c()iilllit "lld:lli(In, ()lit" l]i(lOl" ill lit(' dcci`siml _,'tl`s avoi(tiil_ lhc tl(ldili_ lilttl I-i`sk`s

t rc_llt'cl I)v l`sl,lllili_ llll' [))'l•Ol('chilit • li-_lclor r(ickcls in Ihc `shlillll' ctibhi; tll`s(I, lht' _'l'726

crew I)rcti'rrt'd iht' l)ol/" `s','`slciil. Thc t'`s(•ill)(! s_`slt'iii coiild 1)c lint'tl only wilh lhc `sllulllc ill

t_liillll|lt'd I]it4hi ill ti It,:ss Ihllli '_)tt,()()(I I_llll illlii{itlc, with iiitiili_ (ill tl lllilil,il'_' (ir ('111(' "_t'll()'

i illi'_',',i',' iilit)¢ls`sil)]c. (\%,'ltt,lht'r ill till t,lllt'l-_('ll(', Ill i)ti`sli liic `slililllt"`s lllliill t'li_i /( '_; I)e)_liid

ili_'il dcsi_ii Iiiliiis I_i t, illlblc Ihc lll•t)iit'r Io ll,_i(ll _i limi_,-;\llmilic :il/orl `slit', ill I() 1)_lil (llll

',vli`s _l coilll o'_t'l•`si:il i`s`stlt' it I) _lhllll`sl 11) lilt* Iilllt' lit lht' l)7_f<Jl'/>_] ' ]ttu lie•h, s\_,llOll_llll:.; ttil(l ilii`s-

sion t•olilrollt "l`s []l/Olt'd ;i I)_lil _)ul _)l/lioli, bUt lhe_' wcrc (l'_l'l+l•lllt '(| liy 'l'rtlk' wli_l ','+';llil('d 1o

ilv_tid ht`silll4 till (llhl'l• ort)ilt'r [11 ;ill i)('l'illl diic]lil/,_i) _'' B;lililig> (lul o[ lilt" shullh' "w;t`s t•<ll/`si(I -

t'i't'd t_ir |)i(.t_.'r_ll)lc ill ll",'ill_ Io `slll•%'i'_'t ' it wTtlt'l I_lilelilltZ,; lllll' hlciivithi_tl i•cs[)c)il`si I)ll' t¢)r lhc

cscil[)c `s%'`sl('lll t-¢lllllllt'lll('(|, "llii' ()ll)ilt'l (l()t,`sll'l `sl.li%'k'(" dilt]lilll4 _,*i'i_' wt'll.' ....

76. .\7_, tT,h 77#n_'s, lieccinbcl 7_, I{1_1;. i ). 1.

77• N:\% \, #.l[_h'.#_'.li_ It: tl_,<_.n.#r#ld_lt'._. I>, 67,

7{), ,tl!,'_._, 1] _,t.pt,.'mh,.'l '7. I':Ib47.1), I<%.

_(I. illo_',g/] S,_.lli,..lnb...i 711, I!lN_, ll• 6?>.

<<.,41, lb,/., .\l)*il I1. l!l_, i ). 31.
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Setting a Flight Rate

l'hc la,og(,]-s (;onunissi_m had i&'utilicd "(hv rt'lc]lllcss p]vssurc t_) incrcasv the flighl

Ial+`'" ,is, a lll;!j()l c_tnllibuting I'aclor Io lit+`' (:DeHIm(t,_eraccidcnt. Thmlgh not di]cctlv rvhlled

Io gcllhl_ lhc _+,hlllll+`" I+`'adV t0f ils, lirs,l i)_lsl-a+`ci+`l+`,nl tliRht, dclcrmh/in R Ill+`' al)Propriatc

sch+`'dule f}lr shulllc lattn+`'h+c,s atl+c'r lhc SI'N ]-+c'lurli+`,d h> flight occupi+`,d nnlch _f Ih+`' lime

of Richard ]'rulv ;lilac] his slat] at NASA I l+c'a+clqtut]lcrs whih" lhc shtltlle was <ff,l(itlllde+`

/\ t]rs,l +`'onsiflerali()n was what p,|_']{),l.ds, Ill+`+ s,hllll[+c' Wolll(l +C'alTV;Is, lh(' I,ltlll+`'h l'alc was

reduced; it was cl+c'ar that critical n,itional s,vcurhv ),'oh>ads w_mld :have first l)riorhv. /\flCl"

a scrms, ol mtcnsc dchatcs, within the Rca<u;an adnfinislration-<r<er NAS,Vs _fl)je(ti<ms-the

Prcs,i(l+`'nl announ+`c(1 on /\lll..{lls,l 15, 198(i, Ih;ll, +.'x('cl)t ill shualions, whcr+c, lhcl-+`: xv+.,le over-

riding national se(l.uhy, t<_reign policy or othvr teas<ms,, the shulll+`, would no Iong+`,r I:,+`,

used to laun+`]l +`onnnercial c<mununicalion salellit+`,s. "_ This (Iccision and plans to] its

illl])lClllCIIlali()ll allll()HIl('c+`l IV,:O Illlllllhs, ],ll+`'l" ICIIIOV{!+`t ,I lll,!jl)l" CaIcl_,,{)l'y ofl)ash_a{Is [l-()lll

the shulllc manifcsl: prior to Ihc accidclll, +.'lcvtm <it l]l+`" Ixv('nlv-t_)ur earlier shuulc mis,-

siOllS had carried Oil+c, (Hi IIIOl+C COllllll+`'lci,t] ((Hllllllllli+`',lli()ll s_ilcllilcs,.

in ()clotmr 1996, NASA rcle,iscd a slnllllc launch sclm(hllc lhat (,lied l_)ra 1)t,ih-h] t) Io

t()llllCcll i)l s,ixlc+`+ll I;tllll+`+hcs, pCl+ y.<.'_tl, fOlll VC;ll"-; ;lt'l('l Ill+`' N'l',q l'el/ll'll+`'d [o tlighl, ,lid _t['lc]"

a rvplacemvnl orl)her had cnlercd s+`,rvic<,. _:_This was tn+c,rc ,unl)itious llian the launch rate

thought reasomlbl+`, l)y yet another National Res,carch (]ouncil rcview +`()nlnlill+`.c. 2\t lh+`"

rc(itws,l of N,,\5,A's, I |ous,e Alipropriations Sul)connnill<:c. the NR(_ (+rcatcd a l>am'l to carp,

()i,l a "l)os,t-f.'D,+d]enWras,s,c+smcn o Space Slntttlc l]ighl rates and titilizalion." In its ()ctohvi-

1986 rcporl, the pa,ml concluded thal wilh a Ibu>otlfilcr llt'vt NASA +`ould sustain a launch

rate ofclvven to thirt+`'cn launch<as p+`'r yea +,hul onh ilther+`" wvre s,ignilicant iml_rovcmcnls

in various, as,lU.Cts of the shunle prog,-am. Without much hnl)rO'<emenls, , the pam+l +`'s,thnal-

(:(l, Ill+`' maximtml rate was eight to ten latm+`hes l)cr )'car. Thv panel noted thal only "under

s,l)c('ial conditions," might Ill<.' launch rate surge t_+ rifle+`',! latm+`hes per "++car."'

Balancing Ill+`, desire to gel flying again on a regular basis, the l)rcs,stu-c to hmnch cril-

ical nali(nl;il seCul+itv ;Jild s,cientifi+`' payloads, as s,()()ll ,is, possible, and lh+`' ,wed to cns,urc

coulinu+`'d salb and reliable operation <)l +the Space Shttlllc ++;::is,a constant challcng+`, lot

Richard Trttlv. l lc r+`'(ogniz+`.(l that "w+., "++'ill always have l<_ treat il Jill+`+ s,huul+_'l liD. +an R&I)

test l)rogram, +`w+`,n tnany years, into the [ulurc. I dou't think calling il op+`'ralional looh.d

anyl)ody wilhhl Ill<.+ progt+ain .... It was a _;igna[ Io th+.' l)uhlic thai shoul+`ln'i have I:,+c'+`'ns,+`'nt

and ]'In s,OlTV it was. "'_' Media watC[ldO<_s WCI'C quick to ic])lirl [;,ClCCptiolls thai NASA was

"t)Ultin<_ s,+`h+`'dul+`, over s,at('ly, Bill. as Truly had said Oil lllailV occasions, "'Ill+.' only way to

o])crate lhc s,hnllle with /<.'to risk is I<) kcc I) h on i]1+`, giound.;' [hat was, not his inleili.

Return to Flight

Th+`" Space Slllltll+`' l)i.++o+v*r+, was r(ill+`'d out troin Ill+`' V+`'tli(lc As,scnihlv Building to

launch pad _'_l.tB on July 4 l<.)81g; as, a nloral+`,-I)o<)sling nleas,urc, Ihrou,_ii<)ut lhc day

I{.+`'nll+`,(Iv N])a(+`, (]ClllCl workcls, and lh+`'il I_llllili+`+s, Wel-e allowed h> drive alOilnd Ill+." pad.

ST. II_i+l,, /"lllf.{Usl h"4, 1986, pp. 18-1!).
83. IDid., ()ctobei 13, 198li, pp. _2-2'.L

8.1. National Resvatch (]otuHil, (;ommittec +m NASA S_icnlitic and Teihilhal Ptogralll Re,+it.ws, I'm/-
( :lmll+'P+W_+hw:_ne_*l o/.'4/Jtec_,.+_/+ulll_,lqiL,Dt /¢_+1+'_:and I :/iliz_li<_n {l,'i'_lslihiglon, D( :: N;ilional ,'l( adcni', Prc:.,s,()l hll)el
19_Ii). pp. 7-,<'4.

85++. ,t1!+O+,%7]_,eplcinhl'r 7(), 1_.lSbt,p. 16,
b4tL 77/+;r<I':rl)tuarv 1. 19_,<"Lp. 20.
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There were no w_fivcrs (Permissions to launch cvcn Ihough st)t'cit]c_tlions wcrc n_}t I1]Cl)

oil _lliV hardw_uc olciiit!lil, _til(i _tll iiilt,ln_il N,,_tS:'t (otllillill_:t" ll_td found _l "l)ositiw' ch_tlll-(l"

itl _itthudt'" wiili rcsl)cci 1o ,s_tlt'l) c_ln,_idcr_ilioils ;itid ;i "hcahhy rcdiuidancy of s_ili'l)'

l-t'views ;illd ovt'r,si/2,lits," The groiill tC}lliid liO ,s_ttt'l), i,,;suc,'; their would _ldvci-sciv itttt'ct llll •

l_itlnch ill SI'_76, lheli ,_'t I<)1 St'ilt'litbt'r ti. _:

There wcrc a few niinor dtdav,s bclorc the shuttle w;ts re;ld)' for htulich, llowt'vcr, siil)-

ping ihc I_iunch d;lic to laic <_Cl)lCnibt'r. A 71.bl-sccond Flight Re;ldhic,ss Pirhlg of

lJ7,scoiJrT_;)¢ lilitin ('ll_ilit',s l,,'_ls ¢'ondtltlt'(I (ill i\tl_llsl 10, ;ill(i _l lwo-d_ty Flight Rc_ldincss

R_,vit'w in t'_trlv Sct)tcilibcl; Tilt' t]nal I_tunch d_tle of Sel)lt'nit)/!r 9{t was sol wlicn it w_i,s

dt, lt,rliliiic(I Ih_ll Hurric_lnl" (_i]I)t'FI Wotlld not _ll]t'cl o|)t!r_ttion,_ _lt lliissi{in coiiliol ;il iii_l

]OilllSOll S|)_ltt" (,t, illt'l,
• %,Vhcll Di',,f:,fJU¢:l"i_ I'O_tl'cd off <it Ihc ];lllll(h tJit(l _i['lt'r ;J {)b_ lllillLIl/' WU_III/('I'-C_IilSt'(| dt'l;tv

on tht" lilOrllili_ of _epi('liibt'r 7{t, il ,_rt!;il weight was lifted off of llOl.ju,si Richmd Truly,

1]ul the whole NASA Olg_llliZ_tlion. Truly would l_llcr ._1)' thai +'the liliit" whcii the Sl)_icc

<Nhtltilc did llot tlv was tiint' wcll sl)Clll l/'_ I NASA. tt%,'hl'li wl" look I)_tck lit 1914t7-19814, wc will

scc il ;t,s _t liltlt" wl'lell N_,\S:\ _lll(I lht' COilllll% look _tll llllW{llllt!fi, but iI(,(+csS;ll.V, I)l+C_lthcr in

Iht" ,sl)_lcc l)logr_lili. |)tll+hig this Iillit', wt" look _t lilli-d look ;tl otir,sclvl'.s alid ;il w|l_il wt!

tltil)Cd to ;tccolnl)lisll in Sl);lcc. %4rll;it We" SlIW Wll._ solid. _o111(" Ihill_; nccdcd C|litll_ill,_ illld

ch_til<_t',_ Wt'l't" iii;ldt', li w_ts ;t liilic of ililros|)cctioil, iiol wiihout ]l_till, bul inost])' h w_ts a

Iillit' wlit'n wt' lt.c:h;ill('lcd Olll (OlllSU illid rcdcdic_tted otilsolvt_s Io +_t)_tCc Cx[)]Ol'illioil. ''_

Rich;ird Tlll|V blotlgllt _1 ])¢rh_ll)s tilli(lilt" s_.!t ol ;Itll'it)lllt!s Io hisjol) _ls NASA ,.\sso(i_tlc

;\dlllillisll-_itor tOf St)kicC Flight. Though _tdmilting [+rll_,lr_tlioll _tl I]1o inctl]cicncics of the

l)()lilic;tl i)roccss _tlid ilnl);ttien(c wilh the nec(l to I('Slit_ _ so ti-('(tllt'lllly' i() (;()ll_l-('ss ;ili(I I()

i)_ti-iicil)iti(' ill trt'tliit'nt cxc'culivt" l)r_in(h lilt!clinics, ]ll_ w;ts skillc(l _ll (h_trliil<_ ii (()illSt"

Ihlou_h lht" pt)litical I)l()(t'ss. I lis sl_illis _l,_ _t li)riiit'r _tslr(iil;tul _iiiit'(l hini crcdit)ilit)oil

(]at)ilol i lill ;tti(l with lilt' l)iiblic, ;tii{t Icl_ilitll_icy williin ihc si)a(c Ilit_lil (()tiln]unh)' iii,si(lc

and ()iiisi(l(' of N:\SA. l It" w;i,s itl)lt! to <_lhi Ill(' sul)f)ort o| liic ill,lily t, xlerii;ll _r()lll)s (iVt'l-

st't'ill_ Ihl' ;l(ci(t('lll l{!t'tiVt'lV (,tt_)rl t_)r ii1o_;1, iF I1Ol Jill, of NASA's _icliOliS _tll(l decisions, i |c

lipid clioti_h l{,chilic_ll b_ickgroulld to undt'rsi_lnd l|lt! issui!s tlli(ler (It, ll_tlt! durilig iht"

lt'(oVt'l-y t)roccss, l lc surrounded |linisclf with it It'_llll _ts conlnlilied _is lic w_ls Io Ih(' ,_hut-

ilc as Ihc ccnlcrl)it'ce of the U.S. ct]_)rt ill sl)_lcc.

:\s lit" i-t,l]t't-lt'd Oil tlis t'xl)l'lil'iict' ;i t{'w iliOillll_ |)t'|_)Fl" tlic shulll¢! it'ltllil('d 1o tli_hl,

Ricll_ud "I'ruk' stiggt'slt_fl ill;it during the l)rccedill,_ lllonths "lhc ]li_ll ;tnfl low l)llilit_; ]l;iv('

l)t't'll Vt'lV hi,h _llid vt, rv low" _ilid th:lt ++there have 1)ct'n _rt!_il t]uslraiioi_s," [):trlicUl_trl) in

d/';llin<_ With Ihc crhicisnis o1 NASA iuid ils t'llil)io)'ce<s, l It' ;ldnlhlcd lhlil NASA deserved

"Sl}lllt'" <)t the crilicisnl, _iliti _;o hi,_ ;tl)l)IXnich "ll_ls siililily t)t,l'li Io 11) Io build _l tt'_ilii lh_ll

will win o111 credibility back." "[lit' liigll l>Oitil hi Iris CXli_'ricncc durhl_ the rciurn-lo-I]i_lll

cttorl, ilctOldill_ I{)'l:rulv, "lills sinlt)ly t)t'_.'ll w_ltchhi_ this It'iilll {Ollit' I);ick Illlz, l'llit'r. .....

Richard l'rulv acccl){ed the 198,_ (]olli('r Tr()l)hY on I)('lullt _ll itll ih()sc in ,_oVt,llllllt'lil

aiid hldiisti)' Ih;tl'h_id 1),lrlicil)_llcd iii ihc it,lUlll-lo-Iii_hl cttorl, li w_ts ;ui hoiior well (._lrii/'d.

:7. .XIi'C_,',7] luk I I. 19<_. pp. $.t-35.
_. RAIIM Rit hind l I. l?ulv, LiSN, <%/J++ue',,/ii+llh,+lli."/fmr,ev (,'olllJ;lll+_s, N+;_i_:_i NP-117, Scptcml_.'_ l_i_V+, I_+ 19.

S{I. NASA..\'.L_,A .D/n,itir+." ,'_iJerial ICditio,, "%Vhilt'I l{}bl_, p. t.



Chapter 16

The Hubble Space Telescope
Servicing Mission

byJ()scph N. "lhtavcwicz

Prelude

Big Science, Hubble, and Historical Trends

In March ()t 1(.)94, lilt' Natioual Aeronautic Asst)cialitm aunounced that its I (,)(.)._{Rol)crl

.J. (;oil|m Trophy wouM be awarded 1()lh':' NASA ] ]ul)l)le St):(((. Telescope Re':m'cr', Tt'am

"tor oulslanding leadership, itm-el)idit}: and the renewal <d F, ul)li':-I_tilh ill AIn':'rit;t's spat':,

l)rt)gram t)y Ill,:" sut+ccsstlll tn-I:,ital reco,a'rv aud repair of the l lut)ble Space 'lk'h,stt>pc."

Rt'presenling lilt' In<we than 1,200 IIICII ;ll'l(l _,V{)lllt'II directly involvt,d in lilt" mission, Ill':'

seven-person aS|F{)II;HII (TAW <)1" S]),;t(+{ ` ,%hlllth, Mission S['S-6I and tk)ttr ground managels

were nauncd as tim recipients. It was Iilllv, I)V all _lsseSSlllUIlls Of the participants and lilt'

ollservcl'S and hi lhe language t)f tilt' (](_l]i('r award, "lilt' gl'catest achievenlt.nt. +"

The llubblc Space Jblesc<q)e had taken longer Io I)luld and launch than any <Jlh':'r

NASA spacecraft, includiug Apolh). h had cost morc lhan any other sAil.hAiti( _" SF,aCC

program, ;lid lllt/Fe than nearly any <)tiler space mission, l)el)h)yt:d in tile Spring of 19!}0

with tht' express nfissitm of addressing thc most t'nigmalic and cxciting questions of astr()n-

only, it pv<mfised a revolulion in undcrstanding Ill':? origin and evolution <)fthe universe and

myriad other astl-()nonlical and cosnlt)h)gi(al questions. Within weeks, a horrible realiz,,{i()n

gradually emcvged: the insln,mCnl I)t),e a seemingly thtal and irrt,F.arable manu[hcmring

tlaw thai w()uld severely dcgradc or even s<llllh, ils I]IIt,t,II-'L, eHi - :nissio,L Worse, various f)lhui-

systems and (tmlp()nents t)('gan t()act erl-ati( alh ()r to tail. So()n Ill(, tlubl)le Space Ii,lesc()l)C

and NASA itself wcrc thc <)bleAts <)t+angm; scorn, anti ri<lictfle. What I)egan even I)etbre

laun(h as a ill;ruled and routine selxiciug tnissit)n grt'w inl() a bold and comprehensive AlvA,r-

haul, a "rescue mission in space." Tim tlut)ble Space "Ik.lcsc'ol)e Recovery Team ,t,scut,(I

more than.jusl the teh's(t)pe and its mission, h()wevt.v By ,dl at:counts the i, rescued NAF,:\
and the U.S. space ])rt)gram as well.'

l. National AA'l(lllall0(" Asso(iatitm, "ltubbh' Spa(,:. [i.h.sc,)l:.A. R('('[)v('Y'l' "l'(';lll| _,_rill:_ 1991 (;(dlit'l
Troph?,," Ne;vs Role;s,.', Arlingl[)n, Virginia, MavAh 1, 1994; [,or('n S. ,\guin A', (F,m(htAct, v,ritA'r, and [lin't (or),

15'win, Mi_i,n in ,S_m,,, '.id('o ('ass('ttA' i'('((nding (Bl:,slon, 3,|.\: W(;IU I N()VA, 1994); Sl)eA'ific (ilali(mn Ill lifts
plOgl_[lll ;'-.'illI)t givt'n hi ll|inl.l|("*;:s('( ollds [l'Otll slilll ill Ih(' till)('.

This artit+h, is dediAated Io t:h)l) Bh'ss, lead('r <)t AliA"tligh S])A'('AI I']'*ot<ml('tt'r Tt'am ;tl tit+:' L!nivensit; ol

\Visc(msin, ','+hA)wmk('d tirA'h'sslx flu" Ah'cad(.s and in man', x'-.axsI(, SA'CIht' ,%p;tce +I'eh's('ope achi(wed, and then
gtact'lull,, re;tAlc room Iot(:()SlAI),.

l am glalc'tilt to a v(.r) large inntll)cr ot pt'(q)h' v¢llo gJat iousl?, RaVA"irA'A'Ivot flurir lime by sending tu gix-
ing nAe infl,rmali(m, oral IAislor} inlA'rvi('ws, anal intinmal (lisa ussions. Th(' t Itfl)l)h' SA'r',.iAing M:lssitm ',',:ASa tnas

'+,ivc t'tt()l'l Ihat dtt'W a do..,('n ilA:,.liluti(ms and fllousaud'+, ()t pA'opl(, iuh) |Is ( ilSl. ] hav(' lri('d It) give rt'prt's('ntalb, c
wt'ighl to (hA' xalhms (t:,nllil)ul()is, IAUl h w(:,uhl hay(. I:,('('n imlt(tssil)h., within the limits ot Ibis briA't" arli('h' t"_,t'n

lo nmnlion all lhA'iv nan|vs. My o',xn i)ti,w km)wh.AIRt. ,)l Ill(' in(,glam til)m ha\tug w(nkvd (m lhc Si);uc
l;.'h'sc(q)t. I lisl()J.,' I'.!jctl aml tl_(. vcslovafi(m and ('xhihi_ ol Iht' 'qpa[e "li'h's[()p(, .'glru(lulal D'_nanti( [i'st

Vchit h' was au import;hi tounAt;ition tin v, vitin R this atti(h., and ] ;un Vl;It('Illl to t oll,:'agm,s lind tiit'ndn al lilt'

Smithx[miau Institution's National .,+'drand Si)a( c ?',|USA'Urn.A'nlACtiall,+ Rob('II \'x'. Smith. Finally. as (",('1 l am Rr;m,-
tul t() the NASA Ilist(,_'} ()tilt c, CSl),..ciall } l)irct I(u R()M,:,_I.aunius, li_t SUpl)()_lin R this a_ti(fA'. Nt't'dh'ss to s;v,. I
illll '+,()h,I _, it,Sl)()llS]l)lt, tot all (+m( hlsi(uv-, HII(I illl+,'l'l)l'('l;tlillllS Ill+It'll|.
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A strtmaut 1'2 Stor$ Musgrrwe, anchored .r+ the eml o/tile Hemote Manipulator .System ( IIMS) arm, ].epares Io be elevated to

the ¢+r[_ O/ the to¢+,ering tt+_bhle Spare "l'elescr_be (lIST) to it_stall [)rotective cover_ on mal.,Ttelometevs. Ast_,maul .]eJ]iey A.

t to[]_nan ( h_ttom o/ /ram+') a_i_ted Mu._gv at,e with [inal _en,icing ta,sk._ on the lele_,+*pe. _z,ral_ping up [i_)e day_ o[ sJ)a_e z,,a/h._.

(NASA pholn no. 94-11-16),
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inl lhu hllr()ducli()n Io Ibis volume.. Pamela E. Mack disrcr,s a m.ubcr of Ire|lds Ih_ll
ahcred th(" character of air azld space tlight o;(.r Ih(' eighl decades o[(:ollier awards:

(1) "'NACA and then NASA [berame/ im'n,a_i.L_ly ('auJd i. a web _![ hun,m.ratic

a.d political obl_ation.C'; i.dividu.{_ c.me /o mailer h'_,_ and the pla.ni._"
pmcrs_ it_el[ tmcamr mow imp.Ha_H,

(2) "'lCe_earth,cmd eft_,rl¢_pme.! pmje_ l._havr be¢'omt, m(m _('.mpliralrd in/un¢la.u,.-
lal _¢U,_, JvqunT.Lr Illort_ divet:w_ e.V_erli,_e th¢l. ¢H1_ hme i._eu/m ('emhl mu_l¢.r

a.d wlmra/i.L_ deveh,pet:s ff[ terhnolg_y /r.m u._e_:_,

(7) "Attitudes tcm,ard._ /u.di.t_ n_gearch hm,r chtt.L_rd'" ,. alh,r Apollo lhen, arow .

"'new e.@ha,_i._ o. to.st-bereft/_.hula/i._ but als. .urn) willing_m_s:_ Io /u.d Dm-
je('l._ ¢m /he basi,_ ¢?//).puhn _up/.,H. ":

Th(, tlul)l)lc s('r;'J('illg missi()n r('l)rencnln Ih('s(' II-('ll(ls ill full I)li)()m, ;LSW('II ;Is ()lh('r

('h;Ir;l(l_ri:.;l.i('s w]li(']l ]I;IV(" i)(!CII id('nlilied :is Ih(' ('[;Issi('il] illdi(al()rs o[ big s(i(ql('(,: "m()n(,'¢,

manl)ow('r, ma(hin(,s, m('dia, and Ill(' mililary." Th(' I tul)l)k, _%lla(-(, T('les('()p(, program geli-
('r_llly ])l'('stqlts Ill('>;(' (']l_lr_t('lOli_;,li('s ill their Illl)l(" I)('llign I()llllS, ;IS well ;is Ill(, |)alhoi()giial

variams idcnliti(,d llv Alvin Weint)erg ()f "ji)urnalilis m()ne_icis, a(hninisl|,atitis. "_ ill wh;u rid-

lows, I shall I]rsl (tis(uss th('sc characlcrisli(s as {hey al)plylo the I lubl)l(, scrvi('ing missi()n.

Th('n I shall ])res(!lll a basic hisl()rical murafiv(, (_f planning- alld exc(-t]ling ill(, missi(m.

Flintily. i shall c()n(lud(, wilh s()m(, of Ill,., s(i('nlili(-r('sull.s thai ('llSLlt'd (lurilu.p ,-1994. and i)r( ,-
s(.'nl a tbw (()nch_si()ns a(Mr('ssing I)r()ad(.r issues.

(_)
Ilure.mralic ..d/)olilicnl obl_._ali.._: l';(q,,ve(,n Ill(" initial pI,uming in lib'., 1970s fi)r
fr('qu(ml r()ttli|l(, shultl(, m;lilll('ll;ul('(, ()1 the tcl('s('Ol)t, and Ill(.' I)('(t'lnl)(,t 1995;

S('l'Vi('ill_ Itlissi()tl, r('l)l_l('itlg ('()]ll])()llutlIs (';tlllt" l() ;l('(]lti]'(' _l ]I<';IVY I();|d ()t sign;ti-

c;In('(" illld illtl)ii(;lli()llS. "['h(' svt'_,i('itlff, lllissiott I)c(',lttl(" il WHv l() l-t]]);t_ I)ltl'('H/t(Till-

i( and F.()lilical ()])[iqali()ns Ill,It ('xten(l('d flu" I)evond Ill(' l(,](_s((q)(. , [)l'o_t';lll} ils('lt,
(?V('II b(w()lld N:\SA. In ]ale l(.)(.}:_), ill(" lh('ll-l;tlltish(,d l'('])[tl;lli()l} o[" _A,%,'_ its ii

XVh()It', lilt" ('ai)al)ilily ()[its shultl(' svslt'ln ;tll(i ilNtl'i)tt_lltl ('OlpS, ;-tll(I l]l(" vi,ll)ililv ()t

;Is lll()sl illl])()l'l,_lIll II('Xi ])l()glktlll, lilt' _l);t('t ` NliHi()ll, all rod(" with lilt' (Tt'W Ill "Ill('

Endclr,_)ut: h st'('nlt.d Ill(",, w()ul(l all (om{. hack ill Ih(' sam(. con(lili()n: h(,'roi,,-and

;'i|l(li(al,.,(I, ()r (lisgra((,d 'l'h(' s('r;i(ing ]nisnioll was a r('s(mntling st,(((,ss on n(':tr-

Iv all c()unls. Tht, long and d('manding Sl)a(.cwalks w('r(" among {hi' nl()sl unl)r_d)-
]('lnalic ever (l()tm, and ()vcr scv('ta] days press and m('(lia (()verag(. ()f Ill(" tninsi()n

W;1S tIl()I'(!illlCI/S(' ;Itl(I tll()l'('lilv()r;li)h.' Ill,Ill i)(,rhal)S ill _lllV lilllC Sill(:(',,\ill)Ill). I Jr(,
l('l(wisi_)n (_1 Ihc r(.i)air acli_ili{.s was (arri(,d uninl{.rn-Ul)l(,d ()n really (ahl(. I('l(';i-

si()tl (hanncls, and s(:e]lcs {_t lh(' _tslI()II;tIIIs ',VI)l'killg ()11lhu l('lesc()l;(, (l()nlinal('d

Ill(' ('riming n('ws(asls. ,\slrollilltl Sl()t'v ]%|llSgl_lV(, r('(alh,d I)ciug sl()t)l)(,(I I)y i)eo-
pie v,'hil(, (h)iug his (:hrisl||l;ts sh()l)ll'ing sh(wllv afl_.,r Ill,{' missi<)n: "The', w<'rc
I)l('ar',-(,v(.(1 Ir<ml slayin_ u I) all niu,+hl. W(. w('r(. I)('ll('r off (hart lll('V +,v<.'r(,,. : . lit+.';'

w(.r(, v('rv ,('×cil('(I I)('(aus<.. Ill<..;' had li',.t,(I it vi(+ari()usly. '''

'lbllingly, Ill(' ('r('w and grl)lm{ Inanag(.rs w(' -e.j( in('(l h; II('anling ag('nc} ()[t]( ils

and [)()]ilicialln ill l)()Sllllissi()n [)r('ss ('()lll('l'Oll('('S ;tlld ('VIqllS. _.'%']1('11Ih(' l(!](.'nc()])('

'2. [hi',,(' Ir('lidn ;11_.' lilk('ll tHilll ;t l_'tl('n. Ma,. k I(_ ",()hun{' alzlhHes. Xo',(,ml)(,l 20, 199 I, F'- 2.

