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'<r?3 p'FK r



rttb steql: qlEtftilql wrr

.lb't ew'{{'rftfi< <il<rq cs€rdt-{ q1q q'a r fqGqa<

ctFrvttsils Rd< ,EaN *tutnqH< 0<q ErtE frrqq

,qr*tal qh | fies rta{rdr< cq?cbl qt{< frGil '{tql-<.l

qftmt 1R +qr6rc e+€ fifrra r FTs

Eb{tEqlv cr{|fr-{t q.t-q a q{ {Fq6a b"rfW qtkq r

frrfi qtRq eru?< fir< >r stf<{ r rq? <<+64
<t&"dd <vtl{ c<a qfkq qbts ,Etr r.q qt?q r btmr<
qrs q<fsn rt*ln ORfiA qlfrcq, 666alrq ffi
ql<rq-getrq cEta bR< t <tsls baqq< qtkq r {ks
q<B{ qt-'{r6ts bffi{ r b?EEfr< q('faR uct?; 6t-<.suf{

ilfd ft {Frq{ eR frrq......
"""TfE )l 6E'CSg ! TfE )q 6rr+s tUT

1qu fiu<q +R utfu T-{t }te< q<t €fr{ )t " Tb
{t{?Fr qtfrdd r flTs .ei )a. cu-crs 6rfd b<r"€

<ur4rs< Twq<< qt"ft\gfu ,4rFbt< TtTqI< qtT< |

Ftq< +<s <tqfis b6q blqd< r cs€ X}re cr 6EFFv

qrsr.lv bR u:l T.B [<q q&qr oRrq r ?$< Ftes

Nt{< cqf< 6<FE 6qtat< <tK 6o.imfm cq?ft{t< Tt<cq

"R"lTl 
qF1g {[faK qrfl q'at I

Tlqrq qr{tw b<a ca"tR t<q q'q t qfs an qI-II<

oKrq q'cqe qqt? qtRq Tq-Etfrs'tr{?-<ti q1a1frqrfi 
"

,qql E<q r btqs|-c< f"tw ,qEr< ct fa ?oieq'" "qbl o

qqa qurc qtat ?q fiq-< qfbr<i qtoHtq oqt qtR, qi-vc<tt<

6$rG c*Rtatto fteX< qfuqq ER fif<rs ilGv alrdl.
?Rfi< q<Ov qrqt EeF t"

rd cEr<t[qqK ftFzo< m? ,ifurtfro qbqt< r.fl cq?

fqa| ?Frft{ {q {q qHqz 
'tq "ffAfqq I qq{ qtr.6-{ E-{rl<

t)

qFFFtif

fte-€
q'tftE



tr ql4tfrrTfl eql

qr< qfrFfs UfoF Efq crfnl c+tcal bftE {tct|{ qre<

'edfiaR{ r fip-e 6€tnl qERt cs6rdTrs-{ cqt q:Tt{ft-{

etrubk oRcq qlRql a<1 qt'frE r :fre< 1ul {ta,{ !{tft
qta{< u"s-frqs< eefl f,qdtq;rc-{{ qG[ qtst{s qrs{ t{rt
oqfcble csfu-qlrlr[e itR bqR frfaq t

e?il< <fb.b qq'rq .nt*ql fit"f|+< Etd eil <1"t8

sR fr<h qt't{tfi.d t reGmtce qfi qrs *U o6'tfr
rr{ bsrr{ eR<?q I{ cqlarf, r cstF* "rc ftftr+?q

T< qt&q c<& | rtfus cs€c{tm u fi-e qts<{ qtFJs{

E-<ftfl qqF?. 
"t<Jfl-a{R refi oRrq t csdrcfco "Jf<-<l<

qlaw f{q< qtqqI<' oqft qql_{< aRcq Qo ua <FR-

crtrtFwfffi b<q uf<?e qtGrq l aV{ $n?F{ }e cs.6mfra

qftr| ql<s aR< a(krq r ftq c{4fr-{l <Etq qTqrq

rtRq l T?ts qqa stqffi +|{ ok< c{I<tRF r ttfurs

cs\6rqls qtq {q'q r fex-qF qrf?-6{t5tfisr{ Rqfqlte
qtRfuq; ftq fqfr{te' +.q s|q aQ'q t 6"re EIER-

cqtrtfrTt<{sm csGmf€ {cqq q{il{ qq{ 1R stR

eG et'q t

{tsft-6qtflfrrt<< qt1g Rqq q'rq'e <t?b s'tv-qrr foe
qgrq 6{r<t {Gq t cs€rdtro ftm-fqr< qR{tqgtc< ti<

r sT{E qtetdF r csdffii:o qiltrq 6<fq qqq?.qrr U;<

" {fb-{ "Kl e'q r cot<tfqfib qqr qR qtat"ts bR efffb

> *tqc<l 'orf\e q< mt-<trBte atfq atre qtqkq o{ts "ti<{q

.,e'n | )bos uqs cs\Ecqfrc ,lTt< t8 flaq "f{rg bR st<

"ttR&n | "r

))oc ure cs6mfcE faRfr-fi <tr< 'b<t<'"fftql <$

TfRqtq Frqtq qfrF, r cs\iffita< ofqRqk+ ?&rrsT



<ttb qpql: qtptfiqtqt qqr

ffeq+ wqb qto'(q aR<?E qraf heq t qro-{Eq

qtotQiqt{ {qts *r1G qtft ffi< <1t< qtoFr u'f?rEq

+f<atl-*t&te <{ ?q ?utRE I qFnotcf, TEffc<l qstz
qGQal r sq"tR co\Effifo< bet<df<.Tf srtrq arE +RK

lfqe qt t(rl eirl hQa I dGm nls-{lu efi re€-

cqlm rtrcq.ffrff{< Etfo{<( qtqro "r{tmtRotre 
qf<q rtFt

qrdQ-qr{?F{ bxG qtq{ Ef?<?a cubt u-qrce r

cq? qrqs ?brqt"r< cot<torat cqtco <t?bqrq<
qtfts qrtotft$q bsfl< aR<h cubt uot?ieq r ftq
<tbi stvq-T ?GwqT ?onqs qtE <tGfee cr cs6rqtr<

