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SumnrarJ
This falrer comparcs rhc mcrirs of canard configurations

lcrsa conventional aircrafL with horizontal nabilize$ in the
reir. Drrg, ttahility and conrrol, the slall, perfbrmrnce, and
weigh t and brhnce consideralions arc addressed. Tcsr rcsu lts
of fl)ing prolotypes supporl rhc lindings of compuhtional
aerodynanri. sludies. Of principal inreresl are r$r) motor
Slider expcrimcnts. There is no cvidence thar a canard
configuratbn can equal the pcrliJnnance. handliog qurlitie$
and stnrcrural efficiency ofthc conventional aircrafL.

.dndrl, n. L an extfavagant or absud repon or sLor] sct
?iloar 1l] dcludc the public;a libricrLcd sensational rcport o.
statemenl : a hoax

2. a duck.
3. a type o1 pusher airplane having drc cle\aror. . .cLc.. in

tront of lhc suppo.ting planes.
W.bstl}'s Ne\, hternational Dil1io dtl

Gmbridged)

BJ.t lrounJ rh. rJ r ,,r r,(.rnrur . ,,irflrne. ,nJrIlnt
crDard! were all thc ragc. A couple of fbllows ironl Daytoo
$ere into gliders and alMy! seemed toend upwith theele\ator
out furt. Maybc wilh the rudderc in lhc back. putting the
elelato$ rhead ol thc wilg leemed to balancc lhings out.

OrcetheygoLlhc hrng oiflyirg theirglidc$offr sand dunc
intoastrongwind. theydecided to go larrbitnrore rangcand
hung a motor bctwccn the wings ofrhcir biplane. The enginc
drove a couplc ol pusher propellers rounlcdbehindthewings.
In seekng to kccp LhcuDknownsoftheworld's first motorglider
to a minimun, thc Daytorr expelimenrers (a.k.a. the Wright

Vo um. X No l

hrorhcrs) lclt the aemdyna mic conllgu ralim prctly much dre
srmc as for their nnpowered models.

Thus tbc fir\l nnnncd po$€red flighrtook plice in acanrrd
(dcfinition 3 frnn abovc). A nunrber of the oftcr carly
aeroraulical trlilblucrs i(nk)wed the wright lead.

Quite raprdl)! howcvcr. thc clcmcnt|' of lif1, drag and thrust
were joined by thcir csscDtill handmaiden!, stability and
conlrol. Elcrators joincd the rudder in a commor aerodynarnic
and srructural mcnrbcr known as the empennage. This
arrangemenl has gcncrall) chrraclerized the ta ils ofmost nod
ern aircrali .tftcr thc first blush rrnance with canards h the
earliest days of powcrcd night fadcd and gave way to a nrore
mtional marriage of conlcnicncc rDd cificienc).

'Ihere hale been a fbw randonr cxpcrimcnts with canards
along the $dy toihis second halfofthc twcnticth ccnturr. One
cxample wds the Cuftis XP 55 Ascendcr which hrd its first
'li!hr il lo4.r ano $.,.,h(.red .h,{rl) rh.'.?r1 .

Inthehomebuilders world, the pasl decade has bccn crowdcd
with. ifnotdominated by. aircraft fbaluflrg canards. Onc su.h
dcsign. the sp?.d C,?rdl./, has actually beencertillcd, but not
b] thc IiAA. Recentlyapprovedforproductionand sales inWcsr
Gcrnrrn] by thc LBA, il is a variation on ihe Rutan l/d/'it .
cRiatcd cxclulively for the homebuilder market in the U.S

I1r scvcral years. the $,orld of executile turbotlt)ps has
sccnr.d poised on the hrink ofrconnni1nrcnt to thccanardthat
is quite mind boggtrrg. S ince 1980. at leasl nrr new rurboprop
designs. all mounting canards oD their noscs and cn!ines with
tusherprops in lhe rcar havc been trenbling in thc stat gale
wirh the promisc ofbringing highly huted ad\6nces in steed
rnd cliicicncl ro rhe kavellirg executivc. But the realization



ddtcs kcep djpping into thc luturc.
Thcre renurns a question thrL is ]ct to bc clcarly a swered.

