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Dr. Joseph J.l'. Shea 

Mnch 1" 19b1 

In preplllr1ng fo'r this lecty'r. wbicb bean Dr. Rr ')n t Codd,6{'d. ,.l,ile. 

! ran1culal'ly 1:upre:ned by two palSa,es foune" .is autob.l. ,c,r.&phy:,. 

'1 .irst b a quotation h03 hi. h.Lbh ochool valcil.Lctory addre.s: 

"It: s._ difficult to aay "bat is, ilaPoaslble. for the GI'UQl of y•• te'rday 

for the Sai,thsodiao a papar in whicb he d••cribe<l the early r, Ket:" v(;'{}( 

"he bad done for the Institution And included S\ro1) le,\lCntary notea Ou .. 

nu~bel' of topics, .o~ of which we're picked up and used in ~he pxe~~ to 
, uke "of tlw paper, tbef1rat real .""a.tion for CODtact betveell the 

.... " 

Df', Goddard wa. apparently eitber aQlloyed .~ed by t: e fvs· 

thu$o .: rea ted. and soes ou to Gay: .' 

the word 'a:.oon"'.';I;"_";t.', .nd thua lthappened that. ,in tl'y1na to 'oin ,~nize 

the sensational sid•• I badre.lly ...de aaore of a stir than. I vo: tJl If 1 

bad discussed trAosportation. t.o Nara. whlcb 'J p' '3;'1, bave bee;ll on-, 

.1Jer;.:c1 r:c, .alous by the' 'PTa•• 1:epresentativo, MEld ,""aubelea. neve. N "d· 
,f< ~ • 

This tal: .:lccurs at a Ume wben h1a dTe.u have Ions .; \lce become the 
. . ,". . 

reality of tt. a'it but. wheca tbe "••uatioael" side of our "ClOOIl rocketry" 

"" 
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~4usea _ .tir in tbe pre•• wbich il. to my mind, ~.tber out of 

:~~ ortion to the Hgn1flcance of any .iRile event--nO"48tter hO'* trantc,. I
; 

I .hall tTy to 10nd .0',.., pn'.pocLi\i4l to "ocent eventa by dilca.• ~ ,1r>~. 

not tho Apollo prosraaa itaelf.· but, rather the 1nterrel.;;1'CEid tbe".Ue8 ·",hich 

for~ the backdrop for tecbnological dev.lop~nt in today'. ~~iety. 

Vnrious aspecta of these the,llea will be traced thTOU:;:...'l 80,1.0 of the paths 

along which the history of technology hR. evolved. T.~e concluding remarks 

wiH attempt to interpret what the leasons .,C history bxply 81x>ut the space 

,ror,ro'3 1n particular--and. 1f it not sound too presumptuous. sQout the 

" I ~..>s of problefIUJ whicb thIs nation' face•• both within ar.. , 0:..\";3;'0...: . ': .. 

~rs, ill its cla.sic .trusgle to _iotain the 'poaUlon of a free svclet~ 

;\1 a free world. A world 1n which techAOlogy 18 play1nB an ever i'l\.-rea.lo,p ... • 

but far fro~ dominant--role • 
.,'

Montaigne observed{';, "That .rta and science. are not calt in a .'"lOld. 

but aTe forfned and p.efected by de'arees; by 'oiteD haAdUna and polishing 
" " 

" 

aa bear. leisurely lick their cubs into for~."Tba~ thousht t~reada througb 

the seven main poinu about technol08.Y.,both ita relationship with the 

society it I8rvea .18 well a. the probl.a inherent in Ita develo~::llC.i.! and 

application, which for~ the backdrop for thia talk. 
The seven ~ln points are: 


Firstly, the technology haa always progressed for ana ,of two r~$onl; 


a. in response to specific recognized bu~n needs. 

b. a. a result of intellectual curlo~lty wbich prompted, 

lnadeqUDcy i.-. the body of knowledge whicb ba4 bean aecullulft~d 

up to any ~artlcular point ill hl.tory-~aDd to eXpand the 

$ a 
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tllO frontier. ofknowled~e .1ust fot' the .ake of understanding 

better dlG physical-·the < 't~ll.ctual--ualverGe. 