{qrr c{r<tFr rettnr q-rfl{ qtfuq r

sr< ftw qtnk+t ET+'R qf+'qil t<ffr cEt-"fiftrq

fBfsfrfr< bq.tRut< bxGq rt<(.t qtd{ er{H T-dts

<t?t qqrd tq< frq< ,efbsl Eqftd atc< eqt? qtfiq t

csdrEfr+ xot<< "r<l ffiE {Elqie qrc sfice I

;r,u E{s q<fs-q-$ srtrqRols ,a[< 0aqil< qt+?q

qt< qrtl e'q | ,4aFrds{ <tr< stl-Eoli gq{ 'K'""fK
eli['"el< "f<l qt\9R< qrfl q'q r q't+< cE cqq rfcq has
erd q<qFo b?qd<< q<q qJeq-qtEt? qoretco srtuf<s

qt+ nt ERrQq t cv6 qfb T{{< q|orft$q qd?t

ots[s Ruat "ttR s?Qq I catbtdte qtF.rK< fuW
qt&q ec$< qt{t<l ufb &qn r

qtsE qtotq${ uct? bteilr< qlrqa srq} qto{q

ok< "ttR&q I efq-{ cs\6 drts qE{ ff{q cd : qbl s

fiRb qqR q|ot r. bR ERRq r }<t< {t{crc- conn* ?itq
',rt{< c{ql iq qt+t rc fu ilkd t e<t{ Otq-{k< TrfiE

"f-{l e " " Tb €t<ft q qfi qlg qR 0R qtfeq t q<trfsv

Qe



Q8 qffrrt{r{r rq1

+-+tul cot*trflrbrcr qto.tqlqtr {qE Etrc qeb ?q w
<i<qfRo qftot< ( cqfi ) fafi Ecq | 4ra qcrf rt?b
sfvEs< qtf1r c<lqte qtsfre 

r

qt_{qtrcfr qtmRats q<fu b?e<.t<< qrtn ill-n? ,
{sEE1 cts oRibq r ftq eil A'{Bil< o.Rrq re\6< oFs
qtfl qRq r qql< ce{fsq rfa-< ,qq{ cq-{tRr{to ?q 0R
qtroftg cs6< Tt{qT< ,qretqR< cu?a fEFt Rts qtr
F-dE Tt{q{ {fr "fr< r q? q(b{ts rqefb< fqst's wr
sfi qfs oq<Gq eswr sttr ql<e qr I

q?e;rr <f?b vtgax< qrfifs {tF qtR<hr qRrq r

{<n}ra redrqt+< EGvt-< qle& frcq r {qfl< qfs
Tr,dkE|< cq-t< D<atr<A cs\i[dR< qj-snqtT< c"rrbt ffi-
<}q "rt"ffiF. 

qtRe r cs6rqlra {<< qtks T-<t oft-
fu<s srfE q<< fbs<v +<l qtotftqffi en{ffs
cEffi 61E1<ti ?q ate'l Q'q I

<t?b vtpn{ qvrs qrq-S{t, {q qfs ?.8 filffi
coto qtRq r cs\iraf{ b<"tf<Et< qr<{ts ?qtd {-e<-
sfm frqt WRq m qrst F<Etq qR<tRs ?rrq? {tfr
EE t frq qq< fiqr m csGmfto q<E fi{ ,er{.q[{ atq
eR< otctfoq | )b)t ETI eo 6{' otf?r{ bt?+ms
c<tutv VFt b?q<k< nvr e'dT r cs.6< nErcz ?i\flq q:F

vt<ft{ t& eRcq r

qEfu <t?b ht< fteTu1 {q {q< w]*? etip-q r cs6-
uX< wt{no ftGqo< cqb )q 6uras btt< qF{kbl qofEv

'1Far'A< l6xqr tRra,{ vaqt?q <ortsfas 6d?t ffi{t "tfrq r

re6< uT< qtflrc uf$-RrF{ qtRq, qbf?< "t<t qtr bfA*d
q1-otft<tav <x {q, qfft qffn oftNt? fi< "t<t ?'q I

t
"rl

l



qU ry{ ${ tr-rt r.

fi<tb fffi fiqtd mtd'K f{A< rr{Gq vR "rfo r

qfs c{ es f+ r

)isr E{< e, eE{ffr< fq* o"qs qTf[qK q<fucq

FIA-<tft< qtq-< et<1 G<-Rqt{ q'rE I

qretftqF< wrsq-{< exs frfifft orr& fr<qft r

qDl *g{ Tt< TIrl
<t?D vtgqr{ stotfrqHE qtf?etc< qfqz-rqvf{

,q{&s eDt rga lrtE q?sf(.fl oRn r rerirqf{-< jmq

b<rq qtotftqf{< <izqtRo ,qrrtri< dq{ qsffir q?Fr

1or? oRra r <llB qq{< stfir qt<l qAEtRs k <qcsl
br,nfr cqko qtotftqraq ba&< oRcq bb {R
qt6tq r cs\irqrs qq[Frfr< brqu qtfu-qfqo c<il qtp
c<& e"n<ft <rf< qR<tq fllbs <|-{ "R qf+tQrtq

firdtq q<t r

e? Offius 0t*n ?a )bas E:ru <t&q< uritu.Evb
q?r-{ qFtqqr{s bb l) curess io " atq [< {K "ttRfeq r

r.a1q6e aHE qH qstfrtrs )b"tsE-{e re€{ .qr{tfl'*
qtq< R{r{{ro- Ufi 6etk{ catfn e{t?q
clt ero s{<(s wts< cq<l rrf<cq-{

worQtt.dr< <ts< {T< oml mEqfq
?'t <o6 e6t aK I ArR f{qrv cvri
flta q< bR qt<l.a qqd kFe-n r

)D.D Fr qtsE c<h u?<e Rq< eq{ fun-qfrfi

{fB qrts{ sc< I

cqlql €w cqire

:\et :rtia (<
.srs-<|<cs si



I

is ql-{rftTt-fl Tq1

. q, (.q'aT$s ?il r qt w{St-{< na wro{l qtQq qtotftTtffi
otRr<at eGmtFrst r q€* ec ?rr qffifutn q?