In whal $ay is r crnard conligurati(n) $rperior to a simihr
IrLrcrrti mounting r nurc courc.tid l tail in rhe rfltr'l And

tlerse tukc notc lhrt this discussiofi rs concerned only wlrh

l. Drag
ll .j J .. r.L , sl, , Ie r'r, ,l-r.r .,r"r r,.r{

surclr_ hca $nr er.It$e replacetbe nonnrldo$n lord.rni.d
b\ lhc l.ill in conventionll rircraft wirh r lifting load on fic
.rna up tiont. surel) rhe olerrll drag n st b. lcss

Aptarcnll). Ibis rs not neces$rily $ An c\hrustive study

'r.." . , ,1 'rr, cl ..:.,.r.Jn:'r' .rf.,rJr "1 r

(onrpar i$n $ irh nr)rc .onlcnti(rr!l dcsigns wrs complctcd
rccc'ul) rt rhe Lini!.hity ol Ilissrrri. thc rc\carchcrs.
l\{ichael W Keirh rnd Bmr.l'. Sclbcrg. rcfortr 'Allcrna
.orlliguralions $ erc lcss.llici.nt thrn a litrBrrd wing \ith rr
rlihrizontalhil ln dis.ussior olhis r.\carch wiLh Nlikc
(.irh ir rL,i.!outrhrr he \wN r.anrrdcnthusir\t and undcrlook
|r t'.e . 'r".lL,.r r.'r. hr. '.r Jr,J\L'ri rf'.ri.l
rt\ olclLr.klLke rirthn.s 1n s.cking a conrbination thal would
$orkrhcbcst. heur.fulh cxamincd a \! idc ra gcoiprrameteru
ir r.rIlN ofgrt. dc.xhgc lnd strggor as wcll as the ftIio of
$ ing rrcx lo cafrftl .rr.! Ir.rhdps it is 01 {rnc i lcrcst thrl
r.rDg *rc bcrlcrcrnrd conliguratil)ns wrs on.lor whirh th.
rrri() ol wing rrer n) crnrrd rrca wrs 1.0

Qrit. oh\ iousl). ls lh. vlluc ol that ntio approaches I 0.
rhc r.nligurarion beromes nx,rc r trndcrn \! irg than:t crrnad
oncc ircr(ccds I 0. ir isrcon!.nlionrlrir(rall. rlbeilonewilh
,r hrgc lril. Olhcr studics ha\c shown thal lar con!e|thnal
rirctuli. rwrng r(J horiTontrl txil raLio ol bcnleen 7 rnd logilcs

bcsr ovemll performrnce.l
Ccnninly related to the findings olKciLh rnd Sclbc.g tlere

rhosc of nnne,remnauticrl cngiDccring grrduatc sludenls al
Srantord seveml yeaA !gr). In scckmg to optimizc a canard
. irrg,r(a,, t'.,,e rrir'.r,1 rr.rl-.,'J.,ndl. i Dru"rJr.,
lcpl lelLrg lhenr nr in.reas. $c sizc olthc canarcland redL'ce

rlre wing rre,r. Whcn $cy rlcrc thrrugh. the oplinrLln de!ign
lertured a crna thrt was r)ushlr lile limes the s!7e oi
rhe wrng

A oxrre receni sludy olcanard, conlcnlional and irisurfa..
.ontlguntloDs by Selbcrylnd Rokhsazr, it\as iound lhat for
allprra rcler\considered, rhc convcn tional conllgu ration had

Ihehjghestt-lDoi,,,'lhctrisurfaccsasshowniobe generall)
idEno. to both crnxrd rnd coDvcntiorrl arrangenrenrs

