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An attempt to evaluate the ruLes of sclence and
pnoinpcrino n thF hiqlorv.rf ,1r:21 i^r mrr<r ,f n-n.,ecitrrrI!!! JJ: U.'

begin by ueking it clear vhat :s riteant by 'science" and
"cngineering. Clari-ty -cequires that B def ,nil.rn be
<innle rqthcr ihan nnmnlev irnncpnrranf lrr rr thn ri-lr, uv vue r!r!\
of oversrnplification, we wil-l- define science as the ac-
cunulation of knowl-ed.ge about the physical wcrld, both
through the gathering and class-fication of faetual
data and the forrnulation of basic lavs and principles,
ano engineering as the application of this knJvledge tc
purposes deemed useful to man. In other vords, the
scientist vants tc know chiefly fcr the sake cf knov-
in€; the engineer wants to knov for the sake of using.

This is a d.istinction nore l-ikely to be blurred than
not. Scientifi.c research has often been undertaken in
order to el-icit inforrati-on vhich is needed for a
specific purpose, or vi-th the idea that the results will-
have an eventual applicability. ft is in fact a fair
guess that nore scientific knovledge bas coae from thls
source than fron strictly "pure" research. On their
sid.e, engineers bave frequently taken on the functj,ons
of ttre scientist because they have had to fill gaps in
the theoretical background or the body of d.ata availoble
for vbat they vanted. to d.o. NevertheLess, the d.istinc-
tion bas to be nade i-f re are to evaluate accurately the
inpcrtance of contributions to scj.ence and technology.
The tvo are related, but neither synonymous nor identi-
caL.

The history of aviation offers a mrmber of useful-
tests of tbese propositions. Man dreamed of flight
for roany centuries before he cou.l-d transfor.ro the dream
into reality, so that tbere is a long record of specu-
Iation on the subJect and. occasional experimentation,
none of it of any real- val-ue in soLvj-ng the problem
until late in the ei.ghteenth century. Leonardo d.a
Vincl, it is true, had. sotre shrevd insights, but his
id.eas vere lcst for too long to influence the pioneers
of aviatlon, and his ortrn efforts were hopelessly bl_ocked
by tbe inad.equate technol-ogy of bis ti.ne. To conpound.
bis diffj.cultles, his concepts of ftyin€ nacb.ines ran
to the helicopter, vhose probleos vere not solved untiL
the 1pJ0's, and tbe ornithopter, or fl-apping-vi-ng d.evice
vbich is sti1l unsolved. (-IJ

The effective beginning of aviation d.ates fron 1783,
vhen successful- ba]-l-oon ascensions vere achieved. in
France. @ fUu Mongolfier brothersrvho rrere first in
+ha fiarn rrcaA h6o+dd air i-n their bal_foons: 1n fact.
they believed at first that the lifting effect cane frcm
tbe snoke and they did not really know vby their id.ea
vcrked. There vas, hovever, an obvious disadvantage
tc carrying ar:d open fire into tbe air, and. professor
J.A.C. Cbarles, a ptr.ysicist, found a more promlsing 6asin hyd.rcgen, isol_ated. by Henry Cavend.ish in L766.

fhe balloon naturally suggested. the airship, but
tbe gap betveen concept and executicn vas a broad cne,
Except fcr a moderately successful experiment by a
French engi.neer, Henri Giffard, vith a steam-povered
dirigible in 1852, @ tire airshj-p had to wait until
the tventieth century, not onl_y for the internaf co&-
bustion engLne but for the patient efforts of nen Like

tlj F.A. Magoun and Eric Hod€ins, 4_t_l,qrqlA__glli-I:Craft (Nev York, I!lI), p.8.

/-i1V) A contetrporary accaunt of early bafl_oon exper_
nents: H, Garnerin, Aercnautica (London, l8O2).

O l{a-goun and Ecd.gins, cp. cit ., p. LZ3.
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Al-bcrt: Santos-Dumxt and Ccunt Zeppelin in vorking cut
the problems of structural design and. control mechan-
isms.