The increased depth of undex-staading provided by thb ld.l.ld of {!;,'?101'.... 

':.n has. 1n general. been ill advance of any specific. Dced. but usuaLly 

{·.d its ap?l1cabiU.ty in setting tbe ba.is f~ fulfUlinb tbe- ..a: ~be 

.1c:l.e--uMntlcipDced needs of mal1k1nd. 

The increased understanding bas alao surpriSingly quickly foune ita 

'WlJy into the pattern of hu~n thoughc-·expreased in one of but :i\3ny 'Ways 

in the classical literature of each age. 

This. pel"haps. 18 the true meaning of the pbrase interd1acipHnary. 

, ,; a ~eally representa an appreciation of the fundamental interaction of 

areas of significant bumaa. endeavor which mutt be corre11 te....: t.", truly 

':"~atand the advanco which. organized society ha. made o.lp ::0 fJ.ny pal"dcular 

;L~ase of hiatory•. 

The second idea is that perioda of tecbnolo&ical advance. for whlcheve: 

of the above reasons tbey bappeaed, bave \58"",11y beea. folloved by eraa Itl 

which.· for one reason or atlothor,: aociety baecoDcludedone of blO thia.as-­
. 

a. either the body of knowledge at each level of aociety <and of 

.. course knOI.fledgeis .. function of where you are in the 'locial 

structure)l. considered essentially co~lete. or if no~ 

co::nlete, at least aufftc lent 
. 

to the deslana 
. 

or tbe intent 

of tt..! society at ~his particular pOtDt in time. 

b. 	 S<>:' .1.ety in general fears cban,e for OAe r.~.on or another, 

and this' reflects itaelf 1A aconv1cUOD that aU conceivable· 

. ,. 

! 1 	 :ma ;w 

http:ap?l1cabiU.ty


need••~e actually fulfilled. 

The,e perIods. charac:ter18t1.caUy ter!D8d the ·'Dark Ate." It have 

recurred throughout recorded. aDd t au.pect e~A the yet unrecorded 

evolutIonary history of the human race. Fortunately. they bave bee~ 

superseded by periods of enlichten~nt in which lome of the ~.t 81e01fl­

....:t advancea, both in .pp~icat.1oQ aDd· in futu:re knowledge. have takeD. 

;~ace. 

The third pOint ia thet, at leaae in techoolo8Y, the project.- ­

and in general. even the fuada~ntal r~.earch--ha. proaressed fro~ 

something which one"indlvidual did c~-up1etely by bitn8elf. to experi:neaC8 

carried out In 8:oa11 laboratorles by closely knit teaIQ. Then, a. the 

industrial revolution and the de;aaada of an increaSingly ors,anlzed and 

interdependent society began to ·re.11y .requ1re technolog:i-cal advance, ve 

put into coday'. dra~tic expansion baginn1Q; .o2eti~ in the 19th Century. 

;;11; ,:he' she of laboratories increased. COll&paniea It illdu:&tl Ie:: It t:be!l nationa, aDd 

l"'?S ulti:nately the ';'odcS';',-.P0Q8orlncrea.lng1y, complex projects which 

III have. as tbeir purpose. 'the attal~nent of a.pecific goal. 
, 

The increased scope of activity aDd the co~re8.1on of time lQ a tech­

nologically.explodiDg world bave tran.for~d such larS8 projects fro~ the 

efforts of a aing1e individual. to the organiaed contribution of hundred., 
I 
I 

thousands and perhaps ulUmately even l8illioQ8 of 'individuals who lire often 

&eosrapbical1y, aa well a. lntellectuall~. separated•. The cb.llen~e this 

representa for reapoa.aibl. JQ8D8&ClOlent 1e perhapa obv1oua:--but ",Ul '1)& touched 

, upon 	aga in in the SWlt'llllry. ' 

The fourth f.d~, 18 that progrea. 11 [li!ver -made without proble~., there 

:, 
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is a price for progress. the ,history of technology 18 studded with ultl ­

matelT lucc•••lul prvjecta whioh ~ye experienced .etb.eke for ona of 

perhaps several reason.: 

a. 	 The body of knowled,e--call 1taci.ntitic principle, de.ien 

knolo1..bu",. materials. organ1zation--avallable at the tb.c of 

the initiation waa Dot sufficient to permit attalQ~ect of the 

. 'particular ioal Intended.' In. phra••• lnvention or a ae1ent.i ­

fie breaktbroush was required. 