Predicting drag is r tricky thing Thc best prooflies ir thc
pcrtbnnan.e of thc acturl rircftli A co,npetition likc thc
Oskosh 500 is espc.irll,,- inli)rnralilc since ove. ll efficieDc-l
s rhe hasic .ritcrioD. WiLh ali cornpctitors using engincl oi

'irtually 
idcntical st)ccilic lucl consLrnptions, lnd wrlh cach

.rlLocated thc srmc amount ol lucl on a pounds per scat br\is.
theprizc dr)uldgo tothcairplanewith the lowelt olcmll drrg
.ocllicicnL. fu thc prsl lix years. the contcst hrs bccn won
h) A .1. Smith sAl 2. aslick. carctully cniied monothnc w ith
lixcd hnding gcar ancl a conrentional tnil. (Figure l). Com

tctiLion has ircludcd thc besl and the quickesl ofthc crnard
.onligurcd covcy olhorncbuills oler which his margins htlc
rvenlgcd bcLrcr rbrn 20%.

In additnm. thcre i\ thc ptubiemoflipvortices offdrecrnard
irlpinging in r disordcrl]. variable and drag producing way
on rhrt l)ortirm ol rhc wing bchind tbe canard tips. Better if
rhosc lips rrc oulboarcl ol thc wing hps as the Stanford ltudy

l igurc t,,\..1. Smilh's l.l-2

T1-' HN( A \OARING



'niie A re: (lt_)
I.r if,.1. .a.a:c

r i.! i,o. n j:E (r/fr
tioL in.i. .a:rarC

Inritr. i!;Lr (hF)

r.ke-ott ru. (tt)

'- a..l i r€ rL,. ( fL)

lio. o: air.rafr
I tr.!:. ro t,€ illj.E

!a ia.

l,ai50

tl,6

2.

I il ll

t95

i65

Fire llonebuil. Airc!aft

and Thr€e Con!e.riof,a1 -

&rq
nuta. Rohlrso.

L;-"s-Ez !!1
C... rd Coux€nr.

1,125 1,10!.

clasair clasair
1D RC

rurb!cliar!ed rEr5i..

All rt. q.rli's Air.raf.

82.t

111

11.5

tii

1:1.8

6r.2
Ll -2

at.2
81.2

2i.2
')2.?

11.1

231

2. Stabilit], (bntrol nnd the Stall
a)rc ol lhc highly k)uicd attrihulc.l ol drc.irn!rd type af

a.,i.i.ll.r ll ir, iL;l .',rJ. lr,.\\l , r(.,nr r\
lbal lhc wiDg ncvcr \trlls. l hc rcrv)n. of.ourse. is thal the
.anard stall\ $rllhclirc Lhcwing rcachcs it\ ltallanlleofattrck.
It had hcttcri othcNlise, with ihe.anrrd .'till creating hli ind
thc wing strll.d. thcrc will bc {n unflexsrnt pitchup \rrth
p(nrDtiall] crtasrr)phic rcsults. Rccolcr), mly be difilcuil: trr
somc crscs it will bc inrpossibl..

Thu\ tho anglc of incidcncc ol thc c{Dard is sele.ted to be
sulllcicntlt grcrtcr thrn that ol thc {ing i) th{i the c.rnard
al$r) s \t!1ls llAt, noLonly in on. g nighl. but rlsJ in a $ indup
lurn aLnraxin n load lactor and n xin n nraneuverspeed
ln rdditir)n. in l.AA.c(ilicalior- the canrrd filst stall will
undoubtcdl)havck)bcdcnronsrtuteda1conditionsofma{imu r

asslorctricpowcrin lull ruddcr skidsandsideslip! Thusstall
p$ollng nrust bc an inhcrcDt dcsign icature for the canard
airplanc It is a condition dictltcd by thc morc dangerous
pilchup that $ill othc.wiic rcsult.