:_,. ,lanl('s l [. (:;ll),.,ll(,,,., ;llld I_t1,.'11A. R;t(k'L "l_i,_ 5,( i('n(u: Ihk(. I() d_(' ]}l{'st.lll,'" ()_jt_ '7 ( ItA02): I ,Izld ,'-L

I. _',lil*_l';l\t', I sW('lill_ (lilt'St;on ill Ill(' (:II'%V I)(inl Mi'.,nioll Ih('_,'., (:()llii'l('ll((',J;lllllilP, t, ]_}_)t,
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rcsunwd opcralions and llw lcp_drs wcrc tillly It,sled ill January 1994, ils pcrlormancc

"W_lS I_11" bcgltq" ihall _tlllit'ip_llt'(L :.tlld lilt" olld-lis'.'l,_ W_'lt" CXll't'illt'ly ph,,ised. To whal

(h'_Ttw llw ] lubblt" SPacu Telcsc, G_c was rcslorcd to ils _wi_,inal I)lanncd l_crtbrma |we'

is a dillicull judgnlenl, and 1o sonic t.xll.'nl dCl)ends on the criteria one uses. [I was,

howt'\'t'r, draln_ll[calb,' hll[_iov0d. ()vtq lilt' I_l]o,,vhlg y_t'al, il |)rodutt'd _t slrhig of si_-

nitic,ull rcsuli.s iilal __uld nol ll,wc Iwcn possible in ils original _.;l_/ltL:'

(2) I !v'r_ aml dn,el.].>rs o] romph'x I,'rhm_h_,_7: Thc c¢llnl)lcxily oF tile I)roccss and alicnalion

of lilt' users [ronl lilt' dt'vcllll)t.!l:'; is anlpiy visible in lh_." hislolv of llic s])_lcc Iclcstoi)c

ilst'lf. This asl)ccl is docuincnlcd and ilhislralcd in llublish_d .schohu'lv hisloly,

_ovcrnnwnl audils bv such units as lilt' (;choral Accounting ()flitc, congrcssion,d

h¢'ill-illLrs. _lll(l lllt'll/OiI-S. FI'IIIII lilt' I]l'Sl ol'ganizt'd t'illlll)_iigllS 1)',,' _tglllrlllOIIIt'lS ill Ih_ _

lalc l!ll:dis, lhlollff, h 17<'asibililv slndics in lilt' 1970s, dcvclol)lncnl in lhc 198()s, _llld

olwralions ill Ihc l!lgOs, lhc i hlbllh' S|)acc Telcscoi)c has bccn suslaincd by a coin-

i)lcx and l)rolcan coalilion of diverse I)arlics. ll asll-ol_onlers arc lllc end nscrs (t)ul

in no w,tv lilt' onlY bcncficiarics) of the" s])ac¢' It!lescop_', llien ill ])arl lilt" hisl_n): of

ils dt"vl._lOpIllt "111 is _)l/¢" ol' [Igll'(lll()lllt'l'!';, sllllgglill_ lo l)l'CVt'lll lh('il illl_.'lt?s|!., [l(:,lll

bciilg sllbmcrgud and m'¢'rrml llv all lll_" olilt'rs. Tlw nct'd tT_l I]le scl_'iciilg mission

al .ill arose because lilt' llscrs (asl|-onomcrs) t]dicd io |)rolt'tl fully liit'iY inl_,rcsls and

_lllowud llic dcvM_q)_'ls (c|l_inccrs and nl_m:lgcrs) Io 1)roduc_' wll.ll l..ked like a

sl)a_ c lch'sc_g)c bm did ii_l ]U.rtio. as a space Iclcscolw shollld, lhis ilhlsllalcs big

stiCliC_' _ls _vil_it .]itlllti's (;nilsilcw .lilt[ K.II'I'II Radcr Ii_lvt' called "_il llll(t' _1 broadk

dilluscd liiOdt' id co_ilili_in and _l C<lliCt.iillalt'd [illill of (tr_lliiZcd l_lt)oi; ....

Nol lliitl lilc _lSlllllll)illt '1"_; did lilll Ii"¢--lhl'v Iricd ini_hlily over lilt' dl'ca{Ics, sin<_ly

and hi gi<ltii)_,, ilill ltic StOlid-' o[wll_tl R_llit{il _lliJlll ll,is cailt'd "lilt i)ig-gcsl kind of

I>i_ nCit'llC_.'." big t'ilgi it't'rJllg, iil/(l big ililinligt'ni_'ill ',va_ _>vt'i'w it'ililiilg, ill lilX

vit'w, lilt' sy,_lt'in l]ial was I)iiildill<_ lilt' '41)_ic(' iclcst_q_c was i)iggl'l liiiiii aiiy 1)illli-

i ivc s'¢slt'lil buildcr (in lilt" St'liSt' lit hislOli_lll T|lolllaS I lu,_hcs) touid uvcr ilol)C i<l

illlill;<l_l'. _()1 _,hould wl' _l_lllllt' ihcic w;is bad Ihilh ltl vill_iinons sul)vcrsioil. The

u:_t'lS (i1%11/!111)111('1!4) v_t'l(' i/()1 lilt' OlliV. illil nt,ccss{uitv ltlc iil(iM hnl)()llaili lt'{l-

,_lli_, [iii I)uihlin_ ii ill all, Mill/'¢ ()l]ll'l iillt'lt'_,l,_ (t' i_ iit'l'lill_, illlllllll'lCl'. ]l_llilics)

%xiililt'([ _l si)at c Ich'_,_ _lt)c. _illd iilc .l:_,lltlllOlllt '1_4 only gol Ollt" t)l,l-_ttl,41' Iht'sc llllit'l

iillt'l_.'sln W_llilt'd il. Tht'sl' _lllt'i ililt'rt'nl_,, h_>wt",t'l, did nol it'quir_' Ih.tl Ihc luh'-

scol)t. [uncli_lii in quiic lhc saiilt" way as Ihc aSll_lillllliers wishcd. lhl'sc _liht'r

ililt'rt'sls did IIOI willft llv JgliOlt' t/l Slll)Vtq'l lhl' _1_11OllO1111"1_' I't'liuirt'ilit'iils; illOM-

k iticv wt'rc ju,_i iiist.nsilivl' Itt li/c _l_,ll()l/llllll.'l_, Jill(1 itlr iiiOl-i" l)owt'rin], Tht'ir

li_'cds h_i _l silc_ _.snlulh' [t lcli_niill_ sl).icl' I_'lcscoI)_" Wt,ll' t]ir lll(/ll> icl.txcd Ih_lll

_- i _.li_. i _ _. t _, _ , I v,I <:i _,/_.,_ IHl_..Igts_ lift 121 iiliil_ll _, I!t911:20 ;ilid 21 lllll¢.tl

ill I)t.MttX_ill_, il_ 'l,,ttiicls hn 5_t)_llt' \lhsilc_.'" I hlliluhilill illl'lllll i_ )'_ _,( t,lll "_I_, fill( Iliilll_iE_ t. _, ill' _'

Riihcil Bh'_s, "'%lXl_ _' I_.il'lll I': %1( "n _ltli:l(lll_ ill _'_,\_,\," ]_tTf _ ttl %l<i#llft f/Hf/ ]7¢]ttltS/tJ,_] _l (\_i'iillt'i I{ _ " 7 _7 II

I'ii¢ (;tnm,.,on. Il." IluDId_ 117_t_: Ish.jdn_i<_ ,lh_.ls Isll.p.hli+s t. II. I)n. lliltm. [)t_//_./i i_llll_lP ()Tlf'l t[ll' thlhld_ %[m<_

tL I',npnh_'_ nnd 4. cr "P, il4 _,_iclwc.'" pp. '3, IlL "lhc dclillim¢' hinio_x ot Ihc Ihd_l)lc '_1_ _' "l,..k's_ _l_C

lil_%lanl ilscll i_ R_dwll W. <Nlnilh. _GIh ¢_llilihllli_nls b) ]'aid ,\. Ilnnh'. t{l_|)t'll K:u%_nl. :tlld I_sCldl N.

I_ihilt'_vi_ 1. /7.' .gf..c I;'l,'_./.': I '_htd_; o/ ,\'1,_ {, _,+7¢'11_,'.I;'rh..Io_,. tl#_l I'./it"s, tXllWIbn_k cdililnl _illi cl Ill'l _,

.\li<'i_)id (Nt'_ York, .NY: (]anit)iid<_u ['iii'_l'lsil_ liicss, 199]_,). "'Not since Ap, dh_ h_s _ l_i,l _n_t_ n _,,li_'nivc sl)a_ _'

illinnioil ll.'ilill hi'I'll |illilit'd hi,Ill _,ll lililli'_ dislllii_iii' tlllllilf<'i_' _Glllin NASA. llil' ilt'il)_.IKl( I' hldii_lix _iiid lht' _i__itl-

t,liiil _nllt. xichlin_ _iilh Ihlll_lll_h _;ll( I;I '_,n. And ihc Ii'iiiil did il till ihnl' ;llilt _iiliili llilll_lq." ,\ llilnig;hlhil, bul

cln h and ilil <illll)h'l_' :issl,nSlll_'ili (it Jill" il'llilil ll,slllls in _i_l'li hx I':lil I I :ll;li_.n_Jli. //t_' Ihd_hD' 117._..\li<.ll_<lld.
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the' zIC'e(ls of" the astf()nomt!vs. ]'_x'en Ihough all the dil]i.'rent int('lC,sls assembled

;uoum:] ;t single big m:.t(hin,r, it was all illslrttmt'tllalitv with Ill_tllV meaninR,s mid

flliIll_,' criteria f(>l Stlt(tass. ()lIc lll:tlllt_('l" ]Hit lilt' iSSllt' st'nccinctlv" "li'tht" il_.(')l(V ( (

Holhin_ mOFC tlt,l)+ take on(. ti)hll)(uTalt'<l l)i('tlu'e l)onl lilt, Wide Field (]it)|l("l;a in

19(.)3, it wt)uld h,lv¢' I)cen d<:claved a SlU((.ss; s() why add any risk to Ithc s('vvicinu,-

mission b.v fixing otht+) + t)rol)l(+msl? Well .... wc promised a |t)twtiotlal It,h.scOF, t+'
II()l ;it slitltl|.";

"I'll(' sc)viciug )nissi<)n was stt((t+sstll] ill ])aFt ])('('iltlSt' Ihv tly,('lS ;tss<')'tt'd 1]l't.ll)S't,lvt,S

and inl('l_j(.cl't,d tllemsclv(,s IOr(('fittllv inl't) tlt(" l)r(.ccss. The idea for the Ol)lical fix
c,t)litc t)Otll lht't' ttSt'l +advo('ates, lml_(It.n)cntint _- tilt' lixcs was l)C,ssiblc beCaltS(+ tit(.'
other intercsls fi)tm'tl tlwir salvation through Ill(' nwt'ds of th(' Itscrs. If tilt, dcvcl-

opm('nt (+f thw I(,l(,sC()F.C illutstvates lit(' alit'n;itli())l ()1 Ill(' users itl bi_ scieu¢-c it))(l

the disl:,t,Fsioa ()1 IIul'usts, its ]'cpltir I))-,-:,\rid(,s itlt ilh)sll+,tli())l of h<Y',v big scit'mc

can work bcautiltfllv when iitittcr(,sls mt')g(+. lhc st'wiring nlission (+volv'txl I+)-<)ma

diffus(.(l sct ot aclivitics "_,,ilht many pa)li('s t:,l)(.rltlittg s()nl(w,;h;tl it|dclwittd(.ullv

im() a lighlly f_)tlus(+d and exguisil(.lv 'thovc,)gr;q>h(,d group effort, it was wclI

fuu(l+,'(l, h,itd the rapt ,tlttultioll (if uultlagcuncut, and a working l<,'vvl _'spirit rh' rm/J_
thtat I)':tns(t'u(lcd i)itslitllli()mit] and olh't.r ](>}:)llics. _

Atlitmh,_ Imua_d,_ /'mli,:c S()mc ill-'t'h't)s'tu) h Vl)('t'l)()l't,s aside, tilt' lhd)l)l<.' Sl)a't'(.
T¢'h's¢t)l)¢:s l)cnt'lits w<:r(' as put'<: ,ts the dn+ivcn sn()w. II is har(l I() (]utanlil_ _lhc v,duw

()f ktit()xvill_ l)t'lt('l" thc ))all)IX', hisl()vy, an'tl ()vigitit 't)f t h(.' t)))ix't')s(' ill ()l'dt'n t() (())sitar(.

it t't) tht(' cost 't)l tilt' I't'l't,s(()p(,. Th(, g('n(')-iitl i)ttl)li(, , ittit(I il.s vt.i)rcs(,lltaliv(,s mig-ht n()l

c't)mF, rch(:nd fully lit<.' sittl)tl(,li(,s ()f astr()l)hvsi<.s ;uM 't<)sm<)h)t.,_, l)ittl th(',, did (,Xl)CCt

at Icasl ('nt('rtai)ul)(,u)t and (''tlil]'tali()n [b) )lit'(,inv('slm(,ttt. Whih. the s(.'v(.'i_tl prol)h,ms
()l lit,t' t(:Icscop(' allbct('d all tht(,' inSlVlu)u'))ls, Hot ,just tlw ('am('Fas, it was tit:.t f')£z/",

SlX+('tra or mluldx di<_ital data lhat l)c(atn(, th(' l)ul)lic s(;itn(lal, but villh(,)-"l)huv_.d

vision." The myri:itd ()f misMitding- ;itnd h()rvil)ly miM(llcd similes and anah)gi(+s uscd
t() (()i _xrt'x. Ill't' l)F()l)h,ms aud remedies all cam<, d()wlit If') l]l(' ('itsilv a)ld instanth
I))l(l('lSt()()d ])i(I))r('s H)itd 'tl;u'itv. ]'_'v,(')l SU)lill()l I+),iu'l);l)iit N|ikt)lski, ]lC)"s(.'][ ()lilt' ()t lilt'

lll()sl kn(),,vh,dgt,,d)l(, itnd savvy :ld"+()(;llt's, rt'lb)u(.d l() ]w) ()l)l)it_'(' ill th(' "('illltFi)('|"

and h('r ('lali()u ;tt Ill(' situ(('(.'sslifl "('())ltacl l('ns." I l't'nc¢., Ihw I hfl)l)lc s(.'vvi(in_-mission

7. R()bt'r 1%X', Smith, "lhv Hit_g(.sl Nind <)I Big F)( ion( t': ,\su()u(,mc)., ;m,:t th,.. Nl)a( (. If'l('..( ()l)C+ "' in I;¢,

._'r.,.¢+,: I].' Gw.qk .1 I+._¢ >,.'d," Ib'_+'n.k. l'('l,:r (;alis(m ;tml l+nu(,.' I h'xl,+, cds. (Stanh))d, (;,\: St;tlllOr('t l )li'+t'+ sin,,(()

l'r('ss, I .).)_) l lt+_hvs suu :ui/t'd hi'. t+)n, (.l)l <)I s_._+It')ll huihlt.v, in Th,>in;u I). I lu_lu',,. " ['llc ["+(duti(m +)I [rout"

"]k'<h))()h)_i(al Nxrs ' S ,'' in 11., %J,'ml¢'op/_t)mlirmo/'l;'+kn.k£_._.d";;_/_'._s.,\'¢,+t,lJm'_/i.._ /;_lkc.S'o_iolo,,4"_r:i.ll/i',l._

"/ l_':l.w/:)O'._'(b,.%Vii.b(.E. F;!jkc), I h()ma,, 1).flush<.., aiid I_('x_)rl)i)uh, ((:;unh) id_-(..M..\: MII" P)v.,,,.I!)_7).

F,I ). .')I-_, whi('h ((>ntai)_,, l('I('l(,l]((.s [() his ()lh(.i v+'aiti)Lqs ()Ii lh(' ',ul!jv_ I. l,hd)(,it '_)))ilh ;tll(l lh(' ;Itllh()l ha',,..

di_,( Ll'.s(,('i this _tu(l <)th('e tht'(>i('li(a] l)CU.,l)c( ti._c., fn()in lhc ',()( i_l +,ILndi(.s ()f s( it'nu v and It'( hn()]()_; ;i', ;t])])lit'd

t. th(' NI)_(<. T(,l(.s( _)l)u in "'( <)Lmtil)_ <m It_xcn)i()n: l)cxi((... ;m,'l Bl;uk B,)xcs in V<'ix Big F;( icn(c+" (.)',._', {N,:'v,

N('li{'n) !) (]9_)[): ]4)1, ()11 I)i_ S( i('rl(,:" _1 +, ill_dltllll(,lll _tlld i11')l)tllll(+lll;t]i)'+ S<.'t' (i;I])'+]lt"+X aim [_ad('l. ])]). N. '_?_.
\nndtt,x; I_,t_tli_:_ ill his (<)ntnil)uli_)nl I() Ilni'., ',()[tumv n()t(", lily d+.'p('lHIci_+.c ol Ih(' s¢i('ntlil](- uncnn <)ul thc tv(h

m)].g', <,t pl +.'lmx ('x])h)vali()l_. ;tn<l (,,,l_C( ial]x lhc' ust.ts' ]-(;tti<)n al I}tt" tul(I (d ;i ]<)u!¢ sl_illg <)t inlt<:_h)( kil_

+.()llllllllllit;llil)llS ])ll)l c'ss(,'-,, 'lh(. t/11:1] ,+[tl()l( + is tl()lll J_),,(.i)h t,_<)llnv)_h,(,_ [l/t('l'_i(,_x. _ ,_II_IlSl <( "• , , : I ,\: .'-+72

t hi,.',,'-, ()flu'ev, i,,,., id,+'miti,.,d, all ilm'r,,it",;,, arc h', Ih(' ;utlh_)_ ;roll ;uc Mcutith,d h,, dau,. I;q)c )_tlml)ve ,,idv, ;rod
H[)I.+I(I\ilIIHI+., I;1_)1' (IHIIIICI llllIIIbUl.

_. _l;Itl"_ ])t't)))](' ;'){'1(' itl][)lt's'_u(I I)'+ Ih(' (()()p(');Ith))l ;uul t('illll ",pilit ('xi(l('nll l]llOtlR]l()tl t I]1¢" st'XClal

x(';tts t)l l_lalmin_, .\',le()tl;lu) Nh)lX %[Hst_la,+¢. )c(alh.d lht. h())i:()nt:d i)Itcu_t;_ti<)n x,,;_s '+,,camh.s¢' likc "\l><)lh,'"

(NI s% ax,:' Int('u xi(.',x. Xl;li( h 23. It)9"). I I+,: 0,"40), ()st ((,;tlilio)),, ;t)td muhiph, in)tc)<+"+,tn is) ",)(i('nc (' and Iv(h))()]()-

g', "('<'l_,eut)<)[.;m)un, N<:¢.r¢ _,,_,Uti... /low h, Pbl/.w N:..¢/s/.,..d l',.,_hn¢'i_//n.I(_k So_/.,'l)'((:,tnllnid_v, M,\:
l i;ux;u<l 1 ]lix+,,l,,itx l)l(,_,s, 19_7);tu(l ";mith and l;_t;tr(,,,;i_/. "(;,,u)Itinu4 un_ |u'+(ulti<)l+."
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_ra s il_ S_ S_._. _ _'_lC_t_li_ , bccmlsc lhc dcfl+cls in ihc cxu-cnlclv c×pcnsivc

insuunlcm wcrc inuncdimcly graspablc by lhc public, who could also easily scc the

imln-Ovcmcnl aflcr the repair They could'also casily grasp flw nlagniludc, if nol ihc

spccith dollar amomll, o[its cost. ,&s one otlhc aslronomcrs involved in ihc f:,ro_ram
teased ill ;J 1984 lecture:

"That i.+a trice topic," said Alice, +'l will I)Ut Ihc I)r<+it'cl in its historical l)Crspcctivc

and draw amtlogics wilh other ,_rcal scicnti[ic ptt!iccts. "

"'Nonsense!" said I h,ml_ty l)tnnlltV, "The answer is vcrv short. Sl>aCc Tclcscol)C will

revolutionize mankind's undcrslanding o[" Ihc Universe I)ccausc il cost ;l billion

doll,us! ThaCs all. They ,,vouldn'[ lmvc sport[ ihc inoncv ill Ihc filSi place i[ il Im<l-

n'[ bccn so. now would they? "_'

Great Expectations, Bitter DisappointmenLs

hliliallx, mainlcmmcc and rcfurl)ishmcnl missions (in<:luding cvcn rclurn of Ihc

cmirc spacccrafl for ground overhaul and lhcn rcllight) wcrc l>arl ol lhc Space
Tclcsc_q>c's roulinc scc,mrio. The [llSl of[i<ial NASA lclcscol>C planning I>hasc beg, an

al-onnd 1971 ,.insl as tht' Sl>aCc ,Slnllilc "was Iicing dclhlcd. \*i_iih ,ulslcrc iilncs allc_td allcr

Apollo, iitc Si)a(c Tclcscoilc alld lilt" Sl)ac(' ,NhulllC SOOll l()ulld (lllliltlOll (_ttlSC. All orl)ilai

Icl('sco])c o[ lllltl si/.c _iltd cost COtlld ilot |)('.iuslillcd IllllC_,s it could o[)ci'alc t_)l" vC_tlS oi"

dccltdt's, altd to lhal ciid llic S[)ilCC _ttilllit' ])rollliscd roulinc _tccl.'ss [or rcl)air ,(lid

ill)_r_idc. [,_l(kiltg lhc Space _laiiOli, deleted h-olli I)l,lltllill_ du(! Io cosl, l|t(' shtlliiC lil'l'd-

t'(I a ])latc lo go and tlscltll work Io do lhal could itol bt' aCcolni)lishcd t)) (,xilcllda])lc

I)tl_lslclS. 'I_l Ilial end, Iht" SI),tcc "l't'icSCOl)t' alld S])a('c Shtilllt' ])air ])(.c;lliie an ('x('iliillar of

_t itcw aiid cosi-ct]cclivc way of doint4 l_;arili orhilal scicn(c, hiilially l)r_!iccic<l al at)otil IWO-

and-a-hallLvcar inlcrvals lt_ _i'l+ lit(: [i|lLCt'li-vcar life of lit(' T<'lcscopc, siIch service calls wcrc

cxllccicd l_l lie linl)rllt)lcln;llic alid rotlliii(', hldc('<l, Ill(' ti-(.qilCliC}' ill access Ill lhc sllac('-

cr,itl, llrc<licalcd oil Ihc I)r('sililicd iC_tlial alid rotlliil(" slluillc lrallic, was io llci,,t' reill_lVt'd

IIl'l_CIl('_,'. II'solncllihtg colild liol Iic acconil)lish('d Oil Ollt' call, ii c_ltild wail unlil Ihc li('xl,

li ;ilso iil('alil Ihal cxl)ciisivc tilc-lli<_hi <lcsign _llld tcslint4 c_luid bc i-claxcd SOliicwh.ll,

_t,ciirt' ill lilt" knowlcdt4c Ih;ll tile sljlt('C(l'_t[l would Iic ac<'cssil)lc I¢li" servicing. This Illlli(lli

ttt" roulhit' illaililt'llilllCC rciihtilit'd wilh iiic ']'clcsc_tllC llirlltl_|l |Is ])lallliill<_ ill lilt' 1970s,

ii_ II('W slarl aill)roval ill 1977, aitd IillOti<_h SOlllt' llatlliKtlit ])udgclaiy lit|los ill 1980.

I tow('vcr, sc_ci-;l] Uliaiilicii)_tlcd circtlln.Sl_ulccs Cllicrged l_l ca_l ihc Sl)ollil4hi on inahllaiil-

ing lliC t ]nl)hlc <St)acc Tcicscoi)c and to raisc lilt slakl.'s, _<'
Pii-sl, carl_,' ill 1{t83 NASA/\dlltiiiistralor ]_illi(',s Bcggs was stallh'd to lit" Iol<l, on the

Y('rv (=%'(" ill i(;It'its(" o[ lhe Prcsidt'ni's lludgci [_lr fiscal yC;ll ll.}8't, lhltl Ihc t)lO_l_lllt wits

Olltt" ,l_Ciill signillcanilv over tlud_cl ;|lid iicllind sciicdiilc. The full t,_;IciII ill lilt' crisis

cilicr_('d _l\'t'i-Ihc li>lMwiil_ li'w iii_lilllis, illid l)i_lvokcd I );iill[]ll ((lli_ll'ssillll;l] iCal'ili_S

9. Mahohn l._mg;lil, .lli<,'aml th_',_ii+a<e "17:l_'_ ,/>_'(Bah|nitric, MI): ]<_hns 1 lol>kins Uni_clnily l>lcss. 1.IS,)),

i). _'); [,ollTair delivered ihc ]cl lliic oil _lii( Ii this I)o_k is Ilascd inJmic ll.)S t. al _hit h liinc Ihc (osi ot lhc [ luhl)lc

Slia(- t, "['t,h,s( lit)t' w_ls cslinmlcd al ;ll)l)lll _l billion dolllus.
Ill. Smiit_. l'l: <_,fia,," "ll'h'w@,', ('Ji;ll>lCls 2-3. "Mainiciiaiil c ;uid I_chnl)ishlncnl (M&R)" wiis Ihc _dlicial

dcsil4mni _ lurin_ <lc_clopmcm. The lira| "thd)t_h" .Sp_¢ c 'liqcscol/C ,Scr_i_ing Miss|tin It tS'I SM-I 1" w:_s in t_l;m -

llhll_ c;cn I>ctorc I;itiil('h aiid dclilo)lnCill. A lot _>1_¢_i(Is ;iild llilc wclc CXliClidcd t)chiil(l lhc s( ('11('_ ()'+l'l _ilch

I)_liii_lil'(I l(.ltilS <is "lt'l)ilil," "1i×." ;uid "lt>s(lit', '' bc ('all+'l' Ihcsc l('llllS iinl)licd a Sl)til c( iatl Ihllt w_l_ '_l)ll)k('ll." St'c

(]haisstnl. The Ilubhb' I1)+ls, lin cyililil-Ilcs,
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shakeups of file program and project managemenl, and serious loss of political capilal, l_,x
the time the new launch largel dale Was ill ])[ac(', and the HeW budgcl underslood, Ih_"

program was operating under "last chance" mlderslandings. ]1 could not go back to tile
well again, and the program remained tmd¢,v scFulinv t?om within and without NASA.

One salutory effi'ct <)f 1he rc<wganizalion was that sorer, orbital replaceabh, traits, deleted

earlier in the program for budgetary reasons, were reaflhmed, making the Telescope
more easily maintainable that/ it otherwise mighl haw" ])cell. Ij

SCCOIId, aft(+r re(<)velillg froln this setback, the spacecraft was wailing ill storage and test-

ing at Lockheed's Stmnyvale, (]alifiwnia, plant when the Space Shuttle Challenqqqaccident in

.Jantml 7 1986 halted all shuttle missi<ms t_)r au indelhfile lime. The Telescope program had

to keep its "marching arlny" idling but c_nsuming money dtning the resulting hiatus,

contend with more conservative Yules fi>r shuttle bay payloads', and worry about tile i>otenlial
etfect on tilt" spacecra|t of the tmplanned-fiw extended storage. Moreover, the more conser-

vative shuttle schedule, and even tighler t)udgt,ts thai em<'rged in tile post-Challenger era,

meant fi:wer and less-fiequent thture maintenance opporttmities. The program was forced to
absorb the additional costs without ability to obtain more money ft+onl with<)tm Tile mainte-

nance and relhrbishnlenl I)tldget w:us an'easy target, and mone,,: w;m shifted by adjusting the
maintenance schedule and that fiw thture replacement instruments. Some worried about

how the spacecraft and its components would tare, not having been designed t<) reside in

storage for so long. Others worried that new inslrtmlenls would not be ready in lime to
replace inevitably aging and |ailing onesY

Third, tile Hubble Space Telescope became the centerpiece for recovering from
Challen/zer after effects. It was the largest and most complex scientific payload to be deliv-

ered to <wbit, except perhaps the Galileo Jupiter probe. Unlike (;alileo, which would lake

several years to reach its destination and return data, the !lubbh. Space Telescope would

start providing results in only a tk_w days or weeks of ¢teph_ymetm As launch neared, the
press all([ media coverage was enorlllOUS.

When the Space Shuttle l)iscovel) roared from the latmch pad c,n April 24, 199<), occu-

pying nearly all of the payload bay was an enortnouslv complex spacecraft. Rather than the

usual spacecraft with instruments attached, tilt" ] tul_ble Space Telescope was an immense

collection of instrtmlcnts enshF<)ttded bv a spacecvalt aud various appendages. At the

heart, a cylindrical Optical Telescope Ass_'mbly held a 2.4 meter diameter primatw mirror
which would firsl receive the light fiom astronomical objects ' t-effect it fiwward (o a 0.31

meter secondary mirror, which would then send the ligh! back through a central hole in
the primm 7 mirror. Just behind tile primary mirror five scientific instruments and three

fine guidance sensors, thenlselves large and complex assemblages oF optics, motors, and

electronics, would share the btmdh, <)f precisely f<wused light. Surrounding the Optical
+IHescope Assembly, the Sut)port Systems Module contai]wd dozens of electronic and

mechanical black boxes to operate the ensemble, and sprott/ed two depl<)yable antennas
and two large sohu avtays to generate elec!vici!y.

1 I. Smith, 77_e 5,_m_e 7;,ls,_._fu,, (;hal)lc_s 8-%

12. Smith, The ,Ypa_e "lhle_cr_pe, (Jmpter t!; (ihaisS_)lt, The tluhbh, H.hts, (',hapter I. While the $6 million per

nl(llltll S('('I]IS like a lot fi)r storage, Ih,? s]);it't*(l;tt'[ |l;Id [() I)¢' kept in a illillnlllOlh ('](';tlt FOOnl with at ti',c ai_ con-

([itioniFtg _llld t]]t('lillg ++yslt'll|s op('liUillg (l)llsl;ill|[V, '+onl(' nitl ogcII ])lll-gillg ot_ir('ns o[ 1]1(' S]);t('('('I';t[!, ;llld Ps()llll,.

o! its SyS[('IIIS p(+wt'l'(+d and <)pt!rating. '!'his was mJl "dead storage," bul n)ll('h IIIt)l'C dkill it) a patient ill inteltsi'ct!

cart'. By tht' timc the spacccraft was latmched, it had spent almost a lhird of its itlt¢'n<h'd design liik+ suspended

'+'.'ilit allx in a gl'ip, ril) ' and ;it!nil>Spilt'Fie <,'llVil'l)tllllt'lll t_ll v.,'hit h it w;ts t designed and ".Atii|l IllallV O!" iL'; svstt+lns

powered up ;Hzd running. Rotht+tzb¢.rg, howt'vt'r, bclit".cs that this period provided opl>ortunit v fi>_ testi];g and
dcbtlgging fl+at uhimatclv was I>em.fici;d Rc_lher berg Into "+ ¢',+,, Augtlsl 8 1995+ I :B 16!).
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Designed to be scrvict+ablc in t)rbit, the lhtbblc Space TelescoF,(.+ was thc most

mt.<hanic-triendlv sF,acecraft ever th)wn, l)oz(ms ot bright yellow hand holds an(I s<)ck('ts

l'()l" lit(' ilSilOllall(S" l)Ol'labh' )(tot l'CNll',lhlL"; WCIe strmcgically located m(nm(l the space-
cr;.lll, lnsidc the muhimde of hinged (h)()rs, all ()f the inst,umcnts and many ()f lit(' black

l)()xt's c<)uhl l)t" removed and inserted l)y a sl)ac('-suitcd astronaut using only a few tools. If
l))Ol()l'S O1+i),Ctt)atol'S lhilcd, the solar _liTaVS could be )()lied u I) (like a win(h)w sh_tdc) or

mhcr ;H)l)cn(ht,_es (h.ph)ved ()r stow('(l rising a ratchet wrench. Some ()f the del)h)ym('nl
(Tt'W, ll()t;thh' astl'i)l)alllS' BIIICC Mc(',an(lh'ss and Kathy Sullivan, had practiced various

cmc)gcncy l)roce(h)r( 's l()r years. M((:an(llcss lind w()rkcd, oH and ()n, l<)r twemy years

hell)trig to dcvelo I) the m_tinlainabh' P,.amrcs of the Tclcscol)c and the special tools

)-c(luir(,d. They had spent mmw hours iu l,ockhcc(l's clean room ()l)scl-Villg and working

()it thc )light Sl')acecraft itscH, a()d in thc ,,_.;Her lltnks at Marshall and Johnson working with

"_'_tl'i()) IS lltockll[)S, I_

On April 25, astronaut an(l asn()n()mer Stcvcn Hawley gral)pled thc sl)it(ccnd! with
the shtlltlc's lO|)t)l lit')l) and ¢,ased lh(' ]2-t()iI r_fihoad tank-car sizc(l vchi(le out of the pay-

load flay. Still attached I<) thc arm, a carcfnllv ()rchestrated SC(lUence ()I commands

inslruclt'(l lit(" Sl)acecraft tt) dcl)h)v its m)lennas a_id solar arrays. There was a tcnsc l)criod

wlwn one of the solar arrays got s'mck, mid McCandh'ss and Sullivan donned their Sl)ace-

slits, wailing insi(h' Di,_c+,v/n' i_airh)(-k, ready It) go (nHside if necessary. (;r<)tmd contr()lh'rs
lrt'c(l the array, howcvt'r, _uid in mi(l-allt'rn'oon only <)n(! or])il h)lcr than Ill,rune(l, l l:twh'v

rch._tse(i the +h'h's(()l)c. Within teu rim)rues the fn'clv flying Sl)'acccrM) had lockc'd ()too
lh(' S)m, and h)J(,'n n)ancm'crt'(l its('lf It) l)oim the (l(_.licalc opli(s, l)r()tcclecl l)y the still

ch)se(l al)crmrc door at the frt)m, away ft(m) th(' dm)gerous sunligln. As I)iLSCO_'Vr'))backed

il'Q¢iIV, _l+()tlll(l COllllol]('l+S l)t'_all [he ('()lll[)h+x st,qllcn((' of C()lllnlilll(Is Io "w_tkc ill);' [h(.! Vill+-

i()u_ (h)rmaln svslt'n)s of lit(" Tch'scol)e lind l)rtl)arc it for its IHlet'n-vcar lnissi()n.

