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Latcr, th,e model is boostr,rl
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in.Jormation on th,e motlel's beh,at:iour.
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O* .-orrrrnnnn 12, 1900, a. Ilrazili:rn bv t'hc ttatne tll'

Sant,os [)rtmont estaltlishcd t]re worltl's first n'ir-spccd

recort-l. Witir his peilker.l ctp rcvtlrstld to ket:p it on irl l'hc

ficrcc lrreezc, lrtr flcrv 721 feet llt a'n avcragc speetl ol 2ir'(i

mph. Sprrrrcr.l by this chalk'rtgc antl llrospccls of flmtl ancl

forturrc, airnrcti hllve bcett secking to ra,ise the speed

rccord ever sirlce.

Improvemertl;s irr engines li,nd aircra.ft dcsign permilted

alrnost ycarly incrr:tses at fit'st. By 193 I a llrillish pilot
liacl boostecl the record to 407 mph irl il slttk, blue ancl

silr,cr Superrna,rine S.0ll seaplattc. Its engilrc rvlls a special

Il.olls-Rovce rlesign which rvas buill, to rttn for only au

hour bcfore sonicthing brolie. The rerlrlrd speetl was
-llr mph f:rster thl,n lhc top spccrl ol thc Spitfire, the

desccnrlrnt of the rccorrl-breakcr.
ln 1939 I"h.rg liapitan tr'ritz \Yenclcll crptured 1,hc

rr:corcl f or (lerrnariy in a hotroridcr's vcrsirltr of the
N'Icsscrschmitt \{c.109. Bttt tlien 1,}rc War bega,n rnd
N,Iesscrsr:hmii,ts, rathcr tlurn recorcls, berltmtr 1,hc objccts
ol liursuit. 'l'olvnrcls thr: enr-l o1' tlxl War, figittcr pilots
began to rcport disturbing phcnorncna. l)ivirrg arvay from
attlr,ckers or pursuing &n erlelnyr they ctrcoutrtcrcd violellt
buffetirrg. Sornetimes the vibraliorts bccame so great tliat
the airrrrali rvent ottt of control, or broke up in flight.
This problcm seemed to become morc seriotts as the speed

of souncl (7(i0 rnph at sea, level) was approached. Many
thorrglit, it, rvould be impossiblc to flv at faster speeds. To
fly a single-se:r,t fighter likc the Mustang at 1,000 mph,

somcone calculated, woulr.l take 35,000 horsepower.

Thc rir rround us is likc an ocean anr-l if lvc could see

all iI,s u,arres antl cttrrcttts ancl eclclics (aslve can sec some,

the clourls), the thoorv of aerodynamics lvoulcl be under-
stood better. Ilngirreers ltave long tricd to dcsign

aeroplanes 'rvith the least possillle rvind rcsistancc or drag.
'l'o clo so, they hnve clre{uily ftr,shittnccl scalc models antl
blorvrr a,ir over Lhern. When smoke is introduced iritr.r such

r,vinrl tunnels, the air florv or slreamlines bccome visible.

In, the t,elemettring aan, the tracking crew
recorris informotion, telcmctered Jrom tlLe free'
ll'ight morlel, som,euthere 'in tlrc skg.

(\,Iore sophist,icltcrl technirlttes aro llsed 11e11', [rttt tlie
idcri is thc same.) 'fhr.rs st.r'ur:tures c&rt bc dcsignecl so that
the air flnr,vs smoothlv trrtuntl cttrvetl surhc(ls, Ieavilrg

no turl,rttlcnt, lvakc. Any dcpartr,tre lroni thtl ideal shupe

ca.uscs tlrc lrrtrrklrvtry of thc air florv from the strrface aud

large-scale cr.[rlies or l,rrrbtrlcttce. This c]rurrring up ol' the

air is shecr lvaste, and thc porvcr to produce it makes rut

rulr)r,c{'sslrry ,'rrll ott Ilrc r'trgitro.

