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_ THE GODDARD LECTURE
Dr. Joscph P. Shea

. Maxch 1. 197
In preparing for this lecturivwhxch bears Dr. Livert Codderd & .aae,
1 rarticularly fupressed by two passages found Wis autob¢,braphy11
1 .irst 18 a quotation troa his hiph school valeu.ctory address:
“Iv £s difficuit to say what {a impossible, for the dresm of yesterday
le 1ha hoye of today and the reality of touorxow."
e wetowd 18 the last paragrcph of the book. Im 1919, ° Tished
- for the Saithsocaiaa a paper %n whxchaha described the early x. Kef work
he had done&fot';é; Iust;tﬁcion Ahd included sunnleucatsry aotea oa o
' numbér of‘topic;;;gomsyéf vwhich were picked up and used in che press to
- make "of the pap#r”the £1rs: ¥e:1 ;uzses£ion_tor contact betweea the
plauckz. | | “'-
r. Goddard was apparently cithct annoyed . i.ed by t.¢e fus.
.thus creaced. and goea on to say- o
"From thac dav. the wheie thing‘was‘aummed up in the public. Wpud in
the word *mooarrik b’ -nd thus it happened that, in trying to wainimize
rhe sensational side, b ¢ had'really ‘nade moze of a stir than T wul [(f 1
bad discussed transportatiou to Mars, which @ = pr -adly have heen cone
siderud rid..ulous by the press teprenentative, «ad oubtless neve. W :d
have beea me .cloned.™ . o |
This tal: occurs at & tlmn whon hia dtaams have long s:ace becoue the .

reality of t. ay, but whcn the “ntnsationnl" side of our ™mooa rocketry"




. causes a stir in the press which is, to my miand, vather out of
v _ ortion to the zignificance of'any sinzle event--no uacter how tragtc.

I shall try to lend ;om.Apdrlpccniva to recent events by discu: . iry,
not the Apollo prosram'it;éif.fﬁu:, rathey the interreizced themes which
fora the backdrop for technolozical developient in today s rociety.
Various aspects of these thees vill be traccd througa sous of the psaths
along which the history of technology hus evolved. The concluding rewmarks
wiil attempt to 1nterpret what the leasona + 7 history imply about the space
nropraa in particular--and, 1£ it not sound too presumptuous, about the
-l8ss of problems which thia na:ion faces, both with;n an. our3ide e

:r3, in its classic struggle to meintain the'p§sition of a free suciet:
i a free world. A world in vhich tgphnélogy ;s playing an ever ixcreasing-~
but far froa domigant~-roie.  ‘.

Montaigne obsérvedg; "That arts and sciences are not cast in a a0ld,
but are formed and‘pagfacﬁed by dégreei} by~oft§n_handling and polishing
as bcars‘;eisureiyAlick>their cubs int;‘fnrm;”.ATha; ihausht threads through
wthe sevegAmain poinfa about igéhnology;gﬁoth itQ_relltiqnship with the
society it gerves as wéll an ;he problems inh?ren: iéiitu develormeant and

application, which fora the backdrop for this talk.
The seven xuain points are:

Pirstly, the technology has alwayéhprogressed for ane of two reasons;
a8, in reaponsé to specific recognized hﬁmag needs,

*

b. as a result of intellectual curiocsity which prompted,

perhaps an individual, perhn-~1 an drgonization,ﬁco recy ALz
inadequacy ia the body of knowledge which had been accunulit d

up to any particula::point 1n.history-fand to expand the




" the frontiers of‘knowledge just for the sake of understanding
betterAtha physic;l‘-the . tellectual --univarse.

The increa#cd daéth of understaoding provided by this kiad of wuolora~
;5% has, in general, been.ig‘ﬁdvnnca of any specific nced, but usuaily
T d its applicabllity in QQttiﬁg thé basis for fulfilling the--a: ihe
yiae~-unanticipeced needs of mankind. |

The increased understanding has aiéo surprisingly quickly found its
wby iat§ the patﬁnrn of huméﬁlthought-;expressed ia one of but aany ways
in the cinssicai‘literaturo of each age.