Mt-i:m1(lless andSullivan (h)llk'd flleir Sl)itcesuits, and with tilt' rest <)f the (rt'w (-()ntintwd

l>is-co¢,_,r_'islligln, tilt" toolboxes never having hccn opened. Ncilh('r slw¢ tltc Teh'sc()pc

_tg_fin, _{nd both left NASA shortly alh'r thc mission. Sullivan l)ecame chicfsci(_ntist oi tit("
N_ni()nal O¢+eanic and Am)()sl)h(.'ric .,\dminislralion. M¢(;an(ilcss r(,lired fr()nl NASA, lelm

ing the maintenan(t' of the Telesc()pc 1(>other astronauls who might nvvcr hay(' seen it in

])crSOll-Of so h(' lh(m_ht. )*
The etq)horia of flw su¢(essful del)h)ymcnt was mixed with mild conct'rn as the

sl)_|ce¢-raft cnt't)tmlered some inilial l)rol)lcnts. These had nothing t() dr) with the mir-
)()r, l)ul rlttht'r involved a v_triel'¢ ()i g,lit(hcs with the c<)mmunicalions antennas and lhe

tolllr()[ s,,'stems. Tht' Sl)itCeCl-_tli s()tllewhal spastically and rel)elm'dly shut itscl|" (1()'O,111
h)l)) scvc'ral so-called "saft, m()de¢' in rvsl)onse t() th(' motions <)l "mrious a.l)l)cnd_tges,

m)d h;t(t It) be coaxed back imo ()iteration. When, a l('w days after del)h)ymcnt the line

_)lli(|allCC scnsols _lli(!Itl|)icd |o lock ()lit() slats, (-orrt'ctibh" elTOl'S Vv(?l-(' (|i,_(ovi'rcd ill th("

l)roqramming l)ut a mot(' l)crsislenl ()scillation l)rcvented tile !('h'scol)e from k('t'l)ing

it',ell l)()il)le(l wit|) the r(,quirt'd _)<cur_t(y."

l;_.,. Bru(c Xh(:m)dh'ss, ()ml tlistor'_ Intc_,'ivw ] nmrv _q, l(.)_q('); Kafl)v Sullivm), ()ml [Iba()rv [nt('lVi("_',,

.]anmu 3 9, 198fi, Thc'_c inlcrvit'ws are h) thc',";,l)a( (" "]iq(.st()p(' l'lislor',' !'r(!j('('t colh.t tion. Nail(trod Air m_d ,Npa(t'

MuP, etun, .++.;,n)ilhsoni_u+t ]llNlill|liOll.

15. (',hai+<mn, l'h+' lh+hhb" _,l?.',, Ch. 2; Sn)ith, "l'h+'/_bme l+'h'+++@', Alterwotd.
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While cnginccrs h,td t6rcwarncd bctorc launch that such a com[)lcx spacccraft and

ground svslcnl was I)otntd to lake some time to achieve stabh" operations, tltcsc inilial
I)robh'ms carncd the spacccrafl some bad press dlat, in the words of a l,l,?£dm;,_t0;+ Po,st

story, "]las Iinnt!d it into ti)dder ti)r slitnd-tt l) comics and prontptcd some citizens to

nlurnlur Illat it nlity be it $2.1 billion lcmml.'" ()n M,tv 15, 1990, latc-nighl comedian David

i.ettcrman ofl_.'rcd the "Ii)p "Ii'n l htl)bh, '[i.lcscol>C i.lxcttscs: ''._

I0. The Ktty at ,_eat:s promised it would wotg¢ fim,.

9. Nm;e kids o_ Earth must be Jboli;_:r around with a ,_ara,._'. door 0pem._:

X. "lTu'_, '_ a lilt[.:" doohicko_ rubbi_t_ a._aD_sl the ]mH that looks ki_ld o/like a rowbtff hat.

Z See (/you ca_; think _traigrht qfier 12 daw _4rlri;;ki;;g 7h_;g.

6. Bum wilh .squeelgee smeared h';;.s at n,d I).rhL

5. Blueprints draw;; up by Ihat "/h 7 Verm_" :,_uy+
4. Those dam_; rracoo_.s/

7. Shouhln 't have usrd (;.1(. compom,t;l.s.

2. R:m out o/ quat4et:s.

1. l_acr o]w@e_:;q,oh,ed L_aNclic bH_t:(s an' .scn_vi_;t_" with us.

After sial)ill/trig, l)tll not solving lhest, and other opt'rali<)nM prol)lcnls and faking lhc

first Ii!sl image a month ",tllcr dcphr,'mcnl there was a brief period of ahnosl giddy chttion.
Bv lllid-JtlllC, h()++++'t'V('l, s(;.lll(' scientists h_ld bt'('()lll(' IIIOl'(! illld lll{)l't" wol-ricd it])Ollt Sllblh"

cl'laracleristics _>t the star images. This {:onccrn Irened to ncm despair as scientists and

engineers realized the reason li)r the Tclescopc's 'nab,lily to fi)ctts. The heart of the inslru-

nicnl, eitht'r the primary or the s<.'condm+v inirror, or I)[)lh (it would later lt,rn ottl to I)c

Ihc primary) had bccn ground mid imlish_+.d over several ';cars a decade carl,or ncmlv pcr-

Ik'ctly to lhc wrong spccifit+ations. 'l'hm this errm had gone uitdet,ucted over lit<.' vem+s of

testing was sonlclhing ntosl pc<>ph +"+++'idtin thc program lotmd m<> startling to bclit'wc..It,st

convincin<g lilt'in thal the F,roblem lay with the optics was dillicttlt-it took nt'arlv a month,

fronl hit,t, May m httc Jtmc. Scientists and mmtagcrs tespond¢.d to the suggcslion with a

mixttne of l)cwildcrntent antl otttrighl denial. ()ncc the analysts had tinallv become too

COmF, clling to ign_>rc, NASA Asso<:iatc Adnlinistrator li)r Spa[c +cit'llt't ' l.emlard Fisk was

told, m,d he rcsl)ondcd that it nlighl bc sl)acc science's eqtfivalcnt of the (:hallell_'cr acci-

dr'hi. A NASA press conli.'rcncc annotmcing lilt, cotwlttsion on It,no 27 slmwcd a pam'l ot

Sonll)t,r titc+.'s, an<l tht' official tnaking thc tlrsl annotl,lc<:nlt.nt literally stttltcrt,d over lhc

w,twds, "'sphcrical abcrratioi,." Outside the pl'l)krt-illtl iIlld NASA, the news was rcccivcd wilh

]css gr,lcc, and tn<)r¢. Otltrag0 and cvc,i ridictth.. (:ongrcssion;ll rcprcscnttativcs wcrc fturi-

<ms. inth,cntial Nt'llnl<)r ntld s])nct, cnllntsiasl Barb:tra Mikttlski+ cMling Ihc li'lcsc<_pc ,t
"lcchn<nt,rkt.v." cxpresscd ot,tr:tge over t lt,l)l)h.'s "cataract." (]omcdia|ls and editorial car-

to<misls, from l lcrbhwk to (;arv I.arsml's Far Side, ct>llld hmdlv hclievc thcir good fin--

trill(', l_v('ll fihnmakcrs were qttick to seize on the opporltmit}, 'and l)cli)r<: tilt' "¢(':tl '+++'its

out: "A,1 opening scent in lilt" comedy film :Vaked Gun 2 I/2 [i'altnes it dark Iott/igc with

a depressing atmosphere, downbcal nn,sic, and walls lim'd with picltncs showing histori-

cally h<wribh, disasters. Thcrc, t)elwccn a picture <ff Ihc tlindt'nbt,rg and a h;tlFstmk

Titanic. is the I h,l)bh. Space lkqescopc. "'+_

16. Saw;v,. I_thx. "lluhl>lc EXlWttcd io Yivld First Imagc+_ 'l'_,d;_,.; Prohh.ms l(ncott,ttc_cd by I_'h'sc, q+c
a,c m+l I hms,tal :\nl_),tg Sl_aCcct;dt ' .S_icnlisls Sa,.." II?_lti_;._l_;_ I%sl. 20 M;r+' 19!10, p..\-6.

17. I"a'_c t:lmn, '+N?',S.\ Slake'-; its R<:l>ulalion _n, I:ix tin Ihthblc ,space li.lt.s_ _t)t." ._'ri_'mr 259 (l:vbt urn,.
12, 1!1931: 887-N9: Nn,ilh. /7 '5,_:u+ "l;./ewo[., pl _, tl I 13; (',h;,isstn_. "l'/l++//Itbblr llht:s. (111.3.
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Fix it or Write it off?.

In|It,lily, many t_.'arcd 1hal NASA or (kmgrcss would thlallv dccide m wrim o|f the

h,ss. _ Thc ih-sl sin;vicing Inission, ahe<ldv 1)laml_'d lot 1993, lht'n becamc much morc illan

a simple scht'<hdt'd s('l "¥i(1(" call: It 1)eta'nit lilt' onlY/ ("Ill-lIt'(" It) S_l_(i lilt' pl'Ogl-_llll and lh_.'

Sl),lcccratll fr, ml ciflwr clnhanasi,I m pcrlvaps rt'signalion to living with ils diminisht'd pcr-
tornlan_c. Scicnlisls and managers _wRanizcd Ihcnlsclvcs alon_ sCVClal slralcgic lint's ol

work. Whilv tending _llf lilt' v,uious c<mg,essional rcvicws, NASA I Icadqmu-lcrs al)l)Oinled

at "lhtl>l)lc Space +I'clcscol:,e Optical Svslt'ms Faihtrv Rcview Board," chaired I:,v .]t'l

pl-Oi)ulsion l,aboralOlV dirctlor [x'w AIh41+ Tilt' Alii'n (]()llllllilll't', ;IS it I'_iIIIC Io lit" callt'd,

tlcgan work hi.]uk' alibi wilhin a inonlh had conthldl'd {lit' llOUl)ie lav wiltl lilt" inain inir-

ror. [iivl'sligalhl<_ lilt' l-t,cords and Ihl' haidwarl' lhal rcnlained front lilt' t{t])ricalion alid

testing of ihc inifror in 1914t)-I{hql, ihc Allen (]OlillliillCt" found thai a sinlplc t, rror in ihc

lt'Sl sclnp h:ld ski'wl'd lhc illl,aSlllt'l/i_.'lil checks on llic lnilTOr, and ihal lhc ioinl)lil('l-

coiilrollcd polisiling inacllint" |lad dulifuliy shal)l'd liil' inirror Io lliC WlOilg cinvalurt'.

l)isc_lidalil It'sl I-I'sli]ls al liic Iinic liad tl_.t,il i_,iilli{'d ilnd{'r lht" stlit'dull' and cosl prt's-

Siili's. and ilidCl)t'ndenl lt'sls Wt'l_' li(tl done, |,]vcnluaily, lhc .]usiicc [)_'l)arlnlclil and

I lu<_ht's l)anl)urv ()plical SVSlt'nls (t hl<_hcs had t'arlicf boug, hi ihc ])oilion of lilt! Pcrkin

l-]hnt'r (',orl>oralion lhail hail I)uili lilt ()plical Telcscolll' ,_,;st'nii)iy) seulcd oul of tourl, i_'

Whilc llic Alien (;onlinhlet' was working Io dclt.llnint" tile caust' {>t Ihc sl)herical ai)crra-

lion, _ill l IST <Sirai{'gy Pant!l at lilt" Sllatc Tt,lt,scoile Scien(:t" hislilult! lllldt'l aSllOllOlllers

tto]land ],()rd lind Rol)t'rt A. BI'OWll bt'g{In w(irk It) (lt'tt:llnill(" ol)li()ns for l't'('liViq'illg fl'Olll

lilt' inirror I)roillt'ln. 'I-ill' Stit'll<t' [nslitUlt' |lad bt'('ll established l()ng 1)efort" launch to t)t"
lilt" focus tin lht' acadcinic tolnnnnlilV who wished to use die Tclcscopt'. %Vilh (;_lddaid

in:lna_hl_ lht' mission and co||trolling' I]lc "lt.lcscopc, I]lC Stir'no<' [ilslililll" would rcccive

i)roliosals floln {islll)llolll('l'S. lllallage ])t't'l review, and lhen work willl liie sch'clcd

,tSllOllOlllt'lS Io scill'diile and ol/tain lh{' dl'siFcd ohs{,rvalions. ]nslhuic sial} inchldcd

sl-icnlisis wiio Sl)Ccializcd in calitlraiinlg and understanding lilt' Tel_'sCOl)C'S inslrunlcnls,

and t,nghlt'ClS who Sl)Ccializcd in Int,l-ghlg ltloUSallds of applovcd ol)Sl.lvalilnl ICqilcSts

into ;ill c[[]ticnt oi)st'rving still'dull'. [711del liic It'itdt'rshi I) o[ llle asstqlivt' and liersisti'nl

Ricc,u-do (;iaCCOlii, ihc Science lnslilutc had inadc itsclf the watctldog for ihc scientists,

;il liliWS nniih io lilt' COlisicrlialion of NASA nianagcls. They inlt'i-|)r{qcd lhcir cllalg_"

|)roadlv, illl(| sintt" well bt, lolt' |anlll-]l had ])el'll liroa(lile wiit/oul lnncll I'l't_ill'(| It)l" Siel>"

pin R Oil <_()V('IIIIII('Ill I()t'S. "_'t

ll4. lhilll)ll' StJacv l'ch'st_q)c and the Spacv Shullle I>r_lhlt-'nls: th.alhig Bl.[oil' the Sul)(i)llnnill_'l' i)1t

,N( it'nte, Tt'_-hiilllll_,, and Sllac/" ot lhl' (]onuiiilit't' lill (]Ollllnl'ft('. <_cil'lill', and Tlan_;poitaiion. I,'nill'd %lat_'s

S¢'lialc, ()ill' Htlndfed lqrsi (]on_lt'ss, ,i_¢'Colid _l'ssi(lli . . .July 10, 1990 {!lYa_;hilll_llili. 1)(]; (;1'(), 1990): ttubt)t{'

,<Space,' "lt'lescopc: tlt'alinl_ 1l*t't_li'l' Itw ,'Sull(lllnnlitlee oti ,_,]la(e ot Iht' (]onilliiltee lill Sli{'II({', Nl)aCl'. and

'l{.(-hn<_lokr_. l :.N. 110usc ot Ri']ncselitativl's, ()lie | huidrl'd Third (;Oli_l'('ss, lqrsl S_.ssi_nl, Novelnl)lq I li, 1993,

('_'_'ashillglon. l)(]: tiP(), Ilia, Ill,.).

P,I. l,cw Alh'n, Rog_'i Ant4el, John I), Maligl.is, (;t!ln-g,t" A. RodlW',, Rol)_.'rl R. ,%hanii_nl, and (]harh>s P.

,qpoclhol, I'he Ihlbhh' ),_m(_' '/dew,,/,; ()IsIHfI[ ,l_']:%lem%I_)tihtle I{rflf##l, NASA 'I'M-I(131't3, (%¥;Ishillglllll, lit;: NASA>
ID_.l()t; R_lbt'it S. (lapels and l"rit l.ipllm, "thlbblt' l_]lfill; Time, MOlit'_, aiid Milli<lnihs ot all In(ll," Ita_tliJ_d

('oUt+l#ll (_t[Cil_ ]i 31-Apiil 3,1991 ), rt.piinil'd in at)l)lt'vialt-d I]nln ill ,{f<ztb'J#ly o I .3,[ttll<l£re#lt*'ttl P:xeclllil,e 7 (1993 :

-t 1-57. 1ant _1ale|iil to lilt' l#a,(p.d (;#ll#flttl ti) " St pplying a r/'prini ,.l| file original series. ,Sec also "1 lubi)le Board

I.',Xlll, llisi, Co_ers A_%lroliOlliy, Reconnaissance, (_)ualily," Aviation Week& Spa_e TeH_nMoX")' 1-<_?, (July 9, 199(I): 1_I.
2t). _niilh, "l'h_ .g])aLe"ll,b'.w[q*e,('haptcrs {_ ;lilt| -tt; (]liaisson, "/71,'IlubbD' l_&r_, p. 200 t].; "Sl)a(e Telescol)_"

hisiiliit¢': lnsidl" iht' Bla( k Box. ,'% New Dirt'_'ioi Pioinises 1o Fll(-tis till ,%t'rvit(','" ,_i_queTt_O (lUll<' I_, I':t!t!t): 1716.
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At (;¢>thlmtl, tilt' ll¢',,','l+,,,+iF,l>Uimt.<l :\_+_<_¢'i;llt' l)ir¢'tl<ir lhr Fli_llt l',-_!j¢'tt_, l_r tllt' I 1,4r,

Jot' R¢_Tllo]lht.r_, _lil(l lilt' l'r<+jt'tt Sciotltisl, .m_ I l+ _ ) _1_ t ' S S . mt't ill l_tt¢' [ILl), T(> l_Iv out ;l retrain.-

/i<: r<+'_o'+t,r), l_ImL FirsT, tlt<.',+, "+v,mhl tl_::, wll;tlt"wr _i('lltt. __mld hi" (it>lit. with illt' T¢,h.s_Ul)t,

ill iT_ +.til'l<.'nll :_,T;ll+.': _<.',C'_m([, lht'+., , would It'+' I<_ fix tilt" "l_.']¢'_+co])t"_ l_,rohh.ms _tt tilt' 199.'+

lllaillT('ll_lll((' <il>i:,<irltmil).: fill;Ill",',, tilt".. V'.+(mld r_m_'t+lill';tt,t ' <ill t'xtt+tltliil_ lht' +.V,lV._'l,t'tl,,4th

(<)vt'ra_t. lilT,+:, lilt" +iIit-++li't',+l _)ll st[hst,(lltt.llt stllvdtdt.<l s+.'I"+ichlg tlliSSiOilS lll;ll x'v<)lll(l iu_,t_lll

l'¢'l+];tct'mt'tlt itlslrttUll¢'llts. Ro It'01 )¢'r_ xx';ts ,_;Irt'iul to t"+l;lhiish t'l,_:,s¢' v-.',_>rkinlg ]<.,]ali<mshil>s
with lilt' rt'lt'x';l]IT l h..;ithltmrt¢,rs mml;l_¢'l_+ +rod with ti_t' ._,,_if'flit+ ]]Istillm.. ?'

]:'Imtltt'rs wt'rt' vt'r'v lu<:kv Tlml lilt' +l_tll+t + ill' tilt" mirr¢>r xv;in ,,,_:, l)rt,¢+ist,lv ml<l tmilormlv

ill illrot. (_Otl('tllT('lll _,x'illl +th¢" ,+\lh']l (],_:,llllllitlct + ;Uld Tit.+.' <_,ll';+IT+.'hm' Pare.l, ;l "lhlhhl¢.

llldt+l>t'lldt'ltt ()F, tit'al Rt'vit,w l>;lllt.l '+ Imth'r l)llil<;l[i .%lu_rt., t!]liVt.l+silv <,I" Rot'ht'slt'r

hlslitult' <)1 ()])lirs l)irt'¢tur, workt+d It> th+tt,ruliut: lilt' })It'(is,_' i)t't'sci-il)l[<ill IL, r lilt + :ll)¢'r-

r;ttt'(l lllill<)l', Imst+,rl m+ u<'_',>lcls ml(l mlilitcl.,.+, ill llw lllillllllil( lllr(.l + ;lll(I (l;It;t (+lkt+ll 1)+.,- I]W

Tt+h'_+tOl>,,'[li_Trtmlent_. Tht + 2.4 mt+t.,t.r v.,idt. Ill+till ]lfirr<ir xv<is, t¢io l];IT IY..' ;lh¢mt 2 llt[t'rlimt +-

lets, <)I" ] +/+ml( ) tht" Iilicknt.s+ _ll _l hlllilall ]l;lil-. l']mt lllt'alll Ill;it +m <)l.+tirill elt'IIWllt with Tilt'

rt'vtm',,,., i:,r<.s_:.ril:,ti¢m t<,uhl _<_rrt'_l Itltnch ¢+i+ Tilt + ;lht'rr;Itiult. It h,l<l ;lht';ttlv l:,'.'+:omt" ¢'h';Ir

that i'tttmt + r.<.'l>l,lt+tmlt.ltt,+ l_>r tht" t'xisliIL_ :.+t.it+lilifi¢ , il+_,IrUlllt'lll+, st-llt,dttl¢++i l,:_ hi' ilis_.'rtt.¢l

("+.+.T'+' [(",,v ',t'dl'_, It<.'_hmhl% '_+,'il]l tilt' 1!193 st'rvitiug tli[ssi_:+ll, t<mld i]it-_ll-i:,<,r;ttt, illl('l-ll;t]

Ol)lit_+ lhat +x'utlltl rt'vt+imt, tiitltll (>t Ih(' ;it)t'rr;ili<)il +it Tilt' ltqt,,,+t,<ll)t.7+ IIIH'l<ll'. t I(l%Vl'Vt'l, lilt'

t'×i_,lhl_ tk't" ill'+llllill('nl_, _ili<l Iht' Iiilt+ _ili(lail('(' _t+ii+_)r.4 (il,.++.t,<t I)1' lilt' ;t_,TrOlll+,'lr'+' It';ilil ii++ it

_,ixlh virlu_ll iil,+l i+lllllt,nl ) w<mhl reiii_iili _;t+vt,] t.k , (+OililiroiiliP+cd tilt ill;lily xt'al+ tllllt,Pe+ +Olile

otlwr +_>lttti_lll W¢'rt" loll,Ill+ Ill l);trlicu]ai\ Ih_' t+]ur<_l>t,ali ,41tat.i+ A,_c'il_v'_; Faiiil ()l!it,ti
(]alilCrll il;Itl lilt) thilow-oli ili tlw I)l<ui_,, ;ill(1 il w;i_, _+rit'illiil(';iik ;l_, wiql _i_+ I)<lliti/'.illv ililii()r-

I;tlll I() fiil<l +Olll(' wax' lll +i<t¢li+t,+_+ iht' |_]llOl)t>;ili I'()nlt+lll_,. 'l'ht' [)i+illiltr-., , Iltiritir +lt,it.<t had

Iw(I _;l'l+iotIP+ t+Oll_l.l]llell<-(,+. Fii+_,l, I)c'<.'atl_.(' Ill(' libill rli_,>, x_.:(+i<,' llt)l i)rt,(i+t, lv hrou,_lil It> ;I _iii-

<_lt" l¢ttll+, lht' ilila<_t,,+.+ w_>il (1 llit-k l('+ohlliim ;flirt lilt' _llllt'l hl+lriilllt,lll_+ (:oliltl licit pit'k oUt

illllividu<il _lllit,t'Ts ill t:i'owdt'd fi_'l¢ls _ll + Vi'l'V Stllail [_.'illillt+s ()( t'XlClldC(l _ll+jt+(Ts. Sl.,t+_>II(I,

he(itllSt, iht' liQ, hl w+is tlitliist'(I Iht, lt'l<'st opt,'s illslrUlll('lils t olil<l it(iT I-t';it'lt iht' [)]alillt'tl

]ilililS ol t{iililil+,'ss. "lilt'St' lw_l {h,'sidl.'r;it;i, chu'iiv ail<l t]lhililt'Ss, %_,'t,ll _ ])it'cisclv Iht' lt'dS()ll_,

t(ll" [)ulTillg +i Telt"_t'<)l)(, _)t this si,'t' al)ovt, lht" ;tlliiOsllh(,rt, ill the.' iilSl ])la_:t'+ \+illih, Iht'

]],lt,stOl)t, xvn_. still ra[mhlt, o1 i)ro_.itlill<_ "+_l]lliltiit. (t;ilal ;lllll ;ithii't'sSilll4 IllUt'll <)1" ils Ollst'rv-

ilia [)l_l<_raili, h was ('Olllili+<iliiistxl ill tilt' ail'as liir whi¢h it w;t,+ stitll)OSt,d to hi+ ulii(lllt'k

Silill'(I. Tilt' t'xistt'ilt't' <l[ ;i '_'+.'r'+ s(,rioii++ l];i'+v thai ira.+ ilOii<.'liil,h.ss allit'iiahh, lO (-Olllil(.liS;{-

liOli w;i'4 lilt' liitLlillllliOll ((it all exil,iii(it'(i scivi('ill_ lilissi(>li.

Tht' thihhh' %lint't, 'lt,h.,+t-Olt t. SlI"IIt'<f'.,'<<,.,, I_;tilt'l izlt'hidt'tl Ill,lilt. . di',iiligUi'+lit'<t ;tllll ¢,xi>t,-

rii+ii{t,tl ;lSTrOllOlili,lS ;lil+l t.lit4-iii(.t,r.++ ' ;is wt'll +is r('lht'tl ;ISllOll_illl llruct, _l((;;iii(llt..+s to

<t(ix i,,t, <ill lh¢' <m-<li'hit t_.':tsihilil'+' <)t'variotis [:,io])osals. (;o-( 7hair R<_ht'rl l/i<lx','li II;ttt s01-vt'd

_is Si)_tt'_t , 'lt, l¢,s_.<>ll¢,lirqjt,_,t _t'iclili_l thr _;t'Vt'l-al vt'al'_, ht'l_>rt' laliitt'il. +l'llt" [I;ilit,I tOli_itlt+i+ctl

;i wide" vai'i(T+ o[ st+h<,iii(,_, illt'hitliii<_: iil('t'halii_';tll'+" _ll l]l+,'l'lii;i[]v _lig]lilx tlt'thrlliill_ I]w

Iliailt iliiri<)r; ovt'i(oalili_- lit(' iii_iili lliirrof hi _i]lt'i- its _,lia})t'; iliS{_lllill_ [tlH-_+l[it'rltlr,t, ,_l;l_+,+

ur <ffas-tilh'd (<lir('/li+t, ollli<._, ;tl Illl' li(lill (>t Illl' tt,h,_+_-ol)t.; i('[lla(ill<_ tht, st't Olldal-V iilirr_ll:

71. Jo4¢+l)h Rt)ltl¢,llht,t_, ()i;ll l[i'++l_ln'+ hil<-r_il,w +\u_4u<,t I0, l!l_JS. I \: 92¢+1,+137 ;llld _t,tli¢,lilht,I _, I{t!)3,

7 ]l: Oil<); _t,llh,ulih¢,i ,4 1<t93. 2'1/: IltlL Rl>tlwllht,i_ li;l_l _,cl)i I+.l,iI iii in,_hi'+,ti'+ _ili +,lm_ ¢• l<,lt,_COll<+ ,_iml _,l)l:+, (lilt ilia,

Iht' 197(i_, ;itlll ti:i_t iliiilia_(,d illll( h ol lilt' <ull>lliill lllll;i till(t (Ollli(ll _,x'+ll'iii <]l,xt,]l)llilil,ii I I_ll +_t'Vl'l;ll _t';ti'_ l)li_>i

Ill I1_1 '+. ]atill(h. l+hl,,,4!41,.+_,i'+;i'+,;ill ;i]lilliliti4 lit +,t'_i'l;ll 411;l('t' _i'_li_iil<)lliX nli_,_,i<_ll'+, ;it I ;+>cl(lal<l, ill_hl(lhit( ilw ]llll_-
liu'd ;iil(l i+.'+,ilil,ill hll,t+ril;ilhm;i] ('lil;i_,il>h,I I,_×llhllt+i.
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l'hcsc and ()lhcr l)rOl}osals wcrc all [blind wanting, or downright (langcr()us (It) |he

l(,](,,,+col)c ()r It) Ill(' astronatLl,S) It) v;ui()us (lcgr('('s. Tilt llano] ills)) c()nsi(lcrcd how It)

inc()rl)malt, changes into lhc l)lamwd rclll;tc('nlcnl instrmncnls sclwdttlcd l() lit" installt'd

t'%r('l+S' [k'%_t _'('_tI'S St;u'ling with Ill(' 1!)(')3 servicing mission.-'"

i_,ils _lllll pi('ccs of the solulion I,iv n(',tr to h;md, llnl wonld rcqnirc imlovativc too(lit|-

(;tit(ins. ,ks a |)recant)on, work had I)cgm] i)<1Jcl lhopulsion l.aboratoIT in the ('_).ly l(.)8()s on

;).rt.l)latt'lncn! li)r the main imaging (amvra, th(' Wi(tc Field/PlanclaIT (];uncra- Its inlt, rnal

(if)tics wt)uld I)(" mo(lilic(l by adding small mirrors fig((red Ill revers(' ranch (if thtr spherical
al)('rtati(In intnodu(vd lw tim main mirror.+" Early in flw IIST Sli'_)+It'g3' ])_lii('l (|i,",;C'tl,ssi(lllS,

()l)tical (,Xl)Crt Mink Bollt'ma, of Ball A('r(ISl_a(c, sugg('slt'd u.sing mivr()rs similar t() thos(" in

lilt' rct)l,l(t'mt'n! \,Vide Ficl(l-l)l_mcla)3 ' (]_lm('r_t 11 It)adjust th(' in(timing light li)r |he other,
axial scion()tit inslrmncnls. TIw pr(iblcm was how to d(,livt'r snch mirrors 1() IhC 'li_lcscol)c