b•. The body of knovled,G waa 'sufficlent--in other worda. the 

fundamentals vere tbere--but tha understaDdinz of tbat ava11­

ablo:,:l.J1fo~u.. t1on vae la&perfectly appUed. In other won.':s, 

either the eyateiaconcept or tbe det.1led dea1&n 'W'lS ....)t a • 

. . good .a it might. ill retrospect •. bave been. 

c. The i~le:.;n,entat1oa of tbe4f.algn--in other'worda, ct", tr3n,, ­

lation into hardW'are..-d~ not faithfully reproduce I.;:~ C::,"9l.,E.a 

. intent. In out'. ter!US~ ': tho "a. bunt" hardware bad de£ee'~*. 
. . 	 . 

4f. 	 The checks and balance. which should be applied in a rea.ooable. 

Clanageoent atructuTe to guard a£n1nst an~· of the above three 

were either inadequate or imperfectly applied. 

The fifth the.,. of the topic 1a that the eleluent of society for which 

tbe. develop'..leltw48 being dOlle-"which the develop_at vaa atteo.n))UD.g to 
'7c,.,;e 
f(.fYe--did Dot sense.ither the i:JlJl18dlote or future imp11e,1Itioo.l.s. lbe 

o/:: <or problea with which it waaalao atru8sUna. "o. 

'. , , " 

.. ______.......____--___________________________ ...~~_L 
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It. sixth pOint, which yO\l wU11I'•• 11\ tbe anecdotal, illustrations. 1& 

that the expan.lon of technolo&y-"pal'ticularly 10 8I'e•• of tronlportat1oo 

~ud cor.rnunlcation..-haa played a 8ianifie.nt role in the sradual evolut1011 

of ol'ganlzed society··frGm cave8; to tribe., eo cit1.s; to stat•• ; to 

nations. to cont1n.ental entitie., and perhaps, ul.tillUltely, to .. 8iusle 

world. 

The seventh and last. point. which we will co_ back. to many t1mes io 

the re:nalnder of the talk, 18 that simp11cityi•• vlrtl.:81 not. vice. 

That wbicb baa workedw.11 befol'. should indeed be the atarting point 

fol' any new venture." , ... ,~..., 

. With the precedlto.g CIOnuge of thougbu a ... backdrop. I would QOtI Hke 

to illustrate the pointa lIitha p4ipoutr"toi eltAaple. gleanod fr~'::l ... rando.ll 
. . 

_8a~11ngof I~. Bistoryof Techaoloay". and other .•ourcea, duly r.ier~QCed 

ln the bibliography. 

":, " 
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To start with, let me make th~ lJolnt tHltlt one thing which distinguished 

:i'::P'; from all other products of evo·.utlon-·at least on this earth-"i~ the 

;,'!H~ Jf tools and a search for knowlc.tgo. Probably the fint tool was either 

i.. stick or aome rock which happened to have a uaeful shape. Research d,one 

rocently by the National Goographlc Society ha. shown that even primate.·" 

chimpanzees in particuler-·were smart enough to ule tools available to them. 

Dr. Leakey. et the Olduvai Gorge, under the spon1'Jorshi',) of the National 

Geographic Society, has di8covered the earliest manlike aivilizat10n yet found, 

that of the Zlnjanthropua, a tribe which developed a hand ax culture. Again,. 

these first humans just used whatever stones came to hand. Relatively aoon. 
, ..v' 

'~ow€,ver. the Zinjanthropu recognized that when be did 80mething like strikinf::) 

:';"(' rocks together', be would occ,sionally produce a atone of useful shape. 

10' provide someper.pective to 'the pace of development in those days, 

.'')U :nisht note that some 200,000 yean elapsed during which the hand ax evoh.e(: 

from what one might cell an individual development effort to a tribally 

supported effort. During that time people learned how to manufacture several 

varieties of hand axe. Through the knowledge of mater1ala and'manufacturing 

techniques, man could produce intentionally, not~n a random basis, a family 

of artifacts wh:l.ch could be .used in a variety of way•• all atill controlled 

.by the human hand~ 

The other natural weapon or natural tool for man to use ",as an elongated 

piece of materiAl- ..wooden sticks, animal bones·-dev1cea.which extenced manta 

reach and provided somo mechanical advantage above 'that of the human arm. 