,afrrrqt q(.f ,qq{ +f?frq r q? efumtfrrctg
cq qffre 6s6< 

"t'r's{ 
rt?*t<' {1-q( qtstftft{K q+tq'

sc rt?E?o qt<t.T q{*f mq-{ r

m? q{Trs ef+< q? csRqb rtv< qq{ afbfrrk<
T{'GF frdt"ts Rrqqsfta erruh D-qtaRd I csa-{t?tFl

r{'rfr{ a1G csQ q€sffi ?qftq r ftqs >t.r u{s re€
qqa la'rfr*r< el frRB q{rs 1q fl?e ftqq trGe
E"tfft "ff< {<?e qq?f q{ r cgf?rF< q? q:rRfro ofdi?
ctteb? fEtro uto arrttcq r ol-<"1 .e?.tc{t .*{tF{ q{E
E6eFrt< Errtt<l qts, qT,q< e"tc<fr "ff< ?q 6q|<l E{5r
qrEpflqF 

I

)b)o wu E? otlqtn qs{< et<l ttrubf<h )eo

$aq <tb rs qbts?es Eq qq-{s oryGqq ofi 'qer
cs?ft 6{?q' etn-s qfs sr< | cqa ero {q:rcg re€ ett-s

qs {taq 'bru"-t?q qfr<Rq oi< <oG EGfi ar< |

qtotfrqtrac< (E ,q{.t( qfq ebt ,4rubt ar( qlrqRoFr

@1gtk,:wlrq?q- cEfqtr< r csd )))) E{e- qfotqlqfr{r<

sr fnqs ctr$i qftqfiot l@<fe ,q{61 +R&q r qt
F{re reri co <'t{ qtfi<afifl ?qRE .qfs :c El-< qlfr-s

" f<q& qGfQE 
r

qrl ofi brc {<.'tE {q qfq srtft qtRqt< 6{f{t<
tpqs qf$tfu{< {rGrfie fifD qtR<?q ERre | )b)e
ulv .4{d.F-{tfi fffitr{ qslv :tc qf?q "Ifi-s qR "|.tRFq r

tgt< f{qs ,a<r fitlas qtot.tlqh< <Nqfrx fu<
€fmtrt< ag-r ft.t loii oRm I qen filT5< Pte< "t<l



,eDl Ty{ 1ltl qETi rl
q1-q1.r\t{< otRo<l fhfi <qq baG qtf?s qs qrc a$<
{t-{qtfus eev 1ft 46 , )b)n ure fUot<or-Gfi +tl<
.e?tq qtftq f<q[{ fib+tbeme, "fg'41-q "rff? h >s qSts
qtffiFo nql-{trK{ \e"tr<ft :rv, qlq (< q&Eq oK r

qroHlqt{< rtGz<t nk aw$ arel aret ul-+ qts
qta 

"tR<aq< oHo lst< esq EfG {'q I b)br E;tE
qffiRofs f{{filt sto-frqf-fi EEifi qRs qg r ?T|<
Ftqs )blg Ele- qtrqRok q{{ hu-+fqfl< f<qt*
.4etl{fc< at-{rq ?FR tReqq ER q{f{ FrqrsA Rdrqt{l
{q-{k<t{< qlFr qxt Q'q r @fftrcr ?fefft< ffiq 6q..ts
qr+tftqrdm st-{ qts tld o$e<tcbr eil {tfi{.l
e{E qR{E da r qf+tfrqfti6 qtwqfmfr-q qk{?a<

"tte qetq ?q qk{ 
r



qtqtftqtr c+r*to br<

qtfq {rq s<t litzhao co?<t q qf?-d e"t<}cro
<lqrzr WzR qte | ?Affu efs."h <srzt ,.s? {T-{rt<s
VE ?rt qte r <1{. ETw:s co?<tfir<r fo,-t fE c{e?r
q{O r ..lt <q:z 1fafzl< ztqsrs (s< e"t-<zst DTet q
ciul fr qtrq | <1q< c? Dt"r <t ciut 1fQfu bqRs.H<
eG <rf lfus )8.e "t0e r Tfqa< ql€<fc< €eK
q({s TtqJ Et"t qtbt?sie c<& orf+ frqtff e,r<}q
6qtal Rt{, frltrq e? Ftete oft {t*t <.lqq EtrFr
stsqrc of<c"t? qfEtft<trq bf?< "ltre r

qtco\ lRrilm ?rr< set<s crrt ,E[sia cwo fiq<
co-q< +.lrq qb Td< ( Force ) c{txs btR qfcq r .s?

<aCo 1Ftzl< qt{il{,{q <q ( Gravity i 6<tq1 ex I qtqfi+(q
<ar< q"t-srs? qorql <v Ji<z)< et<E et<l qtslt cqtrstzto
?< qtrq | {q< €s;r< ot-<r ?'q qA fluto{q <E I

" Tft[q 6{"rre xt}o cqft 0<t< c,et-<"ll "fl?iee qE], lsq
qtoftqtq :r.tT?< l*$- f,ror ogt?-{ r qtctftsfa xrE<
qrts frfrm, ftg xt?Rqtco qcof?|l qlag srrorftqfq

tii E's "rfR r at<q u<tt< cnq, csbol s{tfr €rrstc?
?sir<"t m orr+tfiqr{< q$ftRqto <a-"rrfu< aT\ 6szE

e? qr'-,Esrqr<r<< q?tws? oR< "ttc< r uct?< ur< eqrdl
<< q{ qfs AF.re cksr< q'tfo w f? e"r<?q b<r flRq {f6< |



stq c+fqfq' trl 15

( {T< "t-{l €"t-{h bfr qro|c"r&

. {Rql q'q aTR Gqr r qrtrrc ft-d<
i_, Rg, 6q1;4fo1ortf? qt&d ,<lTy-?T qX {f{' r q} qf{r<kv

\ qt-r9tr.sr< cq.rlrt aX cae <i4{|< GTt ked r cql+t<(.l
€t {Hrilr< il{s q{trtr{ siR TR{ "ltR&q r fEe
frGr qq-ntGr< Lqi:E q'rtfrE q'|q'fft{td €rrq< sq-{ T{
nE r wds 1Frfra qrqlta{q <n ?*o c<& mtr<r< il?
qttce r qBc+ qtotftqtq{F e? ntuffiq q-{sto c<fQ
{dT efrrtrt oRmp qfbE <fcsf{ eFi qtotfi {Rh ORqk 

"tfRs r qtotfrtfq{q qlfio(q <Fr cu_at? sq<h
bbF fr$ Eano Orq|qo <6T <1 

,fir$, ( Lift ) mtar ?R r

r_ a-_ Scvrra 1,il ^

qt+tfiqtrr e'frs fsfb{ {erl eg.tq

qt$tft{h< 6sc-s e? bcoHo rd Ra q{cq Oc,"fff sft<
"ttR:

)l
tff<rq
{ITAl{(

csbor<

,aarc<

I
F

qt$tftqta< cuo+t< sqst t< <t-n< il"t qk
ql bcs|ao <a q0 E{ | ?Wo oRq<
{|\9- cubot q{{ ,eL{otc? qc{tal e|tro