_m(I ins(,rt thcm l)V('(isclv inl() lht" light bundl(" Iichind flat" main nlirrol. The st)hilton 1() lhis

l)t-()l)h,nl, tin(' l(i clt.clricill cngin('m francs (h'o('kt'r (if Ill(" S[)ac(" "li,qt!s(OlX! Scicn(c lnslilnlc,
is st) rcm,ukal)l(' ,is It) sccm _q)()(I3'I)hal. ()tit" (.vcning, (Imin_ lilt" S| " ncb,_' l)alwl's mt,ctin_,

at lh(" SI)a(c Telcsc()l)C EtnoI_('_m (;oor(linatit)g Facility in (;:|rolling, (;crm;m, (;ro(kcr

slt,])i)cll ini() th(' show('r in his h()icl r()()t'n. Th(' Era))lit'an-sly|(' fixltlr('s incllld('(i ;l showcl-
hca(l (in an ,ut angmcni of adjust;d)Ic rods. VVhilc m i li|)nlaling lhc sh()v+'cl; (h()(k('r r(,,dizc(l
thai nimiLn _uti('ul_ttcd _IIIIIS bearing Ill(lilt'illS s lllill()l_. ('()uld lw t'xlt'll(t('d in(() tilt' li._hl

blulillt' from .,vilhin a i't.])[;.l(.'t'lllt'ill a×ial inMYUlllclll I)\' l'(.'lll()It" (()llll()l: "1 ('()Xlll| _,(.'(' Mink

[_()ltt'llKl's II)ilTOI'Y, Oil tilt" shl)wcr ht'_).(I. ''e'

In thc c,|rlv 1980s, wi)rk had 1)cgtm (in a device callt'd STAR, ,':,l)a(_' Tt'l('sC()l)(" Axial

Rcl)lac(,mcnl, :m cml)tv stand-in f()r one (if th(' ti)nr axial scit, ntitic inslrtnn('nls, jnsl in (as(
()no mighl hay(' It) bt' i-('illt)Vt'(| '%vilh il() IIt'W illNll'l.llll('lll awutablc ti)r insertion. S'I)\R was
(h'si,_ncd I<_ lw mc(-h_ulic;dlv, I (.itilall_', _md in ()lh('r ways llt'nibg], st) thal the conll)Ivx

Sl)a(ccrull wotilil ll(il "fit')tic'('" Ill(" nissin+.t, inslrutn0nt_ With l+)oltcma', ', mirrors and
(hockt'r's mc(h:tni(al arran_('m('nt l)_tckcd in,+i(Ic, ,",STAR would l)(,c()mc C(),":,TAR

(;()rr('(livc (if)tits Sl):i((' T('h'scOl_C Axi,d Rcl)la(('m('nl. ()no(' inst:dlc(l as if il wcrc a

rt,]llact,mcnl _txi_ll inslrnnlciil, (;()ST.-\l,t w()uld (l('I)h>v lht' linv mirr()rs, (,_i(h li_nrc(l it)

inlcr(-cl)l and ll'n('i) i-t,v(,rst! th(' sIlh('ric;d al)crraliOll i()r |hat ])l)rtion (if inconfin_ light
ilir('(lt'd It) vkliil)us ki])t'ltlllt's (if lh(' i-(,ll]_iilliilg lhl('(' ktxi,_tl illsll'tilllt'lllS. The lhlt'(" l-('iI1;,liil-

in_, axi:d inslrlinl('lllS had a i()t;d o1 [ix'(' I)rc(iscb,'-l)l,w( '(t entrant(" al)Cllnrvs, un(t lilt' ()lilt -

c,d design rciluirc(I two mint)is t_)r (.,wh. Thus, ten mirrors Ii_l(t I() b(" inscrl('d inl() lilt' light

)):llh in such n way as it) int('l(('l)l the light, c()rrc(-I it, and (lirc(l il inlo th(' ,q)crtinc_, ,dl

5,p'ri.I,Slltd'. A_<_II',/ (.)_lobc_ 1900. (l).allim(nc. MI): Si)_lcc 'l'('h's(()l)(' S(ivn((' hlslilntc. 19(.)1 ); "'lhd)l)l(' ._(i(.mists

lrrKc N.\N.\ i_) (i()nsidcl l'L_nlv Rvpair ()I [:.SA Igmlt ()l!jc(_ (:;imvi_t." A_,i_l,m t.'l$','k ,2.-; ,_,/').<_ Id_h.olo,_'_ 133

(()(t(d)cl 15, 19_10i: _.').
2_; K. I vst hi',, 1), AIh",lad, _ul(I 1.. lit'|it'll. "'1'1)(' 5_c_()nd (;(.n_.lali()n ')Vid<'-Fi('l(I "l)laln'l;n ', (;_miv,a ()1

lh,t' I l)l)]t' .Nl):i'. t' l'('Icn<<)l)t'." /+_+t)..l+_] lh+ lJ;il_/+ lPPl+.)/_la.claP_ ,_.>,'..l'+ 44 ((it It)|)oF l(+i!)l ): 177. Th(' tilst (-;mlt,)_i

t()lll(t swil(h h¢'l/*,¢'t'll Ill(" "l'_idl' t'l('l(l" ;tlld tilt" il;lll()%V('l "l)Luit'l;ll'_'> t;llllt'l;I II1()d¢'3,, ht'll(t' lh(' nl_isll l'" " ill it_

ll_illW, I'h(' I t'l)lill t'll (' ( ;illll'l;I I_lVC' U I) thin ( ;ll)al)ilii_ in t,xlh;lil_(' hn Ihc ( ill ll'(liv(" ()l)li( s, I)iillhl_ Ih(' Iwo i('_-
(ihili()ils ill)t) Ill(' :_ilIl(' hll_l,_(" h;ililt'. ;llid (;lllll' lil t)t' (i('ni_li;llt'(I litIll i_ill_ )hi' "\,Vid(" I:il'ld I)l;ll/('i_ii _ (;;llii('lC111.'"

I I)_i_l' h)llow('d hi_ ii_;i_l'.
<2I. (_u()l('(I ill I)()il_l;i_ Ililcll, "'llliilg (ill. Ihll)t)h'; I tt'l I) is ()11 Ihl' %)%<'_1%."l{vt[/#l#tol7 ._)t/11 ,/lf/,_t/:ill#'

( _l<lll h I t, 1{)93): 17 I S: ,\_uillt', i{_t_f ill MA_io. i. ,%[..<, (,):3(); ( ;i ()l kcl in i)vrhalin Ih(" t]l st s( i(,llli<l 1() i('-('ll;t( i

his ill()llil,lll ()t (list ()'.t'l_ li)l _l icl(,_ision (lot illii¢'llllilv I)_ ,_<'iliiit4 iiilo _i _,11()/_'('1. st't'lllili_l)' _l;td (inly in a i()_'l.

I'h¢ t()iii itxLil s_ it,)till'it iliMI illiil'lilS, Iht' si/_" Clli(I sh_il)l" ()t ;t l)h()ii(' t)_)()lh. _ii(' "_l_i(kcd lik(' ll)ill sill ks i)t I)llll('i

ill Iht' %('u_ till t'l)(I ()t Ih(' lcl('s(I)l)t'; Ill(' i_l(li;il it)Sillll]l¢'lilS {lhll'(' Fin(' (;lii(l_lil('t' _)('11_()I_, ;lll(I th(' \Vid('

I,'i(,l(l I)l_llit,l;lix (;_lill('iA) _111't'_il li it)llt4hl$ Iht' niz_' ()t ;i I)_il))_iAn(I I)ilin()itll(t _ilt' tiiiCl%l'(I i_t(tinlh _ii()llil(| _iii(]

i._l Iwhind the t)_hmn_ mh_>l:
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lilt' whilt' prcciscly shadowing thc apclttu+cs from tilt+ flood of the Fcm lining al)crratcd

lighl. (;()STAR was an cxccptionally conlplcx and dclicatc systcln of 5,300 paris itwluding

tlliFl'tH's, lllt..(h,tni(a] COllll)Otlt'tlts, ,Ill(| electronics all controllable IlOllt lilt+ gtOtltld. NOlll("

of flit coin-sized nlitrors WCl-C an optician's nightnlarc tt) tigurc, the,l shapes I)cing

"anatnorphic fourth-ordcl asl)hcrcs on tOloidal blanks," pfinstakingb.' hand-made by

Tinslcv ()ptics in (;ali[brnia. (]()STAR would "tix" tilt' European Faint ()]_.ictt (]alncra, tilt'

(;od&trd tligh Rcsohltion Spectrograph, and tilt' Faint ()bicct Spectrograph, and lhc

l-tq)lacclncnt Wide Ficld-F'lancta]T (:an++cla would rcstorc tilt' l)vilnaIT itn iging calncra abil-

ities. ,_++ttoulct1+v and pointin,_ control would have to live with the diminished ]wrlolinancc

ol+ tilt +Fiuc (;ui'dancc ScnsoFs, and tilt' I ligh Spccd |:'hotomctcr, the h'ast l)roblclnatic but

the |cast-used insllUnlcnt, would have to give up its spot for (:()STAR. Having settled on

the (;()STAR al)l+1o,wh, Ball ACl-OSpacc began (Icsign and Inoposal wol +k in Novcmbcl, ,rod

was awavdt'd a contlact it+ .]aUUal_, ' 1991. Ball had built tilt+ (;oddard lligh Resolution

Si)cctrog-rap]1 lilt tilt' lclcscopc, an(l was dcsigniug +l'e.*o scctmd _cllt,t-,lliott scicntilic instru-

nlcnts for future st'-vicing lnissions.+':'

Tht* first sol+vicing Inissi<m now included rcp acing two scicntit]c instl-ulncnts aud il

wtmld h,lvc to rclncdv ,l host +)I other c n¢'lging probh'nls, some of which WCl+C bee,sling

vclv sctious. ;\l tilt' c'ud ol 1990, cn_inct'vs opcrating the tclcscopv had devised solp,'-,:_tl("

chall_Cs to tl T to (otullcr lhc oscillations of the solar al'lays, which x_ I Id rcsl)ond sharply to
])assag(' bt'lW('tql shadc and tilt" Still ,hal O('CIIITt'[[ twice each 90-stint|It" oibit. The
thcl-nlallv-induccd oscillations slowly danll)Cd out, but look longcr than half an twbit to tic>

st), whcll another passage would start thctn all (wcr again. Thcl-c was limited ,tv,dl,d)Ic

tltClll<>l_: ill I]W olll)oard ('ottlp(l Icl+s ,|lid lilt" tl('w Collll'Ol laws to handle the solar array oscil-

lations (-t)nsunlcd a good l)Olti(m of it. Solal" ;AITa t, l+(,placcnlcnt h,+kcd as thouRh it would

have t(> join tilt' (>thcr inahltcn,ulcc lasks, dth'ouRh tlm lin,ll tlccision to l('I)la(c tilt'

Eul-<ll>can-providcd solal alTars was not madc unlit uluc|l lalct++ After a spidtcd (|thaW, the',

cvcu edged out the optical tixcs to ass(nnc highest Ill ++()l'itS+''-'''

The *Ik+lcscol)C (.ontinut'd to t)c tcntl)cran/cntal, aud N,.\s,.\ [,sally decided ill late 1990

tllal tilt" cnginecrin_ conunissi_ming phasc, callcd ()rbilal Vclitication, was cOral)lore -oIl

lhat lht'y had goltt'H thc sl)a<ccta[t opt at,rig about ,is well as lhcy (<mid and rcgular sci-

ence Ol)Cvati<ms should wait no ltmgcr. The Malshall SllaCc FliRhl (]enter team who had

bccn in lcsidcncc siucc dcl)hwn/cnt ictulnCd to tlunlsvillc, caving (;od&ud SI)aCC Flighl

(]cntt'l to Ol)Cralc tilt" spacccralt alld tilt' Sl)W-c Telcscopc Scicncc lllstittltt" It) (ontilllle its

woFk coord n ttiug ol)scl-ving Ill q)osals, scheduling oI+it'ctst,, bc obscrvcd, calib at,rig thc

illSllUlnt'l/ls, ;lntt a oh,virtu. thc data. Bctwecn tilt" dcgta(lcd f<wus, solar array oscillations,

the fine guitlancc scns<ws ;((ting icnlpcranlentally, and a v It+if'Iv t)l +olhcl" sporadic prol)-

h,nls, all of tilt" _l)scrvin.'4 plans were continually in flux. Vat-ious obscrving programs.

planned with thc full cal);Ibilitv in ntind, had to "be reasscssed and sonlclinlcs dcfcrlcd.

The Ol)Clafional ])l'(>blt'nls had furlht't + inadc schcduling diflicuh, both l)y (Icgrading

o|)SCl-Valions and als,> t iking up schcdulcd obscl-ving tilll/" It) Icsolvc] r

25. l+,clt-_adctlc ('.. F,t+..tIs+at+, '_Itt'+i Wait aml ."GccF' CIPa/l*'Pz_rIll,all (;<_tpt_latic, n) li (19¶131: 10-I'3: "(hu

Staus It,chind ('.o+,tar, '` llall ]ittt' ()+taHeph (t+,all (;oq)orati<ml 19 (]:irsl (_tuutct, 1991): t-I l: Ball .\ctosl)a_ c and
( ]<)lllltltllli( ;lli(ms (;FOUl:+, (,'¢nP+.fltve Opli+s gpmr Teh'wo]u' A.xiul l¢+./#rz+,'m,'P/l, IiH_>rmation l';,,tkct {l+,<,uhh'l,
(+olo_auh+: 1+:+90); "N,\F,A :\wards (_lmtlatl to (;omplcle (;()STAR, l'lcsiglwd to Fix Iluhbh' "lk'lcs< Ol)C ,,)pitt,,.'"

.tPirHh_J'* I_l}'e/¢_4 L_] _ _' 7;,+huolr_.t,g'gH (()( mbcl 21, 1991 ). [ n gl;tlctul Io ]ohu ] ,tlingcv and (_hatlcs ScaRlia. I+,all

+\cwosl>a(c. It>F pro,,iding b tkRI<+und tnatciials <m ('.()SI:AR; '+(_otrccti,+c Optics to S,lm in lllalnn I,_Fix

"lclc,.;(Ol),...'" _+,iali+,+zI,t}'ck _.= L_] j(/+t' / "+] _l+J]¢),(_' _1<1_" _4e 199'3): 't+I--'t7+"
21_,. R _ Ctltlt'lt_ lulclxit';',, +\tt._tlSt 8, 1<:}!15.l l+': I{1_+_.
27. Rolhcnl)cF Rlnlc1_icx_,,\uRusl lit. 1995, I A: 113. l'hc()_lobcl 1 dalclorh)rmall_ tlnnhIR_xt't htll

(tll'tll'(ll olthc loll's, op,P II'I+III Mat+d;all to (;odd;ud had bccn ;u_I,:'cd m m AuRust.
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l)uring 1991, Ihc lt'anls stilled into dohlg lilt ol)scrving pco_ranls not I)lecnlpled b,.

lhc hardware plobh.ms, v,'hj]c d,evelophlff (;()STAR and lht. other nl;li()r haldv..'are tijf t]l_"

servicing mission. Ball Aerospace began assclnbling hardware tot (:()STAR in.lulv, rvceiv-

ing the firsl t]iRhl oplics al Ihe end of Ihe year. As lhe scvvicing nlission plamling Rl.(ittl)

considered how Io inclutle the lm',v l,tsks (ihc',-had I)t_ml mr'el:trig tormallv strut. ,\ugusl

19S8), the,,' [bltnd themselves mldCV l)rCSSUvc Io incllulc still nlOl'c. In May, a mt'nlorv lull(

in lilt" spacccr;di's main COUlpUler t_.tilctl, sending the Telescope imo tilt. d_.iepcsl

satk'inode available, ncmlv tilt' e(lltixalcnt ol a C(mla. Ill .Jura'. :l st'<'oud of six gyroscopes

l_aih'd, leaving only ore. spalc since thl+cc x',clc tt'quired for lilt" spacecratt Io dutt'rmitle its

position and attilu(h., ,tccttralclv cnou_h to c(mduct ot)sevxati(ms. In .Ittlv, tilt, (;oddard

1 liRh Rcsolulion SF, cctrograF, h dt'vt'h+pcd a prol:,lcm iu its powcr SltpF, ly +elhtlinatinR half

oF its capability. By the end of lilt, year. it ',vas clcav that tilt" illst _,t'rx ichlg mission was going
It) ])(' lnllth lllOl(, allll)ili()llS lhall linl(illt, had t,xl)t,cled. II would bc IIlOlt, ()l" ;lit (_vei'haul

l]lall a r('|)ail: (:osi ('sliiiialt.s ;11-(' ditlicull. I)oih tOF IilC s(,rvi(.illl_ Iliissitiii ali(l t_ll ihc

Ikqcscopv ;is a whole, bill lhc tel)all (ost ;I si_lii[]( tk ]_il_o tl;itliOll of lilt' Tt'lt's(oi)t,'n
initial cost. ]tad ii t)c/,li ;ill alllOlliol)i]t,, ii ini_hi _cll ]iavt' t)t't'li dot larcd a iolal loss. >

Planning a Service Call

'fhc clost: c(iot)t, raiioli lcquircd of so nian) paris ol N:\S;\, coinl)incd wilh the high
sl;ikt's aiid _lowili_ aiixiel) cvidt, nl iii l, Vas lillglon, eliCOtiia_cd ;i nuliib/.l ot illslilltli(lli;i]

clashcn lh;tl had Ill be oveicOlill,. 'I_) Illc lilaila_(!lS aiid aSllOilatllS ai lht, Johnson Space

().'lilt'F, lhc sciviCill,t_- Ilii_;siOl/al [irsi aill)eaft.d as Oll(, aliiOil_ (ilhcrs, and ii llCVef oCClllit,d

Io lht'lii Io lleal it lilly diltcicnil). (](liill(It'lil alid proud of ihcic sysl('iil litl plannin<_ alid

cXCCllling Space _hull]e nlissions, wil h ;i hosl _f olher inissiollS al vaiious Sla_t,s of ext'cu-

Iioli, and aht'ady illl_'laCling wilh "GiiiotlS ilisliltiliollal "(ilSlOlliels" t0f lllosc liiis_ioiis,

.lo]lnnoli was slow l(i cii_lii_c its ,ippl'oach. ,\s l lcadqliaileis scrillinv illClt,ascd, lhc coin-

plc×il) _t lilt' niissioli _i_.">v, and lilt' llCt'd t{_i llll)l(- Sliblh' ililt'iacli(lll with olhci t'ltqiiClils

ol lht" plO_l_llll ])t'Calllt, illOl't" app,ucnl.,i(ltiilson lllaii;i_t,l-_; ])t'_;lll Io |i,,t.l Ihc prcssuit,.:"

|tit, iesiih was I]lal plalinili<_ (01-Iti_<. iliiSSiOli ;11Johnsol/;Iccclcialt,d llltlch eai]ici lhaii

was lhcir lyl)ical pioccdurc. For "cusl(tiilCl driven" lili_,;sioliS, ;l nulilidisciplinary aiid nniili-

ilisiilulional Pavh)ad Opt'ralions Working (;roup would Sl)Clld (>lit, (ll IllOlt, v(';ll% dcvel-

ol)ili _ lhc oullilicS of a inissi(lli. _-\cltial fli_hl (TI'WS illld <1_,1"OlId conlrollers wcrc sclfhlnl

st'lcclt'd t'al-lit'r lilan _i VCal I)e|orc launch. In the Sprin_, of 1997, _,Olllt' IwtqilV lnonllis

llofi)ie laliliC]i, <_lofy _lllS<_lii',_., was lilt' iii-_,l cicw iilelnl)el nalned. MilSgTave, all _,_l)ollo-t,ra

Vt'lerail, poiyillalh, aiid cxlicllielv a(coniplished in CXllavt!hiclliar activilv, would 1)t, Iht'

Payload (]Ollilliailth.,i', ti)leliian f_)r lht" 1-c]);til- Clt'w aiid ii[lilliatciv ICSp_>nsib]t. tor Iht'

'lk'lcscopc. Mlis_r;i'_, had SlalIt,d woikill,_ oil liiakilig satellites iilaii'llaiilallic alld .scrvict.-

;il)]t. ill Olbil in 1{i7{7, aild had 1)t't, ii lhc aSlloiialll nlosl ili_,o],,t,d ill dcvc]oi)iiil 4- Ill(' nljacc
SllilS alld Ol]lCr Cqliipniclll. Eh'vt'n ;Isti'tlilaiils I)c_an sb-;It'cii sessions ill ._lalsil;llVs Ntqlll_il

28, l_pi_ al cslhliaics t0r Iht' Icpair inissii_il art' $.']lll} Iliillillll. alid ti)i tim Trlescopc's inilial t _lllsllu_ ii, ln $1.5
billi<m, iliakill_ the f¢'p;lil alll)lll one-ihild lilt.' 'X;ihll >''ill the Tt,lu,'Olm. t lowcvci, tim tiRules chlill_l' sullslanlialk it <lilt.
ill< ]lld_.._the lranspllilalioli ('liMs ot ;I Nhtillll. IliiSsioil ill lhc i llsls I)[ inis_il)n _)])t,l-;ililllln aiid dala anaksis.

J(

2), (:ai)slie_x _illd Radei. "Big Stir'net,," i), tli, liOte llic "ililpilllall( i. lit hl_al tllnll*xl, in(]uding gl'_l-

Ri;ii)hi_.tll and (illiulal t;lt ll)rs" in I_i_ stii'iltc, ()n lilt.' iildept'nd{,llCl. (it N,\5;,\ (]t'nlClS s_.'_' tttlw;ud I_. Mt(',llrd),

I.wde ,%A._,:I: the CDa.<¢#nu (.'.It.., ,,I ID,, .I..,_... 5;pa+el'mA,',-rzm (Bal/inlol'c, MI): Johns lt_pkius tnixclsilx hess.
I.).I.L () the Ill,_iilg tiOili (;oddaid plalilil'i_ tell <'alk ;insiRilliit,ii i ot fill" t]ighl _lvw s_'_" Roiht,lil)_.lR [lilt'ltil'ls,
Ncl)iclntll,l ,_419!i3 7 B:320. ' <
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l+,umancv Simulator, working with ntockups in sintulal¢'d und_'l",wil('r microgravil_, to

ol:,laitl rough a[:,pr<Jximatimls of lhc limes r_'quir('d Io do various maintt'nanc¢' tasks. All

tlm while, tww black hox lit(litres _m ihc spacccr;tft put pr,pssttrc <)n th(' rostCl +ofchor(,s it>

l)c acc<mtF.lislted. _"

At about lhe sant¢, timc..]. Milton I i¢'llin w<ts cltost'n Icad lliRht director +.With almost
thirty "+'t';tl'S experit'll('t' at.l<)h]tstm, l l¢'llitt had l)¢,cn invoh'vd in <_ccan recovery of tilt'

Ap_dh_ astronatHs, and had l)vcn in mission c¢mli_d since lh¢' vcrv lhsl shutth" landing tests
in I<.)77. With l('n y('ars and twenty shtttth, missi<ms tmdcr ]+is l)t'It as a llight dir('clt)r, he

was ont' of the most cxperi¢'nccd _md seasoned. ,,\s lh't]in gol organizcd, hi' was also sttp-

pt>rtinR s<.'vcral oil(or missions ,is well. tlc. like most al .IS(L rcco<ffnizcd Itl+tl th(' lhtl)blt,

St'tricing Missi<)ti was <hallt'nging and nc't'd('d tttc>r(' allt, nti<)n lhatl st)lit(' olhCl" ]hiss(otis.

[[C W(>tii(l SOOt( Icalizc, h<)",'+,:cvct `]llY, I i|,_iW tnu('h lltOlt + ;ttl+`'llliolt _t]l(l IC+OtII+('t'S ]1 would

require. Initially, li|c core o[ his nfission contr_d If'am inchulvd ])ayh)ads oliiccr .Jeff

llanlm, tob<>t arm Cll_iltccr _+t] F(+rt+('ra, and cxlravchi¢ ttlaF HCI[vily VXlWrts,lim Thortil<m
anti Susan B. R,titm:;ttcr. u

M('anwhih.', t'vcnts in VX+asltittgt_tt trattspir¢'<l lhat x,+otdd hay(" dt+(isive and t_tt,-t+eacltitlg

clli'cts <ttl the a<_('tiiy and <in Ih(" I lul)t)le s(,rviciiig nlissh)n. In carlv 1992, atier escalathl<ff

disc<)rd wiili It+it \Yhhc ][otise, Ric]l.ttd []-uiy was cftt'¢tivch lirt'd (is _,-_l_i\ ,-_dtnitiisiral_)l;

Truly,. ;i C_ll(,<.,r aSlllliialll, was athnircd aild tcspcclcd I]ir/)ii_lilltll I]+lc _i_(,il+` 7 but [)cr]iaps

tll)whci(" Ill+`)l'<.' tlialt +tl Jl)hllsl)ll. |_v Malcll, ;t lit'W+ II<llI-N:_l,i'_A t_t('t' ai)li(+'al'Cd alid was

('<)llt]l'lllCd (ill April I. Not pclh{t]is mill(+.' .]itliiCs '_4't'bl) had lhlT(" b('('ll a NASA
Adliiiilislralof who was ill<lic t)f all otllSid('l +, liiorc iiiscriilal)]c, o1 illOl+C ditl]cuh to adjust
Ill, lh<ut I)anicl (ioidin. llaviiig, ,,votk('d in niosliy classiti(,tl space [)l+olzranls al TRII4 :,

(;oldin was cxpecl('d 1o l)rhl,_ a li(I-il<lllSCllSC indusiri;il agilit} and accouniat)ililv io lhc

a_CliCy. Tilt" I_tisli-(=_)uay](, ;.tdi+liiltiSll+aliOll [uid th'ci&'d Ihal Truly was Ioo clos('ly id('nliticd

will( iht' old _ilard, and w('rc dctcrinincd io I)rin_ a ft-csh a[)pr_taclt I<l NASA. !+4']ii1('

(;oldin cliatnpit)nt'd w]ial hc cotisidcri'd io bc NASA's slr('itglhs, and WCill oul ot his way

Io t)laisl, Ill(! a(hicvt'iliClllS of N:\S:\, lit" was dclt'riilillCd Io I)rin_- ctial/_c I<l lilt" at4cii()'. T<)

so(tic old hands (;oldin st'Clili'd inll)ulsiv(,, al)rasivt,, aiid 17.'arfuliv insensiliv(" to Ihc

_tg('nc.v's (<tt-c tradilioliS iuid valucs. 1"o Jli]ll/SOll, {tliV()i/c who t('iilac('d the belt)red

Richard Trtlly, tllidcr dtlress lll/ I('ss, boded i11. Stori(,s i)[ sitilk, ill +'(]odc /\," Ihe ott]c(" of

ill+." Adlninisli+alor, WClC i+itT:+ +_

30. R()thenl)('i R INter+if'w, AtllT IISt i'_, 1995, 2,"A: (110.

31. tlct]in liil('i'+i<'++, Mat{h 17, 19li5, I /,.\: 021i, I,'B: ()75: it is a_ainsl ih(' i)_t'vailint_ ethos al Iohnson it)

sin if,if o111 _1 I)aFIii'lll;ir niissi{)ll _is llllll(, iinll(illalll lhan othl'rs, lind Io ('haratIt'Fi/t' Sl)lli(" i)t'ol)lc as t)('llt'l Illan

(llllt'lb,. ] lowt'v('t; it is (h'ai Ill)lit inl('i _it'_v++alid (<)nv(+r++ali(ins thai while all iliis++i(lils ;lit" ('(tual, tlulil)lt' was liiOi_."

equal ihall illiillV othcl'S, :\t coniplishcd i)coph ` WClC c;l<_('l Ill I)(' ;i pall ot it, aild Slil)ClVisl)ts lVClC con(crllCd I()

assil.Ul theii hi'st tah'nl Ill the nlis+qoii. ()n llight ilS:_i_lllllClil_,+ [)ariicularly tht' ii_+lillli_iill in<indal+." ot licvcr a+_kiii_

t_ll a paliictillil asnigllnl¢iil, st'l' Ih'ntv S. F. (;OOl)eit .it., }Je/o_;,'/,//io]/) th+' M0k_,<4, +Ji" '%7ja<e .+Thutth, CP:w (tl_tllilii_ll <',

MI): .Iohns t h)pkins Univt_rsii ,. I'rcss, 1987)+

3 <j, John 1 :lgsdon dl'tail_ t'l_,t'whl'le in tlli_ "_'olliln(' Triilv's lol+.! in th<" iw_l-aii<l-a hal| )'ear leturn Io Ili_ht

allot lhe 198ti (;hfl]l+>;l,l._ at.< idt'nl, a cl)nliibutioli that eallied Trill'+ a (].llicl "li_q)hy. ()n (i_ddhl's al)pllinlint.iil

(is N_-\_:\ Adiniiiistralor aild his lilillla_CliiClil stvh' _t't': I+_,ithv _iwV('l. "The Man <)il lht' ]_l)llii; N:\_A Chit't Dan

Goldin aild a l,ilth' (]haos.[u',l Mighl Sa_c the Space |ll(l_l_tlll," 1<_,Tl_h/nA,t+m I'olt (lilly 21i, 1994): B-I: Thclt'++_i P%|.

Folc,,, "ML (;oldin (;(ms t<_ _t4,'ashinl._lOli," ,+ti+_:lsld ,_7.+:,t++,]0 (Aplil-May 1995): 36-43. [];lll S' in his tart'c'r (;,ddhi

had woikl'd al the NA_/\ I.vwis R_'s_'_ti_ti (]l'iilci; I)ui had t)¢'t'n wilh TR\V t7_i 7] vt.;irs i>iiol i<l lib, atlp<linlnicni.
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The strollg signals of ch;nlge ,_rew nlore potent when, ill May, Marine Mitjm (;eneral

.]erelniah W. "_]ed" Pcars<:'n Ill replaced astlonattl William B. l+enoir as ,:kssociale

Adnlinistvator t_._r the ()ftice ot Sp;tce Flight ("(:ode M"). Pearson had been depuly conl-

nutncler <:'t M:lrine t_:'tces in ()l)er;tlion Deser! Stmnl bel_:'re serving I)rielly at MarillC

th'adqttlulers, and lie now t<mnnltndecl lhe very hc;trt and soul of NASA--the Space

Shuttle plogl';llll. (;oltlin ('t:'lllillllUtl It:' Iepl:lt'e Ill:lily lleadtlua,tevs and (',elllet-ol+ficials,

while lilt" old hands at the a,gt'ncx; went throt|gh the an×iei): o[ or<_anizali_m:tl change. '+

hi mid-May (;c)ldin traveled to ]ohnson It:, tel)serve ;t Space Shuttle mission firsl-hlnld.

The ST_+t G) I".P+rl+'avotgr crew's mission was lo capttlt+e and rep:tir the IP+lelsr+l I:1 conmltnii-

cations salellhe itlld evaluate Splice Station construction techniqlwS. I_tlel._al VFs apogee

kick mr)for had fitiled two veillS elulier, le;tving it stranded in a low <:'rbit. The crew was to

approach the sF, inning Silie[lile, insert it special tool into the CClltr;t] mmc)r chanlber ;at)olll

which it tttrned, and lire a grltppling dcvi¢e that would seize tilt" chamber, allowing them

to slow it down. ()nee stabiliz<'d, tht+,, ' would repah it and thor| send it <+n its way to

geoslillit)liilt'y orbit.