Ircrhdts fi)r the $orld ofullralisht\ xnd homchuiit rircmft,
\Lallprrfrircmti:ue r po rnt. ltut lbr the \(rld ofnxrre
. i,'ti\Jr.r.,fr .le:'r ,-l Lrr 'n. 1,1..:r .r 1..I rJ,rel ,..
is imprtrnr for the simplc rca$n thal it rllows thc pilot to
optimilc the operation ofhis cralr Lo thc nrxxinrum linrits of
it\ capabiLities As we shall scc. this is r nrult in s.ril aies.

A1!).onsiderthnt tbr aconvcnLi(rral !ir.mft. onc which has
passcd its ce(lilcation tcsts. strlling olthe win! nre.rns dral
lilihasbccn lost bur noI cornrol In nn)st canar.l configu ktidrs.
sLrlling ol thc canrfd means thal. rt lcasl nnncntrril): pitch
c(mtn)l hrs been lost.

Now thcrc are ! nurnberofreasons lirr wanting Lo nNchdown
or an airl]()n at the slowesl possiblc airspccd, n) aloid hitting
th.lcnccrt the far end ola shon llcld.lo srvc tircs rDd bnkcs.
t0 prclcnl hyd()flaning. to nrake a nearbr- lurnoll to clcrr thc
runw.i! Ibr lnllowing traffic. etc

Wilh goocl rpprorchcs. in the con\€ntional aielane speed
can be bled ofih linaland. 1atnrg rdlrntageofground effect.
rl s not loo ruch ol d trick to pluDk it right on the nunrbers

ll



in r fully strllcd cond iiion. I la burble is encounrcrcd rhal rcnds
n brll(Dn Incrnplane iusta$ rhcrunsay threshhold is crossed.
conact ma} bc nndea littlc nr)rc firrnly than pianncd. bu he
ptuspect for anylhing rxnc scrio s is unlitel\..

Now lcfs Lry thc s:rrre nnrnculcr in lhe canr ircriit.
Er pericnc. tlrat hallooning rcl i(D at thc rLxrvry th rc\hhold with
nrininnnn sp(cd *hilc holding th. airplancofTwith hack srick
x li'e li.t atr)tc rhc runqay rnd srallnrg lhe crnrrd Thcres
rrrlhing n) stop thc ftpid rlownward rotlltion ol th. nosc into
thc run\rr) ls lhis rlhI onc canard llpc hrs buncd so ruanl

I hL'obvn)u\ rns$cr i\: i'r c.nard trpc lli.craridonl lll crr
lh! llL|ard sulL spccd ir rhc rlp('ach; nd lhrt s quitc I les
knols rbolc thc wing .till spccd lbr all lhc reas)ns notod carlier
Bul whrl docs lhat near to pcrlbrmance. in lnd oul of the
airFd and ar !ruise:' l.er's harc a look.

-L ltrformance
It is apparent liorll rhe iorcgoine rhar lo meet gcncrrlly

xrccpted stabilit), control and srall criteria for FAA
(lrrl ilication. r canard aircraft will cirhcr have a lot llx)rc *.ing
rhiu ir needs lor cruise perft)finan.! in orderIo nreetdcsirc'd
rr"rJ r, q.r r!IrqrrIdndth(r"lir(srll be .l $,ir i . r.e

rlial its.onvcDtionrl equivrlenl)i or, ifoptinrized li)r cruise,
( isgoine to nccdrlol mr€ runMy rhan its compcti((,rs wirh
lle enlire cmpcnnage an lhe back.

