
that it is notnecessarytoexpendanypowerinkeepingthemsuspendedintheairathighvelocities,bringthestudyoftheproblemofaviationwithinmorereasonablelimits.ThenthereisthesayingofJulesVerneoftwenty-yearsago,thatitisnotnecessaryforimitationofbirdmethodstobeservile,asforexampleloco-motivesarenotcopiedfromhares,norshipsfromfish.Tothefirstwehaveputwheelswhicharenotlegs,andtothesecondscrewswhicharenotwings.Thisideaofthepropellersuggestedtheavoid-anceofthedifficultiesofwingconstruction,andthesailingofthealbatrosssuggestedtheaeroplaneThecombinationofthetwowould,itstruckmanyinventors,answerthetwo-foldpurposeofthebird'swing.Moreover,thefactwaswellunder-stoodthattheairishighlyresistent—aparachuteofayardindiameterinpracticenotonlyimpededdescentbutmadeitisochronousOntheotherhandtherewasthekite,theplaythingofgenera-tions•menhadevencrossedrivers,towedoverbykitesofwhichtheyheldthestrings.Sciencestudiedthekite.Theresultisgivenbytheauthori-tywehavealreadyquotedthus—
behindtheother,copyingnatureinfactaftertheexampleofmanyinsects.InsupportthereisalsotheanalogyofthelongflightsofthemigratorybirdswhicharrangetheirflightssothatthebirdsflyinsinglefileInthiscasetheaircompressedbythefirstwingreboundingupwardsformsafirmercushionforthesucceedingonetoactupon,untilthereissetupanadvancingwaveandaninducedcurrentTneproposersofthisexpedient,however,admitthatsomesortofparachutearrange-mentwouldberequired,capableofexpansion,atneed"tobreakthefall"Thedifficultyislessenedbythefurtherconsiderationmentionedabovethatbutlittlepowerisrequiredaftersustain-ingthebodyintheairincomparisonwiththepowerwantedforpropellingatspeed.Stillassomeprovisionmustbemadeforthesustainingpower,afterthefashionofthekite,andthatpro-visionmustbearsomerelationtotheweighttobesustained,thedifficultyraisedbythelengthofthewingwhichactsbothassustamerandpara-chuteisconsiderableThepowerrequiredforsustainingisestimatedatsomethingliketheninthpartofahorse-powerlor10tons.Stillthekiteorparachuteeffectmustbeattendedto.Inprac-ticenearlyalltherecentexperimentersinaviationwhohavegottheirmachinestoriseoffthegroundhavefoundthatwhentheyreturntoearthaftertheirbriefflightsthereisagreatandsometimesdisastroustendencytobump.SciencehasproposedtogetoverthisdifficultybytheuseofhorizontalscrewsThiswasthetheoryonwhichJulesVernereliedforthesupportofhisrenowned"ClipperoftheClouds."Petti-grew,thewell-knownauthority,describesamodelwhichdevelopedlaterintoafavouritetoy.Itwasaplaneprovidedwithtwoverticalaxes,eachcarryingahorizontalscrewThesescrewsbeingsetrevolvinginoppositedirectionsdisplacequan-titiesofairabovetheplane,whichcauseare-sistanceoftherestoftheairintheneighbour-hood,forcingtheplaneupwards.Thetoymadeonthisprinciplewasoperatedbyclockwork,whichatoncesetthescrewsrevolvingandsetupthemachineThegradualexpenditureofpowercausedtheupwardmovementtobecomesloweruntilitceased,afterwhichthepowersufficedtoretardthedescenttillthemachinereturnedwithoutharmtotheearthOneortwoinventorshaveexperi-mentedinthisdirection.Othershavepreferredtheuseofatailarrangementfortheverticalsteer-ingIntheorysuchauseofpower(thedoublehori-zontalscrews)wouldmaintainequilibriumwithoutfailandautomatically.Inpracticethepressuresfromwithoutwouldhavetobetakenintoaccount.Therearetwocentresinpractice•thecentreofgravityandthecentreofpressure.Theproblemthatsobafflesaeronautsistheproblemofreconcilingthesepressures,sotospeak,andkeepingthemfriendlyInsomethousandsofglidingexperimentssomeexperimentershavemanagedtoadjustthebalancebyshiftingtheirownweightinonedirectionoranotherasneedarose.Thereweremanydisasters,andbesides,whenworkingonalargepracticalscale,suchadjustmentisob-viouslyimpossiblesomemechanicalexpedientisneeded,anditisimperativethatitshouldhaveautomaticactionSomeinventorsofto-daymakeexpressadmissiontothateffectThesewerethedevicesforovercomingthesup-posednaturallawoftheproportionatewingsurface,whichdiscouragedinventionsogreatlybyitsre-ductiontotheabsurd.Thetrueanswer,however,wassoonfoundItisthatthereisnosuchlaw.Thenaturalfact,demonstratedbymanymeasure-ments,isthatthegreaterthecreaturesupportedintheair,thesmallertherelativesupportingforce.Mr.Langley,theAmericanexperimenterwhobuiltaflving-niachmeln1896whichactuallyflewoverhalfamile,collectedfiguresfromwhichheobtainedthefollowingapproximateresultsMachinewith54sq.ft.wingsustained30lbs.using1ihpPte-odactyl,extinctflyer,with25sq.ft.wingsustained30lbsweight,using0.05h.p.Condorwith10sqftwingsustained17lbs.weight,using005hpTurkeyBuzzardwith5sqft.wingsustained5lbs.weightusing015hp.Pigeonwith07sqftwingsustained1Ib.weight,using0012hpHummingBirdwith0.03sq.ftwingsustained,002tbweight,using0001hpOnthesefiguresheremarked"particularatten-tionistobepaidtothefactthat,regardingtheratiosofsupportingsurfacetoweightsupported,theseratiosarenotonlynotthesameinallthebirds,butthemselvesdiffergreatly,butsystemati-cally,withtheabsoluteweight"Ifweenquirehowmuchonehorse-powerwouldsupportforin-stancesupposingtheratiosofsustainingsurface(icwingarea)toweighttobeconstant,wefindthatonehorse-powerwillsupportinTheMachine20lbs.with36ft.ofareaorIfsq.ft.tothepound.PROGRESSFebruaryi,1907.(deadweightofkite)becomeunitedlyequaltoBF(orAB),whenthekitebecomesstationaryIf,however,thewindlessens,thequantityBAdiminishes,andthekitefallstillthelesseningquantityBGandweightofthekiteEFagainbalancetheupwardforceofthewindABorBF.Weseethenasatanangleof45thewindisde-flectedvertically,andthereforegivesthemostliftingpower,thetailoughttobeweightedtosuchadegreeastocausethekitetostandat45—thatis,heavilyinahigh,andlightlyinagentlebreezeAlsothatthenearerthethingapproachesthehori-zontalthegreateristheliftingpowerofthekite."Everyonehasdoubtlessplayed'ducksanddrakes'(aliasthrowingflatstonesnearlyhori-zontallyoverthesurfaceofwater)andhascountedthenumberofleapsthestoneshavemadebeforesinkingintothewater.Allskaters,too,arefamiliarwiththefactthatamancanskatewithimpunityovericethataboycouldnotstandonwithoutimmediatelybreakingthroughIneachcasevelocityisaveryimportantitem;theskatersandthestonesalikehavenottimetosink.Akiteorplanetraversingastratumofairrapidlyissupportedinasimilarway,nothavingtimetodisplaceeachportionoftheareatraversedbeforeenteringafreshportion"InfigureIakiteisshown.The\u25a0windblowingagainstitmthedirectionofthehorizontalarrowisdeflectedatthesameangle.Ifthenthekitebedeclinedatanangleof45\thewindisdeflectedverticallydownwardsandthekiteforcedupwardswithequalforce.Referringtothediagram(Fig2)letEFequaltheweightofthekiteinpounds,BDtheforceofthewindonthekiteinpounds,ABorBFupwardforcecausedbythereboundoftheair;BCdirectionofstringCompletingtheparallelogramwefindanunbalancedpowertendingtoraisethekite;thekitewillthereforerisetilltheangleDBC,becomingmoreacute,thequantityBGincreasesuntilitandEFsameresistanceincleavingtheairpointfirst.ButAhasatendencytodescend,Btoascend.Ifthere-forewemakeacombinationofthese(C)itwillbeneutral,butithas,independentlyofitsshape,atendencytodescendbyforceofgravityLetusthereforegiveasufficientlygreatpreponderancytothelowerslantingplanetoneutralisethegravity,theresultbeingDNowDthusweighedwouldrequirealmostexactlytheforcetocounteracttheresistenceofthegivenspeedthatAwoulddesti-tuteofweightWethusseethatprovidedthatwecanaltertheshapeoftheobjectatpleasure,atahighvelocity,theamountofweightwithincertainlimitscauseslittleornodifferencetothepowerrequired.Howstrikinglyinthispointtheplaneorkitediffersasameansofkeepingaweightsuspendedfromthevoluminousballoon."Thereremainstoconsiderthedifficultyofmakingamachineriseasthebirdrisesforhisflight.Takethealbatross,whichhastogosomedistancealongthesurfaceofthewaterbeforeitgetsupmtheairHowisamachisetobemadetofollowthisexamnle?Thequestionwasansweredforthethinkingbytheanalogyofthehydroplane7heyrememberedthatlongyearsagotheCanadiansconstructedboatswhichdidwonderfulthingsontheirbiglakes;verystrangecraftoftheirinventionbeatingeverythingthatfloatedwithoutbeingpro-pelledbyotherthanwindpowerThatcraftwascalleda"skate"Itwasaboatwhosebottomwasaninclinedplanereducedtoaboutone-thirdofnormalwidthWhensailingtheskateshowedatendencytoriseneartothfsurfaceofthewater,andinstrongwindswithallsailsetsheactuallydidsoskimmingthewaterwithaminimumoffrictionwhichenabledhertoleaveeverythingfloatingmilesasternButtheskatewas,asmaywellbeimaginedaverydangerouscraft,peculiarlyliabletogooverTheadventofsteamdidnothelpmatteis,becausewhileitmadethecraftsaferbyreasonoftheabsenceofsails,itdraggeditspropellerandthereforelostthesuperiorspeedForthesereasonsthe"skate"wentoutoffavourButitsprincipleremainstogivehintstotheaviatorsSeveralofthecompetitorsforprideofplacemtheinventiontheyareseekingwithsuchardourhavesolvedtheproblemof makingtheirmachinesriseupfromeaithbyprovokingtheresistanceoftheair.ThewingdifficultybringsanotherinitstrainThequestionofthatisraisedbythequestionofthenecessarylengthofthewingAnalbatrossweighingonly24lbs.haswingsabout12feetfromtiptotipThereforeamanweighing144lbsoughtbyanaloervtohavewingseach36feetlongor72feetinallasshowninthediagram;andaflying-machineweighing12tonstotakeanex-tremecasebywayofextremeillustrationwouldrequireanextentofwings'of2imilesfromtiptotipThedifficultyhasbeenfacedandinonecasemetbyaproposaltosupplymachineswitharowofwingsoneachsidehorizontallyplacedone
wind(arrowC),meetingtheundersurfaceoftheinclinedplane,isdiverteddownwards(arrowD),displacingtheairbelowButaircannotbesudden-lydisplacedwithoutcausingagreatresistance,thereforeiftheplanegoesfastenoughtheairformsanapproachtoasolidsurface,likethewaterinthecaseof'ducksanddrakes'"Nowasolidprojectedthroughtheairshouldpresentanedgeorpointtotheairitcleaves,butiftheplanesofwhichitiscomposedhaveanuni-formanglewiththeperpendicular,itmakeslittlematterhowtheseplanesareplaced.Thus\,B,CandD(Fig.4)wouldhaveapproximatelythe"Supposeaplane(A)slightlyinclinedmovingrapidlyinthedirectionofarrowB(Fig3),the125FIGI.FIG.4.fig.3.Fig2