Eons and eons elapsed befora atone and stick were conjoi.ntly used to produce 

.,'the first hafted utens1ls. 

, ' .. 
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Such developments are extremely dependent on the roa:erials available 

Bad the techniques of fabrication ~eveloped in prior cultures and evolved 

as the new materials and physical under.tanding emerged. The ax, 8ne moat 

other cOlllmon tooh~ can be traced through atone age culture, to the iron age, 

the bronze age, and on up to the pre8~nt day. 

But even with that,long history of development and use experience, 


ax handles stUl break. heade fly off. or people injure themaelvea by , 


u~sk111ed operation. 

Ona might observe that this firat development project started somewhat 


as a hit or misa proposition--and many programs todsy Itill appear to be 


a chip off that old block. 


Another fundamental development which can be traced through recorded 


history 18 the bridge--a d,evicere.ponsive to the fundamental need ::0 croSii 


saps in the earth·~riveraJ gorge.--as man began to expand his geographic
-, 

frontiers beyond the environ., of his particular. cave. , 

Here again.,.the fir~tbr,idgea were undoubtedly'struct~re8 aCCidentally 

,provided by nature--pe~hap8 a tree felled a~rol8 • istrealll' during a storm or some 

eager beavers. But what nature couid provide by chance. man could reproduce 

by intent. 

From felled tree~ to more complex wooden devices. to stone structures. 

ae~in required eons--but many example. of well cons true tad Roman bridges 

still exist today--archa1c as they seem in Ughtoftoday's, kno'w'ledge of 

: structura'l design principles and materials"':.', 

One of the major advances in the concept of Im.idle,design was the use of 

,.4 ,Q4 .t a 1 e & .} 
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a stngle arch to span ~he entire gap--obviating the need for support~ in 

-he center which could obstruct river traffic or be subjected to heavy loads 

.. times of flood. 

At least as early as 1500, Leonardo da Vinci understood the pr1~iple 
\----~--------------

of the arch quite well. His notebooks contain sketches of experiment~ 

which show essentially the way in which the load. are reac~td at the :ounda·· 

tion and transmitted along the ,structure. He Rpparently carried out several 

small scale eXperiments which convinced him that his theories were correct. 

Indeed, he was 80 confident o~ his' ability that he proposed in 1509 to 

Jultan of Turkey to construct a single span bridge across the 

.I •• ,;~ ..pan would ~ave been some 900 feet, with an arch height of 180 feet. 

,_ depth Qt the crown was some 30 feet. Altogether, the structure would have 

~tilizcd about three quarters ofa million tons of stone. 

Such a project would be impreSSive, even today. Apparently it was too 

~rch for the Sultan, and he and Leonardo neverr~ally got around to talking 

Turkey--the straits remaining unspanned until 

'One bridge with an inter,esting history in line with our central themes 

is the Pont-y"Ty-Prydd, in Wales. In the mid·18th Century, 

who was both afaroler ,and. a minister, proposed to hie local community~o 

build a bridge across a stream which was difficult to ford--?srticdarly during 

times of flood. A, OQntract 
" 

was, negotiatGd in which'he agreed. fo~ the .~~ of 

.>..)0 pounds, to construct the bridge and maintain it' for a P!lt'iod of .even 
" 

" 
years. 

~. ;' 

" ~:. 

,'. .;." 
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Hi. initial delisn con,iated ofaeveral short spans, with attendant 

supports in the rIver bed. The brtdSe stood for about a year and a half 

structure. 


Recognizing that his problem val the load which the flood waters put 


on the pilings--and probably 8~ill wanting to earn hi. SOOO pounds--he 

redesigned the structure into a 81ngle span. With the help of a friend, 

construction of the new bridge began with foundations 'at the river banks. 