Systematic and useful study Jf heavier-than-air
ffight began at about the same time as tbe balloon ex-
periments. As earl-y as ISIO Sir George Cayley, vhc has
as good a claim as anyone to be conside:'ed the first
real aeronautical- scientist, put his finger on the
fundamentaL prcblero: naneLy, "to roake a surface support
a given weight by the applicaticn of power to the resis-
tance cf air.' CF) He rejected. the ornithopter id.ea for
the fixed ving and even suggested. sone scrt of internal
conbustion engine as the probable pover plant. His
follovers made enougb progress so that in f8Z5 a tventy-
seven year old Frenchnan, Alphonse Penaud, was abl-e to
publish a patent for a flyirlg machine with double $ur-
faced planes set at a sligbt dihedral- angl_e, a Iarge
aspect, ratio, and cambered. vings. @ f" short, ty f8Z6
the theory of powered flight vas quite ve1l und.erstood.;
the stumbling block was the engineering problen of de-
signing an engine vh_ich arould be fight encugh to get
off the ground. and at the sane tinre poverful enough to
drlve the machine through the alr. Tbere were some ex-
perJ-nents with steam. John Stringfellov succeeded in
flying steano-prcpell-ed mod.els in England. in the ISlrO's,
and Samuel P. Langley d.id. tbe sane thing in the United
States fifty years 1ater, (6) but the results d.id not
encourage further development in thls direction.

Pover, of course, vas not the onLy problelo. Strlk-
ing as had been the nineteenth eentury ad.vances in the
stud.y cf the problems of flight, there vas stil_l need
for testj-ng of tlreories and. for the accrurulation of a
bod.y of d.ata by actual_ flying experience vith some
uan-carrying d.evice rather tban vith models. Thls vas
the ccntribution of the great gliding pioneers J-ike
Lilientha}, Pilcber, Montgonery, and Chanute. They
tried., by ruJ.e of thunb added. to the sma1l body of
existing beovledge, various ving and. bodgr d.esigns and.
coutrol mecbanisms in actual fligbt, They compiled.
sone useful- information about the behavior of fLying
nachines, and they nad.e the inevitabl_e nistakes, fatally
in the case of Lilienthal and Pilcher, vhj-ch constituted.
invaLuab]e guj.d.eposts for their successors.

When the tirentieth eentury arrived the naximum es-
sential-s for povered flight had come into exi.stence:
some fund.amentals of aercd.ynamics, a bo(1r of experi-
mental- d.ata, and the internaL combustion engine as a
pover plant witb a potentlally lov enough veight-power
ratic. So ve co!0e to Samuel P. Langley and the Wright
brothers.

Langley vas preeminently a scientist - self-taught
estr:onotrer and physicist, with a brief experience at
the beginning of hj-s career as a practicing civil en-

tlJ rbid., p. 2rI.

l2 !,.C. Vivian and. VI.L. Marsh, A Histor:r of Aerc_
nautics (Nev York, Lyz]), pp. f6-Til-

@ Langl-ey Memoir on Mechanicat- Flight (Washington,
D.C., 1911-), pp. 3-5. The partisans of steam have nct
been as vccal- j-n aviation as in autonobile history,
but they exi-st. \,Ie can grant that if enough effort
and ingenuity had. been expend.ed on it, the steam engine
might have been adapted to the needs of aviaticn. Once
the lightweight internal_ conbustion engj.ne becane avai.L_
able, hcwever, no cne thought it worthvhil-e to continue
with steam.
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l-887 tc l9O3 rs one cf endLess petience and determina-
tion in the face of constant d.isappointment from unfcre-
seeable mishaps and inferior vcrknanship. He afmost
succeeded because his assistant, Charles l{. lvlanly, a
mecbanical enginee:', designed and built for hin a five-
cylinder radial- engine developing i2 horsepover and
L'eigbing 12! pounds. @ ft vould be pointless no1.I to
revive the bitter controversy betveen the partisans of
Langley and the Wrigbts. l{e do not kaov, for instance,
if Langley hed solved the problem of Iateral stability,
vbich be like the Wrights regarded as more difficult
than tbe natter of propulsicn, although ve do knor,r tbat
Glenn Curtiss rebuilt and flev Langleyrs machine in
1914. fbe best ind.lcation is tbat Langley's "aero-
drome" vould. have flovn in 1903 j-f it had not foul-ed
i-ts ]aunching gear on both occasions when Manly tried.
to get it into tbe air.