lror irodir:s moving in air at speeds below that of sound,

air bchr,vcs as thoulJi] it, lvere irtcompressible. Because of

its borv \!'ave, & pLlne signals thr: air ahead that it is

comirrg. 'I'lic air tltett movcrs smoothly nut ol the tvay.
I-hcsc signals, rvhich lue base(l on (thatlgcs itr air pressurc,

travcl a,t the specd of sourid. Flolvcvcr, if air is travelling
over il rving irt cxcess ol the spcccl of sorind (as it may due

to thc crrrvatrire of thr: rvirrg, even if the planc is flying
at only 500 mph), t'he plarre has tto m(-'ans of sigrralling
aht:arl. Instelrl of sliding srnoothly tirrough thc air, thc
wing rums into the "sotrirt barricr", I'Iie rcsulting shock

or coinpressior) wavcs clestroy the smooth flo'rv over the
w'ings, and produce great increa,ses iu drag. Both can be

overcome by specially designed wings and jet engines, but
thc war-time pilots who encounlereri compressibility
ha,d neither.

Nlatters are complioated by the fact that the speed of

sound does not rem:Iin constant, but, becatrse of the fall
in temperature, rlecreases rvith altitude. It falls contin-
uously from 760 mptr at sea level to 600 mph in the

stratosphere. An aircraft flying at 600 mph in the
stratospliere is mr-rch closer to thc speed of sound than
rvlicn flying at the s:r,me speed at sca level. Tlie onset of
compressibility is rlcterminerl, not by the speed of the
aircraft itsclf, but by thc ratio of its speed to the speed

of sounrl at the sa,mc height. 'lhis rltio is callecl the Mach
numlrcr (pronouncccl ntoclc, wiLlt a gutteral 'k'), il,fter a
Vicnnese scicntist.

In an c['fort, to so]vc thc problems of trans-sonic flight,
scicrntists struggled u,ith uerv theorics and r,vind-trinnel

tcsts. Thcy attached modei rvings to rveighl,s, wltich were

dropped from }iigir-flying plancs. Other motlcls u'ere

."g111cd to rockets and fired ilt,o the sl,ra,tosphere, 'wirile

instruments on lhe gror.rnd recortled tlieir performance.

X{eanwhilc, Aliied engineers, irunting throug}r the fi1es of

capturcd German test centres, discovered somc exciting
resrrlts. The Germrns lrnd found that srvecping b:r,ck the
r,vings grcat,ly redtrcecl thc drag l,t trans-sonic speeds. The
Americans, rvho rvere having trouble rvith :r new fighter,
applicd this innovrl,iori to thcir tr'-86, later built in
N{ontrea,l as tlte Sabrer. 'lhe srvept, rl'it-tgs, trolv so common,

cnablerl thc Salrre to cxcccd the sptretl of sotrttd in a riive.
It rvas probnbly the first opcrational aircraft to do so, ancl

fllnrrlair st,ill makes pilots rvho have florvn faster tharr
sound members of it,s N'Iach llusters' []lub.

Othcr research shorvcd that short, stubby rvings a,ncl

vt:rv tliin rvings also liccp clra,g dorvn. At specds of 1,000

rn1rh, slvcpt rvings lose thcir lrlvarrtilge,:ltld very thin
str:r,ight rvings fly as 'rvcll. Thc rvings of l,hc Lockheed

St,arfight.er arc so thin nnd sharp thrt thc edgers arc

covererl u'it,h felt, wliilc tire i-r,irr:ralt is <tn the groLlnd bo

prol,cct bhe ground crew.
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7 rp".B,l of 6vcr 1,000 mph. But, as alrvays ha,ppens in
dylt"Lios/, the solution of one problem brirlgs with it trvcr

,/nL* unsolved ones.| , ncw unsolvoo on('s.
| ' ; ,In tLe Thirties, flight commanders gave orders to otherI r/", plaues in their fo.-aiio,r by arm signals, much as an arln"y

l// om"", controls a coll\roy of trucks. This mcl,hod 'n'cnt out

l/ of fashion whcn a sqha,Jron leacler tried it from a 250 mph

Ycstert-lay's rcsc:lrch has prorlucerl today's {lghiers aud

ill procluce tomorrorv's air liners. An Amcricarr figlrtcr
as already travellcd from co:rst-t,o-coast at an averagc

Gladiator fighter. l1sed to much slower planes, he thrust
his arm into the slip stream, dislocated his shoulder, and

caused the plane t,o rear up violerrtly in front of his

dismayed u'ingmates. Today, the air prcssures on a

plane's control surfaces may oqual the iveight of 6

elephants. To evcn move his control column, the pilot
must have an expensive version of power steering'

Such controls remove the variations in stick pressure

which once helped a pilot fly bv the serat of his pants. To
give him some feeling Ior the speed arld loads on his plane,

a simulated "feel" must be built into the aircraft control
system. Otherrvise, he might maneuver so violently that
the plane would come aPart.