"Scaf:£glding was required in tbe center of the stream until the arch was 

clo~ad and could support itself.' Unfortunately. just before the structure 

was completed. a flood washed out the .eaffoldingand again the structure 

was destroyed. 

must have been a particularly tenacious man. Not 

_.l\.i..lted by the event, they rebuilt the bridae to the new plan. completing 

_t at e time when the water level va. fairly low. About three or four months 

later. however. in November 1752, the flood level, rose once more. Thh 

time the foundations for the arch washed out ,'and egain the br:l.dge was no more. 

must have considered peraistenee a virtue, and. waa 

also perceptive enb~gh to realize the deftoiencie. in the deSign of the 

foundation•• The project was,started for the fou~th time. completed, and 

the bridge still stands today_ It i. used as a foot path and is paralleled 

by a more modern structure which handles modern vehicular traffic.' 
! 

Persi8te~ce. perception,' and finally a aolldfoundatlon ultimately 

produced the desired resulta. AI an interesting aftermath. although he owat 

" 

1M' .. , ... 
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have lost money on that first contract, the ultllD8te auccess earned him a 

reputation as a builder of good bridge.. He wa. invited to design and 

con.true, b~ldl.' .11 ov.~ Enaland. Thu., tho und.~.t.nd1n8 80 hard won 

on that first project reaulted in many opportunities to recoup hi. 10•••• 

and, earn from his experience. 

Perhaps the next major conceptual advance was the suspension bridge. 

which could ut,llize modern material.... -metal cables, ateel and concrete. 

As materials illlproved and, the. theory of de8ign became better understood, 

spans became longer and longer and the mas. of the structure ligbter and 

Hghter.~ 

A classic' example of the evolution of such design refinement into an 

enUrely new (to bridge buUders) physical problelll 18 the Tacol1l8 Narrows 

Bridge. which collapsed lnapectacular' fashion in' 

.i tL 
o 

" .. 

':: ;,' 

, _ .: ~ 

..•. .' " 
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'" 
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In the sixteenth century .IS major re'll;)luUo•• wJ4=t t.akln... place io 


scientiflc thought. 
 who was a pole apart from conventional 

thlnld.ns. thoor1lr:e4 lh. oc\rth. 'II.' the c:enter of the .olar; 

sy;" ~cm. The world waa slow to accept .0 radical a thought. 'l11e theory waa 

~"b:x:, and few underatood it. But the main reason for ~c;:j:ccl.lon "",s~ 

I"fhtttJ:J, that it placed the world" and consequently man. on a ~eas cem:ral 

p:ace in the order of things. ·10 the long run, this humbler status has 

undoubtedly helped us to put our existence on a .ounder philoaophical baai•• 

Acceptance was alow, and accompanied, by aome persecution of those who 

espoused the new theory. One of the most prominent of theae men was Gall1eo 

who. in 1609~ made accessible two instruments that had the profounc~st 
, , ' 

influence on the subsequent development of SCience, the telescope and micro­

scope. His ear~ie8tdiscoveries with the telescope ware issued in a Uttle 

pamphlet of 24 pagea, his Starrx Messenser ("Sldereus nuntiua U
) in 1610. There 

are no 24 pages in all scientific literature that contain morf= important 

reve Ie t 10ns • 

, , The first half of that famous bool@t 1& occupied by observations on the 

moon. The surface of the moon. far fro~ being,amoothan4 polished, as it 
, .t, 

ilppeared to the naked eye, W88 now leen to be rough, with high mountain. 

and deep depressions. The latter Galileo interpreted aa riven. lakt'a. 

and seas. From the shadow. of the illumineted mounta in top. he could es tima t 

the height of some of them., He found them to rise four or five miles above 

the general level. 

Gal11eo'. lunar observations have an 1ntere.tinsrelationship wi,th 

English literature. In 1638 he was old and blind and nominally a prisoner o~ 

the Inqui.itlon at Fle80le. ae was visited there by Hilton. The inc ident 
'" 

.~, . 
~' ' , 

:: .. 

$ ( 
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inspired several artist. and writer.. In 1658, sixteen years after Ga111eo's 

death, Milton began his Paradise t08~, completing it 1~ l~~~. Its ~osmology 
", 

is deliberately Ptolema~c, Dot Co, fIlrnican. Nevertl".elsu. ?.t!:t'.9d1s! ~ Q~U 

,recall the poet' 8 induction into the new astronoruy l.;wenty-seven year. 

previously_ It d.scribes Satan's .hield of which the 

broad circumference 
',' ,;. 