Pr<:'blems developed almost immediiltely. The Ibm and one half ton satellite btmnced

itwltv each lime Pierre Thuol, ill f</t>t l'eslrititlls ;it the end of the rol)t:'l at+ill, tried It:' tl/rnsl

the cltpltne I);u" into t-,osilit+n. Worse, it began to wobble, and fearing th_tt |'llFlhel" ;t.llelllplS

might I)e too dangerous they decided to qttit t<)r lilt" clay and revisit their options. The seven

million dollars captul-e bar had worked dttring nunlerotts gVOmld Sinllflitlit)tlS. Stroll'thing

was wr<mg. ¢)vernight, lilt" crew w<:'rkt'd with gr<mnd pl;mners and ;tslrOtlilUlS ill simulatt:'rs

to de',ise il bold contingency plan. The next day, alter the caplttre b;u again l_tiled It:' wink,

10r tilt' th+st time in llistt:,l>', three aslronlultS were ontside Iheir spacecraft lit once. Tlntol,

Richard i lieb, and Thomas Akers, '+the gang of three," stittioned thenlselves in ;I circle in

the t)its,'h_itd bit+v, their tk'et imth_:'red in restraints, whih" pilot Dim Bvandenslein eased lhe

slnlllle tt+witrcl the spinning sitlellile. They 0.sed their ghn'ed h;mds to re,tch out. gtat),

blilke h+l+'l.wll I"I it:' it stop, and Iht'll l<_wer it illtO ils repair fixlurt'. _'

While lhe crew repaired the satellite and Selll it on its wa'; to ,_et_s+Vll_hronollS orbit,

Ihev Wele hailed its "space wizards." (;oldin praised lhe bold re<i've its it "l'ellll'll to [Ihel

can-d<:' NASA of old," and etliloriitls and commentaries gushed lib<nil the dlanla o1 lilt"

satellite rcscne and its proof of the t_sefulness of astrot+attts. 1 lowever, outside the lime-

light, il "sct NASA manitgelS sct-mnlfling It) rethink their training methods and assun_p-

lions ill)out handling lar+_e m:tsses in orbit." The tlight and ,_t<ntnd crews hud sltved the

missit)n, I)nl they had lllkt'n whltt some consi(h'red to l)e nndne, perhal>S cven I_+tdhatd'+'

risks. (+;ntgllt belwt'en deel)l_,' <ingrained and ctmllicting villnes, .lt:'h,ts_m h:,d been Iorn

l:'t'twt'en conserviltisnl ;tHd s:tli't_+, _>n tilt' Oli(" ll:uld, and the dvivin_ desht' l<_ ct:'lllplete the

mission, ml the other. They Ilild ch<_sen deliberately on t]+c g,tnmcl and in Sp;lte to I)e

I)ohl ;rod complete the task. T<:'nl Akers lind I',_tt|lV Thorntot_ tim illlO Imther pr_:'t)lenls

nssemt>lhl_ prototype Space Stittiolt elenletns hi the payload ba); litter in tilt' nlissiml. This,

too, did llOl _O _lS it had in simnlations and training. 11 sht:'_)k ltfllnS<)n's l)lanning, lritin-

in_, ,tnd sinntlath_n _ronps It+ lilt" c<>re. _'

:+:++ NLIw_cl\ I_tth_. "Thc h'dc+;tl h._c: Ncw NASA (:hict ..\l)l)_mns I:_,,_ %+ni_, t)ititLil_,." I','r+s/z/P+,..,l++_+

I'._/. April 29+ 199_. p. :\-_1.
5t. t.%illi:tm T_iplcn. "'Rt.;tlil,, (:hc_k," A/+ :+_+1.",'/.,rgr+.(N_J,.t.ml>t', I_.+_+;): '.+,:+-t_:I'(;tthv N:t,:,",cr. "(]:m-d,>

NASA i+,('pht':_t. I:,ut I)_nn:tti_ Satellite Rt's_ iic Rais_'s Qt,c,+ti<_ns." t+l'+_hi_¢_l_ I'+_.1(\la_ 15. l_lt.)_); A-!).
:,:'+_. S;t,,+,'+t'r, "(i;_n-<It_ NAN,\ is [+l.+l>c_tl..."; ,Nl_nx Mn+_gr:tvc [ntcrxicw, P',l_it_h 2_:_. l<.It}5 I/l_,: Oil|): K, I.

l'ho, nt<n+ Inlcrxi<.'w. April 3, 1995: Roth,vnl)(',_ Int<.'r_.it'w, S('plc,nh._'r _. 199:++_,_+/,",:01(I. "E,,dc+t_,our's lli_ht
;id'+;tltt t"_ st:_ti<,n. Intt'Isat <_t+jt't t+;cs," t+,/.I/oPl l_'+'+'l;_+ L"r/+'+/'++' 7;'+'I+++01++_')" I++6 (Jm+c I, I':+92>: I::;: ""v|issi<m ('.<mlr_>l
saxcd Intcl,+nt t cs< ut" h< _iii _;<,llx+Gu¢', t hcf klis! p+;,blcms." ib/rl. 1++,_i(M;!x 25, 1D92): 7_: "E,idc;t,,i_Ii's Inlcl:.,;tt rcs-

(t,c ,,vt EV.\. nt'ndc/_,m,; ,ccords," /k/r/.. 17,(; (M:+v I_. 1_192]: 2_.
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Worsv, whih' (;oldin praised publicly his charges Ibr lilt' daring satcllilv rescue, lit' is

r,.'nwntlwrcd I:,y others to have connncnlcd on "th(:'sc t+(lwl)oyS!" Barcly six wccks inlo his

tt'nu,-c its NASA Administrator, this was not getting ott on thc ri_hl to,:lt. V,/hilc.lohuson

qui,:lly Io</kcd inward Io rcassess their lrainilLe , mclh,uls. (;oltlin al)l)Ointcd a high-h'vcl

group task lOrcc on satellite rcs,tlw and repair Io sludV tt(_v,' NASA should handle luluYc

such situations, hnl)licalions for tilt' Silacc .'qlali(m and lilt' 1 luhl)lc servicing missiou ',V('lC

not lost on anyoitc. (]cnlci [)i]cclors and ] h',ldqU,u-tcvs Associate AdminliSll-itlons decided

Ihcy, 1oo, nvedcd to track lilt" scrvicing missiou movc ch:'sclv By tilt" end of.luly, Iour m'w

it,vicw tCalllS WCl+C looking ;.tl lilt' I [uhlllc scvvicing mission, anti illalY_' lllOlC would folh_w. ....

AI lilt' t!ild <)t" August, sixwt!ll illonlhs bctk:'rc htllllt]l, Ihl-tW' ;/SllOIl;tlils WUI'( + II:illlt'd Ill

join Story Musgravc as lilt' extravehicular aclivity c{mlingcnl l/)r lilt' sc,vicing mission.

making it the mosl eXF, Crienccd and seasoned crew cvcY: 'l'_ml Akcrs, Kathy Tll(_rnhm, and

.Jell Holtnlan. _\ lot of work wits scheduled in Marshall's Nculral Buoy,lncy Simuhit(ir and

.Johnson's Wcighllt'ss Environ(he,roll Training F;Icililv to refine fuvthcr lilt' limclincs lot

flit' servicing ,nission, and "EV,,\s of o])porltnlily" ;vtqc illsCYl,pd inl(_ ttF, Ctmiing shulllc inis-

st(ms whcrcvct + l)ossihh' to gain ,nu,t" ('x])t'lit'lltt'. Ill .Ianuavy 1997,, on ST_54, Mario

Runco and (;rcg ] hullaugh of Iht" l¢_lrlern,_:'urcrcw ilnl)rovised lilt" first of lht'se Ily carrying

(:,lit! itllt/lht'l itl()lllld l]lc payload bay ill a "lllilSy; handling" cxcrcisc and I('slcd SOlll(' iicw

tools,. ,_cv('ral olhtw (rc'.,vs IIraCliCed aspt'cls (:'t" Ilm rt!i:,air mission ill orllil, SllaCcwalks Iicing

added ill every possil:,lc Opllt)ltunity.

Mcanwhilc, thc Tt'lcsct:'t)c coutinued to llc it l)lot)lcm chihl. In St'I)it'ml>cr 1t.)9'2, lilt'

Fainl ()bjecl (]anlera's F, owcr SUl)plv dt!vclopcd llr_:'bh'ms eliminating halt of lhal hlslru-

111(?111'_., capal)ililit?s. A third gTroSCOllC thih'd, leaving lilt! Tch'scopc runnhl g on ils mini-

lllllln ('olllp]elil('lll of lhrt'c. If anolhcr ,RTroscopc wcrc to t_til, the spacccrati would I)t, salk'
but tmah, lc h:, collt'(l an,/ scicntitic data. A sccontl tlight <Oml)Ul('r mcnl(m,, unil t_lilcd.

Most of Ihcsc lailurcs a&h'd rclillivcly ,.'ass individual lasks It:' lilt" servicing mission, I)ul

the limt'lincs were alrcatly ovcrl/ookc(I and conti(Icncc in Ihem solncwhal shake(! 1)y Ihe

llt!'_,',," ('flll_,t'l"+,'itti,";,lll+ "l']lt'y il]SO (';lUS('(] ;l scramblc illllt/llg spit('t't'l'al'l t_llgillt_'tws to (]t'lci'llliilc

which prol)lcms could Iic i-Cllaircd at all, and of those which had highest prioril). '_
(;odtlard anti lhc Sttoilet lllslittllt', rcsigncd hl ol)cralin g what had lwcomc :l t)osi -

tivcly cantankerous Sl)aCCCraft, I)ccatnc tlUitc atlcpl al th'aling with sll(ltl,t'tl hic<'tlllS and

rel)lanning ol)stq-valions a g-;tin and again. The (;<+d/lald c_mll-ollt'rs and scientists had

t)ccn ot)eraling aslrononlit+a] spacccrafl for lhil+ly };cars. In ])arlicitlau; they could draw on

lheir CXl)Cricncc and inslilulional nlt'nlOry of lilt" rcmarkal)h" [nlt.rnalional Ullra',iolct

Explorcr (It!El, whith had suvvivetl wcll bcvoud its dcsign liR'. Thcv had even lcarlwd It:'

Ol)eralt' IUE on a single _'r_:'s(Ol)e. It was I)cfilling Ihal ill lilt' 11.TE t:Olllrol to_ml sal ;I

slut'ti'd Io} "Enelgizcr l_,unny. '' Bcginning ill I]1(' end of lilt' sulnnwr ot 1991, ;tt_lt'l - Ihc

_+(i. Sawvci. ",\sl]onatut:+, (Zall Rt'stlU'.' llf Natt'llih' ';vonlh doinnR'; l+,,.'n,.'lhs Naid I,_ ()ul'+vciRh .'nl)atcxxatlkn

[)an<_ets, (:i)sts," li,?+sJii##,E,lo;,+ lh*sl (M;t} 30. 19<.)7): ,;\-',l. Joinin g Iht' l It'al'tltUalli'ls ()tticc ol Sj)alc Flight's "'ttSl

5,t'rvicin_ Missi<ln Rt'xit'w "]'cain" ulldcl Iilrnicr asli<matil (;ciit'lal TIloiiias _lalloid. in Juilt' lhc Si)a(t' _hullh"

Pro_laiii ()ltict' al .Iohnsoii (haill'lt'd ;ill "IIF, T Rt'view "]t';iin" iiiilil'i P,ichaid Fitts. |ll .]ul). ihc '+11_1 SM-I

Pr(l<_lalii P,cvim_ "l}.'_iiil" IXli_ hacl (;rt'ent]eld (]l)iillliillt'c) "+'+;isi halll'i('d })"+ tlic th,;idqlialll'ts +\diliilliMi;iloi's

ot]]_c; IOriliCi aslllllialil loscph Allen lt'xic"+_cd Ihl' i'xlra_<l'hillllal ;uli"+ii_ aspclls ot iiic inissioii lill ihc

[ h'adquarh'is ()lii_ c ot _,pilll' S;cil,il_ c. i\sli_lnaul.lllhn Yi)lill_ xv;is (onlniissioiicd l<l ic'+iew iht" plans ;is "+_cll. In

luh, the lIST Scv"+icin<_ Missi<m (:_itical l)csiRn Revh'w ((;I)R) '+_;ts hchl.

?,7. llic I>axtqilit' till lhl' scrvi_ hi+4 mission "+_;is thicl" da"+s ol SllaCcwalks. N_I unlil ,\plil 1_193, _itil) cighl

lii<lillhs bt't_ic lailiil h, '+_,Ollld Iti+.' illliill)l'i t)+.' lais('d ollh Jail) Iii Iivc. hi p;ut ihis r,<,l)l,<'stuih'd i llliSCi_,;ilisnl _it i)l;in -

iil'is tr)iiig io lit' ;tl)s_duh'lv tt'ilaiii Ih;ll +,iilh ;ill alllt)ililliis schcdiih" w;is lll'l ('SS;ll1+ Plight I)iie_loi Mih Itctlin

ict alh'd il as :l hii i>la poker _;lliit', llol waiilinl+ / hi Ri'+c ill Io addili_lnal sp_i(t,w;i]ks lilih':+_; lhc'+ _,"+t'll' s|lo"++_li Ill tw

ahsl)hlll'l} lll'(+.'SS;ll_,, addint4, "1 (;ill _,li;lllililUt' }Oll lhal pli<li h_ liiiic mOlllhs "+_t' kilt'"+; xvt, _,',1"i1' headed h, live

EVAs." I lellin [llh't vi¢'xx. March 7:1, 1995, I/'B: I)I0 &- ?,30: scc ;ils_l R<ilh(,lll)l'l_ ]lllt'l'Vit+'+v, Atl_tlSl 8. 19!lD, 9 ,\: Illl.
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sllor.'k aud denial tla(l run ils com.*,e, Ihe aslrononlel_ and operalors had resolved I(:, make
Ihe lnOSl of the capabililies lhey had. Tlw firsl science resuhs were pul)lished in A.str@hysical

Journal I.ett_s at lhe end of 1991. By lhe end of 1992, astronomers had accumulaled a

respectabh" suite of resuhs, some of which surprised even Ihcmselves. The '[k'lescope was

pertorming al a level somewhat better than Earth-based telescopes, but tar below its expect-

e(l capabilities? _

In December 1992, a year betore launch and at about Ihe time it would have been

usual Io first assign a crew, Richard Covey (Commander), Ken Bowersox (Pilol), and

(;laude Nicollier (a European Space Agency astronant and expert on tile t+obot arm) were

named to complete the STY61 llight crcw. With these three, the servicing mission con-

tinued to enjoy the most experienced and scasonc<l astronauts available, now with sixteen

previous shuttle tlights among thcm. Also in l)ccembe,, a new face atJohns<m was name<l

to a position that had not been used sincc Apollo: Randy Brinkley was to occupy thc newly

created position of Mission Director? _'

Brinkley and his t)osilion were controversial from lhe filsl at Johnson, even though

Ihe post had been recommended by former/kslronaut Thomas Stafford's review of the ser-

vicing mission. "Badged lteadquarters," Brinkley reporled Io Washington bul was located

at and carried ou his work at Jolmson. The levm carried special significance at Johnson,

originally created as lhe Manned Spacec,,dl (kqmw in lhe early 1960s. The Space Task

(;roup, a small band of space (qHhusi,lsts among aeronauticisls at lhe Virginia l.angley
Research Center, had virtually invented human space tlight a! NASA. :_s Apollo grew into

a behemolh, i leadquarlers decided to creale a new Cenler on some politically fawwable

bayside land south of I Iouston. Tile space pioneers fiom I.angley had little choice but to

leave tile Hampton, Virginia, area dlat many of them loved, lot Io resist moving to

l_h)usl(m meanl 1o be out of the aclion. They buih lhe space center fi-om Ihe ground up,

developing all Ihe camaraderie and social slruciures ()f pioneers, and absorbing much of

lhe rugged, self-reliant culture of Texas. They developed and tlew Mercury, (;emini,

Apolh), Skylab, and the Space Shuttle. They invented astronaut training, mission control,

and spacewalking. At IS(i, as they referred to lhcir instilulion, they operated a verilable

space uniwwsity, with several associaled colleges where lhey trained recruits in how Io

operate in space and support space tlighl fiom lhe ground. Through Apollo and inlo lhe

shtlllle era lhere had been a coilstanl tensioll t)elLWeen lleadquarters and IS(;, a continu-

ally and dynamically negotiated balance of independence and subordination. From Webb

onward, Headquarters adminislrators had placed personnel at.IS(] who reported not to

ltle CenCer but to tteadquarters."'

Brinkley had been a1Jotmson for several months as a special assistant It:, Headquarters'

space tlight chiefJed Pearson before being appointed to the serdcing mission. A Marine

avialor for twenD'-five years, he had served with Pearson during Desert Slorm and then laler

3S. (:haiss(m, The ttubbb" }l'hrc, "Eally Results holn the Hubt)h" Space "t_'tes((,l)e, '' .grie_tli/it .tmFr*ra*l 266

([une 1(.)92): 44-46; Faye Flam, "N,_SA PR: Hype ov Public Educa0on?." S<i*'nce 260 (June 4, 1993):1416-18.

39. NASA News Release 92-218, l)eceml)er 8, 1992; R(}thent)erg lntel-view, Augusl 8, 19_.ff',: 2/A: 020.

40. R(mald 1.. Newman and Randy tt. Brinkley, .'¢1._61 Mi_ion l)irerlt/r'_ Y_z_tMis_io_, ICel)ort (lh)uston,

TX:,l(,Ims(m Space Center, January 1995), pp. 31-32, Conlains background on creating tt/e l),)st; 1 am graletul
to Messrs. Brinkley and Newman fi)r providing a copy of this detailed and lengthy (1o( unwlll. The attitudes

toward l',rinkley's re(eption at Johnson art' drawn ti-om several oral histc, ry interviews, including Brinkley (10

Marth 1995), reh'renced in tiffs article, as well as conversations with other Johnson personnel. On 1tie Center's

cuhure, see Henry C. Dethh_tt, ++Sur/d.enl_ "lbmo,ow (&me .... A Hist+ny oJ 6te JohnsoT_ Space Center", (Washington,

DC: NASA SP-4307, 19¢.t3). ()n Headquarters and Johnson relali<mships, see Arnold S. Levine, Mnna/,,'/n K NAS;A

in the Apolh* Era, (Washington, DC: NASA SP-4102, 1982) and W. Henry I,amtmght, Powerinlz Apollo,./ame_ E. Webb

o/NA,%4 (Baltimore, MD:Johns Hopkins Univmsity Press, 1'995). A_sJohn l.ogsdon notes in his contributiort to

[his _,oll.lllle, ;Is p;tll o|[]le posl-('htlll_'tll,,re7 inall;lgenlenl ie|(H'lns, lead ]esponsibilily ft. lilt' shllllle was [aken away

from.|ohnson and _emrned Io Headquarters.
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spcnl a I}litq lhne wilh Mc'l)onllcll l)out41as. I/t'tbi-e takhi_ Oil lilt" seivichlg nlission,

Brinklc', had siudie{I lilt! shullle piotz, ialii and irit't[ It} g{'i oricnicd. :lbst}rbing SOllil.

aspc¢ls of IlicJ<q(] culiuic in lh(" pro¢css, l|e had been ilnl)rcsst'd I)y.lS(]'s It'chnical ¢oni-

pclcncc, bul lit) h'ss I}y ils indelientl(:n¢c and his (iwii diffituily in "tireaklhl_] hllo lhai

siibcullur(.." Plrillkl('y researth('d ill(' Mission I)ireclor tont('pl alld irh'd Io []guie oiii tlow

It) hnplcmenl il, s0('king llic advice of nlanv old hands. Ilis t'hallt'l was I)i-oa(I, Io t'llSlllt,

the Sli¢C('Ss t)[ the servi¢hl_ iliissioll, aiid largely until'lille(l: '+[ kncw 1 had die ieSl)onsil)il-

hy," lit" retailed, "SOlll(_holv | had Io grow ill}, ()'0,'11 alllilol'ily." This was a ])l-ti{Id llliSSiOll

order ¢olnnioliiy tis('c[ hi lhe _,|aiill(" (]orps, shnilar 1o olhcrs l/rhlkh"_ had r('tciv{'d lhere,

alld ill keeping with P(,alSl)ll'S style. Brinklcy asSt'lnbh'd a slnall stall\ F('pl'('St'lllaliv(" of lh{'

Val'iOtlS kinds of hisitlc experlisc hc wotlld need. u

tte had also, early tin, |)e('ll ilnl)rcsscd t)v how hnl)orlanl liiis inission was Io illanv

bt,.vt)nd .JS(]. Flolil iii(!Clilig, s wilh Pt<'aisDii, (;oldiii, anti tOligr('ssitmal r0i)leSenlaliV(,s

(eSl}Ccially lhc plain-si)eakiug Barbara Mikulski), lhe lli('ssa[l' lit" rc¢cived was: "ihis was il

lllako o1 break mission |or NAN/\ . . . Brinklcy, (It)li'l Sill'w ihis up, Ihc t]lltll(' ()[ NASA lies

ill Ill(" balan(c." To 1z,aiii hlsi_lil inlo Ihe pio_r('ss of lhc iiiaiiy i)hast's of lilt. iliissioli, hi"

fillned Io iisin<_ lht" ilidept.lidenl rt'view giOtlpS lhal had ati{'aitty bct'n st'l ill) t)V olllci's,

aiid cicalcd SOlll(' ()[ tlis ownl. The IllallV rt'vicws, SOlll(' {it Ihcill un¢oortlhlalcd and ill{>li-

vatcd by <_i'OWillg tii)i)tq=lcvcl allXi(Hv ()x'l'l" lilt" nlission, put a ,_l-t';it deal <)t + [)l-t'SSlllt" ()1/ ill( +

wt>rkin,g lit)ops, if llliii/kley added 1(t tills pr(.ssurt + SOliit'W]lill by ({linnlissi<}iiiiig still lliOl-C

rcvicws anti ;.iss(.SSlllt,lllS, hc also {h-cw graiiludc t}Oill lhc WolkclS t)) illalia<_ili<_ and (O<)l-

dillalili<_ lhe rt'vit'ws and SCl+vinlz, as St)lilt'what ofa ]i_hlllin_- rod. ":\nsw('ring lilt" iilail fl+()in

tt0adClUarlcrs, '+ while inilially ll(il s('t'll .is lll/i(h ot+a <_cnuinc conlritiulion l(i lilt' nlissiitn,

{'V¢'llltialiy was s{!cn as ai vahialih, aciivilv thai allowcd ihc lx'oplc w(irkiii<_ till vaii(}us

as|)ecls of lilt" lilissioil Io [uric+lit)l/ wilh iilillhnal {li'¢(,rsioii. |'Ill' vari()us l-eVil"0,' it'¢OllllilCii-

datioiis and allt'niion also gavt" lhc t tubbh" scrvi(il/g inissh)n Icani a ,_ood dr.a] ot¢ioul hi

gciling iht" l'{'SOtlF('t's ihcy nt+(!ded Oll _i pi+iorii) ' 1)asis, chmi which l/rinkl('v was ilol aft+aid

it) t'xt'itist, [iOili lilll(" Io liint'. This also CallSt'(I S{illlt" diSiliay allll)ll_ lilt' (l('vJs ()lolht'r inis-

sions ctmll)i.ling t()r tlight tt)nlrt)lh'rs, siinulali()n aild Irahlili,g Iiinc, aiid allt'iili{)ll t]<}ill

lhe vaiious Icchnital service 14rolip. +_

In .January i993, /\dilihiislralof (_oi{Ihi npi)ohilt'd tit(' inosl i(lllnal and hi<E, ht'sl I('vt>l

rt.vicw ¢()mnlilll.(, 01' all. 'Nipping.Joseph F. SIlea, Sill Apt}lh) lllitll{l<_('l', _<llld sl"J('Fill St'liit)l"

al'rospa¢(" (+xcculivcs and cxi)crls, ll{" foinicd "The "Eisk Por¢c Oil ihc l lubblc St)all

'reh,stt}pc Set'vicing Mission." Afi('l" scvcral li)rlnal lnt'ctiii_s ali(I ililill('l()/is I)ri{'l]iigs al all

lhc slit's whcrc lilt" inissit)n was I)eiiig planned, Ih{' pail{'l in May callcd lhc rcl)air mission

"achicval)lc" I)ii[ r('ctllilin{'iidl'd ¢oiilintlod (lost ilialiagClil('nl atlt'llli{lil, Sll{lli_ly cnth_rs-

ill<_ fill? _,|issi()ll I)il't'¢i()l" ¢()lltt'pl. They W('lO ¢OllCt'lllt'd al)t)lll Ih(' "'cstalalhl<_ II{illllO ()t" lilt"

iilisshlil," and lhc "hlslabililv" t)f lhc l)ians and on-ort)il sch{'duh', I)ast'd on a "wt)rrisolne"

tit'nd ()| ctllii|)ni('nl t_iililit's oil ill(" Sl)aCt'¢iafl. '<

41. lliinkh._ Inlervk'w, ),larch 16, 1_.I{.}5, I,'A: i}DS: March 72, Hi,iS. 1,"B: ()(_ll..,\lill_ill_ lllheis, I!,rinklm

(oiisii]l(.d aslrollaiils 'lTmi _;lalloid aiill _ohll YOtill<_, hoih {it wholii had tlo_n an :\polio inissi, m.

,t7. I/rinklcv Inlei_ic_, Maich Iii, 19!l:'l, 1,'..%.: 13,_; Mai{h 77, 199D, I,'1/: Illi(L and 301)11! I h'lliii [illci_ic_.

M_li{ In 17, I¶F.15"l, I,',-'%: _,(111nlid Mal(h 7_1, 199-}, 1 ,"B: ti7{t, Mission (]ouiinand{'r (]o_c', I.Id a il>l)Oi il'l. "']-l}i Ibis

niissi(lli _,_{,_,_('lC Ixlsi{ all_ al}h' Ii} _{'I _,vlial w{' li('t'dt'd," bill Ihai lilighi nol t)c ih_' i ,isl' IOI all iilissions, hc ;uhh'd,

(]{)_,1,',. all_W('iill<_ qllCSii(ill al (]i(",_ Posl Mission Pl('ss (]olltt'lClilC, I.lallU:U,, 199i. F,mcral IS,(; iii_ili_i_{'is iiidc-

pciid{'llil'_ _tdinilicd i{i inilia]l_ il'sisiiii_ Ih{' liiissil}ii dill'Clot _'{_li({'lll and lalei al)l)rc{ iaiiiib_ Biinkl(",'_ { _.liri-

I)uli(in. St'(' also [;OOlU.n: /I,'/Tm' I.i/i,//.

IB. .J{,sl'ph F. S;hca, vl al.. ttrl,o,# ,!/t/t, la_h 1"7,**,, ,,_t ID,' thlhDf, ,'_/*_*. "l;,/<_<,i_,, ',D,_i,t, iu R Mi_i._t, "SIl('a I'ali('l

Rt'p()rl". (%_:ashil/l_l(}ll, [)( ]: N_%`_,\, May 71. 19!13), p. _; lailll'., 14. \skcl\ "1 hii}bh': Ri_k_, bul "<\{ hi_'_ai}lc',"" ,il,/n//r_
.,#t'1¢ _ ,'_TJ<t+_ 77<It tt<_D_g",(Xl_i_ 21. I _.i{13): .I0- t't.
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Confhlence

'l'ht' servicing mission itscll lay ;tl lilt' t-ontlucnce of sevt:ral streams of work involving

NASA I lcadqttartt'rs,.lct Propulsion [,al)tlratol T, tour NASA Centers, tilt' Sl)a¢t' "liqesctlpc

Scicncc h/stitutc, and :l half dozen contractt)lS. During the StllllllltW tit 1993, these Stl+('illlIS

xvmfld truly convert+', and any rcsidlull lurbuh'ncc ]lad I+ be th'ah with. (]h<>reograplling

tilt' mission was easily as challcnging its any +tiler aspcct. Bclbrc and after Cal)ture, myriad

illSll'tlllICIllS ;lnd svstcnls on lilt" sJ)aCt+crltfl would have to Iw turned till syslcnlatically, tilt:

;qwrturc door closed, ,Ult¢'nnas retracted, and solar arrays rolled up. The shuttlc crew

would have it> grapph" the spacecraft with the rollot ;arm, and gingerly berth it into tilt'

rccci',ing tlXtUlt' of the payload bay where electrical <:onncctitms could supply '+litk'

supptwt" during tilt' repairs. The (;tMdard ct>nlrollcl+S would have to Walch the hcahh ot

lilt' sl>acccr,lft, putting st>nlc svslt'nl:, +lilt> standt)v and lllrning +tilers t>ltits tilt' repair crews

I)cg.ul to I'Clllt)Vu t'Ollllt'(l()l'5; and +'4Hill>+>lit'IllS , illld l]lt'll tllFllill_ lit++ sVstt'lllS back <>n ilttCl'-

Will([ It) t+llSlll't ` lilt' "'alivcncss" o1 lilt" llt'W pltl'L'.;. As Viii'lollS ++lc'('t'ss (Iool's till tilt + "li'lcscopC

wcrc opened, lilt" sllutth"s anitudc had to keep stray sunlight flonl <>nlcring the "li'lcstopc

while slill maintaining lock on lilt" tracking and data relay satellites.

The "E\',-ks otopl)ortunily" inserted into the shuttle schedule during 1992-1993 revealed

crucial intornlatit>n that Inobattly was decisive ill tilt" success of lhe servicing mission. For

'+art+ms reasons tilt" areas ot" tilt' Tch'scopc being worked on had to l)e kept out of sunlight.

I1 sul+jcctcd Io Slullight, tbr cx,unph +, the Mack insulation that SUl)prcsscd intcrit>r rellt'c-

litres nlight "Otll_,:lS," exuding contiuninanls that mighl later deposil +>ill+ thc t_l>tical

surlilccs. S_d;u" hcal migh! c;tusc insulali_nl ttJ de-bond t)r CXl)and. ()vcr most t)f lhc t.xtravc-

]liculiu activil} cxpcricncc since (;+'Ill+Ill, tlt<-' l)robh'nl had llt't'n keeping astronauts cool,

sincc tilt',,' wt, iv ahnost itlwavs ill sunlight or reflected carthshinc, mM so thc suits and gh>vt's

x¢crc vcp,, cfficicnt at c._>ling. Mission designers, not taking crew Icnq>craturcs into cmlsid-

oration, dr'signed a tr:tjcclol) Ol>tinnnn tor lllc "Ii'lcsct>pc's and orl:,ilc,"s needs. This ovcl-

sight rcvcalcd itself (hanlatic:llly and at a m_>sl inol)l>tlrlune time.