The jet engine has revolutionized aviation by making
possible spccds which were unattainable u'ith a piston

engine and a propcller. Unfortunately, jet engincs are

very thirsty, and the fuei they consume requires a great

r.leal <lf room. For example, the pioncering British Comet 1

jet air liner weighed 21 tons empty, and carried 22 tons

of fuel arrd four tons of crerv and payload when operating
at extreme range. As :r,ircraft design spccd is raiscd from
300 mph to 900 mpli, the percentage of the plarte's loaded

wcight occupied by the engine and fuel iucreases from

arourid 2Oo/o to about 0001. ,Iust how much luel rT'ould be

consumed by such an aircraft can be judged from the fact
that a single de Havilland Gyron turbojet at full speed

would guzzle over 2,500 gallons per hour. With an

afterburner (a dcvice in rn'hich lucl is spraveri into the hot
tail-pipe gases to get extra power for take-off and

emergencies), the same engine rvould consumc over 600

gallorrs irr five minrttns.

At supersonic speeds a pilot can easily rocliet past his

target before he ha,s time to aim and fire . Irrdeed, he rnay

not see it in timc and crasli into it. Consequently, toda'y's

interceptors are half-missilcs, ticd to a complex ground

rcport;ing and control system. The pilot simply takes o1I,

climbs to height, and poinl,s in the gencral direction of

ttre target, after which the frghter is flowtt automatically
by radar Iinked to it,s automatic-pilot. A fire-coutrol
system in the nose "locks ott" to the targct and fircs the
missilcs or gulls .'i,utomaticallv at thc correct range and

deflection. 'lhe black boxes which do all lhis maY ha,l'e as

many tubes as 200 TY sets, attd be twicc as tempcrarnetttal.
To prevent flutter vibra.l,ions which iucreasc until

tlie5r c:luse u,'ings and other parts 1,o come off -- super-

sonic aircra{t must be as rigid as a steel beani. Irrstead of

being built rip from thin sheets and lathelike strips, somtl

wings are rrorv machined complete with interior stifferrcrs

from 1,I'rick plates. Buildiug an a,ircraft is tlorv much like
builtling a, ship (cxcept t,tra,l, 1,lrc plane is apt 1,o rost tnore-)
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Now that the sonic barricr has bcen hurdled, enginccrs

are sliirrnislring wil,h artnthr:r obsttitlle, tlte so-ca'llerl

thermal ilrickct. At 1,200 n-rph air friction raiscs thc

tcmperature of an aircraft's skir.r by 300'F. Evcrr at higli

all,itudes, with t,lie outsidc air temperature 50oF. bclorv,

tlie skin tcmperaturc mav still be 40 degrees abovo the

boilirig point of N,ater. Llndcr sttch conr.litions a plastio

cockpit canopy rT'oukl blorv out like bubble gum.

X{any of the usual aluminum alloys lose strength at
high tcmperatures. At tlie speeds encountered by hyper-

sonic aircraft a,nd missiles, the problem is to keep the

aircraft from melting. 'l'itanium has shou'n great promise

for it is tu.ice :rs strt.rng as :rluminum for one and one-half

times the rn'eight. Bervllium is six times stronger than

steel, weighs one-third as much as aluminurn ar.rcl keeps

its properties at high tempcraturcs. Alas, the "stockpile"
of beryllium in the Unitttd States is a sheet less than half
the size of tire page ou which this article appears.

As air spc<:ds increasc, thc acroclynamic hcating problem

becomes more serious, arrd tile selarch for the ideal metal

is intensified. It shorrld bc pracl,ically wcightJess, be

inflnitcly strong, machine ea,sily, resist arry degree of

heat, atrcl cost almost nothing. This material has not been

found yet, but it has been named: Unobtainium.