{q{vta f;te< v-frtslo qq"t €ei<s
6s0ofa flT{*l {t< qqw< a{s rt{tif.tcs

'J

ofr<

ETK

{tCs
AITtrF I

e<1



ql+ffiht{t Tetl

s foe) c+lq <-<t?o a(rttrl qx r qt
( Angle of Incidence ) mfal ?T

c{{- <tt< fitrs q[{{{< cuOot<
qi ut"{< rFEs ql{qi{< nb Orcros <dE

cot"tro qtetEa

t ql qt"tst
sqg Ef{ f}-m

6Stq

c€t"t?r

qt+
,EIT + q(rt e||-{ |

r. I qtaffu{( csbot< €"r{ fiq( il{< Et t €{
oRm <tfi: sr(rf bretdo <d be,"t-{ {T r frq6-<q-<E
?< qo woftrF q?Fr< srq-s9r[< rt{(< D.f"t f? {tro r

fte e? u'tet t1.fffd< sa ot-rrg?o set< Ffrf, a{ | *ffiql
Tf{1t-*r EFIB lmrqts e? ut"t qr+ ofr rtr ( rt(r+ft<
Tq*)r

frqtd3q.-N '.qrorftqlin bct< qtrfrs frequ orfu
s'k<Fq uot< qdqu ufh qF r q?ft< ufi mt-<fco ,cbRi,

( Taxiirrg ) c<fql qx r en?o uR cqt<k +re qHq:r<

smt-re?E eot<q qq< Et"t ofi qF{ r q1-q qb.t qr_qs

?Fffu rtqit€{q <E 6u<ta qH?rq et<?q bb qtr r e?kc<
bb mrafre 6b'T-qF.' ( Take off ) c<fql ?T r qf-{tq
qfaH< TTs fr wzqtu bR qa qz?fco ,6qcv-q fiabl
( Level flight ) c<H qx r

'* <t<ralqlTtQ:-:e:b E{s Rirvq{ <t<rq}q1 {tT{ qq{

'tft,swt qbt qs tfqilikq r qt qqcro- cEtrql +qls:rfrwft arg
<i c'rq il "ff-fi "r'rq clt "fqtdrstrs iql ['TE{ f}s<s r{rr{
'ut'f ffr-q r loe "tftdrqt<< lfBrqt cqE E'r{ clt D-f"1.r

tf?ctl Efi sh r cltRr< cotrrt qfllt "fcTd <t qt{ ?n qld
c'tgi{ ckqf-? (sfr{l <v (qt(iri qf{rtt f['m\e ss6]q €"t<s
Gv tt.f'rq{{ ET"f Tr{ | ufr q+t qtotft {|{ q{Tr+.I TttT
qtrqfi rfirtt fiil ebt <v 1fr rR qs ttf? r clt 'rfuo
uqs qtTtTlsI{{T< s"l<s rt{q utt +l?o "trl r
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a\ (totflqtql +tl

<t{< qqq qfs {H< ot&<t <1 {Ef.q-fi5< 5tfur<tt qrqR

breW+ <Er( sfN{I qcb r {l{< {de frltcq nfr {q,

frrrrd brctEo <dr€ <1r.r r wqfftT|rq <1 s|{.q'ts?[

rtGr.<rt frqtrr <1r.F. ftntn breHa <aTe Tk "t|g r rtfe-{-

b{ktr<e bretq-s rE strta qt ent? qrfld e"r<?q a
sqh fr{ ttR r

qt{Tta{q <q qr U^rc'tarc cq< O"tRe qt+ qA <rq

qt+ftqFr< o<qp 4vta caFr|q r cqa qil ?'a-
ofotq, <aT <1 '6gdr' ( Drag ) qf+ qd<q { 'ttb'
( Thrust ) t

{ffu i tVR qt€re Tl{? 'qqrd cqr+?o "rtft< i"rqt il{
"f|g, fr+ cqAF[< qq< Tluqfr bR qtr€rs qffiq €elt;ts

{{< "Kl qt{l 'ftT r <t{3 .q? Ttqta et"stq <q <l 'rg{' c{|.ary t

rtRr'+ {ld$r qteata qt{< <Fr<[q q? "t-otq <at o.fl-<

atftq r

qtR c?ficql c{ rf{s bR Wt uct?, qrah q 1PR

T<l rtq qfft< 66q< crctd fiftb qFG qlrB r e?

Rc-tq qFG< e1r<t >fr.v <t-1s <'l "fffts w+l-cq

fiNq oR< {fc< r {fltr of< cq'?tl ?utre R
aqfoffi<, qftn a csn {<{< f?uo "rttfu. aqr<f<.

gt6 {ttt-{ qGgq o<ts qR{tq-{a {qr r et <smt<

- {t-TS qtcqG "tt<h qtets fi{s< FtEFtrq {q< cqts$

urE?*sr< t0 q* | Farc Tqr{t<a fiffrb fr"tg qfulfu
ofr fi< c{t?'tR r ttGr+ qroftqF< {q tttcbt qR qbt

Raqq qtTfrE ?sqt< €{l qr ( Streamlining ) <f6o

<q< e? "r-ut< qfcqrqd {{ qr qt+ ? <tq< qt[6ft

qtdit{qca flfu qR{ 
"ffm t fto cqfur< qtotfuR<



ql_fFfcfi rErq?+ tR ep

cubat qelrTl {t{< 'Fil u|-1fi!g?s +q <tq1 6"ltat?s fu{r
qrfGs ( Streamlined ) ffiq qO qq r

qfatfu;rq ttfus <t{< <t{t Tfla ?nf+ qtrt fut?
fr{( Et<rq qt+ qbt <i<{l sEt {{ | {f-{{f{E qT{vt5lE

ErelEk ( Propeller ) atl-< ,afEq "ftF{ et-€l ffi qfo 
r

eir.'lFrf{< "fff{ qfi qr{ qrtTGs ?sxtft R a 6qtr<c<

1fto <t{< cnts rf{qd< q{< 'Fil ffid <<h {K I

fut< eGfun| q<rq <l{< mtg-{ fitfrs ftqs qtq ebl
<E bq"H {T | ,e? (qs srol-{d <l ,ttb' c{t6Tl {T I

g'ofi6q "tFr{tq eFutq aEs?+ c<& q'rE? ,qfofffqrqq
rt{< etrqft qrteafA .TF r ffitnt cstmt qlffiqtdu
etrqq1-<< ffiR cqb Et <:+b ?Gr <i<tt< qRe e?
q,qTq bqqa E-<t T{ |