Ill M:iv 1993, Shwv Musgravc l>cgan ;l scrics of human thcrnlal vacuutn tests, sitnihu I<_

those donc by Ill+lilY ;IMlOlliltLL'; Y,illCt' Apollo. +\IIcl +liltlr hours ill tilt' airlock, t)rcathing oxy-

,_t'll ill his mull it> ri<t tits blt>t_d .t nitvogt'n, lit tinally cnlcred the vaculnn ch;unt)m h>r an

CXl>cricncc hc dcscrib<>d as, '+the wtwld's worst hell. That's the t<>ughest da} lllal "+ou art'

cvcr gt>ing it) haw ,in an ++sir+naut." Insidc lilt+ black chamber, pUnll)Cd down tt_ lilt' dCCl>-

t'sl Vat'Utllll possilflc, ,tnd dragging his ct>untcrt)alanccd .l_.0-ponnd inllatctt suit "like ;i

ph _ugh h.rsc,'" hc started scv,+_'ral honrs of tt,d lit checks. ! lisjol) was t<J go Ihrough all pos-

sibh+' ctmll>inations t>t It>tds--st>ckt'lS, ratcht'ts, cxtcnsions--mld t_tstcncrs lo s('e whether

thcv would lit and Ill!lilly+, ;tt a hundrcd illl(l seventy degrees 1)clow zcro. Even MtLsgrave

]lilnscll, a mcdic,II d_>ctt>r, did m>l rc,llizc what was happening as hc squt't'zt'd the tools

halth,r lq> gt't lilt'Ill to Sllill> tt)gt'lllcr and apart." It way;, h(' says, tilt' '+insidiousncss t>fgoing

li'_ml pain t<_ injury." Working ill an inllatcd ghlvc, and t_'eling nunll} anyway, hc workcd on

ti>r he)tilts, +>coast+nail} pulling his tinters Otll of the gloves and up, the way a i>ClSt>n ill it

parka nlight pull his hands into thc sleeves, and occasionally lrying It> warm them in ant>th-

or part of thc chmnl>cr that silnnl;itcd sunlight ttqnl>craturcs. :\t+lcr ti.lishing the tit t hccks,

hours ol dcct>m])rcssin_, ;ultl cmcrging Ir_ml 111t+ ainh>ck, lhc nlctal on IIF, suit was slill It_t>

cold t_>l illl_,()llt ' t_ al>l>roach. As hc struggled to gct his gh>vcs oil and lilt'} dr_>ppcd away,

the dalnagc wns cxid<'nl: ,+c_,crc t)-_>sll)itc, lissuc death, ill tight tinters. _

I_ 3.1ttn_l;txt" Intcn,.it'w. M;lu_ h 2?,, 1_195, I ,\: ()O(I.
t5. MusuJa',c hlh:.rxicw. Match 23. 1¶)_:)5,I/':\: (_2(l|t;.Iohnson Spate (_cntc_, (hc'_,. and l hclnnal S',slcnm,

llixisi_m. II.b/,Ic ,'_'p,'u, ];l_,o[. _v/+/._ ,_lis_i_m ,lla..cd I'hr_ma/ V_u..m "li'_t I¢@._/, I'a_! lit. (:] SI)-Sll-75(i..[S(]
37S5G. lh_n,.ttm. ]'N: Scl>Ictnl+cl 1_97;.
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"It w_ts ml ¢'sst'l+ti_iI lllivl_ whi¢'h h,ld t_) h;ll)l)¢'nl . . . it rt+d('fiut'd tht' t'tllh(' E\{.\ w_irld,'"

hi" s_ti(|..]<)IHt _>uvlg htt('r il(ll('(1 lhal asiroumlts h_l(l "(-Olu[)l_tinl'[l <if cold EVA t('ml_,l'r_Hurc,s

|'()l" "+:r<'+it+S+"+|till Mii_,<_l'_tt/( ` rl'calh'(I ('<lilt ll/iil(ls (>11llis vl'l'y th'st shllllh" mlm(¢,willk till S'I'_(i ill
April II)_!l. Bill i)r('vi()tl_, shuttl(" _islr()ii_iill_ had (lilly Ill'i'll ill lht" _+h_i(h" t_)r Ill)i-lilt|is ()t th('ir

Sl)a((,w/tlks, /lilt| till' [ |ill)t)ll' Illissi()il Wolll(I rt'(ttlirt' Ih('lll Ill w(il'k lilt ('xl('il(l('(I ]wri<ids ;1%_,';I)

I'i'Oili Slill- t)r t'arthshiiit,. With llli])_ sl'X'l'li iil()lllhs I<) <_l) I)+.'f()it' tht' Iliissil)li, MIIS<_l'_t'_'t' w_is

flt)wll It) I)(" Irt'/Itt'd 1)v ti-tistt)iit, t,.--_l)t.i-l,_+/ll iht' l_!iii,,t'rsilv otAI,isk:t, lilissi()ll [)l;liint'rs Ilirlil'd

1() rl't()llsi(lt,r I'xll'w+'l'hi('iil/tr /i('livilX' I'qtiil)lll('lil iilitl ])r()(+('diil+('s, /ili(1 high-h'v¢'l ili/tii_l_¢'l'S

|rt'llt'd. MIiS_-i/tvt' I/'(-()vt'r('(] Iull)' ill liliil' li)l tht" illissit)ll, /lilt[ w,is ('_,'l'li ill iht" W/lit'i" l;ilik

wiihill (t:tvs of lh/' iiliuls'. Bul lilt" illt'idclll l)r<l(lu(('(l "/I will/It! ill.'w/liiililCic,"--(llliit, lilt, rail); _''

J()liil M(( ]iili(',/ill t'Xll('rit'il((,(I "l)(>illll,i"' wll(_ Sl)¢'(iali/t'¢l ill di+Si_llillg orl)iit'r/illiludt's

t(li lliissi(illS, Sllg<_i'slt'(l tl),ilig Sill tli)lt)illing- liiissioll ill Ih/' <)rl)itt'r/tlliltlllt' lil/iilli('d I(li ihl'

st,l+'+'it+illg liiissi()li It) |c/|Ill _tt)olil ih(' I]lt'rlil/il t'llVil'(liilill'lll..\Sil(lli/liils tlii S'1"_._7 ill Jilill'

t()lliltl lh/ii Iht" i+l/l_,'ll);itl ha'+' was iilch,t,tl till I()() c-_l<t I()l + ('xtt'll(h,([ x'+til-k. "Flit, illissi()ll d('si_-n

t'll,_,iilt'('i+s W('iil ll:lt'k Io Iht'ir (<)llil)lll(,is l(i +lt'l/'l'illiil/" /t st'ri('s <)toll)il/,r <tlliltitlt's Ih;ll would

k¢'t'll lilt" l)/t)'lt):l¢l 1)_t)' l('lli[)('r/ilUl+CS lll;lii/i_t'/ll)h', whih' kt'l'[)iil _` tht' dir('('t Sliiili_hl ()Ill ()]+lli( '

+It,h,s<opl, h_iw,/i('('()itililO(I/ilili_ lilt' <lrl)il('r's lit't'fls, +_'1 still c'(liist'i+'+ ili_/ilrt'/ill),' li_hl In:llil'ii-

X't'i+ilig ])r()lit+ll/tni, ()lilt'rs (lt'vt,lol)t,(l w/ii+lllt,r <lv(,r<_lt)vt,s _tll(I olll(,r l('('hiii(|lll'S, _tll(I rt'visilt'd

th(' i(ll'+t otsioiili_ tilt' lot)Is ilisi(ll' th(' w_<ll-illt'r {1)ill :llrt,/i(lv ltill) ()il)ilt'i c'/ihiil l//lhl'l |hall

ill tilt' [);t)'h)/i(I I)+l)' I_loll)()xt,s, t tad lilt' c't_ltl h/it|f Is lirol)lt'ili i'iilt'r<_t'd ()ll-_)rt)il, ill lilt' iiliddh'

ot+lh( " rt+l)/tii's, il (+c)tll(I h/Iv(" Ill'i'll '+'('1_' St'l'i()llS, ('V('ll (lis_isir_)ils. :\+,4 it w/is, lil_tlliil'is h/ill tt> tlllll

oiil /I lhlt';i(t ti_hll)illl(,l+x_,'()V(,li llll+<ltl_h_)ill lilt' "++';tl]) iln(I W()()t (if/t ((llni/It'x /ili(I iill('rlo(k-

ill<_ lllissi(>ll, h totik (()ilsi(tt'r_il)h, (+o()])(,l+_,ilil)ll li(,lx++l,t,ll (',()(ttl,il(I/tll(IJiihlls(in It) wlirk ()lll /i

iil'w Ili_hl ill,ill that wt)iiltl _t('(+<)llllll()(l_il( + lilt" ii('W Iht+l'lil/tl r('(tllirt'llit'lllS, +;

()vl'r lilt' Slilillli('l; /is hl'_tt+lqil;tlll'rs W_l_+ ])l('t>('l'ill)it'd with [_rt'si(h'ill (]lilii()il% (h't+i_+it_n

('Oli(+('i'llill<_ lilt' ._l)_t('t • _I/lli(iil, (;<l(hl/u'(l ('ll_ill('t'i"+ ;ili(l /i_ll<lli()ilit'l'S It'_lt'(1 /ili(l t'viihl_tlt'(l

th(' iliSll-illlll'llls /ili(l ()lll('i" ('()lll[)()ii('iil_, ill I)i'('l)/iiiili()il It)i" +hil)l)iil<_ Ih('lli, in ,\lt_tlsl, 1() Ill+,'

K(+llil/'(l) ' _[)_t((' (]t'iil('l +.<\_, lhl' ili,'++ll'tlliit'illS ilii(t <)111('l' ('()ill[)()ll('lil_, Ih_wt'd Ihl()ll_h ( ;till(I/|r(1.

Ih/'v _,V(+I/' sttt!i('¢'l('(l t_ liilllli[)h', ili(t('[)('il(I('ill,/til(I ii_()r_iilS tt'slill_ I_l ('r<l+s-('ht'( k Ih(" I('++tliiS

/lil(i /IX'()i(I Ih(' kili¢l of' ('i'l'(>l" Ih/il ]ili(I 1)('t{tlh+li tht' iiliiT(ll; ,:\1 (',¢)¢l<tm(1 _in(I Ih(' _(i('ll(('

Ill,Stilt|it,, [)l+lillit+rs rt'tiilt'(l lh(" ('</lill)l('x _in(l iill('l'l()c'kiii_ +('(tilt,lit'i,+ _ll" ill_trtl('li<lllS lh_ll

W()lil(l ]l/iv(' I() Ill' ,_('lll Ill lilt' si)/i(t'cr+it7 I() [)l¢'l)/ti(, t'_ith ¢()tilll(lii('iil tier it,i)l_i(t,iilt,lil ;|lilt I('sl

ils <4il(((,s_,()i; I I_)iisl_lii w_l'+ <l(('tiiiit'(I wilh l)l+t'l)iirill_ till i(_ilil illlt'_l/tl/'(I Sililtil/iti<lilS ()l" iht'

illiS++i_)il. +'\ l()I/l] ()]" +¢'X'('ll '++'()til(l I)(' ht'ld, AIl<_li+,t lhroti_h N_lx'c'ilil)('l; _ili(1 rl,i)lt.,+t,lll¢,(I Ih('

iil(>sl ('<)liiillt'x i(li,il ('t_i'l'('is( • ()l++iliV illiS++l_lii ill,lit ill lilt' IIisl_ll_ (ll ill(' shiilllt + i)i_)_l_llll. {'41+illl

x'/Iri(itl,+ _i+ll()ll/ililS ill lilt" N('lill+/tl llJll(IV_lli( `_.+,_,iillill/ll<)r _tl P+,larsh/tll, _i()ilii(I (()illi(ll]('is /il

illis++i(lii (_)nlr<il ill | It)li_+i_)il+ _lll(l v_iii_)tl'+ Slllll)(Irliil_ ('tl_in('('r_+/lll(I s(+i('nlisl,_/It (;t)(ld;ti(t, ih<'

<"g('it'll('(' hlsliitlit', /lil(I t(>nlr/t(l()r sitt'_ _ii<lttii(I th(' w<)rlcl, Iht'v woiilcl i('li('_lr_t' _lii_>tis i)/ti-l.,+

of Ihc' lilis'+i_tl /t_+ wt,li/t_ lllllii(.i()llS '+l{lihir('_," ((ill( ()(lt,tl I),+' Ih(' '+iilltil_tiioil ,_ti[)('i_i_)r'+.

()lit' i('('(liiliilt'n(l_tlioii fl'()lii _("+'('i,il ()t' th/" it'vi('_' I('/ilil_+ (()llt't'lii('(I iil(i't_/tsiii<_ Ill('

tidt'liiv _t lht' x_,'_<il(,i• l_tllk _ililtihtli()iis. 'l'h(' i()h(ll litill Ht _%l/tl_,h;lll'_, N('illiH1 I_ltiov_ili( "t,

_iliiil]/il()i w/is (ltld(', /in(l [)lliiliiiii_ ht'_/in ()ll /i hi,_h('l-ti(It'lil_,' t (,i_,i()il+ I()hii_,(lli'S lililk x'+'/l_,

it)() sli_lllt>w tt) ;i((()iil()(1/ll(, /tit _illli, _,\1_,(), I() allow I()ll_('l" _lii(1 ili()l'<' i+('/tlisii(" '+illilll_lti<)iis

Ill/ill++ W('l(' iii/t(h' I(_ iil++lill] il ilill'(l_('ii-(l_'_;)'_('ii ("llili_lx") 1)r('iilhill,_ iili_.ltirt', wlii('h x'+'()lll(1

_tll()'+_ _ilililt;<lli()ii_, (_t t'iilil(' _i_;-h()lll _[);l('('w/i]k,_, i'_ilht'i lhliil llll_,ili_ it) hrl'/ik lhl'ill u I) illl_l

Slit/lib'i i)Ol'li()li_. '< [[('l(' [/l+ilikl('_, 'iilli ilil(i t't'lill'l [)_ll(l(hi/iliXili, ii _, lh<' il[)<_i/l(h'+, Ill Ih('

|(7. _,llt,,_t_lt_, liil(,i_,it.,,_, M_lllh _?,, 19!)_,, I',%: 71i(), __(J; ]_>lll/ _l_iti]l,+4 t.lt'lli,H_lll(hilii .\( ;";,-{i t-lt.+l

i7. ll_'tliu li/l('itit'_, Xl_lll h 2_+,, I{)U.-), 1'1/: tl tli.

l,_. .l_ix \pt, ()i_tl lli,,il_i_ hltt'l,+il'x_. M_ii(h 72, I_197_.
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Marshall tank wert' seen bey some as conll)ethlg with prt>l)t_sals to upgrade tilt" nnlch small-

er and inore-linlited lohnst>n Weightless l,hlvir<>nlnental Training Facility to it full Nentral

l)_tlO},;+tllC+V l+al+oratot T, conveniently avaihll+le It) Houston llight crews. Al+ter papel-work

"got h>st" ah+ng tilt+ wa:,', the changes were finally implenlented barcly in time I_)I+ tilt"
()ctol:*t'r sinnllatit)ns. '_+

The Ilight Clt'w look adx:antilge of tilt' long "e,'iltcr t;lnk sitnulations to ll<>nt' their

bodies and their spirits as ++,'ell.The+',' wottl(l lliive C*lIIV lille ChallCt+ on-orl)it, and st) prepared

for that as if it were tile Olympics. "We did things at Marshall like we were _<)illg to dO

upstairs.., at seven a.ln. we would be ill tllerc and we wottld brief what we were going to

tit), and then we would position onl +tools.., then we'd get in the suil, and then wc would

go work, wc'd do six or scVell htnlrs lhere, we would get out, we would detlrief how evel_"

Illin[.r, went, we'd capture our lessons tlenrncd ]. Then we went off to the hffm .... we would

put ill an hour and it h+tlt or two .... yeah, hard work . . . then we would come back from

lhere.., and start talking about and reviewing the next dav's activities.., and fllen it's tell

F*.nl. iUld at 7 a.ln. we're back at Marshall ;uld tlle wh<>le day repeats, and wc did this day

after till)after day without missing a day f_>vthree weeks. Now, you wonder why it worked? ......

l+rinkley '+wasn+t worried about the flight team," but was w<)rried itllt)tLt upper level

inanagcntt'nt's lcadincss for re:tl-lilne decision making. Brinkley ]<>und that previous mi+

sion sinnllations ]tad effective]}' concentl+itted on exercising decisitm-Inaking anlong the

crew, flight controllers, and tile man.',' "bilck room" teclnlica] gtOtl])S thilt advise them+

(;enelitll_.', decisions that we're to<> scrions to be ltlade within mission contlt>l h;ld relied on

;l Mission Ol]el-ations Director C<nlsole positi<)n, the occupant of which wtJtthl be lilt"

Flighl Director's interl_tce to the upper management. I)uring tht" it>int integrated sinnlla-

it<ms, il ieal-thne missit>n inanagenleIlt teiun conllIIising :tdlninistl+iltors frt)nl the hight:st

h,vels <>I lilt, itgelltV pluticipittcd and were lhced with contrived situati<>ns that pitted tilt +

"safety of tilt" orbiter versns tilt+ survivill of tilt" I lul)l)le."/Lss_>ciitte Adlniniml l+ators t6r Si)act"

Sciencc (We\ Huntress), Space Flight (.led Peitrson), and Center Direclors (]ohn

Klineber_, (;oddard) worked with the teiltn It> practice how they would confront such

situations during tilt' ]'light. -+_
In attdilion It> tilt + wiltel" tank sinntlations (73t_ honrs), several other areas of/rt>iind

training enio+vedrencwea entphasim. Since the viscosit:v o] +the water tended It> Inilke h:tn-

tiling nl;tSsive objects less realistic, an ail-be;u+ing tlt_or simulator w+ls used t_+ gltin int>ve

realistic experience ill lhe d vnalnics. "l\ventx' hours of inanned tllernlal V;tCUlml lests wel+e

dont +. ('+mnpnter grltl)llics virtual realit'v sinnlhll<>rs were dex'eh>l+ed, and were used It>
reseluch pt>shi<nlS i_>i tlt++"crew and l-()bol ill'Ill to tlse <)II lilt' relmh's. In tilt" Manil:,nlatol +

l)evch)l)nlcnt Filcilit\, (:lande Nic_llicr and Ken Bowersox workcd with ,t reillistic l-<+l)t>t

arm, hoisting tttll-scale helhun-t]llcd I/;llloollS in tilt' shape of lhlbl)le ,rod of a sp;tce-

sllilt'd :|stl'Oll_tllt (nicknanled "(;nnlt)_,'").':

-t9+ l_,Jinklcx Intention+. M;ttt h Ili, 1t.t95, I ;\: _:,(I;.]a', Apt. ()_M lli',t<_tx Intct,,i,_'x,,. kl;Iv_ll _?, 1<t95.

.'+>0. +"+ltlsgt:wt' hllt'tvi¢'xx..X.l;ut h 22, IU_,+5, I_1_: 3<_{h

51. l+_Tinklt.v It+fez'd<",','. M:+ach I+5. I<.:*DS. I_A: '.+,IIO; _+lm,ch _, I_I_.1.'_: _I;(1: (_i_i_i:+t'l. l_,+/+_l_, led/it!l/: llt'llin

[tltt+n+,,it'w. :",l:tnc h 2');+ ltl%"_, I+B: 290.

:>2. ()l:,;dk,>, lime. "\'ivtnal Rt':+lit'+ llt'lps ()tit on llubl>Ic Rcpain." (.Me',+:+?, (N,:.,t'n_bt'_ I':19+I): 19; (]l;nnh"

Nict_llit'n, ()i_tl llislot'++ lnlc_xicw l)x .l(_scph N. "lilt:l+cwi(/, M+uch 17, 1!195.
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At the I tigh Fidelity Mechanical Simulat¢)r at (,<)d<lard, the crew practiced replacing

components using highly realistic models and even flight har<lwarc. (;oddard had buih the

simulator; which rcpro(htced the aft portions ()f the telescope, wherc the instruments fit,

an<l the equipmcnt hays that held the various electv(mics (:omit(meals, so that rel)la<:cment

and new components could hc checkcd acctuatelv (m the ground. In addition 1o heing

rcsp<msihle for the ttubblc Space Telescope, (;o<l<lard hail worked on satellite servicing

concepts since the early 1970s, developing tools and lechni(lm,S used on other earth-

orbiting spacecraft. Rolhenbcrg, Frank Ceppolina, and others had heen sensitized to Ill("

minul(' detail required in testing and training simtflators hy many eXF,eriences, among

which was the repair o[ the Solar Maximum mission sl)acecrali on STY41C in 1984. There,

astronauts had bccn temporarily hailed by a small piece (>f insulation thai had sagged out

of place. Goddard also maintained a separate eleclri<al simulator t+<),- testing the mtmer,)us

data and c(mtrol connections. Most of the COml)onents Ii)r ,he servicing mission woul<t trav-

el to the launch site via (;<>ddard's clean r<)onl, where they would lie tested and where the

crew would have a chan(:(" t<) work with real hardwaie. "(pod<lard was just magnificent in

knowing how to get a cr('w ready . . . they were much more than,just the Cl[Stolller , . . they

were EVA trainers, they swam with us all the time .... " Musgrave recalled. ':_

Tire aslrollatliS also went to vltrious other h)cations avotmd the country and in Europe
to see and handle the actual flight hardware. They even went to the Smithsonian's

National Air att(l Space Museum, riding a cherry picker crane after-hours to inspect the

old Strttclural l)ynamic Test Vehicle. The only full-scale vc,sion of the telescope to have

been buih in a program that tried to save money by building only one fifll-tledged flight
space(waft att(l no prot<)lypes, the vehicle had served as it wire-ti)rm on which the 25 miles

<If [light wiriug had been laid out. Not realistic in many respects, the careflfllv restored and

preserved arli|_tct nonetheless retained the ma,_y simulated connectors att(I black boxes

where the cabling now in space had once been meticulously strtmg. Unlike the more

aesthetic models buih later to represent the llight spacccrafl, this vehicle did not have it

covering of muhilayer insulation to get in lhe way and obscure details."

The Hubble Space Telescope program had eschewed building protolyl)es, and so

there was no single place tire crew and engineers could go to see a truly accurate and c()m-

pletely realistic version of the spacecraft that (whited more than three hundred miles up.

There had arisen by necessity a panoply of mockups, models, and simulators, supple-

mented by thousands of 1)holographs and vide() tapes taken o1 the flight spacecraft heft)re

it left the ground. Each was accurate in some important l+cspccts, yet each was dangerously

misleading in most other respects. T<) get the whole pi(ttne, it all had to be synthesize(t in
the mind. No one experience was adequate, and all had <h, fe('ts. The astronaut would have

t<) pick out mentally tit(' appropriate paris of ea(h training exercise and suppress the rest.
Musgrave dcsctihed what it wits like:

"In your im<t_6nation you exlraet ]rom the manned thermal vaeuam le.sling the apflro-

p74ate parts, _'o when you'Te in the water doi_g those marvehm._ thinff_ with those

,gloves, you have to .wO', 'this is not the way its/,rot_la be.' }_+t+have to go back to the

manned thermal vae, and think what my real glove+ were like there, at flight tempera-

lures.., on(_' in the head ¢toe_ the entire ntis._ion exi.st .... You cannot fro dumb in the

53. Musgravc hltc,",icw, Mar(h 22, I(.)(.)5, I/B: 280; R,)fln'nbcrg and hank Ccppolina had worked on

the Solar Maximum Mission rcl)ai) plmming 1982-I!)83; the cxp('ric)wc infltwnccd the lhtl)blc servicing missi<m

in many ways. Scc R<)fllcnbcrg Interview August I0, 1995, I/A: 229. l/B: 520, 2/B: 300 and Sol)tomboy 8, 1995
2/' l>): 159.

5.++. The Sty(u< tttval and Dynamic Test Vchi<lc is documclucd in the Attila('( Files of the D('partmcutt of

Spate llistory+ Nali()nal At) im(l Sl)a<'c Mt_s('um, Smithsonian Institution, _Vitshinglon, DC, im(l in itsso(iill('([ f|o(

ttmc,lts and or;d hist(>)y inl('tvi<.w:+, ol the Sl)a(c 'lHcs¢ol)C Ilish)rv Pr0jcct.
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water lank and _ay, 'thi._ is the way it '._g_onna be, "... you mental(_' pull fiom the water

ex[mrie.ce, you pull [_vm the an beari.t._ [Iom; . . . you pull]nan the vacuum chamlmr_

in your _val suit. you pull /iom ]lq., Jiom Ball .fiom the dea. room at Goddard, you

pull jrom the pr_a,ious :ero-_ experienee, you pull fi.m your ptrviou_ EI'A ex/wtJem'e.

Now you ,lit down a.d it, vmr iumt_inatio, you y_ th_oug41.]hm days _4 work.., just

like a balh't, whmv ev_'ty ]Jttov't every toe, I k,ew where ever)' tool wa.s Ihtoltt(houl ]ive

¢la_,.s. So I built, just like lDe .w'ore O/ a ,symphony, I had the whoh,./ive days i. my head.

• . . eve D' _i.gle moll.., every tra.slalio. ¢!]the bo¢(V, ¢n*ety worksile .... The rea_..

ttubble worked wa_, ..tuber cme, ltubbh' wa_ incwdibly ]rie.dly t. bei.g serviced b_

a. 1"1_'1 er,_vpet:_on, and we wen' able to attcu'k all the ttetai{_ in all o/those envimn-

me.l_ and/mild a mission. '_'

Such :m ambitious and cxpcusivc scrvici,lg mission might qcvcr havc I)ccn scriouslv

cousidcrcd had not much mort' lhan lhc ] lubl)h" Space 'iiqcscopc bccll riding on il. lhc

Spalc Station |lad Ioug been NAS:Vs choler" lot the next logical step beyond the s]lulllc.

As Ihc Hul)bh" .";t)iicc Tclcscopc's I)roblcms illl[l lhcir l)Olcniial sOltlliOllS Ciil('lgC[i, itll(l

wilh the new ilWillCll(.'ss ot thc (titlicuhy ol sl)acewaikiilg Illl(tUl CCl'litill (il'['ilIlIS|_III['CN.

l)lallliillg work on spacc slatiOll anSClllbly It!vcill['d Ihill il would i-C(ltlilt" Jill illll)lC(•¢.'([cIII -

t'(l illllOilll[ o[ CXlliivchictlllll • acliviiv. With only the icslriclivc vohllllt' illld weigh! iitlllilit), r

ol thc shuttle, assembling the Si)ii(c StittiOll SCClll['d to call lot Sl)itct'widks ill il tlcilrIv

illllllliusiblc lltlllll)t't', dtll'atiOll, i[lld (•Oll|])[c'xil_.' iilld "¢iiriely ()t lltsks. Review (-Oll|llliltct',4

(itlt,MiOllt.([ seriously W]ICI]ICI Stit'h it S('('llitl'i(I WilS I'CiL'4OIllI])](', A succcsstifl ! [tl])])[c St'l-vi('-

ing illissioll would ])lovi(Jt' ([litlllilli( [)1oo[ t]litl Ill0 S])il(l" Sllllion iissc,tlli)ly could bc dOl/C.

While ihc I•t'vicws o[ • ilic SCl_icii/g t)lltlls WC'l-C <_oilig oil ill Ihc Slliilillci • o[ 1993, Pi•csidcili

(]liilloil was llliikilig aii illil)oi'litlll aiid cxli'Clilc!ly COlllcSlcd decision iOli(Cllling liic

t•illtll•t • [_.lliil o[ iilc S])acc _lilliOli. The ._ifili[;c _lalioil "Fl•t't'dOili" ot Ihc Btish _idlliilii_illii-

iillii was rcl/lalcd I)y Sl)iicc .%lalioii "All)ha," a lcss-atllliilioils and less-cosily VClSioli. •l'lial a

Sl)aCc sl,llioii al all CliiCl•gt'd Iilliii the ])icsidcnlilil dt!cisioii ])ioccss was ciltlS_." t_)l rt{joiciil g,

I)tll il was liOW lied lnoit" IllJill)' to ihc SilC(css of the I hibblc SCl-viciiig lilis._ioli) '_

[_llt'l ill the sltillllit'i, scvcliil oilier lln[_tlliltl_tlt" cVt'lilS scivcd Io laritish liirlilcr NA.%A's

ictitiliiliOll and iilisc lht' slakes. A wcliliicI • lX'SOlli•Ccs salc]liic, N(LiA-I 7 t{lih'd _ihlll•lk • alicl

latlnch in Cill']y :\ligtlSl. Thc( ;alilco SlmCecrali, CIIIOiI|C Io ]til)ilcr illicl il ]lcl'ils41[PiiillillC lili"

of iis OWli, had I)CCll ilnal)]c to dcl)loy ils highgain aiil¢!lillii, iuid allcllil)lS 1o rice il st!t!lil+<'d

(hioillcd, lhlcliicnilig i|ic vialfiliiv of ils nlission. The ncxl slltlitlc iliissioii, _T,'4-51, was

dclllvcd [ioili ils I;ilc July ]iillil(•h dllic bt'i'_lilSC o[ • COIi¢;_HI_; ill)olil il ]mi'lictilal•ly itciivc iilillli_t]

licrsi'id lllClCOl" siio_'cl'. %Vht'll I)7_,¢'tJt_e#)_ []llilliy fll'w in Inid-SCl)lCilllx'l; [ill' Clt'w Icslcd ] hil)lilc

iool,_ on-_wtfii [hilill_ il tilll sl'vl'ii-]iO/ll si)accwlllk _l!l)It'llil)Cl 16, 199B. '7

55. _lil_,_l;ll¢ ' liitci\ic_, M;tlth 22, 1!197t• I'\: tiO0: ihl + iliit>l>ll;lliil' _it ihl' ll']l's(ol)v's h;t_iil!4 tl('l'ii

ilcsiglicd ;tild I)tlili I_ lit' nci_itcd is liicd by liiiili_ iin ihl' IllOM illl])ollillll lill llll lill Ihc iliissioil's _lll i I'_.
7_ti. l'ht' _illi¢llllil Rcsl'ililh (',_lullil h;id rc_icwcd _llliic %iatioil Pil'c(hllll ;l_,_l'llill]) lllaliS itlid _o_th'd

ab_till lhc cXtlli'_chi_'llllti ;t_li_il_ ;is Call'_ il_ N_t,ililli'i 19H8. hi lallliai) 1{t91, ihc I_rcsidcl_ti;ll Ad_isoiv

(]llllllliilh•t ' oil Ihc Pllliilt' t1| lilc [!•_• .%ll;ll•c Plli<_lillll (Ati_tl_lillt • (]onlliiilltx') 1;lincd I_[VA (Ollll'lli_. Mil_lli/l'

lliilli_ht lhiil Ihis _;Is ;I xalid llohll. ;liill ih;ll lhc list ol lilt' I hil)bh' _icivil iil_ _lis_i_ii cls ;I ])tllol;otLI ;ill;illilii) tilr

_l);lt t • silllillli ilSSt'illlllx _;l_ lilil. Miis l41;ivc lillclvicw, Malih 77, 1997_. 1/B: liill•

717. .lilllll'S "lL Mi Kcnllil, "l]is(o_ci"> (;i'cx_ •li'sls Ilul)l/Ic Rcliilir 'li_(ds,'" Ai,htli<,. llT,,,k _4 ,%p.¢c 7i','h..lr>i_'l,

139 (_l'l}ll'llllll'l °(I, 1993): Bt7-37
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l'ht" lii(isi sl,ri()lls, _iilc[ lily,_ll'rioll_;, lilisll_L]) ot iil()sl" rt'illarkai)[(' t{'w wt,c,lts, h(i'tVl'%r/'l ",

W_tS the Altll:_ Oh,_t,li_f,rsp'<l('t'Cl_tfl which, ()ll l]ll _ '_'l'l'_l! ()il'lltl.'l'ill_, .%,l_tt's (>l'])il _ll(tf|t'lil) r Wt'lll

silt'ill. A<_aill lilt' cl'i('_ (l[" crilic_ l()st, lo a clili and N.\_/\ slil/_'ix'd lhe t)arl)s of l)illldils. ()11

_t'i)it'llllit'l-(i, l{)_.)!/, NA<_i\ _,_,'_ts ]l()lll)l+t'([ witii its st'l-Olid [)axt' [,t'tlt'l-Ill_lll 1'()1)'l'('ll lisl. ,_

In addhh)n, lC,)_,):4 wa,_ a lillSllalin_ 7t'_il Ior lilt' ,_liiilllt" ])ro<_raill. l_,v ini(t-Ail<_llSl, I_lilr

]_Ulli(]i (OUlil(lliWilS ]lad prott't'(lt'd 1o williin IWt'lll), st'tOll([_ ot i_11ili_)11 _lll(t |lad Io I)t'

s(ilil)l)t'(I t_ll- V_lli(lus ll,,_l_()ll,_. '|",vii had actliai])' i_lliicd Ill(" Ill_iili ('ll_illt', _, ailcl Ilic'il sliiild_lwn

,iu_l a sl)lii _t'ton(t ])t,tillX' lilt' solid l(l(-kl,l l)_l_)sl(,i_ Wt'lt' Ill i<_iiilt'--llit' [)oiill _t[ illl it'llllll ill it

]alili(h. hi ()clolicl; lilt" l,al_,'b;at-6 satclliit,'s kick iii(ll<lr taih'd alicr lalliit]l, ]t'avill_ tile l_]arlll

lt,SO/ll((,$ sait'lliic sll71n(it'(i aild lU,_eh'_s. _()lllt' ()l ii/t's(' illll()W_ll+(I ('Vl'lll_ Wt'l(" ll(ll t'vl'n wililiil

NA_A's rt'sl)OSii)ilhy or (_)lili_)l, aild c)lli('is Wt'lt' oiii x il!ll/i)l('iv i-t'lait'd l(i tht' t hil)l)it' llii,_iOll,

if al all, vci lilt' St'l_iCill_ iliis_i_)ll _,,,'_l.sal(lUil-ili_ il si._iiili__tii(t' t{il-l)(,)'oi1¢1 .ilisl it_])ailill<_ lht'

T_'h'scOl)C. \Vhih" il])])t'I:it'vt'[ lllilllil<_t'lS worli(,([ |till)ill the ]al_t'r 1)i(lUlX', t'll<_illt't'lS iln(t itSlll)-

il_lUl_ iri_'d i_ inllililltili their [_)(llS Oll lilt' th'iails Ilial wcluhl lii_ikl' or I)rt'ak ih(" nlissioil. ,,{s

_tlS<_l'_tve recailcd: "Did tim I)l('SSlllt' toiiit' 1() lilt'7 NIl. lt'_ ()ul lhl'l(', lint1 ! know il's Olil liit'l-t'.

l_ul I alii ,_(liilia ,_o (Io lily.jot>, aliarl [loni iilc 1)rl'ssiirl • ;ui(l ii]);lll [iOlii tile _tliisidc w(irld. I'111

lllc ])allt'riila, ali(t I kli<)w lll(_ ol)('ra co|Ill)all 7 ill|l)' ])t' it'slhl<_ l/ll ill), s]l_luldt,rs. ()K, it's I()ll_]i,

])_il I'll| <_Ollllll <_o (t(i w]lai l'vt' <_ot io (h). 11 (l_/t,_li't illllllt'l ili;ll iht" _ll)t'ia (()lilt)till)' is it'sliiic 4

()it lily sil(>uidt'rs, or iSli'l. It's lii'_' ilrl, and l'ni <_oiil_ I() t)crlt'cl ii l_l ihc ])t'sl o1 till' al)ilil), ;iii(t

il's lilt! till(1 it's liIV ;ill .... %z_<'S,IIi('i'C"S t)l't'_Slllt', I)ul it's Ilill ('xtt'lnal ])r('sSlli(', it's iiilt'l-il_l].'""'