0n the other hand, suppose Langley had spent less
tj.tre in cal-culation and in experinenting vith nodels
and nore in actuaL gllding fllgbts as the Wrights did..
Mlgbt be not then bave reaLized. tbat he did not realJ-y
need bls elaborate catapuft contrivance, perched on top
of a bouseboat in tbe Potonac? It is an englneering
truisn that the nore conpl-j.cated. a mecbanisn is, the
greater the llkelihood of something going llrong.

Tbe Vlright brothers are difficult to classify as
elther engineers or scientists, because they vere ed-
ucated as aelther but functioned on various occasions
as both. fbeir story is too veI1 knovn to requlre rep-
etttion here. For our purpose nhat is required is to
point out tbat their baslc approach vas that of the
englneer: accumulatlng afl the available inforraation,
designing and testing their ovn roodels and. gliders, like
Manl-y bulld.ing thelr ovn engine because no roanufacturer
vas villing to undertake to construct so.Iight a notor.
@ fnuy becane sclentists of necessity because inforta-
tlon tbey needed. vas either inaccurate or non-existent.
In 19OI, Wllbur Wrigbt conclud.ed that existing tables
of flgures on lift surfaces vere in error, and. the
brotbers then cornpiled. tbeir orn by constructlng a

'rind tunnel and testlng sone 200 vlng surfaces in j.t.
(E.) Ihenr vben tbey caxoe to tbe conslderation of pover,
tbe brothers d.iecovered to their astooishnent that a1-
tbougb propellers hacl been used. in sbips for over half
a century, no body of propeller theory exlstecl, and
tbey had to vork lt out natheloatlcally for theuselves.

In other vords, it voul-tl be a grave error to vrite
off tbe Kltty Eavk achlevement es a triumph of cut-and.-
try by a couple of tinkerers, The Wrights prepared.
tbenselves not only by flylng gliders but also by mas-
tering tbe exlstlng body of aeronautical science and
ad.ding to !t on their oun.

At this point, ve have got nan i-nto the air on
tbe strength of a little science, sonevhat oore en-
gineering, anti a Ion€ bard. process of trial- and error.
Slnce it i.s clearly out of the questlon to d.eaI in a
slngle peper vith aLl that has happened since, we can
seLect those features in the subsequent history of avi-
ation shlch bear oost directJ-y on tbe influence of and
relatlonehip betveen sclence and engineerj.ng.

First, conspicuously, is the strLking grovt,h of
aeronautical science after the possibili.ty of flight
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had been d.emcnstrated. The determinati.on of the aero-
nautical pioneers from Cayley to the Wrights becomes
al-I the more irapressive vhen ve reaLize that they bad
to contend not onJ-y with the derision cf the uninformed
but ulth an lmpressive bo{y of scientific theory in-
dicating that they vere actually attenptj.ng the inpos-
sible. Yet no less a fi.gure tban Sir Isaac Ner,rton had
made calculaticns of air flow on vings shoving much

l-ess lift than vas actuafly obtained, vhil-e the ex-
isting bcdy of theory i-n fluid mechanics gave no evi-
dence of lift or drag in perfect fLuid flolr. Not until
the vork of Kutta in Geruarly, Jukovski ln Russla, and
Lanchester in .&Igland betveen 1902 and l-9O7, vas the
existence of lift firmly establisbed in aero{rnanic
thecry.