Thié,‘perhhpé;‘is tha-t?ue meaaing of the phrase iaterdisciplinary,
N i h téally repreéents an apprecia;iog‘of the fundameatsl iantevrscrion of

© . aress of significant humsn eadeavor which must be correiites t¢ rruly

w

. -+.istand the advéhca wh}chhorggniaed'éociety has made apvto any parcicular
saase- of hictory;,’; :A B - |
Thevseéond ;dea is thdflpefidds:6é.technoiogicai advance, for whicheve:

of the abqég reasons they happened, have u;Qaiiy béeé‘followe& by eras in
which, for oné rea#oa of anothez;Liociety ha;‘concludeé‘one of two things-~
" a. Either the body of kn@;ledgéygt.each level of society (and of

'icouréé know}edga ié a functioﬁ of where you are in the social
. f‘strucﬁure)is consi&éred essentislly compléte; or if not

~comlcte, at least :ufficient to the designs or the iatent

of tha society at this particular poiat in ;{mn.
b. Society in generai’fejrs chéééo for dge regsdn'or agother,

and this reflects {tself in a conviction that sll coaceivable

EEET———
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needs avre ac:ually'fulfillad. ' ‘

These peribds, chatacceriatically texned the ‘Dark Ages", have
recurred throughout racorded, ind I suspect even the yet unrecorded
evolutionary history of thOAhuman racc.v Fortunataly, thay have beea
superseded by periodi of enlightenmeni ia which some of the acst sigaifi-

st advances,‘botﬁ 1n app11ca§1on au@‘in future knowledge, have caken .
siace. - | ‘

The’thitd point {8 that, ?i least in technology, thaAprojacta--
and 1nvgenerai, even the fundamentsl research--has progressed froa
| scmething which ona“in@lvidual di& cowpletely by himself, to experimeats
‘cairied out 1n»cmall léboxatories by closely knit teams. Then, as the
industrial revolution nn& éhe desands of an increasingly organized and
* interdependent society began to'?enlly:requite technological advance, we
pul into today's drauatic exﬁQﬁaian beéinning somstine in the 19th Ceatury,
21 % the size of Iabotatoriea 1ncrease¢; Companieq. induztries, cthea nations,

1aps ultinately the Q&ridﬁ-apdaadr ;gcreatingiy‘complex projects which
;11 have, as tﬁéif pdxpose.‘;ha attsinsent of j.ppecific goal.

The 1ncrea§ed‘scope ﬁf‘act;viﬁylén& th§ compressiqn of time 1in & tech-
nologiéally.éxploding woridkhﬁva transtormad,quch 1ax3e projects froa the
efforts of a single indivi&ual t& tha:organized éo§£ribution of hundreds,

thousands and perh&pu ultimately even millionu of individuals who are often

- geographically. as well aa intellectually, scparated. ' The challenve this

"»'represents for rasponaibln.mnnagemcnc io perhaps obvious--but will be touched
.upon again in the summary.

" The fourih idea is :hnt'progrepi 1s nevnroﬁﬁdi witbﬁﬁt probleas. There

e



is a price for progress. Ibo;hiztex}‘of technology 1s studded with ulti-
mately successful prbjécte which,hﬁvo experienced ic:baeka for ona of
perhaps several reasons: ' . ‘
8. The body of knowledgee-call i;‘sciancitic principle, design
know~-how, materials, o:ganizatioé--availablo at the time of

the {nitistion waa'notksufiicihnt to permit attainzent of the

[OR——————

. _particular goél intcnded.' In‘a phrase, invention or & scienti-
fic breakthtough wae required.
b. . The body of knovledgn was sufficient--in other words, the

X SERISTINN ™

'-fuudamentals wvere thare--bu: the understanding of that avail-

4 v et

o b-able;ipfo:mation vas 1mper£ect1y applied. 1In other worcis,
eithex the system concept or tha detailed design was ..ot 85
~"good as it might, ia tetrospect, have been,

C. ‘The implementatiqq of thcvéegtgn--in other words, ch« trange
"lation iuio hardwafar-dgd n@évfaitbfully reproduce . :e desiga
:intent. ia ourﬂterms;'; the “aé buile® hardwars had defec-s.

d. The checks and balances vhich should be applied in a reasonable

o aanagementvstructﬁxé io guard ;gainat any of tha‘aboyn three
Lwere either inadeqﬁate or impcffectly applied.