B)' |)t't('li/1)t'l-, _l._ ]iillii_.']l ii])t)r()itttlt'(I, iit'_irl)' t',,_'l]_ t)i-(',_s sl_)i"_', on lilt' lliissioi/ (It'tilll-t'(t

ii io I)c do-or-dit,, h was ;i lllissh)ll ()[Slll)t'lililivt's: lli()i(, ,_t)act,walks, I)v In()rt' _tMl-()ll;iillS, [_ll

in(ilt" I(lllil lilll(- lhitll ('Vt'l:i)('[(ll(" _ttl('ll/1)tt'¢l; (llll'-(h_lii(l' I() il,lld(,/VOllS; Iltl _(,(_lilit (tl;ill(l'

Ill i%,ll(h'zvOllS ()ill'(" ltle t('h'sc_li)t" wa_ ix'|cased _il llic" cil(I ol Ihc rt'i)air,_. 'Hit' con/])l_'xii)

aild high slakes of tilt" illissi(til wt'rt! rt'lh'clctl in I]le Uill)rcct'dt'lltt'd seri('s of revit,ws, st)

illllllt'l()llS and c,Xlcii_ivt" It|at ,_()111(" tT<'ar0d lilt" illisshln was I)chl_ revit'wi'd ill dealli, ;lii(t

ltial llic l)rt!l)ai-atioil rt'tiuii-t'd t_r llit!_t" ievit'w_ was lakili,_ it,_()lll(_t's ;1_,_.,_1_I}Olii lilt' lili_iOll

hsclf,. By Ihc N(ivt'iiil)t'i 17, 1991L lqi_-hl Rl'a(lillt',_s Rt'_it'w> 19F_ t_liiil_ll rt,tOlliilit,li(lllti_)liS

had t)('('ll lll{l(t(! 1)V lwi'k't' rt'vit'w lt_;llllS, of whicll ()lllV lW('lllV-scVt'll l't'lll;Aillt'(I I() tit' I'](ist'(i.'"'

li%'ht'll till" ])ri_lrilics tT)r v_irioll_, i-t'f);lirs Wt'lX' l)lll il]()ll_si(lt' th(' illtit,l ill wliicll tt'll;iill

l_i_,k._ had t(i hi, (ll)llt,, ii was iiol ])(is,_ihh, 1o do lht, vai-ioils l_i_ks ()lll _ _i|lt,l- lilt' (ll]ll'l- ii_iii_

(')-hour si)acewaiks, hi ]lrhwh)' Ol-(llq, lilt' l_isk_ l_/i- I_ill ilii_,i¢/ll Sli((l,ss wt,rt,: _olal ailaX,s; txv(i

<_l_Tli_('[il)t's_ %Vidt" Pit'l(l-Pl;lnt'lal_, ' (]_t111('i;1; (;()SI?\R; iil;l<_ll(,l()ll/('l('l; all(l <_()]ar AI-I-;IV 1)rivt'

EIt'tli-olii(,'_. ]%,'liniliiUili _liC[:t'_s woul(I l)t' llilX't' rt,lilli)](, _'lOSt(il)t's _lii(l _ill ()])t'iali(lii;t]

WF,'P(' II _)r (;()STAR. _('(()llClill_ _lt}it,cii\'t,_ w<)llld ili(llldl' il t]x t()l + lilt" (',(l(lllill(i l ligh

Rt',_oilililtii _l)t'(li()_-l-lil)]i, _i !/_I(i (ot)lo((,_+SOl-Ill l-t'i)l_iit" Iht- l_liit'd (()lilt)lilt!i ilit'liiOl_, ;i st'(-

i)llcl illa_il_'ioilil'lt'i; alld <_5,i(ist-Ol)(" c<liltro] c[('(llx)i/it,_. The thlal iiilieiine _(l/_'tllllt'cl tllt'se

i_isks 1o _'1 1]l_' ]li._ht,st ])rioril)' il(,liis (1(lilt, _ts s(ll)ll _lS tt'a_it)lc, t)lil nol in slricl t)ii_lril) '

__. 1_ 1) ['_,li N:\_.\ 1,Lxl llsl,s Fill l,_.sill_ lh_. _l;izs %l);t_ (, l'illh(.: If). "Xlcll-_ lll_lt)l.? Wll;ii M:li-_ ])iclh_.7" {).

P(ll<_(ll i() ll_(, lhc (;hih; _. lll_>_, I_iiL_ wl,_l_(,]_; ;11 l_adi_ _]i_i(-k; 7. [ll(i iiiil(]i []llll_ (_. M;id_, ll_ (I.E.; ,1, ]']i(,lll

Mailillll_ lilIIMll _hl)l ii ill)_'il _iill a i'_i_ _1111; <[. ll_'h, lit'h, lib,'h... ()ill _ll_l( _' ])illll(' Ml(kS- hi'h, hi'h, hi'h; _/. _\t

[_';l_l w_' flidii'l lilli/_ all ()lit Ililiil('% ()11 _()111(' II(llk _(11'I_i11_ ;lli)llll([ willi ;1 (_11 ])]l_lll('; 9. R('III('III])('I \\';lt_'l_iii('7

_'ll}. ][_iil_(i()(t, _A'illi;ill/. '<_]);Ic_' _]lllll]l' [,_illilth i_>i\l)_)rl('d {1 _('(_lul_l_ lit.till(' [,ili_>H." 117z_D/##_f_,_ P,_t.

,\11_11_1 I]/, I{t<.1_/, i), ,\-{l: X[tl_l;IVl' |lilt'1%'it.'l_, _[ill (h 77, 19{i5, I '1_,: I_0.

I_I). Mi_i_H llhl'lt_>i'_ R('ll_lil, ]). 7:1; ,J;ilm'_ R..\_kl'i, "t_,hl,;li_;l[ lilll'li_l' [ilr lhil)l>h, FIi_hl," ,li,/fl_/<J#A

|lTw,D _== ,i_/J+zt_'I;'tD#l_>/f>_' 1{t{t (No/('lil]ll'l 7{), I{tD_/):7)I-.'I_L '1"1_' _]lllll]t' I)II)_IHIII'_ I('[111"11 II) Ili!4hi ;itll>i lilt'

(]h_tlll'il_l'l" a(c'i(t_'ili lo(tk l)l_l('c II11(]1'1" lhl. _(-itllillX i)[ iillili(.it)li_ i_'%i_'w ( itllilililll,l._, ;l_,lotiii l_ll_(](lii i-I.(llillil_

ill lii_ c-_)lllii]ltllil)ll ill illi_ _)]iiiill., "l']i_, Ihihl)h, _l'l,,'i¢ ill_ %,li_il>ii lltillliiilil.l>_, ]lllt_(.vi,i\ hllft _i _rl';lll'r ])l_l]l_>l-

li<)il _l[ _,\_,\ iil_ilh'i_ _i_ ilil'lll]lt'l_, ClliC[ Wl'll' _l]illllM i"_1 [In_i_.'l) _t|)l)_lilill'd [illlll wilhill _<'\_,\. lit l]li_ ( ',o]([ili _iil(]

()[]lt'is %_'('i(' l)i,i;l( |ix(', {lll(I _,LI(( ('('(l('(I ill ('X('l'l iNill_ _1)111(' (ll'!4v('l' _)| ilill'ili_il (qliill()],
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t>Mcn. Each ,lav's work had lo leave lilt" li'lcscolw and lilt* payh)ad bay in a c,mdilion lhal,

sholfld |hi' W,_lnl emergency arise, Ihc Clt'w colfld rt'lc;tsc lilt' li'lcscoFmC quickly, close tilt'

payload ba'_ doors, and head h_mw2'

The Servicing Mission: "A Ballet of Bodies
and Three Hundred Tools"

()n l)ccenll)cr 2 lit 0.t:27 EST, tolhw,:ing .t _mc-day dclay flit weathcr, l)i,_cove_ 3, finally

roarc(l au,ay from thc Kcnnt'dy Space (k'ntt'v in an Ullcvt!nlful laun(h. After ncarly lw,)

(tars t)t catching u 1) wilh 1 tul)blc, and i)eri(l(lically firing lhrtlsltws lo slow down lhc (allh-

up rtll¢'. Pilot Ken Bowt'rs,_x reported lhe nl,)sl-ollt'ii usc(l words Io describc lilt'

Tt, lcsc,_f>,': "1 h>ltst,)n, il's t+'ally big! '''+ (:laude Nicollier grapph'd the l_qcsct>l)C, and gilt-

gcrl) I>t'vlhcd it into the Flight Sill)pOrt Slation whorl" the shultlc's t)<w¢cl ,,volfltl substittHc

ti>r thai from Ihc solar arrays. The tillable turnlabh" would bc used Io oritml Ihc +liqcsc_qJc

work art'as so that Nicollit'r and Bowers<|x, ot)Clating the robot arm from tilt" all Ilighl

<h'ck, would havc the appr<)prialc pt)rtions <)t lilt' Telescope tacing thcm.

()n flight day tour, Dcccnll)cr ,1 al 10:46 p.m. EST, "lhr odd couplc" ot Musgrltvt' aim

tiolfnl.ul bcgan tilt' IllSt spaccwalk. For tivt" tl;I)TN ')lit" OF itll,llhcl pair would cxil lilt' air-

lock al around lilt' sanlc linlc cach cvt'_fing and spend I)clwccn six and t'ighl hours in lhc

payload bav. This was Ihc veal lcsl o| all their lvaining, its Musgravc pul it: '1 likc Ihc heal

of lhc killhen. I livt, in il, l',,c lixed in it tiw decades, and I lhrb.'t" on il. Alltl so, il gels mc

up-I,) x_hert" I've gol to be. (;oin' oul tilt' dool- t_)l- lht" |]rsl lime, i was incredibly illlclt:sl-

cd, ('oll(eFiir'd ilbOlll. ]lilX,'( ' wc nailed it ill If'FillS ,It' ,)Ill illl;Igillali',/t' pI',_)eCCS.",;,;tl'C the :4,illtU]a-

lots righl, art" the nmckul)S righl, did wc approach this|oil righl? ...... Aflt'r stqling up lilt"

work silt', Musgrave and Ih)tfinan rt'pla('('d tilt" _'roscol)c packages insidc lilt' all shroud

of tilt" "I'clt.sct)pc, and gDToscol/c clc(lr()nics and fuses in Ihe modlflar bays around lh("

"w.tisf' ,)f tilt" Sl)acccr:',fl. Tht'y rail inlo S()lll(' pr,)l)lt'nls ,+lt)sillg lilt' itt'l s|lrotM th)ovs, but

olht'l+wisc all Wt'lll acc, wding to ill;re. "l",.deavou_. Housttm; not lo gel yl_ll slItlll lip, 1)HI

wc'vc got six good g-_vos on lilt' lclt!sCOl)C," (:apsult" conmmnic;ttor (;lt'g, llarhaugh

punncd Io Ihc tTCW aflcr lilt" alivcncss Icsl spun lilt' llCW g},l,ls up lo opt, rating silt'ell. ';_

()n Iligh! day five. Akcvs and Thornlon rtmlovcd lhc solar ;UlityN. ()lit" array had

rclust'd it) roll up inlo |Is tits,',,;,t'llc, it siltutlioll t]lill had bern thc y,lll)il.'t'l tll'Oll(' ,:,]" the sixll-

i_]. rl_,XO h')t'l:,st'opt's ;tit +tG+III;IiIII'II ill ;t patkag<' t;lllt'd ;t Rail" Sel|shlg u,hfit: ll'Jt" Illil_llt'llllllt'|t'l"_, ;l| t]|('

top ,+t Iht' It'lcst opc, sctlst'd Ihc ork'ntatiot+ M lhc Earth's magnclit th'ld ;uHI pm_ittt'd an additional attiludt +_'1:
ctcnt c, I"m Ihc antmnaut's perspcttivc <m dw plans st'c: ]ctlH'y A.fh_lfit+an, "tlo_+ We'll Ig× th<+IIHhl_h +Spa<c

li'lcs< opc," .Skv a,ut I;'l,_++.l."86 ( Nl)x,t,l'llbl?l 19!13i: 23-29 itlltl lhdlma,,, "R,.llc_ films <,n I Itd)l>h,'s Rt'p;m," /hid.
89 (Fel+H_u', 199_+): '2IL 11ctlit_ lntt'r, icw, Marth 2:'I. 199:"), I,'B: +170. ()n the dcxclolmWm ol Iht' missi_>n suct css

_itt'Ha ',co Rt,tlll'tlbl'lg ltllt't_,it",_, AIIgll%l _. l_)_)gl, IHiO. ;tlld rsl>,', |all', Jill.
62. Kcn l_,,,_els_,x, ttuolcd in Aguirrc, Ibidem' Miami.. i..%_mm 2ll:llll;.lim (:l,,ckct _et allcd his ti_st cnt_,unlt'_

witlt the sp;tccc_atl in tht' l,,n kht'ct[ clean room: "ll's s¢, hig, this is really big," ibid. 2tl:l)0; unlcss olhcP,.;isc dot tt-
mcnlcd, ntissi_.t cvcnts aim times a_c taken h',,,In Johns<,n Sl>at t' (:t'nttq; Flight Engineering ()t|itc, .g'l_61 ,Spree
Shuttle, Mi++i+mICe[n.l, NS'1",'441_2_8 (Fcbrua_ T I.t194),Johnson Spate Ccntc'_, Mission Opctatiot+s l)i_ct loralt', Syy, tt'lllS

Division, ,VIStH l:'l?l l)eb,_ji_/t,,,.JS(:-2tir)g4 (March 1994); and S'l:g61 :_lA_i¢m IJin,tt+.'_ I'.sl ,'lli_si,m l:,t,,,,t. Thr qHotv
in Ihc lillc ol |Iris st't fit,n is Imnt Sit)t-, Musgravc [ntcr,'icw, March 22, 1'995, I/'A: 440.

6:_, SloP, Musgravc, tlU_lcd ill AguiHc, tb_cue ),li_sion in ,gpam rl'hc'¢ 1,','clc tailed tl_t' "odd couple"
bt't ;UIS¢"Ilia.", _'('rt" ;lsSi_ltt'tt It) l[1¢' i_dt]-ltUlllbelt'd spacewalks.

l:,-L flaH);mgh, quoit'it in A,'gui_c, I¢t_tue M/s_,m m ,_,:¢m.',2ti:llll; lletlm lnlcr, icw, Marth 17, and
M;uth 2:_,, tg':i.;'_.'l'hc balky aft shroud door was a small pml)lem, I)ul o_t' Ihal had iml)orutnl imltlicatitms.

W_,rrk-d abou, altplying I_>_,much torce and disloHing llw vilal and irreplat rat>It" door, gmtutd engineers cau-
cuscd t'xlt'nsi_ct'¢ about how Io get it t h,scd and lair ht-tl, while ,_tl_,gl';l'¢C wHn[cd [(I II_,_?;t slrap U, F,ull Iht' th),lr

into alignmcI_l. Hctlm iinallv decidcd m Icl the <_<'wo_-sit(' (to it thei_ way. I<, lht" mild t (mSlClllali,m ill _,11111(*
g_mutd ('n:¢inc_-r.. Ih.tlm Inlcr,icw, Mar(h 2.q,, 199.5, l/B: 350.
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.latin.is. Workin_ d.rin_ orbihd ni_-hl, "wh<'n th(" ;u-ray wouh:l not bc ,_cn_'r.ttin_ cl¢'(lrici-

IV. "['hoIlll(:,l] l'CIllOVc([ lilt' htl_(' and ('ltlll])Cl%OIll(' V,,'iH_,l.:.ldin_il".,vhih.Ni(ollierin,(:.ved

h,urint,::,pn.dliml with the t'(:.b,c:.l.Inn./\t_,nnlin_.',a>,Tht_rrnon let,_:.;tncll)r,.',4:.,,vly.',,,l:,re;td
h('r ;Jlll|S I{} l('ll _|lld two ()'(']()('k,Ill(' _II'l';IVS(()Od I'()(].,-SI(';lfIVI()l" a lllf)II|('lll,[lll(I HS

thl+uslel+s fircd l",de:n,o,rb_'_;ul to back awav tr<)m the shiny ._,:,hl "l)ird." h r.utv.'d slmvly,
and th_.'n as a Ihrtv.;l('r F,Inm,.' hit IJlo arFav il l)('nl as ila hird or :t j)h'rodacl','] llal)pin g ils
v,,inffs. The rul)laoumcnt solar arrays WCIII O11 v,'ilho.l a hilHl."'

()n flight day six. Mus,_ravc and I lollm_m rctmr,cd lh(' 'vVidc Ficld/l'hn_ela_ 7 (;amera.

st_tliont.d it teml)Orm+ily on _t l]:.:l.r,u, and l._.imrud I<) insl;dl the tel)late'mr'hi. Mus,_rave

likened it to movin,_ _t Imhy ,_r_md l_im_o, holdin_ it l)v the kcvbourd, m_d trying to insert

it into a gigantic fllt'sSt'l liku ;,dr_,w,ur. /\t the liu end. ho,,v_'xcr. I. l:,v inserted righ! into

th(' huart ol the ']bh'scOl)<* just l:,ehi,ld l|it' l),-im_u7 ,ni,-ro,, wns lh,.' c;tmt.ra's _dl-iml),ntant

+'l)ickol] mitt<.-.'" M.su, Hvc lind to rcmo,.' thu l)r_>t<'clivt' mitten c_:,cr, al ,,',hid_ tim,.' the
optics v,'ould be uxpos,u(l. "That is tht' most l)o.,v,.'rful _ mm.*r_t in thu world, it sues tht' l.r-

th('st ottl thor(' in s])_w,., and timt', ifyou l_.wh lhal mirror, howuvcr ,,,o_ to.oh it, that will

l)c <m (",'or) single inm_c dml coim.'s down lIOm Ih(' ;vorhl's m_st l)OW('rl.l cmn,.'ra." The

catnu]a "went in v,'ithotn incide,n, _,nd ,_III_I';IV(' and lhdfm;t,_ ,n<:,'¢'d to th,.' vt'r} l<,I) _d

tht' Tel,uscop.' to install nov,' ina_llt'tonl(,l_.,l_,.'"'

()n flight Atv _cw'n, mi++ion control l)la_,_'d thu Ir_.lifi<m:tl w_kt'-.l)mn,_ic. _tl)l)r<)l)ri -
alt'l,,' the l)<)[)tdm son,_. "I can _t'(" clcm+l_ ', now." W'.rkin_ in thu +tfl +hr<md, :\kcr_, _tn<l

Thornt,:m r_.'mo','udthe lligh.SF.,.',cdl'h<.om,.*l<.'r;tnd th,.*ninstallt'd(]()STAR. (',r<_ckurgot

a n_('ssa_t" lr<)m a f]i_'nd shortly allt'r (]()SIAR _t:_s insl_tllcd, "( '.on_ratttlations... thcr,.*'s
a train lc_,vin_ l_ahimor(' l<)morrow ni_hl at N:?,(I; if lids thing- d_>usn't work, l)e under it."

All thcv c<mhl I('II from lht' _divcnc_ It'll ;v_t:*.;thal the m:.,tr.munl was ruad_,', l)ul lh,u mir-

ror urms w.uld nol l)c dCl>Im_,d .rail _vvcr.l dnv_ nft_'r thu _.rvi_ing mi.,_.i.n. In .no of

th,." cqUil.nt'nt ha}s, thin installed thu 3_(_ COl.<_rcs_,or t<, nn_m_'nl lh¢' lli._ht (Oml).ttq's

l_dlin_ mcm.r_.. InilMh thu new (()l)r_c,.'ss<)r sccnlcd n<. Io .,v_rk. pr_>vidin_ .no of tht'
',r,ur', I_.'Wsu,'ions l)r<d)Icms in lhc ,nissi,.,. l'hmnu,s c_,nsid<',ud addin_ ;tnoth_'r SlmCcwMk

to v(.movt, tht' n<'w C<_l)rOc('ss,>r and si,nl)l.,' rt'l)ht(u tht' t'ntir(' COml)Ul('r. l)ttl it turn('d oul

thal th<: l)r<:,l)l<'m ,,;:as on lit,.' _r<.md it+ l)r,_<x'snitL,4 - tht' lul_:mt'Irs.":

Flight d,ty eight I+(',_an v,rilh .t l)<)()sl l](>n+ l++'mlr:t_,o./,+ Cll_ill,eS l() _('l lh(' ('nSCllll)]c to

tit,.' high<:st <+rbit F,ossibh'. 320 nautic+d mil,.,s. Tht' last s¢h,edtflcd SlmCCV,:+dk ,,vns chalh.'tL_-

ing. for it imohed mostly cqtdlmlt*nt tha! had n,.)t l)('t'n dusign,.'d to l)c rcl)htccd t>r
rt'F,;tir,.*d..Xlt_s_r;+_.,*t, and l l(>llmat_ inst;.tlh*d .t +l_.'_i+_l (able to rcst()t+¢ • tlt+.' l.,(:,'v,,*('rSUF,ply in

thc (;<,dd,.d l lig-h Rvs_dttthm ._,pcctr,_:,,gral)h, rcF, l;_t,;+t,dinnttlali,t.i (:.n thu nhl_n('t+.ml,_'tt'rs.

nnd rcl)h.¢*d thc +.'l+.'<.lr(:,ni(s box l_)r (()ntr()llin_ lh+: s,ohtr arrwvs. \_'ht*n thu r<)lh'd "I:' ,',+(:,far
,ur_tvs <lid n<)t cxt+.'nd, thc trey,; had Io <.rank th+.'m ,+>ul mantmllv. After thal, th,.' l)lankt'ls
<.'xtcn(I(*(l II()lll thoir (ilS_,('tlcS tn,or1+lalh:.'"

()n lli_In (lay nin,.*, l)c(('ntl)cr !) ;tl 11:43 l).m. I".ST, _h(' l't'lt*s(_)l)t* x',:_tstr;+tt]sf(.rrc(t t,_:,

its own inl,:'rnal l)(:,v.:<']'.At :">:27 tht' nt'xt mortmlg, Nic.llit'r r(,Icast'd lh+.' sl)a(t,tr;tll ;+rod tht'

li.'+), lh(nnl_nl huvl'+it'v,, \F, til 5. I_I07+.

l'_& Stnn', Mtts_ta',c. quoted in :\_Im_c, l,_.s+ .+' 3D',+.m /..",_m++'. _,.l:l}().

1+7. .\<_uitl('. IP+'++t++'+Xl/+si.. it+ L_7+:Z + +' , _+ I i : ()() ; I ] ; _ t I + ( ' s ( 5t _)¢ k¢. l-, qu<_t.d it+ i/,id., 11:30. II,.*tlin Intt'+_.it.x;.
M;u_ h 2;_, 199,',,I 'B:,ItlL

GS. l)nt, t_ thu ]cml_;inl', o[ Ihc _uln_,,id_<,.l+., ])l_",,vtu .t Ihi,, <_iI)il, the IHt',._ .pt" ',l._d_ I<,',t',, ;_hitudt' o',,.'_

th+.' \t';ll+ ;lll([ It'(IIIilC_. ;i pvlhMi, _vh,+_,'.t 'l'ht. _,(,hu \t,;t; l)M,+c 1']t'(ll<)lli( n, t)tlt' ,)I thv (.n+p<mt*nls _ hanb_+d

flI)lll l:\r.\-fli('ndl ', dnrin K th,.* ( ,,'.I-< _ntin}4 d¢'t ini_+n', <d 19_(), _t'(ittincd I+hl_hlg in tht' t;F.VS td '+l)-'.d+t'll" (iHlllCt -

t(,Is hnmd in th,t. h_t(k ,>I h,nn_* (<)nll)tllCl++,, and insta]ling tin'+ +s_ t,'x,:s, TI.' linal rain<, tx<)t_l)h'somt' t.VClll _)I l}It'

IIliN_,+()ll ,+¢ctnt'd xxh+.'ll (+iii' _)+ IIi( + '+(-ic'+v_ _0! _l'+',r;l',,aIl(l Ni('<dlit'l" 111;I"++I+.'11"1111++dl(>;t' I [Ol|m_U+ <)II th"' t'11(_ O| tht'

atnl in h_)t l),,,sttih I h,ll+IHn nll;lll hin_ tip th<' s_ _'x: _II lhc l,tsl itl(nn+.'lll.
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shuttle slowly b:ickcd aw:Lv. While lilt, controllers _lt (;oddard l)cgan lit(" c:uefully-()rch('s-

ll;tl('d s('qut'ntt" o1 l(.aclivatin_ lilt' various _IZ'lcs(opc systcms, lilt" crew ('n.joyed a d_Lvoff,
;tlld Iht'll t)rel)_u+t'(l tilt' shultl(' It)l It'ltll+ll. They l_ul(led at the Kennedy SI):icc (:enter on

1)elt'nll)('r 13 ill 7.'1 lninllll's i)_lsl nli(hli<_hl. The ili()sl i(,lllark_ll)h' Ihiiil_ , ;ll)Oill lht + iiiis+ioli

w_is lhal nt'arly cvci+yihing li_i(I gone ac((irdhig Io ])l_ul. Tht" It'w gliicll('S Ih_tl had o(+(urr('d

w('rt" inin()l: +ill(l r('liliivclv cll_ilv solved. <+7<_,r+P++!77'le+++JlJ+'lll_ig_iziil( +, ill +t relaliv('ly lirief

l)()sl-lnission ;uti(le, sinll)ly retT.,rrcd its re_i(It, is Io lilt" preview ])ul)lisllcd the i)rc(c(lin<l_

lil()lllh, shl((' things had _()n(" st) well. The lei(,lll('lry ,4i,_iis Wel(' ('il(()lil_l_ili_, I)ill il was a

It,liSt' (:hliSllll;is st'_i_,()ll whilc (,Vl'lV()ll(" w_lilcd I() st'(" wh('lhcr Ihc ll('W illSll-tlilll,lllS wou](l

r('all_ Wl)l-k _ls well _ls lilcv st'('lli('d I() 1)(' tml(lioning.

Postlude--Redemption

"It's Iix_'(I l)('v()nd ()ur wildcsl ('xl)('(l_tli()ll_," i)i()l._l:illi S(i('lilisl E(I Wcil('r l)(';iili('d ;ll _1

nlid-i_llnl;uy i)rcss (()lilt'l-one('. I_)_ul'lv five we(ks _ilICl Ih(' _,(,lViCillg mission, ii[ler llillll('i-

(ills t'll_ill('('lill_ t hi'ik:_, Ihc 'lt'h's(Ol)C tl:l(l ('×or( is('d 1)<)lh Ihc ii('w Wid(' I:i('ld-i)l<ul('ialv

(]_ilil('l;I _iiid (',()S'E\R whh Ill(' P_ihll ()l)j('(l (]iilil('iii..]iili (;r()(ki'r s_li(I Ih(' t)l'it()i'ill;ill('("

w;is "|is I)('l't('ci |is t'li_hil'elhl_ (ill| lit'hi(v( and |lie l_lws lif I)hy_i(s will illl()w. ....... ]']ic n('wiy

i-t,i);iii-t,(t "It,lcs('l)l)(. "()Vt,lsiiii(l()_,_,'ed ('Velyl]lil/_ ('l'_(' AI Ih(' Aiil('iicliit Asli()il(ilni(;i[ _()('ielv

(:\_\<_) Mccliil_'" in .]ilnuai$ 19(.).t. _" The _lSll()ii()niiclil (.n(i-us(,is ()l ill(' l('(]ui()]()_)"W('l('

dciighii'd. EV('lilii_il]v ()V('ll skcl)iics ll_l(l io adinii lillil ilic 'Ik'lcsc()l)(' was lll;ikill_ go()d (in

iis lii()sl t'XllaV_l_anl (]_linis. The dl_iiilali( illi_i<_('s rcie<ls('(t ()nly hinied ;il wh_il w:is lo

(oln('. ()_('1 ih(' f()ll()win_ iil()nlhs, _ts ill(" it'sl ()[ lh(' niirl(ii-_unls of (](),_TAI_ w(..r('

(l(.i)loycd iiil(t ill(' \_iii()lis hisllliliii'lilS fl)clis(,(I ;Ill(| (;ilil)i:tlcd, lh(' [{']cs(()l)(" i('_illy t4()1

(t()Wll I() Wi)lk,

Ill M;iv ;islr()noiiielS _uin()uli(_'(l llic [irsl _('nel-ally i()llvhi(in_ (,vidi'n((' fl)i Ill(" t'xis-

I('il((" ()[ I)El(k h()l('s, iiii ()l!ie(i :il lilt' (('lilt'l" ()l ih(' ii('_ill)y _aiiixy M-_7 whh ii lii_iss IW()-

Ihlt't' billion Iilil('s IhAl ()1 ()Ul" _lill ('()lllt)l('Sscd i111() lh(' silt' ()J (nil s()];ll" sVsl('lii. This h'd

ihc 1lTl_DT)l_'/rJl# /)0W it) ('(lil()i'i;lii7(' lh;il Ih(' "liial', _llid iiil)ill_lli()ns" ()l Ih(' lhlt)])]c <_l)_i(("

l{'h's(()l)C _v('i'c, in ihc t'li(t, "w()Flhwhil('. '':_

hi Jill|(', ;i I('illli led I)v t()i'lli('l _l)a((' "lt'h's(()l)(' t)l()gliUli _('i('lilisl l/()b ()'l)cll

alllll)UliC(.'(I lh;ll Iht'v hli(I ol)l_lhlt'(I ilii_t_e_ ol" I)r()lot)i_illi'l_il'y disks _ll-()iilld y()un_ sl_il's ill

the ()ri(in _t'])ilili, _lil([ t()und Ill(" i)i()(('ss (if ])l_ulelaiy Ji)iiiiiili()il ,_()ili_ (ill ltl()lllid ,F)ti ()J

lht' ] I() sl_tis ()l)_crvc(t. Till'S( i()lalhlg disks ()1' gas and (llisl tl;i(l I)('('ii ilil('ired IlOlli ()lher

()il)ilin<_ ()l)s(,iv;ll()rics" (|;tla _tn(I in (ill(" (.As(" ('Vt'li hiiA_('(l bill I1()i in Ih(' (tcl_iil ()r hi lh('

ilulnl)('l_ l('i)()llt'd fl-()lll I hll)l)lc, :-'

6_1. l,i(l_ll(I I- ')_t,ih,i, l)io!4i;uH S( icilli_l, (lU()l('(l in .Jiunc_ 1_.. \skt'I, "S_ i(']ili_l_ vllilcd I)_ hn:ll_('s lit)in

I;lilii;il_ t3, 1¶)(.)t.