Once tbe break vas mad,e, research in aeronautics
e4)anded rapidly, for some tiEe considerably more so
in ifurope than in the United States. American oplnj.on
rather astonishingly ignored tbe achievenent of the
Wrigbt brotbers and vatched apathetically wbile D:rope
forged a-head. in aviatlon. There vere sone exceptions.
Glenn Curtiss, j-ntroduced Ln l9O7 to heavier-than-air
fl-ight through Alexander Graha.n Bell's Aerial Experi-
nent Association, unquestionabl-y led. the field in tbe
developucent of flying b:glts, an engineering rather tban
a researcb operation, (!Q) and in 1913 M. I. T. 1nsta1-
led an aeroclynamics laboratory {itb a four-foot vind.
tunner. (Ti) Iarge-scale aeronauticaf researcb in tbe
Unj.ted States got its effectlve start vhen the sbad.ov
of the First World War stlnulated Congress to create
tbe National Ad,visory Comittee on Aeronautlcs in lpll,
vith instructlons to "supervise and d.irect the sclentif-
ic stucly of the problems of flight, with a viev to their
praetical solution." @ ftt executing these instruc-
tions, the NACA covered. tbe entire spectrum of aero-
riautical sclence and englneerlng: it engaged l-n basic
research, and it stud.iecl specific technical- problerns
subei.tted to it by tbe goverrulent anci the aviation in-
dustry.

Much of thiis researcb bas provid.eal the basis for
practi.cal developments in the d.esign and construction
of aircraft, The ad.vance of aerod;rnanics, for exanple,
has nade possible inprovenents in airfoil and airfreme
clesign vhich bave approxinately doubled 1lft per square
foot, and reduced atrag by a factor of three-fourths
since tbe first tlecade of this century. (T3) For tbe
Iaynan vbose menory goes beck far enougb, aeronauticel
sclenqe here represents tbe d.ifference betveen the
sleek-lined monoplane of the present and. the elaborate
structure of struts and vires vbich characterized the
airplanes of forty years ago.

Thls story can be repeated tbroughout the vhole
field of aeronautics. Researcb in problens of stabil-
ity and. cbntroL, stresses, the chenlcal conposition of
fuels, and so forth, has been an indlspensable compon-
ent of progress in avlation. It would be easy, indeed,
to conc1ude that the course of developroent bas fallen
into a d.efinite pattera of establishment of basic
principles and d.ata folloved by specific applieation;
in otber vord.s, that after the cut-and-try pioneerlng
days end.ed., aeronsuti-cal- englneering became d.epend.ent
on aeronautlcal science,

But dld it? Hitb due respect to advances in other

6) Aircraft Yearbook, 1921, p. I40, Curtlss, a nanu-
facturer of notorcycLes, first entered aviatlon by roak-
ing engines for sma1l airships. See also G.A. Hardie,
Jr. - "The Birth of Naval- Aviation", JOURNAL A.A.E.S.,
Vcl. 6, No. 1, pp 3-13.

@"Thu AirpLane Problem", ,'rviation, vol-. fV (1918),
p.77b'

@f .George I^I. cray, I'rontiers of Fligbt (Nev York,
19Aa) , p. 13.

fiT'\ r^r- r N^,+h,.^n\-J ev.gr Aviation Hlstoly, address given
in Library oi Congress, l'lov. 3, f!48, p. 8.

O fbld., p, 25O. Tbe gross veigbt of the pover
plant, includ.ing fLy wheels, battery, gas and water
tanks vas l.81-L/2 l;bs, See also H, Lippincott "The
Navy Gets sn Fngine", JolrRML A.A.E.S., VoJ,. 6, No. 4,
p. 2\8.

@ frea C. Kelly, The Hrigbt Brothers (Nev tork, lfl
1943), p. U7.

@ Wllbur Wrigbt "Some Aeronautical Srperiloents",
Address to the Western Society of lhgineers, Sept. 18,
1!O1, ln Papers of Orville and Wilbur Wrigbt, M. W.
McFarland., ed.., vo1. I (tlev york, lplJ), pp, 99-fI3.
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areasr the outstanding facrrr in inproving aircraft
nonsrmqn,.a hq< hoon f ha cnan+ oarr I or dorro l nnnon* nF

the p:ver plant, and this has been predouinantly an
engineering achiever0ent. To ill-ustrate from American
expericnce t-he 12 h.p. eng-n- used at Kitty Hawk grew
lntc the l2-cylinder, 400 h.p. "Liberty" of thc First

Worl-d War with nc significant change in d,esign. The
rad.ial engine which came into use during the ll2O's
was a new departure in practice but n:_:t in principle;
the basic idea vas incorporated in the engine Manly
built for lengley in 1903. By the end of the Second^
World War, propeller-type engines had. attained. 3OO0 h.p.
by a steaqy process of ref inement. @) The engine was
-anahl p nf frrri'her imnrnrremoni hrri h.r +h i e + imo craaac, wqe wJ oleruu
and altitud.es had. reached the effective linit of the
prope].l-er.

The next step vas the jet, easil-y the noajor break-
through in propulsion in the history of aviation. In
popular tenninologr it is no d.oubt considered. one of
the niracles of nod.ern science, The basic principte,
bovever, has been recognized fcr centuries. Eero of
Alexandria used a Jet of stean in his "aeloplle" in
the first century A.D, @ Adrnittedly, this gafuet
vas nothing but an interesting toy; tbe rocket, how-
ever, is a forE of jet propuLsion, and rockets bave
been in use for nilitary and. other Durposes since tbe
thirteenth century. G51 Hov naqy ir"ii".n" realj.ze
{hen they sing of the "rockets' red glare" that it vas
sonethlng rlore than a poet's lmagination or a display
of ftrevorks put on by the Brltish to entertain Francis
Scott Key?

the basic lav of Jet propuJ-sion is simp\r NewboD's
thirci law of notion, that every action has an equal
and opposlte reactlon. Here rle have an illustration
of both tbe propositions ad.vancecl at the beginnlng
of tbls essay. Rockets \rere ln practical use for lOO
years before anyone extrrlained vby they vorked; and.
tbe funcle.nental princlple underlying Jet propulsion
nas und.erstood. for another 2!0 years before it became
posslble to master the tecbnieal detail-s required to
convert Neyton's lav into a functioning jet engine.

The creatLon of a Jet engj.ne wbicb voul_d out-
perforu tbe plston eogine was an engineering problem,
or ratber a se!1es of engineering problems. Ilbe idea
sbicb opened. the vay for a soluti.on, the use of
a gas turbj.ne to provid.e a bigh-pressure Jet, origin-
ateai i.n tbe mlnd. of a tventy-tvo year old Royal. Air
Force cadet La L/2.9, The principle of the gas turbine
rtas not nev either; the id.ea can be traced. back to
1791. (!l) Hovever, vhen young Frank (nov Sir Frank)
Whittl-e concej.ved of applying the gas turbine to Jetpropulsion, he stlU. had. a d.ozen years of frustrating
effort ahead of him before he had an englne operating
in actual flight. @ Uiu d.iffi-culties vere not Elat-
ters of fundaroental principle, but technical points
Iike the proper settj.ng of turbj.ne blades or the con-
trol of air turbulence in tbe ccnDressor.

The last phase of this story can be appropriatel_y
introduced by quoting fron an entry in the veekly re-
ports of the ilngineerj-ng Departnent of Convair for
ApriI,1945.

@ rria., pp. 20-21.