The fifﬁh tﬁeme of the topic is that the elcmenc of‘society for which

the developaeat was being done-vwhich the development wag attespting to ,
92;§§%-did not sense aithcr :ha 1amediate or future 1np11cat.s;s. The A
ipensoring organization £ailed, pcrhnas, to intearato such {»3i.carions with

ot sx problemx with which 1t was also strugglins.‘u




o
A sixth point, whicﬁ you wili'akg'in the anecdotal {llustrations, is
that thé expanéioa of :echhology--ﬁarticuiaiiyAin areas of trqgupbrtation
axd communication--has played ? uignific;nt role in the gradual evolution
of otgnnized society=-~froa caves; to tribes:'tqlcitien; to states; toA
natiﬁns; to éontinental entit;gq;’hnq p@:hap?QMui;imately, to a single :
i The seveath and 1@3;#01&, thch we will cozme back to many times in
the resainder of the :alk; 1o‘that éimﬁlicttf !c'a-§irtue~ not a Qice.
That which has worked well bcfore should indeed hc the atarting point
for any new venture. u-an .
w1:h che precediag noatage of Chaugh:s a8 8 backdrop, I would now like
to illust;ate che gglntn with a paapourrt of exaaples gleaned froa & randoa
~‘samp11ng of “The Bisto:y oE Tbchnolozy ; and other aources, duly refercaced

s

" 1in the bibliography.

e ——
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To start wich, let me make the¢ point th&t one thing which distinguished
wary from all othér products of evo.ution~-at least.on this earth--is the
s of tools and a search for kpowlcdga; Probably Ehe first tool wag either
. stick or some rock whichAh;ppeped to have a useful ghape. Research done
recently by the National Geographic séciaty has shown that evean prinates~--
chimpanzees in particular--were smart‘anough to use tools available to them.

Dr. Leakey, af tha Olduvai Gorge, uﬁder the.sponsoréhip of the National
Geographic Society, haa diﬁcovared the earliest manlike civilization yet found,
that of the Ziajanthropus, & tribe which developed a hand ax culture. Again,‘
these first humans just uaed whataver stones came to hand. Relatively soon,

nowever, the ZinjauthrOpu recognized that when he did gsomething like striking

s vocks toge:ﬁer,wgarwould occasionally produce a stone of useful sha;e.

Yo ptovide gome perspectivg to the pace of davelopment in those days,
.2u might note that sémQVZOO,OOOIyears elapsed during which the hand ax evolved
from what one might call an individual davelopmenﬁ effort to a tribally
supported\éffort. During that time people learned how to manufacture several
‘ variéties of’hand axe. ~Thr0ughA£ﬁe knowledge of materials and manufacturing
'techniques, man could produca intentionally, not on a random basis, 8 fanmily
of artifacts which could be uaed in a variety of waya. all ltill controlled
by the human hand. | o

The other natural weapon“or natural tool for man éo use was an elongated
piece of material--wooden sticks, animal bones~-dev;ces.wh1ch extenced man's
reach and provided some mechanicai‘gdvantage abdv#jtha: of the human arm,
Eons and eons elapéed beford"a£§ﬁe‘andVatick were!coﬁjqiﬁtiy used to produce