Er. mine rhc dcsigners €srimarcs of lake off and landinB
dinrncesirrruFcsc lalive honrcbuill rircMft R)rllx clssiti
.sicfllinlly dr tamc poser and wing loadinS. canard configured

tuircmft rcquirc ar leasl fifty pcrccnl more runway (Figurc2).
Ofcourse $esc arcn t FAA certified numbers: and besidcs.
l)ty.) feet vcnius;l0O tbet isn-t that big a deal as bng as ]our
a'rpo rt has runs.r) s ol2,Ulo fect or more. Ii is u ndc.srandable
nnd approprirrc thirt enthusir\t$ do not exft)l thc STOL
capabilirics ol ca ird designs.

Therc is rnolltcr aspect ofp.rli)nrance to b( considered.
Tur.ing. plbilrties. Thc,bility rr) rcaliT€ rhc l 11 capnbilirj
ofthe wing s lifirng F'wcrcan on occlsion bo ir pornnt. Tv,o
sLrch elcnt$.orre to nrind: rccolering from lhs indignities ol'
r downburst on tinalappfl)ach- rnd in cll)sc cncounters olthc
$\)6t kinil. a\didrng c(tlistun with inorhcr aircrali

Reccntcipcnences in drcdonninof homcbuih nronr glidcrs
ollcr Lwo clcar denronslfttioDs ol thc Lurning Frfonn cc
limiLlLidrs oftlre canard cor)fgurcd airplane. ceoryc Applebly
otAlbuquerquedcsigncdandbujll rhcZi,t in thc hrcr 1970 s.
'IhcA,i i$a 15 m.tcr racing sailpl nc. oneolthc tcwofU.S.
(triginlhat in its timc proved conrpcl ilive in a iicld dominaled
br Europe0n (pr incipall)' Cie rmaD) products. lhisdcsig,r wrs
larcr shelt€d. bur in 1982. when thc Sonrin-! Sft icry of Anerica
(SSA) sponsorcd a design compcririon for a low cost sell-
laLrnchins srilplane. Ceorgc wcnt lbr it. Hc also wentfor thc
r)rythol)g) ol the canard. Hc buill the Zta which mountcd a

canadon lhc nose. a pusherengine-propcornbinatun bchind
the coclipir. and fins and rudders on thcwinglips. 'lb improve
d irectn)n.rl characte r istics. this con iiguration was nx)dificdlo
one wilh lwin railbooms rroLrnting rudders but rcuining the
canard. (Fieure3) IhcZm flew wcllcnouSh, brt il wouldn\

Figrrr 3. A Moiorglidd lhat

ztA
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!)!rrnd \ras notcntered i0lhe conlcst. lnordcr li)r! lailplane
n) cliorb. itrrusicircle in rising colunnrsofaircallcd rhennals
Ifrlre coltrmns are snull. as rhcy lrequenru arc. the sailplanc
mLrst tur n tightly to sla! in the strongcsr part ofrhe lbermat.
Achicving maximuln lillcocfficjent, or nr other woftts llvins
.' \ r.:r r,(.rill. .r., 1riJlr.,oo.l,'rl1.,r"terroIr','rr.r:
As wc have seen.lhccanud conflgLr.rri(m does not pcnnir $is

lhc t/./.r canard was laler replacc.l by a con\cDri(mrt
horiTontal shbilizcr and elelalorjoining ihe r\m Lailbooms
!t the rcar of thc nutor gliclcr. (Figure 4). This trovcd to be
r nrucb bcLtcrrnangenrenl, but limd! for rheclcvclopnr.nl were
leplctcd rDd the new Zia w{s never pur ilto pR)dudior.