"Work bas just started on possible airplanes for
supersonic speed.,..A turbo-roeket power plant seems
to be the most proncising at the present time. practj-j
ca1ly no aerod;rnamic data are availabl"e in tbis speed
range, and. vhat there is isn't consistent." G9)
In other vord.s, the hlgb-pressure d.evelopaent of jet

propulsion which the Second. World. War started bad put
into our hands a power plarrt which provid.ed. both new
problens and new opportunities for aeronautical science.
Quotlng again, this tine from J.H. Kindleberoer of No"+.h
American Aviation: (2O)

"In air-frane d.esign, vhich had been refined. nearly
to the ultinate of lov-d.rag for the lOO m,p.n.
region, nev trend.s vere starbed. involving rad.ical
changes i.n shape, control systeos, equi-pnent, and.
structures, But eacb sol_ution brought nev problems
as near-sonic and transonic phenomena vere explored
in wlnd.-tunnel and fligbt trials.

"For e><anple, the instabiJ-lty experienced vi.tb
s$ept vings'at near stalling speed.s resulted. ln ex-
periments vith various solutions. .As 1s afways
the case, tbe problens seen rel_atively simple vhen
tbe sol-utions have been found., but in the frantic
period. of exploration lt often appears that the
lavs of pbysics are capriciously d.efying our best
effort s . "

It may be, 1ndeed., that aviation, especj.ally as it
noves into the real_n of nisslles and space flight, has
becoloe so rad.tcally changed. as to i.nvalidate generali-
zatlons whl-cb were applieable up to about 1950. Cer-
tainly tbe aeroDautical engineer of tod.ay has to be ducb
r0ore of a scj.entlst than bis predecessor of fifty years
ago. [!re history of aviation, neverthelegs, sbovs a
consterlt pattern of rhat John L. Atlrood., presid.ent of
North American Avlation, clefines as "nibbling at tbe
edge of tbe unh:ova," @ At sone times aeronautlcal
science bas opened. tbe vay for furbher engineering
achievenents; at others technologlcal ad.vance has nad.e
it posslble to go beyond the existing lirnits of scj-en-
tif 1c knovled.ge.

Is there accord.ing\r a meaaingful d.j.stinction be-
tveen scleace and englneerin€ in avlatlon? For the
historian there ls, 1f history ls to be an accurate
evaluation anal interpretation of past experience. An
intelllgent clifferentlation vlll clarlfy tbe signifi-
cant step8 in the d.evelopnent of aviation, and. it
ougbt to il].unlnate the fact that aeronautical science
and. aeroaautlcal engineering have been complementary
rather than conpetitlve. Man 1s not quite in the
position of tbe bumblebee, wbich ve have been told. is
constructed in violation of the J_avs of aerod.ynamics
but goes ehead. and flies aqrway. Man has the privilege
of thinki.ng about what be is d.oing. Still_, we vouJ-d.
never h,ave got off the ground if some of our m:mber bad
not been vllling to try sonrething vlthout having to keov
the ansvers ln ad.vance.

@ n. S. Kirby, et ai., Engineer-ng jl H-istor.., (I,lev
Y' /-'

p iliuy EII .Ro"k"l:, I{issires, an'l space TraveL
\.i\ev IorK, rr,,L), p, )I.

@ sit Fnark rArh.ittte, e! (Iond"on, I,)r3), p. 3o7,

@ nl" Gentrans were the first to fly jet aircraft.
Whitt]e bel_ieves that they used his basic ideas, which
had appeared in technicaf jor:rnals befor.e the ,rar,, ard.that '"hey sacrlficed qlc'lity j-n ord,eLi;o rush prod"uc_
tion. See lbid., pp. 289_290.

(F) Ms. Eistory of Convair, A Division of General_ Dy-
narnlcs Corporation, p. x-1.

L?QJ J. H. Kindelber.ger, "Design of l{iljtary Air"craf.b',,
Aeronautical DlglneerJng Revielr, vol. 12, no. 12 (Dec.,
+//J)t y. v.

@ .foir" 1,, Atvood., Some Aspects and problems of the
Aircraft Industry, add-ress at Ej.ghth Stanford. Busjness
ttnnfcran.a aiorfn-ivvraruteuss, Dearrvru Unlversity, July 2,8, I9\9, p.7.
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