-62

z- f[ .fgF,C.f 6ff,6f

qT1s-{ (Tt.l'qtT qtq'c.l rcT"l u'

srrctq}qt-q< {q {tBr csbot R{{ fn 6d.ts (qt"Foq
(aTq ) q[rttd er, cqQ 6otq qore- '€rol qttro r frgqia
firql {E*r firhsrt et cot.t< qR<€q q.{ | fus csoot
qf+ {t{mtE< fut< qfqq cqf.trBl qfd?F{< q{q-strt s"tE?q

\9



trffiq1-a{ qq

{ sqtq cqt?t< E[{ q[tl rqft qq r csb€| qt+ {t{-
6flv{ flaq< qtq< e? 6€t{a qfq{q crtq ( Angle ot

Attack ) cqtql q{ ,s? qtq{q 6Etq c<& q'rE abt

qbil qfr "ttn : ;,
(: ) qfh qRd't?t rlXr{ csboR w'Ptre tfr-

sa6 *.qs q? qi.ts <tt< ctul c<R q* ; qt-+

( q ) Ettr< qf-{{T{ q1{ft cqfr E{ {< f{ q'fk{
qil 6d?r< Ef<[q {tqffits{ c{tt <tcE I st< Fqs 65b<Fr{

eeii5o ilq< ut"t OCI t

lRrco cq?tl {tT ({ qt4lq 6Qt"l Cq[q q'm qt{q4<

orqtqo ?Fre Ifr "ttx r fte qlis{q 6s't6l qr.Ef{tc<l

eA fifl q'[q I ? "g n& sts< {m <1T. qffi{<

w{fE rtfgsk? << c{t-.€Rl {T I Fls ql-{rtffi €"t<ts

qrq1frs h agfs qt<Rq qds Et{ frm t

futdcatb< '{{f<s qqffqtq ufr qf< ( cbRr ) +fcq
qal E-d frfqb ei{ attca r q? ctat<n '<11eR' (Runway )

c<tcTl q* r ftq qt't ql srt slet qtR{< Elqcq 6{Gfts

{aqK et<(t cr\R stReqftfl {s, curr?o e"tE?a bfffi
E1-qn qr+tftrtne <t1eFG e"rc<ft aqqr uft wtk< E'fu
q"s I eqa Rqt{ @s c<rts bRe< Ewrq a$< 'cbQ-

qq.' d qt[Etq.ts qs {< etft<; qt+ e? qs qtGlt{qK

, t|<q ?lt< <qec<e {rqb fiqq q'q qffiq r qt& ftR
qE{< qt{?ara e,ooo ED qlva <tlec<? q[qb qtfu r

fu <qm sts< ets< 6qb Rqtqc<t<o 4t{ ) o aqt<

fr flq q6eri( etmfqd qr I

xftrrs vts< vts< Rqtqcobr+<s q[€rcrt €[sl
frqr{ Eqtuq oR< E.r<cq <qrcl bt?< r<+t< qq t q?F TF



.rfEtiTr fi'rqtf tK
E{<reI{E bxs "tqR fr{tq +[<E cqRRt< Et<cq cqAril<

hA fiqtq uqtuE{ et<l ufu" qu r cqt ot<cq Rctfi-
q+rq qdh{< "Rl qiftq qtmt{tr ( Shorr take off )

\qt<l ws'tfft Rqn ffiq aR<tq oh uila WEq r

:b8{ Eqs .s{{ qA{ cqfqofR< qtRsft< qtr<tqq so
cRme tst< cqfl qtRa qB oq r cqfrotftK 

-FE t
or ai< "r<i bR qR "ttr< {r, fre tTK flfur<a
cstrr? +l r

))c o ur< Fw qa {<.t< ag frrtr sqls r qfrqe
bqq qtnR.l qf$ q?s<6t ( Vertical Take off and

Landing <l u$o VTOL ) qte qffiq+ xfts qfisfqq

( Short Take off and Landing (l r*o STOL )
6<tql q{ | VTOL fiqt{s ,4rohk< bs"ta ail q€tqar

{ 'EtD'qukrt fuw {{-qu v'fcrt TF{{ e{<?q <l

sq}q FKr qf+ ffir stcrr ?rto qtq<fA Rrs r

STOL f<ltqRqt+ VTOLsfs qFTq ffE c<raTrt I

blET-d u' vful TlT. "tREeqs <6TH STOL Rqtq {.aAs
Rrq t tr$ q$ {flV.{t<s eo <lq-cfRqqrs bgto elrqtut
s<l ?ere I



qrtrftrh< r{furq$Hn{
Li

qffiaqtffi {E ufffita 'ftbffie'( Fuselage ) ntct

{S I q? qiqs qf;K 61q4, qffi qtft <qt< qRq| q|{

q|r-<\t €({t< <K{l qtrs | 'aqfqfi{t{ <1 cqqr+K aE

orq" .q? qi"tcbl ?srt< sd q{ r utcbt< {X{e-turc dtfr{1

( ior. ) qls fle< qi"K ta ( Tait ) 6<1F11 ql r fi6R

dt"dbtq \srFFT <[I\sf<

-*./

. q16ftql_{< ftfix qr{T{{

qq{g^trls csool qfi qltft<l ettrs I qx {tqc<

qb- csbal qqffi \B"Rslq cqr< c{l<l qrs sEq'rq

I



\" wqrirrFfr frfu v<ta1r rt
\F+\P cvba Qfi Xn rftcbt< E ts qt"tw 6{'f.t T{fu

q'F8{a-q vk{ hr{r<t qr I vtw utu< qqe{?c
cstsqt< ftlgqs ?Erq ( Fuel ) <an qtqt< ( Tank ) qtcc 

r

\c+?fiAte ?fuq omr frfids qtrc\ csfu-sr Fqs ?fir*
<etl er I A<.FolrlE Tds rEfrq< Tk(.f 6sbTl q{{
frqftqtr d ?Ga< g.f6ln< f<q ofr <ql {r I

csbffi.Fr< qeu f"Eotra qbt Tql ETcrft?t #o q,+
eijcr I q? qi{ qbf{ 'qfur1q4'-1 Aileron ) cq|Et {T r

<r{E EI6Tr+ qr-fq Ee< tTdqs qt qiq qbt w e'R cR<

'ftK I qa(qrg qr{l rr{?l{ qrstqtcs ?et qryR eTft{t
eR< qtR r qH{-r ffi cprfrct .rRe< ofrq qq<