Mcan$hi1c. the Soaring Soci.ty s conperiridr was won t'l
anolhcr canard .onfiguration. thc S.)!tdir., dcsigncd and huilt
by Rutu Aircrafl. Il $rs ! bclurilully erecurcd prctorype wnh
srnoolh |rmjmr llow wings. a long rhin crnard mounlcd on
Lhc titolthe nose. ind an cDgineon a niur iusLbchind rhe canard
thxt ftrlded back inlo thc luselage bet\yccn rh. canard and thc
rockf( (Figurc 5). lt.ould power itscli intu rhe air i d liy
lcceptably. but ir was neither a good power pl ne nor a good
srilplanc. Likc thcorigimlZ?/, $ hcncvcr the.tlir.rz is rcall]
rucked into a tight tum lor rhc small thennrls. ir $rnls ro hll
out of thc skl. (liigure 6)1

Anorher conccrn is rhat the.Srlnalr" lr large canard scriously
resrricts lo ward view which gets even $a8c whcn thc cngine

Plans wereofilred to thchomcbuildcrs rDd lrtcr kits Soflr
onlf one had been built and llown sincc thctr)totypc. Rutrn
c r,i,ft nuh'n"erorh k.r..,rpl.,r,.Il,ur\. .Jr ir!! r:i \,
hLrilder has acquircd thc original nnnds lbr thc aircruft. l'he
canird has bccn rcmovcd rnd rctla.cd $,ith r .onventional
horizonlil stab ilizcr xod clcvrkr A nrrc powcriulcngine hrs
bccn insl.rllcd in thc Dosc as a fi\cd, fully cowled substitute
lor thc fbldablc oDc. Ihc wings halc bc.n lrbricared with
r.nrolablc tips lo pro\idc Lwo typcs ol pcrirman.cr I sl](r(
phnc with ynrcwhrt highcr spc.ds and longer runway
r''.,,ir.r.11,. " ., Sl,)l tl ,. rrr , r,i"e\ 'i.,,,.;
.rtabilitics. In this rcnasccncc. thc phne hls been refarred
th. Ji/lorlt . fFigur. 7) 5

So nruch iar the pefftninance benelits oflhe cana . Thcrc

,1. $'eight and Ralancc
lbr the nrore con!entionll designs. the ving hns always

prcled r good pl.rce lo pur iirel. This is becausc Lhc aircrali
centerofgm!ny Lrsuallt lalls ir the range of20 lo,l0 pcrccDL

olthe wing s nrean ae roilyrrimrc chord. Conseque rh$ithlucl
trnks in (rr on) dre wing. there is little shifi in cenlcrolgrlt!itl
$'irh tirel co nsunrptnrn. Also. disnlbutingthe weightofrhe tucl
rlong the wing reduces subslariialh wing bending omenls
\\'hen ri$orne wrlh r consequenl redLrclion lnlhe o\cr.rllrcighr
of the $ing strucrLue.

Figure 4. And One That Would.

- rurr coNsuMtnoNt r !.h @ 6t n r.i.



Figurr 5, The

With a liiiing sudr.e oul lronl. rhc cctrLcr ol gralily of it
canard aircmfi is going kr cnd up somcwhcrc fbrward ofthe

' 
r, g I rr el . !r.I il-.IJJ,,1,{ r'h" k Id.p.,L LUI'r n,oriur

ofrhat fuelwillb. rccomtanicd bl a large torward shrli in c.g.
Conrpensation for that shili cdn bc ichieved by placing irel
in r nose trnk that is.onstrmcd prcponidt.itely wrlh the sing
tuel, butrhis ldds to thcconrplcity oflhetuelstslem. Besides,

the idea ol fuel iD the nosc a d tuel lines nr,rning the length

^ rh< lJ.<l,!r . rr .,ft'"lIglr rrd.rr.lqorrhl'e..t'',,r

Anotherdesign afprorch is Lo add strakcs as a high ly s$€p1
lbNard exiensioo ofthe inboard wing scctidr lo scrleas luel
ranks. This sdves thc brlancc prublem, since ihe fuel in these
tanks can be centercd on thc c.g.. but it creates some oiheA
with tuel con.cntratcd closc to lhc cenler of the fuselage.
airborne wing bcniling nrornenls willbegreaiertlrlrn with fuel
rnorc evenly distributcd abng lhe span. The resLrh will be

lnc realed structLul \cighl. ,^lso there is more weited area w iih
dre slEkcs. hc ce more parasite drag.