Man was trever intendecl to live at 50,000 feet, so the

frail piiot is a problem too. A corsetlike partial pressure

suit arrd oxygcrl kecp him alive, though not very com-

fortable, while the sun beats down on his greenhouse from

a deep purple sky. This heat, combinecl rvith that from air

Witlt tltis rig, tlesi.gned and laroelu ltuilt
b11 Attro, it 'is possible to simulate th,e
etf e ct, o.f ao.r'ious fli,oht attitu,des an,d
condit'brLs on tlLe uti,n,g itttegral Juel
tanlcs.

The Murk 1 Arrort; bci,nq rtssembled.
Arnono oth.er ast,ctnish,'tn.g sttttistics: tlLc

Arrout refrigeruLion 'is erlttiaal,ent to 50
r o om air -cond'itbrLer s.



friction and lJtc Ilumerotls eleci,t'ollic tullt's, makes a
rcfrigeration urtit essertt,ial. 'l'hc syslcrn in l,he Avro Arrorv,

for cx:imple, tratt liattr-lle rthattgtls of tcmperatllro ol 100

rlcgrces per rninui,e. [1, htls 1,he same capacity r,s 50 ]rornr'r

air conditiorrcrs, lintl could pro(hl(x-' 23 tolrs of icc a rlal' -
thougii not one icc cul,rc.

All these have r,dded greatly 1,o the size al)d (lolnplioa-

tirxr of military airtrrtft. 'I'odly's fight,trr plane rney u'cigh

four times as mur:h as a rvar-time Spitfirc. And as thc
taxpayer oar) guess, the price has gorle up even more.

In view of thc tlomplcxitl' antl cotiscqucut costs u'hich

these problcms clictatc, it is surprising 1,o lincl a small

cor-rutry attempting to compe1,e. Ytlt, Ctlna,da, rvhich liad
previously desigrrcd only two types of fighters, may be

among i,hc leadt:rs. The'lororrto-built Avro Arrorv, which
has llrea,tly flou'n ovcr 1,000 rnph promises to be the most

aclvanccd aircraft in its class. \Vcighing about as much as

'lCA's 40-passerrgcr Viscount air liners, the Arrorv carries

only a pilot and a radar rta'r.iga1,or. 'lhe Arrow will launch
guided missiles from a cornpartrncttt larger than the bomll
bay of a w&r-time B-17 Superfortress. Armed u'ith these,

and polvered by t'*'o jet engines, each ils powerful as all
the engines of the "Quccn Mary", thc Arrolv should be

able t,o intercept bombers flying 12 miles up.

Thrl Arrow is a big aeroplane, with dart-shaped wings.

Sl'raped like the Greek letter Delta, the wings liave the

advantages of sr,l'ept witrgs, plus increascd stiffness (to
recluce twisting in flight) and storage capacity lor the

undcr-carriage and fuel.

The Arrow came into being six years ago rvhen Avro

cngineers suggosted a fighter 1,o mcct tlie tl'rreat of potential

enemy bornbers. l'hc Ii.C.A.F. clecided no fightcr on thc

drawing boards of friendly courrtrics could fill therir rreed

for arr intcrceptor which could fly at twice the specd of

sound, shoot dorvn bombers tt 75,000 fect and range oYer

Canatla's r,ast Northland. T']rcv anticipated that missiles

vgould not be sufficietrtlv rclia,ble by tlie time a fighter

coukl be in service, about 1960.

N{can*4rile, thc first Arrow is continuing its tests.

Engirrccrs are already planning to extend its specd beyond

Nilach 2, u,hich is fastcr than t,he ra1,e at which the earth

rotatcs. Such an aeroplane would be able to out-distance

the sun. An ,\rrow flying rvestlvard could l,akc-off from

Montreal a,t sunset atrd arrive at Yancouvcr itt mid-

afternoon of the same day.
But \4ach 2 is only thc beginning. X{issiles have already

flown at Mach 23, and speerds of Mnch 200 have bcen

measured in the laboratory. Later this year, an American

research aircraft, florvn by an intrepid airman rvho will
deserve the adjectivc, is expected to reach Nfach 5, or one

mile a second. It rvill be launched from a B-52 flying at

50,000 feet, arrd then rocket uprvard to a height of perhaps

160 miles. Then down it will plummet, like a fantastic

roller-coaster, to land on the \{uroc clesert. The entire

flight, from launching to landing, should take no more

than eight minutcs.