{?lTE oitTt'r{ qaffi<r.H qtG fr$ t{ qr$ $'+{rtFT

af,fffl ERqq ot<cq Et€rt+< e?r{"<d?H n|G ftl| q{ |

etrK{ st+ fqfuqzqs< qtqs qF eA r51 EHr{l
qi{ effrs r ?lto 6met- ( Flap ) c<fc'l qq r qt{a{q rtF?q

rqt-< q{Tcsb ffieFf c<R Etq affrs I srzwt<r qq{E

,q1affi qAqR "ffii <a qt+ fET.b <ut? qhqq-< r&-
6<{ q;qf{rg ffi TQstrd atK< {tK trt <r{{r< a?il

{{r
qtotftqf{E "IFsttls ctsl fitl qt+ "teffR qifiRa

q[aq[{ 'clFfr+e' ( Empennage ) catu{t T{ I q}

"ri-f6t Qef[rt ftqe r qt{sFfo '6bfrqtAq'f<'( Stabiliser ).
c{t(q Ets e? qr{a {r{?l;r< fisl <41 E-qts {{r{ Er< r

,1p6fut<< Ftastrq et?Fl @l 4rrft?l qi"t qbt< ftr
qiqff{ c{tql e-q. ef{{h q1 ,<ts6' ( Rudder ) qi.n

{?ffh qiqfrc cEH {T ffid-{ El 'arqrcb{'
( Elevator ) t



qtrtftr|{l r{1
. <tst<E ofq ile< FFE[< fiFil t qtq ftqt< c${s

<t\i{'trq {l cq'tFfm 1R< ef?rl-< qr< ffico 6"|r5fi
q{HE Elvl-<rta amx oR qt{sr. eftxtq'{ "raqR 6{"tstF

a q-t6s'ke TilA fqq "ftm t ufmo ,sqtd Fsi {?trv,
ffien r<r< ofi qFelq ?q'Frc e"r<k <t vqh
fi< "rtr< t

{tffi< qtA\v frx-qq ru qts c'frsn {tre r qi
nertar< rttqs .qacq<{ uts f5a6sla filEq qEl qq t

qaEt6r cq"fQ'fcE <1 <tdqtrc cqqft{t +Rrq {t{?tq€

cq"lstra{ <1 d€FtcE cqqftil qr r qto\ reqfd qtrt?a d
ffi'q dfr frrq rr{qT{ tqrv-b<fi qquq h rgut't
s# Tl e"r<h bb qr{ r 6'fcsil< qQ1-Ts <lst<

frreq T<1 q{ |

qr+tftqtr< lX<< rebotu { {tFrotg qotft$ efr."tst<

<l 'qrt<t A'( Air screw ) q(tffd $ro t E["|aTFls

qu<tx q{{tE "ttf?l ( Blade ) qro I Ecq-4t<k{tcr

il{k.rcs utcg frfibv i o o o <f<?o {?< {fr< r .q?

T(tr qt<l q€RE <1 'gb'r bq"l* qr I <ql Eql +tb

( Ash, Walnut <1 Pine ), aleXflRnta +t cltaG$q-{
qwl {t9r< ( Alloy ) E1't61t< ?sxf< o<t Qq I efcaf'rk

lRn qF{r< qg< e6l f;lqcq Etqq ts <<h tr< srt-+

rfr cqtq< E&fbfl q<c"t 'ttb" <1 qd<q bq"[x er r

qtT.|ftTrfi err""fdr< 5t< ret<rq qftq< TtiqT_qs

st"f+-q qrrf<ta cubt Ec-"Tt<l hfqq r wtlfio qtaRrf{E

cqrfrtq lf,.qq qrrftzl er I e? ?Ga qtq|<q $<-'rtsk
?Gr< nr<?, rtq qq"fte c{Frrt r e? tGqo qtcflrg

G[qE <I<q't< oa hfiE r <6q|* q? ?Ba,s 'qfrr-cma

t-.l



\" qt+tftqtrr Rfbt qrqrrTq €,
Y."13' fqm' <'utt< a*' qr I sftqics "tE{tl {F< ?tE1

qtotiqtr uqtq "rd e'< 1R w.n T-<l ?qrq r

qffiqqh qrsFrs bR qro qrrs a{R Ercl-s qts
ifrqtqcatS< qtq€ qrt,il-< qsl trd{E q(Rttt {tre t

foa qt{q-ft"tvi Q'm ufqrs rtF{ firqq ceqlq q(r+s

{ha €r ffi< "nm r sq"tR qffifurc 'c"r<tE6'

( Parachute ) qfq< qf<q qtfu qfca t fi{ffi q<qts

e? c"RUW< q"ffa q+ qR cqt<l qq t rF?td qtstqg

0R arot q<qtg fu q{Bq1 qftq utqo qt+ qtdrq

e? c"ntqb ba q'f;tat? f?rl r qEs 6"KEbk{ra 6{q qtb

'fK qts qrxq csfgfl qFtrt6{ qtFs lfr{R fir< I

b<s qtotft{r{ q{{ {r0?E aqffir q:{r[sl Dlqrs

qB{b qR{F{vl q({t.{ +R<qftfl € | Eatcn Er{ca

?fbq-{ ut& E*l fq fti:< <ln se}q rtfq qTre t {t6
c"fR< qq{ qtrlcsE irq[sb<< tt lls ff{an qrft<

q{rsil{ q-<qth stR ma$fi{ €eFrrg- bR qtc+ 
r

st< ptqs wpt s"tq{gt?a s-dq,trq eFFl Es|< {?tTE

t{3ta fl-<qtffi< TtG -t{ +rs w$ fte6 il{€r{<
e"tmfr ufq ?ti ebl flrs ?< qH r

{q ws(*r T.t([q TH{{< qrK q? E-s'l qts

fitqe|{< u-Et? qrc {qnco qtG -'f{ qR< qfcA ( Three

point Landing ) r uotq cEo btR utqrE ltGs rF{-{<"
{&r<rt +qfq "tfc< | <qs[<s srtotft<fa< cq\< qqr{{
qKcq EtEr+ qR{ 1G <vt< f<t<}cs rt-{f{< q<s<q

q<tq r qt6u rkTfcv {trE qtietr{ 6qfsr{ 6{t{, st< <tK

uEts fu{ q{fi bffi< Er"ttal qr ql-s {f{<'sEFtFl
Rr.tq qxrql qd {tr+ r



cefradrn aql
cqFr+fi<s sr+tRqRq qr< csOet q{{ f{<uft<

qbfAv cctR crctfrc r crfrofr<< {q< €etir$fFt frsl.
ql-$ 'ttvq nrf<< $rmn csbEt {tr+ r q? atR q{r*
,tqtft q<tts qf< qtft {tdq{ qr{tqE ffi <rcq r