,HuDg on hi. ,ehouldere 

l1ke the moon, whOle ,orb 

, Through optic glass the 

Tusc.n artist views 

At evening. from the top of 88.01e. 

Or in Valdarno"to descry new 1anda .." ~", ~ 

,Rivera, ,or mountains, in her 

.potty globe • 

(Paradise Lost, t: 286..91) 

I ' 

The freedom. of SCientific thought'brought about by tha theor:L9I of 
, , ' 

Copernicus and the observations of Galtleo wal one of the major light. which 

led the world out of che dark ages. Thi. acientific revolution has continued 

~aabated ever stnce, and baa been a mOat' aignificant factor in shaping the 

twet:ttieth-century world." 

Aa Lord Bailsham, Bridsb Mlnbter "of SCience, stated recently in a 


speecb on "Society and the'Sciencea," it doe'. not take a acientist to ee... 

, ; ,,: . . ' . ," ~', ,. 

..,' "'" 

or toaay. 'that the human'raceh;in .stata of c:r1sb.....nd that, u.alike 
" .' 

, , 

/3 

\ '"" 



I 
I all previous human crises, the t..ature ot the eris1" is &u.::h as to affect 

not simply human group. or ins~ituttons ~ut the ~ntire lite and condition 

...perhapa the survival· ...of the hu 'an species on thl.~ planet. 

"For this. of course, the responsibility Hes upon the progress of 

',' :hnoloGY. the application of organized human knowledt;e to ..:he processe;.. 

manufacture. distribution, transport. and the disse..:,:..ni;c;;..on ot 1deas. 

:4:: is this which haa revolutionised human life in a matter of genE:!rations; 

it is thb which has confronted at last the widely separated branches of 

the human family in almost infinite contiguity after long eons of separatIon. 

It 1s this which has organized 't~epossibility of mass annihilation by the 

evolution of the sophisticated guidance sy.tems of modern rocketry and 

the immensely destructive powers of modern fiss10n and fusion. 

tilt is therefore thia ...-and the intriguing pouibility that s.:ience 

may afford even !nOre challenging prospects of agreeaaent and cooperadon..-a.,;.... ' 

'out, uie: we're, of the ideological impaue through understanding and 

cooperation On technological ••aentials which ~an lend sign1ficance and 

hope." 

" .... 

. " 

...... 
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One of the mostaignificant posaib1litles for controlling COlt and 

maintaining schedules within a research and development program is the 

reasonablo·-l'm tempted to .ay ~at1ooal··inte~pr.tat1on of requirement., 

':lrticularly .pacificationa and quality control documentation and pro­

cdures. 
'" 

The detailed specifications with which we control most of the 

systems in a spacecraft ara ,an interestingadmixtura of essential require­

ments·-those without which the,lunar landing could not be lafely,accomplished-­

and convenient requirements--thinglwhichneed to be specified for com­

pleteness. but whose absolute values are,intended to represent reeeo:l8ble 

practlca rather thaneasential performance. 
, " 

In circumstance. where convenient requirements ara not met--eitber in 

qualification telt "or··in'acceptance teat on individual flight units--'>ut 

where there i. no fa!lure to perform functionally, it 18 usually in tae 

beat interest of the program to accept the as designed or as built condit:..on 

of the hardware. rather than forca,e1th~r redesign ,or rework. with attendant 

cost and schedule problems. The key to implementing this general philosophy 

is an awareness at appropriate levels in the program of the "real require.. 

ments" inherent in placing a !!!!ll on the ~ in this decade, and an open 

technical communicat1~n channel from subcontractor to the prime, and from 

the prime to NASA.' This information flow. prompt awarene •• of problems. 

and a racof,nitlon' that waiv:ers or specification relief can really be in the 

,~,lt intere&t of the program are es ..ent1al 'to 'the' .kind' of quick reaction 

r.<;ilbiUty we will need to help the Ap()Uo, spacecraft through the a.ext 

..-~veral months of critical testing',and manufacturing.. 