T0. John 'l'i;l_i_, "ttlil)l)h' RCl)ili);in(t Mini' l¥iii_ :\sll()ll()iil('i_' :\((l_ihu," ,_<7r')l(r <->173(i;uiu:u)7_, I(.){)t):
16T (_.

71, "Edii()li_ll: Ih(' l)cpills _)t Sl):l(c," 117_Dl#_D_bnl /4J')# _lllll(' _, t!)9"I): p. A-L>0. Evi(t_'n((' li)r I)llt(k liolcs

liA_ I)t't'll AIIliOilii(t'd I)_'lii)(litAIk tiii Ill;ill'+" vi'Ai_4, ('v('tl ]iv ;l_lil)ll()lliCis 11_4iilg lh(' iliil('l);lill'(I Itiil)l)le Sl)_i(('

[,,'lest i)l)('. 5u_h illllll)llli(, t'lll('lliS W('l (', iilill ('()lllillll(" I() I)(" (()lill()_('l_ial. i I()/_(",('l; llii_ "di_l m('i,," w;IS, it 11ol Ihc

_('iillill(' ;u lit h'. lilt" liiil<l _lil)_l_uili;il _iil(I (Olp, iii( hig (',,'idt'n(e v_.'l [OIII1(I. | I. (L |;Old, cl _il., "_ill()')vt)_uid lIST

hH_L_('s (,t M_7: c_i(h'N('c li)r il disk <)t h)nizt'd 14_ls_u()un(I :t nlas_iv(' hill( k hole." A_O_pD')W<<UD*i_)_i_U .13:') ( 199 t):
1<_)7 1.30.

77. (:. R. ()'1)('11 _iil(I Zh('il_ 1,_+k'll. "l)o_>li('tllll)i',hIlll'iil Mi_si()N ltul)t)h, _,l)_l(( ' li'h'_(()l)V Inlilg('_ (if Ihl'

(:()it' ()t |hi' ()li()ii ,_('t)ul:l: t)il)lJkds, tlviliil4-1l:n() ()bF'cls, ;lild J%|t';iSlll('lll('lil,, ()t _i (;h(unl_li'll_u l)isk,"

I_tli)iJh_f+<lliiJlT##l<#l I]l(i (_)tt'llll)t'l" 70. 1991 ).
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In mid-July the fragnmnts of (:omct Shoemaker-lxwv 9 ]lit Jupiter, and Hul)bh, was

ready. Day _l_lC'l d}ty, |<)v lllOl'e than a week, ilnagcs of the giant planet floln t[ubbh,

showed lilt + ('ciIllel flagnlcnts as they wt'nt in, and 111(+ dusky spots where they had dis-

turbed the giant platict's atttliOsl)hcrc. TM

Ill O('t()t)eF, the astron</nt(.t+s wet(" starll<,'d and lilt" imblic I)cwild<,,r<,,d by the IllSt tt'stllts

floln Olle ()f the pr_!jecls that had been of prinl(' ilnporlancc sin((, comeption <)[ 1h¢'

Telescope. ()bs(!lvati(ms scorned to suggest an ag(" tbr ill(' univcrsc ()feight to twelve billion

years, dranlati(ally downward t]oni the fiflc<,,n to ('ighlcen bill(tin v('ars ]m:'viouslv <`'stinlat-

cd. Paradoxically, this age was yOtlllg<,'l thllll solnt, t'stil)llllt,s i:)[ [h<,"ilges of c('rlaill SialS]'

By Nov<,'nllx'i; (onl]d('n<,<,' ill the Tel('sct)pc's abililit,s was s() high that its.fidh+_+, Io find

st<,'llar ot)j('cts was consid¢'lt,d a m_!jtu discovt,rv. For <,h'ca<,tcs aSllt)llOll/(,lS and (<iSll)<)iti-

gists had bc('n it](r<,'asingly ulicasy about Ill(' so-(allcd "missing tnass," sotnc 90 ])erccnt o1

the Ill:ltl('l" cxp('clt'd to b<," ill the univt'rsc lh;tl (l<`'v('(lhclcss (lot's ilOl show ii I) in SiII'V('VS.

Wh<,'n two s<,,l)al+alc icalns using l lubbh" Sl)aCC T<,l(,sC()l)C ()bscrvati()ns [_dl<,'d it) see am-

wh('rc heal th(" cxp('clcd liulnl)m- of ]<:([ dwaiT slal-s or t)tli<.!l ol_j('cls in c(ulain fields, it

¢¢ltx'p<,'n<'d the mysl<'vy. Tht" nulnbt.r ()f c<mvt'nlional l>lact.s to look for th<," "niissing mass"

was dwindling, for<,-ing theorists t()'tWtld li)()l'(' cxolic It)talcs]'

Ill l)c('<,'nllx.r, thrc(. It';tills usin<_ th<,' Ttqt.s(opt, rcv(,ah,d lhat lh(w had oblaiucd inlagcs

of+galaxies f+(im v(.l T (.at+iv ill lilt, t]niv<,,i+sc, p('tha])s only ()n(" t('nth of" lilt" total tim(' claps('d

since tilt" big bang. Suq)risingly, the prhncval galaxies w<,'l-C Iound to lx, ota variety ofcoln-

pl<,'x Sllal)t's l+alh(T lilati uilil_)ilnly sin(ill(. , <,hislt'rcd ialh<,'l Ill:ill <"+('Ilk r disli'il)ul<,'(l, and 1o

]lavl)oi al)pal(.iilly V(,l_' old SlalS. :\I such an tqtlly age <l[ lilt" IIliiVCl-S(', tilt"+' had ('xl)l'('l('d Io

st'(' liiOl'(' IInit()l'lnilv alld ht'ss Sll+ll('llll'(', and Wl'l(' SOlllcwhal al :i loss 1o ulIcl('rslai)d t/ow so

iiiu(-|l ('vohllion Colild hay(" lak<.'n lilac(! ill Slich a siioil lit(it, r''

Thi'sc and Illally olhcr i('slihs tlmvcd ill a slca(lv Sll('alll lioin lite ICalllS using Ill('

I|ubbh, Space "['chcs<,OlX,.Salisfi('d CliSiolil(!l+S7 Ecshitil:allv so. Th(" lel('scopc Cal'i'i('d it lol

of |lag.gage. But <,'yen if ()lit" iak('s itllO c<)nsid<'lali()n lilt" val+ious ways ht which liic [x'rl<)i-

If(all((! t;.l lhc vt'pairc(l t('h'scopc fi'll shorl of ils Oliginal t)lanncd i)(,rfol-lnali<,-(, h still was

OllOl+ill()llSly us('fill. It had gla(hialt'd fr<)lli lilakili_-d_) Io IlOlllial tipt'ialions.

Th<,' poliii('al Sllt+('(,ss ¢lflhc liiisSiOll can lie i<.ad in who d¢'cidt'd to al;.l)t,ai Oil ih¢" dais

al Ih(' pit'ss ('olitT<'l'('liCC alliloilnCill_ iht" I]rsl cOi'l'('cl¢'(t ilila<_i's fi+olli I hlbt)h" Oil .]anual'V

l!l. ]/('a((lqual-lt'l'S Aclillg :\sso(iai(, A(hilinisilaloY for Public i\[tttils.lcfli(.v Villc(,ni, iii _l

classic Pl('ill'liall Sill), wt'lcolnc<`t (,V(_l+7¢(ill( • t() 1hi' "(;o¢¢t(lard Space FliThl <q<.natol=a]l,

(:('lilt'l;" lh" had g<)o¢¢1 i('aSOll Io lit ilCi"_'OliS+ hisl('a(I <)f scicniisls alid ('llgiii(!t'is, lilt' th-st

pan<`'] to Slx'ak in(iudc(t ,,\dniinistiaior Dan (;<)ldin, li{Tllii(, l]OliSe Soil!no(. /\dvis<,'r.]ohn

(;ibl)ons, all<,] S('lialoi" [_aii).il-a Mikulski (1)-MIll, head of I]1(" _('ilalt' Ai)l)roprialions

(:<liniilill<,,(, iii <,]iai-g(, of N/\SA's 1)udgcl and in wtios(' dis(rio1 was (;o(Idar(l+ as w<,'ll as Ihc

7_. "1[sT Scicncc Ilit4111i<ghis: (:._llit'l_, Smash inl_.lupitcl;" ),imu, Tel,_,_q., ._><_,,_._,h_slih+t_, ,\t_vc_'ll,'_ I1
(l)t'(t'nllx.i 1994): I-,D.

74. W.I. ];lt'cdin;ln, ci al, " l'lu" thll)hh..q.lla( <. 'li,lc,,cOl>C Exilagala_ lit l)i,dail( (, _ah' I_t.'¢ I'r.!i<., I, I. I'hc

l)isl<lverv of (:l'phcid,+ _iild _i _l'w [liMa(ill' Ii) MSI ." A_tmph)_7+nt.]_m,nal .t27 (199-I): G2_-F_'I: S.M.( L I lu!4ht's.

"Thl' I tubl)lc Space Ti.h.,+_ OllC l+]xii_i_aiaclil l)i',tail¢l. Stale K<'?+ I>r(!iv_ i, 11. I'liollllllCll-_ ill %%:1"(;lilla_l's i+1 M_I."

7L.],q. -t7_ (1991): I.t3-.'-)6. I'l>t>ulai a(iOlilil_ cnlt)ha,+i:cd the vil4_)illii+_ dct)atcs and tiled Io liial.(. ++l.li.,i+ ill ih('

iiIlliil'lllil'+ iiiid (l)iit]itiill_ a,++,lllnl;liioll_, Ihal undl'i];ix Sll(h (al(ulalioll,+. Allll)ll_ i)llil{'l'_, _,l'l' '+l,ll:hl,ii I)id Ihl'
1_nixci,,c ll,_._in? '' 77m_ I<IF> (M;ii-( h ({., 199D1: 7ti-_47.

771, "1 hil)b[t' Riih .+,()ui a l.l'_l<liii_ l,lxl)l;iii_ilil>li t_n Dark Maill'i," _,t:qil c "lt'h'_< <q_t. S;I it(it c In'+liluic ]'it.+, ,,
R_+h.ast. PR-91 11. N.r+cint)t.i 17+, 1991.

71i, _\, I)i_'s'dcr, ci al., "['lit' _,lllil)lil>l_l<g ) (ll Di',lanl (:hi+,icl (_al;ixit',>. I. ITS;'1 ()tp+l'lXalion,+ <it

(:[ +(1!):' t+ 1713+" <1shT>ph_b<d]._n _:t/I:/0 ( 19911: 1(17-<..>((: Mat k l)i< kiNs_ >rl, t't al., "( ;ah,xics all 1 [i_h R<'_lshili 7 ,'+p:l_*'

"l}'b'_+,b_' S'+_+/_+, l_tit/tt_ +\}+.,_l+'/h'_ 11,'2 !l)c_cn/I)t,i 1991): I_ and 7; "lltll)lllt' Id<'lltith's I'rhn<",al (;alaxit's,

t'li(<)'_,:'l', Nt"l _, (:]II('S I(I ill'.' ['lli%t'lSt"S l':x<lhili,_ll." _41)al(, 'li'h'stop_. 5_ it'll< c hl'_lJltll{' Plt',,s Roll+axe I'R-gt 52,
I)t'l I'nillcr (i. 1901.
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Space Telescope Science Institute. (;oldin kept breaking a grin thr()ughoul his wide-

ranging introduction thai praised tilt" servicing mission and likened il to greal inissions of

exploration througholll hisiolV. Gibbons, relk'rring erroneously to the formerly "aslig-

millic" Telescope, took lilt' occasion lo praise lhe vision of tile Clinton-(;ore adminislra-
lion |is well. The remarks of all were rhelorical, ccrtqnonial, political, and linged wilh

minor scientific ,uld lechnical elrt_rs. Senator Mikulski got fight to the point: "1 chair Ihe

sul)conlnlillee that tinantcd lilt" nliUltlt_lcture o[" ihe most signilitanl contact lens in

American hislorV, the fix on Ihc ihibl)lc Space Telescope, and lhen bankrolled this extra-

ordinary space i'IM() that went out and gave thlbble Telescope a new co,Watt lens, and I

;un happy 1o ;lllllOtlnce led;iv, lh;tl {If'tel" |Is launch now in 1990 and some of its earlier dis-

appointnlents, [laising her v/)itt!] the ironble with thll)ble is over!" Sttddenly, she became
it scientific bnietk'x as slit" l)rOtulll) r held up two imagcs tltkell I)y tilt' Faint ()bjecl (]alncr{_.

I)etT)re and iiflcf (]OS'I)\R ;uld expl{tinetl in detail how much |)cllel lilt' ])erlk)rin_ulce w;ts.

"'Tills shows whill (:()STAR C;lll dl). ;llld, Mr. (;oldin, |'ill going> Io itsk yell Io hold Ihitl,

l)ec';lllse there's lllt)le |() COllie," di';IWilll_ l{tti_|ltel" fFI)lll lhe _tsscinbletl lepollel-s {is silt!

llirllt'd lilt" NASA AthililliSlr;llt)r i111o her ch_irl-hoitier, thdding tip ;ill earlier \.Vide

Ficld 'Planct{u", (];lllielil inlagc, she S;lid ii "'looks like the wit)' ylltl We|lid Iol)k ill it ll);id

till||) Nt'wx_t'ilr's t'x.'t', '' iiiid lilt!l| pOililed oill lhe lilt cl ( C;ll'er ilii;i_e tfOlil liie titil)el;i's siR-

cessor. "'1 believe lhese ])i¢lliit!s iiie l_lngible evidence lh;ll |till I)ili} h;_lS ] lul)l)le 1)eel| l]×ed,

I)lil NASA is well eli ils Wily Io ILX th;il Ctllltlre lil_ll ere{lied some el Ihese piol)leliiS . . . lifts

was a high sl_lkes iepliir tor ] hibble... ,,77

The success c;tll ;llso bc ieild in whal |l;ippened io Ihe I)eople who led lhe inission. ()|

lilt" (|oilier ilw;irdet's, lWo lll;lll{l_efs Welll i)ll It) sigiiil]caiil I)osilioliS ill llle _p;tce SI;_ltioli

i)l-O_l;im lhe iiil)sl inlporl;llll elt()il of Illc {lgelicy siii(e il represeiiled ihc (Ulllie. R_tiidy

ltrinkle', 1)ec;illle _|)iitt' _l;lliOll Pro<_l-;illl M;lil;i_er ;tl .]ohllst)li, ||lid Mih ttetlin be_tll

working on illegr;llhi_ exlrllYehicillal ;iflivily ill lilt" _l)_lte ,%l;llion ;isSellil)i,v. |lJfewsler

Sh;lw Colllilllled It) lcad Space Shtillie aCliVilies ;il .JohllsOil..Joe l_.t)ihelll)er_ e,/ellltl;ilIv

1)t'C_lllle 1)ireclor of (;Odll,ud. The llighl crew lilenll)ers Wt'lll (ill it ll)llg pul)lic relitlh)ns

lolir lh;ll look lhelli It) Ilie Willie ttouse, (]Oli_leSs, Eurol)C, lilt' hoileSl I;llC-night lalk

shows, |lilt| e_,ell itll iiI)])CillillltC in till episode i)f ABC's hil Cllllletly series 'i[olne

|lllpl-ovenlent." Thert' lilt')' played il bil of tape ffol/i olle of lilt" sp;tcewalks lh;ll inchided

D,vo i)f the ill;lit' ;isll'Oll;iillS in the t;tl'_l) I);ly of Ihe shulllc (h)hig lilt" prinlilive <_l-tinl pl)il-

ulari/cd I)'¢ Tinl "Tilt' 1])ol Man" Allen. As .Slot) Mlisgrave rcllecled, " . . h wits sonlelhing

st) I)iisi(" _ll'id prinlilive ;tbOlll it, hulii;iliS itlld lheir tools, ;iild lilt" dr;iniii t)| wileliler h was

itll _oillg tO gel (tone. ''_

(]Ollllll_itlldel l_.icll;ird (lover relired trt)lll NASA ;tllll.ilfined U iis}'s SI);tce _x.'StClll,% 1o

hc;ld lheh- sinnililiion nnd Ir;tillin_ iiclivii,v..%llorlk' afler Ihe mission he said, "This wonld

I)c ;I <_leill mission ll) cnd 111_ ;tslil)lllttll C;ll-eei oil, illld il WOllitl t)e hafd tOl- ine {is it com-

lilillidel Io look it) ill|Oilier Olie llilil Wl)iild blili_ ;is liltlt']i i't'W;tld illltl joy....":"
(_hltf;iclefislicilll'¢, lhe fesl of lilt' ;iSll-Ol)iilllS ielilrlied fro|it lheh- publichy lOillS 1o llll)ve

llll 1o tile llCX1 ;tssi_nlnelll. (]h tfacieristically, when asked aboni their roles in lhe nlisSiOi)

Iht'v would fir;rise tilt" re{tin, _llld poinl to sonlet)o(ly else as responsible t_)r l]le Stlt(ess.

The exl)eliellce ||lid less_)ns le;llne(| [l-Olll lhe lnission were C{llTit>d |_tr and wide by lhe

lliltll'¢ people who worked Oil ii, illld it t)ecallie ;i p;ii_idigili t_)i eliilll_ltil)n. Brinklcy, as ht'

inl)vt'd it) hcad lilt" Space Sl;llion ])|;lllllillg, dt.iit)erillely soughl ()ill lilt > l)eople and exper-

list" [1o111 lilt' ] Itl|)bh" Ser¥icin_ Mission It) illcorpor_tle thelll inlo Sp;tte SI;tlion. E'¢en 1_

77. llul)bh. Spa_c "lk.les(_qr' Piisl (;offt-ilcd lin;tgc l'rcss (:ont{.rclllc, (;oddald St)a_c I:lighl (:l.lill'i,

];litli;li_ 13. 199-t.
7_, _1(11% _|llS_l ii'_.', Ililol/'d ill .:%_llillt', /i_f'_t Ill ' _ilT_',H/#l i#l ._lT)flt¢', ?,1:30.

79. (]o_cx. _ilin_l'iilil_ qucsli_ln Ihc Cicl_ I)l)st Fligill t'icss (:lliih'l('iicc..l_iiliitti _, 4, 109-I,
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inonlhs lalct; on lunt, 25, 1995, afler the first dot+king of lilt" shutth' with the Russian Sl_.+icc

slation, Mi+; Will Trafton, NASA Ilcadqtt_it-tt.rs Si+;wv St_iti_Jn l)irtrtlol + said: "_A_,+tc

t+stimating n<)w s<mic ,six hull<llt'd Dhts h<nlrS," lot Sl>a¢'t'w;tlks to assctnble the SlmCC
Station, will+ the Russi_lns doing an addilitm;tl 200 hours. I +",,_,k' look at EVA as _t resource

• . . it's not just anolh¢+l - way ti>r ;t bad t'vt'llt lo h_tlJiwn. I lul_blt' has t+tughl us a Iol, wc+rt .

using thc ltul)bh: crew +tll¢t lilt! lhibt)lc t, xl_crit,nt¢,s 1o look at lilt' EVA work that's

rt+qtfincd to asscnlbh, sit+ice slali+>ll, lind xvtt'r¢' l)nt'tty Iml_l+ ), al)_>ul wh<.q'e we +irt'." Fronl lilt'

l Ittl+l_h: stwvi¢:ing nlissioll C;tltl_" conlidctwt, lh.il ltlt>l-.t' ttl_m +t ht.ldl-cd days of lhd:.l)h,-lyl>¢,

work could bc done in atsst,/nl+)ling tht" sl+ttiotl."'

'l'ht+ thtt)bh, Space Tclescopc, intiid lilt' tiiiiiiv illlillf[+llIO II'_-iSOIIS I_)r its cxislt'lic'c,

rt+t)r('st'lllt'd ill Icasl in i)ilrl it IrltliStt'il(lt, lil iilid t)llrt' i)url)osl,: Ill cxph)rt, alld li.v Io Ulldcr-

sl+llltt lilt! dt't+pt'sl liiVMt!l'i+<!s, <)t" lht" ('()SlllOS. It wlis iilso ill St'l'it>ilS Iroublt', vet llOl so s+.!liOtlS

it COtll(I ilt)t t)_" s+ivt+d. N,,\_A, till ilgC!llC,V llilil itlso rt'llrt+st'lllS, lit ]t'asl ill [)al+l, llansqt!lldl'iil

+tlid Iotiy goals, was itls_l ill Irotit)lt', _ilid its f_llt' Iit'<l I<) lhlit <)t iht' 'liqcscol)c. This 1)rtlu_hl

Otll lilt' I)t'sl ill l)l'oph', ill lht' sliililil+illinP+ wh<l t',Xlt'li<h!<t lht'liist, lxt!s t{il-I)cyond Ihcirj<_l)

dt'scrii)iions Io i<llilt" Itl lht' ilid of lilt' ililt{liili+., illifl tilt" ittclt. Tlic 7 workc+d ioilg ]lollrP+,

i)uslit,d illt'liistrivt's, sliidit'd, 1)t,(iiillt, iiinovlilivt, iiiltl cicvt'r. Tlit,+ twt'il wt'rt" ill)it lo t_)rg+.'l

tor it lilliO I)ilsint,ss, I h'ildqultrll,rs, (]t'iitt'i_ iilid divisi<lll+ll t)_liilldlirit,s, _ili(I lur[\ it rl'lnlirk-

ill)it" it(hit'v¢'tlli'nl ili such ii/slilulilllis. [Ic'_iitlSt" i)t'ol)lt • Iit'lil,v¢,d ill lhl" worlh <ll lilt' lnis-

sioil, iiild I)t'tiltis¢, Ihi'v ills_l ti'itrt'tl ill tht'ir Vt'lV I)_liit,s illlll l{iihlrc "+voul(I briiig lht+ illOM

dilc ot COllSt'qlli'n+:+.'s, lilt') <_iix.'(" lilt" lilissioil iillt'lilioil +llid i'l'SOtll('(',_. Floin (]Oll<_l+l,s,4 iilid

tli_' +IVhilt, I ll>list' all iht' wiiv down io Sill;ill divisi<)ils +uld w<iik grou]is , Ihc'), pill iii illO11¢,),

lililt', itli_l itilt'iilioll. "Hit' iulxit'l)' of ¢'X¢'i'iilivt's Io_lkilig ()V('l lht'ir shouldt'rs iliig|il hli,,'t"

lilad¢' lilt)It( ' vv()l'k l+_lr Iht" t'xt'Cllllll'S, bill lillil iliixit'Iv _tlso _it'+'t' lilt'ill t'hiul It) <)vt'rridt" <lrdi-

lilirv t)lllt'_iti(rilli( l)itrrit,rs. Alllid _lll lilt' olhtr illissiotls, llisks, illld t)riorilit!s swirlill,_

ill/oUl, lii¢')' ptll 01is Olit' Oil It) I) t<)r it whih', Thus Iht' I itil)tilt' st'rvi{'ilig iilissioli rt,l)rt,st,lllS

fill" kind <if ill[}t,t+iut.nl iiiid sl)t'ciltl kiiid of i)tixil lliltl l/C.t+lc iiiid oiglilii/_itions dll fr_tiii

lilllt" I<) lillil'. "'Nol SiilCt' +,\l)olh), '' wits ii I)hliisc' liiltt liiiili) lwoph ' il_;t'(l Ill dt,sct+ilic liow tiit'v

17.,lt workillg oil ltlis lllissioll, l.ikt" Ai)<llh), I)1 lht' ()l)'llil)it's, li<lwt'vt, r, Sil(li it si)t'¢ilil itlll-

.jutlclioli ot +will, sllirii, itli(I t'itbrl l)iol)iii/I)tltllllol I)t' stisiainl,d ill lilt' <lrdiiiiirv t:<;qllSt, ot

lhiligS+ II wlis, qtlilt' lilt'rllll)', lilt iithit'vt'lnt, iil <if |_)t'tlS. +_

l.ik¢' Apollo i<_o, liowt,tl,r Sllttt'ssfiil lilt' Iliissioil, it {'Oilid licit i)v ilscif <.'rt'_tll" +l l'isilig

lidl" t_ll" NASA, "'i'll+it's it l<ll ot +])iiggligt' l<i Citl+l-,V witli )'<)tl," (]l)vt'y +ilitl ill itllSW+.'l Io it qut's-

Iioll ill lilt+ l)osl-iilissil)ti lllt+ss (t)ilft, rl,il(t,, "wc lllld it l+tsk Io do, alld Ihal w+is It> ti× lilt"

i hil)l)lt,, . . . itild wt" kn_'w lh;ti thl! tlcsl lhing w¢" c_nild d<l w+ls Io ilo ih_ti job "¢tT)' wt'll ....

illitl l}ilil wlis till wt' wl'rt' lhinkilig ai)<)til during lilt' colirst" of ihc nlission .... IA_, llt>l)t.

llilil Sllllll.!OllC fist, is lit)It" to lransialt' ltlal ilil_t NASA doing well, ''+'

Sigiliticluil llisl<lri{itl liiOvt'lilt,lllS wt,i+t • atilot ihlii wcrt" liOl coiili<_llal+h,, ind¢'t'd, hlndlv

i)rcdictlti)lc. A++iatio#+ II'+,+,/+ Wilt'tit'(l, stlorllx iilit'l + thc lilissi<)ll: "it/ political lilt<| 1)ublic rolli-

lions It'rins, Mission 61 l)rol)ai)ly l)it.st.ilit.d lllort' risks tilitll 'iit)-sidl,' i)olt,nliiii. P+iihit+t •

t:oul¢l hl.iv(, I)l'<.'ll disastt, l<)tis, t_lll it,x4, SliaCt, policy illsidt'rs CXl)CCl SII('/'('SS ttt girt' NASA il

lfig, i;tsliil_ 't)Ollllt't", ''_ l']Vl'il w]iiil" lrtil)' si)t't'lli{'uiltr ill'stills W_'lt" tlowiiig ill trolii tht'

Teh'_t<_pt,, _iiitl Iht' (Jill/lOll ii(liliinisll-lilioll rt'itlliriiit'(l its t{liih ill lht' Slllitl • _llilioil, lht'

_<l. x/fill li-_llil>li, ;llls,,v<.iiil!4 ll,i)_llll,i'_ qll_.sti<,tl, ll<l_l Mil-lh_ killg I'i,<.ss {;_iiiti,lt.ll(i. I<lhll_<ili St);ttl.
( ;t,ili,..i\ lulit. 99. I_igS.

_1. Ri)lht.illlt, i_ iilill.d. "11 )(ill l_ikt' ll'_l'l" _t I>rllllll'til • . . Ih;it's lhl' iiliiill>l'i Olit' ill iwll t)lilllilx I1_ tilt' Ol _ii-

lii/;tlil>ii th;ll %1)11'1{' ill. %l)ll'rl > _)iiit_ i<_ I)1' ++114t i._++|iil, t)l.i _lil+4t, pt._>t)h, till, liill _Oili_ I(i _('l ill %1)111I.++_i'+._iii(I ]lt'_t-
I)h ' _lrl' _liii_ l_i l_ill_ ;il<ltiil(I it." I_+l)lht.ill)t.i_ liltl.i,+i_..+_. ,L\ll_tiM ,_I, I{1{t_+): I/A: 510.

_• (;I)_+t'). ;ili_,X_,l'i iill4 qtit'stioII _il ih_' (;i'l'_ I'o_i l"li_lii l>it'SS (7_iit_'rl.lit i'..l_ultl_ir ) 4. I_i9-I+

_43. .l_ltllt'_ I_.. \_kt',; "St, liu. I lld_l)h" _ll_'_l.s ,_Ht w_+ll." <lvi.tDm 1/7'ok _S+ <+/_:.c 77'<hmd._,y l.tO (il;illii;ii_, _+,.
199-1): t7.
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NASA t)ttd_ct w:ts ill tt'oul)l_'. As _ltl +lgcncy, NASA lind bccu s¢'lcctcd b+vtIlt ++ldmini,stl_tlion
to I)(" +t sh(_wc+t.sc I_)]""rt'itlvcHti]t_ _O".+t'l+lll+ll('ll[, '' ;+l+l'l(lfl_)Itl thc Whitc ] [OtlS_.+(+ill]l(" dhcctiv("

_ltcr dil-cctivc to rcchlcc its budget, l.at('r h+ 1994, ,is ;s l]CW Rcptd)lic_m m_tjority "++'_tsclcct-

i'd to (',otlg,-¢'ss, cVCIl lnOlC [)rcsstarc was br(m_l+t to bcar on N+a_'SA. Many <)t the ¢()ll_l'PS-

siomd rcl)resct_t;ttives who had bccn lricilds to the ;t_ctwy ;tnd who h;td l)('ctl imp]esscd t)y

the ftubbh' servicing mis_io_l t_mtld lhcmsclv_+s iJl the mil_ority patty, haviH_ t)cct_ r_'l)l;tccd

by other rCl)rCscnt;_tivcs who wcrc either- hostile" ot +it_cliHct+cnt. Most h+onic+tlly, the space
sCiCll{c bttdgt'ts wcxc sqt_cczcd ¢'%r¢'_"_l_()]'tt li_htl+v, I fiLl)bit's inclt_dcd. Scientists li.+ar_'d lhat

the vct+v mismioH that s+tvcd tht+ir obscrv_t_tv h_td h'ttt credibility to the S[)acc St+rib)n, which

tlH('alct+_'d to dcvotll it.

I l+_d the' mission trot bc¢+t] +tltCml)lCd, the lhtbblc S]);tcc Tch+scopt" wottld h+:tvc l)c('tl

_t cot_st_Htt, orbiti,tg _¢,mindcr o[|hihtrc, cv(+ll while l:,rodttcit_ vc,-y good stir'n(+( ". With the

sttcct'ssl'ul r¢'p_ir came redcmpti<)H-bt_t only rcdcmptiot_. Th(" ;tgcncy's cr¢+dibility, in this
;+itl(l Ill;HIV <)thcl" +lI'<.+_ts,x+,,'_tsS[t',,'c(l l)ttt ilot l)oostcd. ] hlbl)h' was I+O l(mgcr _tn +tllmttoss

_ttt)tM(l lh(" t+('('k of NASA, :.ttl([ it al)t)(':ucd Iht" +tgt'tl('),' c()tfi(l ind<.'cd (Io what it said it

;'.'<_t_l([ d(). l+.ul wh:tt th(+ I)ttl)li( , th(" I)<diti('im_s, ;t_+(I <)th('rs ++,(+.l+'dNASA to d() t'(+tmd_t+d +ts

it h:_s li)r most <_I th(' hisl<)t-"+ ()i th(' _i_('ti(_,:: ttlt(t'tt:titt, li(kh `` ;tt_(t (+ontt'slt'd.
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