6rtr{l crtfil rrfroft<s q{i:E qm 1fi-*r'ta csbO qtrc |

eFrsftr< crtrth, Fteh, sqh d s'r<}q qt-+ totrq
frrEq ?qtqrc qqt-c{tzrl oR< "rtm r ?tto qfsf"f{ lTE
ers tttcs bqtt <tFr(e "ttf? r cqfioft<o filr+< qr<

blt-qqt +Ra< Tr<cq <?q elclt< qrrs <[-qsR cfidrt;
q& qt{t<"t qt+ Er Stbs a bS( qfs ilft< ottr< t

rrq fu{ ftq qtfir q'q1 TR{ {tRF? qq r efrr€'tr{
{tfrs f.qG qbrqe ? fr<t"rcq w?E c"ttn c"itnr qtft
qtR< "tfr< t

cqh-+fK{ rt&r<l {{ T{ r t orcv qG qbts : "'<
,rd )r o qt?-qh6q rt< "tk< r qG dlRo ceFr+fn-

{fi€ qfits e o o Tt?q< c<fr qF c{t<k< r c<fts't:t

czfrEftc<t qrsr€ T{ rtiF, qE ,4q'd{ eKl utRq-{

{t-6trq rf< {tc<; ftRqtq sts< 6{Rcffc< t"< 4<l eo

qh4c-s qEf ft< "f|m t qfls )t bffir{ eqq tq Lqcrt<;t

<qfu$fitK )o,oo' TF mfe e"Ktq bbE cqRfcE r ftq
E ls cetctl €q{ cae[frffi a eo,o o' gbn| qfto
vs"r<h b6< qtr< r

eFrc6r<< 1{'nlta 6sbot< ttFffir{ qtotQql-*rr

qcqaTr{< qr< Ttq sr< qts a frT.b qrs

Uq"[* sK I cvbEt< T<q fiRbs (too {t-<qt{
xrb'

q'rEa



cqltr.bt{a {fr
rrfh bb qmrq?q qtE qfq r cubvtr "ni\ {ilfurd
lRm qtdcF{ 6'ttc{ 6'115q c'f<h tCI qf{ t "ttR< qr{q
w ( Plane ) qRda qfr, q{< tqta qqq rwrfrrnum

{R.ha krna qrfiq qtdln d ffiq qF 
"ttc< I

qlst+qt*' rr<? eqffitq qf-a;6 ?iBtrq€ q{E

t<0 r )8re Ec\ra ffii F1 &frn efratr{{
crrq}fl eRq qtEtfufi \fift t6sr{ efikq I }trg
E{E rrqrfi fierftqocq otqrr,ts EFfrq ,eRq qteT{

qa<F?{-18 qfq eBl ofift ?sltE ro3 r qt qtfrftg qstq

. ftqe< {{tr6 xttE "nR T;{td ?qfu r ffl< "ttf{
cqQbr {q'tfqlo lkca? c'rr6? <qFE<h el<bq bR

hGn r )nq Ets afifrq .e1fut +<rqfrFK'{ .q{{

ste|+q afrs cqmt< bqst< qR&q r ei qrrr.lcd 8 "
qb c"f<fam i{tnttl oft ,zfF t" 6ufa,e qI{ vtR
dfqq r

<t?b utgEm qtotftqtT{ q'tft q-lr6 q{Ir{ qrfcs

cqFrqtn< frqffie "Rn| ffiet DfiAfu I ;roo EE
cqfirfl cotprtm qffi{ ffiqs ?wt{ts1 qts qRn,

csfu$ €csn qtfur€ T{tNr{ csbot qrct aH ffit{
{rbG EG qtFtq t stf< Ft q?Fref ))"j FIE etrt{

EA c<erst rt*t qse ffirrs q{{ q-{{ G{fr{trtg
qtk<Fd qqd tg r reri cq? 6qfr+6RsrE qq1 qlq{c

bbt? Gr< "rtRfui qfrs {tq?FK rtk{ qfi qes qtkq r

Tff$rn osgon qtc{rd<c{t< ftE qfrrk.r ES TEq
))le Er\u {ffi e q1 fE{q ilq< r-{T{ ,es{ 6qfrs I

cg'6 q$s eft,FTt< qts \eeFrs Ttr'{qt{ csbd et?Fl

,s?Fr ff{ fffitq +r< I ql {HfiT qrtmr.il ( Autogiro )



8l qfrffu{lrfl
d rfiemfrfr{ ( Gyroplane ) cEfqt ?qfeq r frq Fw
hs qfiK cqREft< €qrru ffir*am <Kt< Efr q|-r r

uV{ r.m< csR<' $tcq ot{tfr< crtrRl q qfs
qtnfrot< ?ltE Go<furq ( q€< qa <tfus ) fir6<ntr-
stca ,e?F afrs€tE frfiq Em r et Tt{{n ))81 DN
cett+ .4ffie< {tcE 6nfir e"tnfr 0R qt<?q {Td qq r

?*tEc ftqs ft6tr f<qTse {tqfu< c<Gr+6r< FB
<tqtqts er qfre ffiRrR Xq-{ Aq< "Fil t{< q?
bcutrot ett qR bd r

, ctfrEfR rt{t"trs bq't< at{is <r<et< <F{l e{ r qfq.

<Ffi qtE cqfat<t q'fr btas 6rtnl qRq Rtqs "tRn
rqfaeffff{ cq? hA< qtffirs qra trts b<r? cR
rr6h € qt atsf qtft qqtt ftrr qr I mt <fu
qR d qtsls bb qF{ fi<ft tFtd qtR{ ertr< r q?