Thcscco cerns are qu;eobviously applicablero the hcation
ofwrtcr brllast jn canard configured racing sailplaner.

Arc Lhere an) plusses l(r.rnard,j? 1n lhe $()rldolcoryoratc
, rftltr^p.. rhfl rendr. " l! letr..hl"n. l€{rrj .I'Jr lir-:
thr)ugh the cente. oithe cabin. rnd the pusher prot! should
makc lbraquieter cahin. But lin srilplancs and nx)torglidcrs,
lhere rppear to be nonc rl all.

A brief k!'k ar the splendid achievcncnt of rq.us!' is
cerrlinly callcd fbr al rhispoinl. Thc dcsign and thcniture ol
thc ission madethecanad limitalionsmoot. Thc tuelbooms

ligure 6. Turning l'erformanc€ for Solirair€, l-26 and l-36
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.rnd largc Iusclage tanks fbr$rrd of the cocktit nrade c.g. conhrt
relarilclr casy Therc $as clen fuel in rhc canard. Thc tuet
boorns alsoacted as cnd phies which whcn combincd 

'vith 
the

li)r$rrd s\\€ep oi Lhc .anad radc ftr a vrnuxlly consiani
down$"sh a glc nrtinging on rhc inbo.rd wing scdionsdurjns
x night lllal wrs ll{)wn rt a neirly constanta slc oiannck. Thjs
lcltiheoutboard wing sections nr clear air u disturbed by \\..tkc
ironr thecanard. l'hereuas no ncedor rnclimri(D t(r nuke srccp
turns, indccd the pilot said hc $$ uncomfbai$lc at bank rnglcs
ofmorc thrn fifteen clcgrccs I,ilot !iew liom rhe cockpir \as

DcpcDdirson what thcavemge winds wcre and how grcatty
lhc actual flight palh di!erged lrorn rhc coulse clanncd, thc
LlD ol the l6_iu g.r avcrrred berwccn 2l and 30 tbr rhc ttight
Onc coukl prcbiblrjoin r couple ol rvrnr/zr -lJ wirh.r r\ycnry
lix)l wing secrion. mount an enginc wilh tusher propcttcron
Lop oithe wi g rt Lhc centerlinc aDd have an L/D ar 60 knors
IAS nr theordcrol45. Flt inglhe jcrst.camat 30lo 35 thousand
lcct. thal wouldgivea trueiirspccd of t00hots and rprenlial
ground spccd in ihe order ol 200. 'lhis $ould mcrn e flighr
in halflbc tinrc oflhe ,1/_rzs.r and one requiring only rbour
orelhirdficlucl Ard oo ono has r-el doDe a u Drclirclled fl ight
rrcund thc $odd solo.

Stillthc rrluf.r has dorlc rt an.l all inloh€d dcscr vccndurin!
.,c.1:rn 1'r ' nS, lJrl..\.iin!J\,,(\en,.nr.

RclLrn:1! 1'r,eb... rh.-F,,rLi. trp.r. I r,.1..rne r rerF.r
Ihat thosc corrpanies $ith rhe besl rrack rccords for solicl

!cn)d\'n{mic ad!anccnrcnts inthe tield ot' subsonic comnrcrcial
!ifcr.r* over tbc past seleral decides. lhosc wirh the nron
fowe irl. corDputcr baled desigr oplrnizarx)n trogrlrnrs
Boe r'{, DoLrglas, l-ockheed. Dassau lt, Brrrish Acrosp ce ard
Arrbus hxlc hccn conlent to lcl thc horirontrl uil remain
in the rcar ol thc rir.rrti The sarnc ca bc srid ior Schempp
Hirth. Schlcichcr. Sch$€izer. Rolladcn Schncxlcrrnd the rest

BLrfi. Dick aDd .lcanna $rnn applausc.
Orville and Wilbur re\t in per.e.
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