the first hafted utensils,

vl
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Such developments atg'éxfremaly éepandent on the materials available
ead the techniques of fabrication developed in prior culﬁures and evolved
a5 the new materials and phydicﬁiguﬁderctanding emerged, Thewax, an most
other common toolq? can ba traced::hxough stone age culture, to the iron age,
. the bronze age, and on up to the present day. )
But even with that long history of developnent and use experience,
ax handles still break. heads fly off. or people injure themselves by
unskilled operation,’ - ‘
One might obsarve tha:vthiq firag‘devﬁlophént project starcedvsemewhat
as a hic or miss ptopoéition--ahd mapy,prog:ams‘tcday atill appear to be
a chip off that old blkoc.k. |
 Anothet'fundamenta1 dévglppment which can be traced through recorded
hisiory is the.bridgeF-a device”raspohiive to the fundamental need Lo cross
l'gaps in the earth'~rivera, gorgas--as wan began to expand hias geographic
:frontiers bayond the environs of his particular cave.A
Here again, th;Afirsc bridges were undoubtedly a:ructurea accidentally
- provided by nacure--pe;haps & tree fe;led ac;qgs afs;raam during a storm or some

eager beavers. 'But wﬁat nature couid!ﬁrovide by’;hanc&. man could reproduce

E Aby intent.

¥r§m felled trees to moré coﬁplexlwoodeﬁ‘de;ices, to gtone structﬁrea,
aga.n required eons~-but many examples of well constructed Roman bridges
still exist today-~archaic as they seem in Iight of today s knawledge of
;atructural design principlas and materials.;i”’

~.One of the major advances in the concept of bridgc deaign was the use of
. / .

g s




a single arch to span qhe entire gap--oﬁvia:ing.tha need for supports #q
“he center which could obstruct river';raffic or be subjected to heavy lozds
. times of.flood. | |
At least as early asiiSQO. Leonnrd; da Vinci understood the principle
of the arch quite well. Ris ngtebboks contain sketches of experiments
which show essentially the way in which the loads are reacted at the founda-
tion and :;ﬁnshitted albng the_structurg. He apparently carried out several
small séale expefim;nﬁa which convincgd him that his theories were correct.
Indeed, he_waa_so cohfidenﬁ o£<his‘abi1ity that ha proposed in 1509 to
Julﬁan of Turkey to consfruct a single span bridgze across the
Liea 4pau'ﬁou1d have’ﬁeen som@ 900 feeﬁ;'with an arch height of 180 feet.
. depth at the crown was some 30 feet. Altosether, the structure would have
uti1lized about three quarters of a million tonsg oE stone.
~ Such a project would be 1mpresaivo, even today. Appatently it was too
arch fﬁr the Shltan. and he and Labnardo never t;ally got around to talking
"Turkey--the straits remaining unepannad until : .
- One bridge with an 1ntereat1ng history in line with our central themes
;» is the Pont-y-Ty-Prydd in WAlea. In the mid-18th Century,
who was both a farmer and a minister, proposed to hin local community to
. build a bridge scross a stream which was difficul;.to ford--psrticclarly during
‘times of flood. A~oontracﬁiwas,negotiated in wﬁich"h§ agreed, for the sum of
2,30 pounds, to construct :hé §ri§ge\;nﬂ maigté{n}it‘fér.a.pgriod of seven

years.




10
His initial design con;istad of'nﬁverai short spans, with attendant
suﬁports in the river bad. The bridge stood fof about a year and a half
bafore & heavy flood washed out the canter suppafen and dea:toyad/aha
structure, | |
Recognizing that his problem was the load which the flood waters put
on the pilings~--and probably s;illAwanting to earn his 5000 pounds-~he
redesigned the structure'into'altingle span., Withb;he help of a friend,
cénstruction of th; new bridge began with foundations at the river banks.
Scaffolding was :equired,is tha'centet of the atream until the arch was
cloaad and could suppoﬁt’itseif.“vnfértunately, just before the structure
'was completed, avflood‘waﬁhad ouﬁ_thajicaffoldinszgnd again the structure
was dastroyed. B S : o
must havafbeeﬁ a partiéularly tenacious man. Not
auvated by the evenﬁ; the&lrﬁbuilt thgvbridge to the new plan, completing
-t at a time when thd water level uanvfairly'}ow} About three or four wonths
later, however, in November ;752,:the flood leéél-rosc once more. This
time the foundations for the arcﬁ wéshed out and agaiﬁAthe bridge was no more.
| must have considered persistence a virtue, and was
also perceptive enb;gh to realize the defédciencies in the desiyzn of the
foundations. The pfoject was started for the foar:h iimé, completed, and
 the bridge still stands today. It is used ab<é foot‘ﬁaﬁh and is paralleled
by & more modern structure which handigs modernAvehicular traffic.
Persisterce, percégcion;'and finally a noliditoundation ultimately x