'. , 

1./ 
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Of equal importance with the specifications is the world of quality 

control. particularly as it interacts with the ~J.:tnufacturin~ prcccso. 

The NASA has issued a sat of documents--the so-called 200 series-­

)j 	 which delineates the general requirements of a quality pro~ram. The 

documents permit a relatively wide spectl'u;1l of interrretation, ~;;ncl \'1e have 

noted a tendency for contractors to overreact_ creating cumbersome: in­

spection systems. awkward decision-making processes tlnd much unnecessary ... 
paper. 

~, '. Here again, interpretation must hark back to the real requirc::lcnts-­

which in this ara ca be stated as::,' 

1•. .Assure that tha hardware is made in conform.ance with the 

drawings. 

2. Assure that good practices are used in processes. 

3. Assure that deviations in conf~guration or perforill3.nce are 
! and 

~ noted/~ither corrected or deemed acceptable by respo~3ible 

personnel. 

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

Key to efficient operation in this area is the proper balance of C~iliZS 

·like 	mandatory inspection points, the working reb tionship between comp::my 

and government inspection personnel, and, particularly, an effective iu~tcrisl 

review procedure in which decisions are. made, whenever possible, ,lhen thi; 

problem is first discovered; the paper cyclc becoming a documentation of 

action taken rather than an in-line element bet\veCll problem identification 

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

dispositions. "on-the"spot" engineering ordera, waivers of unimportant 

non-compliances. standard repair techniques, and reasonable interpretation 
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of detailed process requirements (i.e •• the soldering specific.. tioHG). 

would emphasize that we are llot askinG for IO;'lcr qunlity hal·d...·mrc·­

rather we are seeking a focus on those elemcnta of the qU3lity control 

process which do in fact contribute to the ability of the hardware to 
(, .. 
') 

perform its intended ,mission reliahly, rat:h-::-1: chon the trivia \-lhich all too 

often creeps into a program and focuses on COS\~i.ctic details) rcilundent paper 

work, and ultimately creates a SYlltC;ll ~"ith much £or::1 ;':.ut little content. , 
Tbe above statements are unfortunately very general, but thoy O'rl.::.c 

froll' examin4tion of many real problem::: which need not have pla:;ucd the 

program had they been handled rationally. I \vould elllph.ssizc that what we 

want is content, not form, and th<l t the u...... SA hn~ an open mind on the interpretation 

of requirements or procedures which the contractors icel are restricting
J 

their performance without contributing to the improvec.lcnt of tt.e pl-ogram. 

Only by review at each level can this type of problem be Hushed to 

I the surface. We have the common goal' of assuriL13 that all effort '1pent on, 

.t _ . Apollo 18 truly efficiently directed toward our one ulti:l'.I1te goal. 

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

. least ~ and can.,)robably be traced back much further 1.n the; 

. evolution of human thought: "The ~etter i.~.:~~..:.~~~.of the ~d." 

This statement. without sufficient amplification by example) can 

,perhaps too easily be misinterpreted as not asking for the very best. 

Some examples are so obvious that no questions arise--perhaps the 

wrong shade of paint Or SOllle minor scratch. 

But there .are many subtler things·-iniltrumentation off by a fe1v 


percent; engines whi:ch don't quite meet the original performance specHi­

cations but which will still do the mission if the overall syste!u design 




I 

is rebalanced by modifying trajectories or weight alloca tiona or carrying 

more fuel. 

Such utilization of the products of the development process by 

. ~ebalancing the system design is an essential element if a program is to 

f.,lf meet its objectives economically ,and when required. 

The rebalancing I term dynamic systems engineering.
t" ---- __ _______ 

Dut because Uving with the original specifications or someone else's 

requirements is intellectually easier (and safer. because you never have... .. 
to remake a decision). the decision maker is vulnerable to a perhaps 

inevitable second sues~ing. 

Tbedeflniti::>nof and focus on the "real re<!uirements", frequently 

;. results· in significant modification t() the original systems approach as 

, sp'ecific hardware problems arise in the course of development. The 

resultant dec i. ions can,occasionally, even be resented by those inside-­

lor outside--the program whose favorit~ ideas are trie~ in this type of intel­

. '. ¥lectual balance and found wanting• 

. ." ", 
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