produced the desired resulti, iAtvag’interest;ng aftermath, although he must

Y
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have lost money on that first céntract;‘tha ultimaﬁa success earned him a
reputation as a builder of good:bridgea. iﬂevéné invited to design and
construct bri&geu'nzl over England, Tﬁun,hthc dndoratnnd;ng 80 hard won
on that first project reﬁultad in mn)? o;!portuniciel to recoup his losses
and earn from his axpe:ie&ca, |

Perhaps the next major conéeptualAadvance ﬁas the suspension bridge,
which could utilize deérn‘maieri§13~-mp;a1 cables, steel and concreta.
As materials i{mproved and th('theory of dedign’becAmé better understood,
spans bccameblongg: and.iongexlnnd the mass of the structure lighter and

‘ iighter.“A

A classic example of,the'egolutian of guch design refinement into an

- . entirely néw“(co bridge buildexrs) physical préblem'is the Tacoma Narrows

-

Bridge, which cbllapseddin4qpeptéculnr‘fanhion in

PO —— i}
!1




In the aixteenth éentury a major revoiution was takin, place in

scientific thought. Copernicus, & Pole, who was a poie apart from conventional
et —

S B— +

thinking, theorized that th§ sun, not the earth, was the center of the soler
sy .em, The world was alow'to accept 56 radical a thought. The theory was
“» ~leox, and few understood 1t; But the main reason foxr .:jrcuion w:'s,
- efhups, that it placed the‘world,,aqd consequently maa, on a iess cencral
p.ace in the‘order-of,things. ~Igy£he lbng rﬁn, this humbler status has
undoubtedly.halped us to put our existence on a sounder philosophical basis.
Acceptance was alow, undAaécompnniéd~by’some persecution of those who
aspoused‘che new thaory.4v0nu‘of théimosg.promineufbof these men was‘Galileo
who, in 1669; made accessible two instruﬁentgvthdt had the profouncest

influence on the subsequent development:of science, the telesacope and aicro-

scopé.'rHis‘eariiest'd;acpvar;es'with the telescope were issued in a little

- paﬁphlet of 24 pages, his'Starrx Messenger ("Sidereus nuntius'") in 1610. There

are no 24 péges in all scieptific,literifura that contain more 1mportadt

- .

' revelations.

The first half of thﬁg famous bookint is occupied by observations on the
moon. The surfage;of the moon, far fro@ béing,#mooth‘and polished, as it
appeared cbithe naked eye, wﬁs'now seen;Eo‘be:xough; with high mbuntaina
and deep dapressions, The latter éaliléo'inteipreted as rivara, laksa.'
and seas; From the shadows of the iliumin;téd mouhtainAtops he could estima: .
the height of some 6f tham,i He foﬁnd them to risaAfouijt five miles above
the general level. | . | | |

Galileo's lunar observations have an interesting relationship w:th

English literature. In 1638 he was old and blind and nominally & prisoner ox

" the Inquiaition at Fiesole. He wai'visiced‘tha:q:byAxiltoq. The incident

R . L
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inspired several artists and writers. 1In 1658, sixteen yeatahafter Galileo's

death, Milton began his Paxadise Los;, completing it ia 1¢fu. Its cosmology
is déliberately Ptolema}c,‘got Co, arnican. Nevertteless, Zrradise Logt dues
.recall the poet's inductionvintq the hew astronony uwénty-sevan yesrs

previously. It describes Satan's shield of which the

broad cxrcumferanca
A :_Hung on hia sheuldara
i ‘ likc the moon, whose orb
”'ihrough bptic g;ass the ;'C
i LE  3_:., " Tuscan artist views
Lo At evaning,ffrbm‘the top of ééaole,
Or in Vxld&rno, to descry new lands
 ,R£vers, or mountains, in her
. ] | o  apotty globe.
(Paradike ngg; 1. 286*91) |
The~f:eédom of scienqgfié'thoughtfbrought‘abéut'by the thecriss of:
k; Cépetnieus and the obse?va£166#<o£ G#lileo was one of the major lights which
1ed the world out of rhe dark ages. 'fhis scianiific revolution ‘has continued
.nabated ever since, and han been a most nignifican: factor 1n shaping the
twentiethrcentury world., : :
As Lord Hailsham, Bri:ish Hinistat o£ Science, stat;d recently in a
_speech on "Society snd the 8ciences,“ 1t doea not take s sciencist to seov

' or to’ say, that cha human rlcc 15 1n u s:a:e of crisisv-and that, unlika

/5 .




all previous human cfises,xthe ﬁature'df the crisis is such as to affect
not simply human groups Qr institutfons but the entire 1ife and conditicn
--perhaps the Survival--of‘the hu an species on the plangt.
"For this, ofAcoursg,Atha responsibility lies upon the progress of
"o rhnology, the applicati&n of Qrganized human knowledge to che érocesse;
. manufactﬁre.'dist:ibution; transpért, aad tye disseu.nncaon of ideas.
iz is this which has revolutionizéd human life in & matter of generations;
it 1s thia which has confronted at last the widely separated branchea of
the human family 4in alwmost infinite contiguity after long eons of separation.
~It is this which has organized tha possibility of mass annihilation by the
| evolution of the sophiaticated guidance systeus of modern rocketry and
~ - the 1mmanse1y deacructive powers of modarn fisasion and fusioa.

"I ia therefore thia--and the tntriguins possibility that science

may afford even more challenging prospects of agreement and cooperaaion--a e

- out, as it were, of the ideological impasse through understanding and
o cQOperétionvon tachnological'adééntidls which éanflend significance and -

o hope."
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One of the mosﬁ_eignifictnt posaib£1i:3es for c&ntrolling cost and
" maiataining schedules within a research and developmentvﬁtogram is the |
réasonablo--!‘m tempted £§ any':ationnl--in:irprita:ion of requiremants,
usrticularly'lpecificatioﬁgjand‘quglity céntrol documentation and pro~ ”
.edures, | | ’ A
The detailed specifications with which we control most of the
sys:ems in a spacegraft ara‘ap inte;esting admixture,of essential require-
mencs~-€ho§e wi£hout:ﬁﬁich the,lﬁnar landing could not be safely accomplished--
and convenienc raquireﬁents--tﬁings‘whiﬁh nead to be specified for come
pleteness, but whose absolute valuen are intended to represent reasonable
practice rather than essential performance.' |
~In circumstances where convenient requiremsnts are not wet--either in

qualification test"cr in acceptance test on individual flight units=-%ut
where there 11 no faﬁlure te perform functionally. it 48 usually 4in the
best in:eres; of_the program‘to_gccept the as designed or as built condit.on
of the hardware, rather than fo;ﬁe)eith@r'redeaién,or rework, with attendant
cost and schedule problems. Thabﬁayfto‘implementing‘this general philosophy
is an-awareness at apptOp:iate levels i@ the program of the "reql require~
- ments" inhereant 1§ placing a man on the moon in this Qeéadg, and an open
technical ;ommuniéatiqn gh;nnel from subcontractor to the prime, and from
the prime to NASA;:'Thisvinformation flow, prompt aw#renea§ of problems,
ani a raeognition that waiveta or apecification relief can really be in the

=3t interest of the program ara esaentzal to the kind of quick :eaction
r;‘sbility we will need to help thc Apollo spacecraft through the aaxt .

,pyeral months of critical testing and manufaccuring.




0f equal importance with the specifications is the world of quali:ty
contrel, particularly as it interacts with the manufacturing process.
The NASA has issued & sat of documents-~the so-called 200 series~-

which delineates the general requircuwents of a quality program. The

- documents permit a relatively wide spectrun of interpretation, and we have

‘-noted a tendency for contractors to overreact, creating cumbersownc in-

spection systems, awkward decision-making processes and much unnecessary

-

. paper.

Hexe again, interpretation must hark back to the real requircwments--

which in this are ca ba stated as: .

1.  Assure that the hardware is made in conformance with the
o f

drawings.
2, Assure that good praciices are used in proceases.
3. Assure that deviations in configuration or performance are

and , }
noted/either corxected or deemed acceptable by responaible

b

personnel.

4, Provide a record of the deviations for future review.

Key to efficient opération in this area 1s the proper balance of cuings
‘like mandatory 1népection,points, the working relationship between cowmpany
'and government inspection personnel, and, particularly, an effective material

‘veview procadure in which decisions are made, whenever possible, when the

problem is first discovered; the papér cycle becoming a documentation of
action taken rather than an in-line element between problem identificaticn

and ultimate correction. To this end, we encourage the use of engincering

dispositions, "on~tha-spot" engineering orders, waivers of unimportant

ndn-compliances.-standard repair techniques, and reasonable interpretation

%
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of detailed process requirements (1.e., the soldering specifications).

I would emphasize that we are not asking for lower guality havdware--
rather we are seeking a focus on those elements of the quality control
process which do in fact contribute to the ability of the hardware to

-
perform its intended mission reliably, rather than the trivia which all too
often creeps into a program and focuses on coswetic details, redundasnt papex
work, and u;timacely creates a system with much form but little content.

The above statements are unfortunately very general, but they arise

from examination of many real problems which need not have plagued the

progrxam had they been handled rationally. I would cuphasize that what we

want is content, not form, and that the MNASA ho% an open wind on the interpretation

" of requirements or procedures which the contractors feel are restrictiag

P}

their performance without contributing to the improvement of the program.

-

Only by review at each level can this type of problem be f£lushed to

the surface. We have the common goal' of assuring that all effort spent on

“Apollo ig truly efficiently directed toward our one ultimate goal.

The above philosophy can be summed up in & phrase which appears, at

-least in Voltaire, and cancyrobably be traced back much further in the

/—-——..l

' evo1uticn of human thought: "The better is the enemy of the good."

This statement, without sufficient amplification by exaaple, can

;perhaﬁa too'easily~bé mwisinterpreted as not asking for the very best.

. Some examples are 80 obvious that no questions arisc-~perhaps the
wrong shade of paint or some minor scratch.

But there are many subtler things--instrumentation off by a few

«pefcentj enginéé'ﬁhiCh don't quite meet the original performance specifi-

 catfons but which will still do the misaion Lf the overall system design

E!



18 rebalanced by modifyiné trajecfories or weight allocations or carrying
~ more fuel,

Such utilizatioﬂ of the products of the davelopment process by
;.iebalancing the systenm design is an essential element if a program s to
. meet its 6bjectives aconomicéllyAand when required.

- The febalancing I termidynamic systems engineering.

s .

'But because living with the original specifications or someone else's

reéuiremenfs'is'in;aliquually eaéier (and safer, because you never have

, tovremake a decisidn), the decision maker is vulnerable to a perhaps

A inegitéble second gﬁasaiug.

| Tha'definitbnfbf aﬁ&~focus on the “real requirements”, frequently

.; results in significant modificacion to the original systems approach as

- _specific hardware problems arise in the course of development. The
‘.fespltan;‘decisions can,foccasionally, even be resented by those inside-- =

" or cgtsida--the progr@mjwhoée favorite ideas are‘triegﬂ in this type of intel-~

jlectual balgncé and'fpuhd wanting.
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