"mfrN< 
qtrR, qf{ q<6tl, "tRf{ Wfrs Onf<om brqRl {T I

TFks Wrdfuft[r <"ffTN q{rqq QEtc<, qg-'t'et,

{fu.(s qtfr qBrt<< at<cq cqfusff< <K{t-< ar< |

ffia,p-q qhq qf@rq oR< oRrq cqfu+6t< tr{l
b@ q<txlq er<Rl Qr | -f@-efq4 {ffifq fr<5q
TR{t< sRc"te akqft< <r<{-< a-<l {g I

. rfqtRq Eraarc cqfurfn q{R{ffiJ'l EstRs Efc6,

"qifEr <T6tfC(Tq, qE R1e<t, tR-or{is t{rc <R{r< s<]
qri sts< sts< Et<c{t<s "{fo qfrurr< efu{trRs
bfi <rsrc {|q-qtfl< q6{r qtft< {(<tq {iq'{ qr< r cqfr-
E6tr<n stTT{< Etmr eFil frffi-cqtbfq sf{ offi w+t

{{ | c{ta1 mfr{l afis trF trF il<n ntqs Trql-
qfr<qr{ qt<(q aea"bK< ,4FT{ etcq r

I



6qb f<qtr : ebl {g{ firt

csb "tRutil{r t'nq<q : 1tv, cT1+, qtsustsiJ qtv rrab

.qil TA? <{ cfit{( {.1.t{ *tfr fh qrrt aT(rt .qR

ftrq t bR ?tt Tqs E(s qnlE I eR,l q'6T, c<-tq6R
fsq{< q<t qtqRrfi t< c<c"fn qtR< reafA wqf< +es rlq(
'tfG-{ fr"tfls frig qbt ql "tRqt{< lq bqqa ?qJ
cq? <cE c<Erfte 6str<r< b<tb ?q rrr | .

qfiq qlsu.Etfr ftfi<?E caftzt {t{, f,{rqr€
qrrt? frffi mberq Eqg 6lq eqktq {Gr I qrrf

<sfi c{flq aqt$<t< \emt?k Rqfts fr"rc gR<*
qr< qt+ eh Tfis c?te €r{t<l cq E n? <qfte }q o; ,

e? qr< c{tmt rq< &sr{ "rd <L{ <l ql-q clels

qA

4[rt



88 qtal.fJqt4q TqFl

qdd; qfrqt <q 'qtii qdrafr {rqtn eqtt qd< '
ws fr"t-fro atm qq(br{ ft qq{Fb {T, wo 'csb

4fuEH' ( Jet Propulsion ) c<tat E{ | rqb 4fiutat{<
bqtq{.I <{rcl qtp r nlv- qtn< efiq flor<Jq c{tqq

fufus eEt Tft qrtq | ?.rrs cqqE c"tfr aiTGs +f?

cqt qal< qar{s "nff< cq'B bkirt? srel-cqt.t TR l

cq'B etfirut-q-{< qt<t qrab Bc<Rl atfi <q flSfq

ofqrd q<t uR s{tfrrq r r'. slrs Erlntrqfu-st< ftr<r<
.sil <rcD qtfq brF cq{<Efqd r s't< FFs :gq -rfbois

ft*rq{ret cqb "iRutiqs <i:ob qlolqs br<t-<t &fra t

<rob< fus<"- clsl <fqfTfis "lntqf qeq ERrq ctlQn "tqtoF

O\er{ qT 'Grt+ e? 6flqr.Et< <rob< fqqdn arel ffi&
ftq.Ir< eani qTq r ,ai qrE (flqr.Er< eetz G'Kr< TEs

sR ft"r<'ls fr{s eil qqta "tf<flf< <q< qe zs r el
qq<al<[ qa[se <zou sttezt{ qrq 

r

<€xtr Xao <roF< zi<t|-< fiqr for.q <T[D 'qtflze 
r

<rob< qRl utfis :relat.t-{l{o bb o1fu qgt Eq-{

t{s Rxq ER 'qtR< aTf?p 'qrs r"tct.i< qra qF
,q ?q qt<?qe {tfGcq r

srtfq qtrt[s "|ta iqtf"rEl 6q E['tEtr< bq"ta c<l

sd<E< qf<ftq qtotftltq .s?H bR qte<i? fl{ "ffr< t

-)b.lo Dtr< 'qtflfarro ,4c"ldRRsta ca<Fr +trh<? qsl

dqQq r foq +tt{ EtetaTt<< qqi<q <qs I f<ct?E
ffi[qal <u{s af}< EretqtK ilBS eFrl "ttfl< Efqot

I

c.t'F.l TR rt{< iq etr< | e? a1< Er{dr<< st-<qtv

Erfqq q?rl rqsl ar rf<tq stotfuqs sxf<{ aeFr<
q0 qr I vt{ reEq qtqafq< qtRc oG qbt< wskal ?tt(T r

I

l
I
I
!



cqt ftcn : qh qE+ "tqrt"t 3a

cq? Tt<rq atr{ "tRqd qqftfinte rl-V< efr-"Hf{

<iaal-< Tf<<h cubt urqkt a'q t f+s cfr otqs eqftFretr
Frq< c<fr Oxfu cqt<l qt&q q|+ sgrtR q? €rr.qdTf{-

6<ks {qr6 stb crfriqq r cEfrfr*r< fnqs 6qi<

'€t[efdk ?,q "i<]Nf +<l e'd r fs-e q'{< ,.4r"taRr?qtroe

cqfi c<'i qq af?< cqRtR&q r

TE-<q<< qrts fl:lq{f{ qgs ftEi|qfq+n rl-g< eRq

+tdic€I qt+ qi<qtq{e ,4ce'tatr{ ?srt< o[<qh qqd cqito r

fte eft"ffi<E st'f{ qbt qf? q{Rqt qr oR< "fct dtt'4 |

K cs& fl&r<ls 1R atal efc"ldl6< "fffir< q<< wi"r<
qftr<lqt{?Fw rt&c<{stoe 6<Q qr I eG qbfg 8co

qttE?e 0?r Etqr<t< qtotQqf*r< qr"Ht<< qlsr<fl'tq<

{fBr.fftslse c<fE qr t cRX<l {fbmls elr4qft< be,qa

a-{l q.d{fl< qRqt"te Efr qfs r cq? EF<rq qtofiqFds

er[{qt<< qqfi 'qt{ fffil <I<?f< oR oq.q<q '?0 oR<

"mR n ft cq? f<vq qrasql ufhq r

<i:$b< qt-ffo tsqRJ ebt {gq qs< satl {RrE <q.r-

<q({ qtffi< "KE q,fft qtRfrq i cnt vqctt q'q

,ebt btr{t-6qb ?fqa ( Turbo-jet Engine ) I ffi1-cqb

?Gmtt 1av: cbt qnqr< rlt at?F1 sts( f"Hr< qr< t

,qi f;tffit< qDl {<< EbtEft eQ< "tRrf"tq <t{ 6{Eq

oR GE<s Ef"i Er$frt G[l {T I ct ut"t1e Etq< qqtTs"

<ffitfiia "trtd ( ?F{ ) qQd r<t qq r re&qt €r,"t* cqf<'l

bm utq< cutfu "fdcft<t< Ft"ttcbt< qf{r"bt qrfr cwtrcc<

earR mtat< Tqs sfd fr'Klg fr.ts .ebt qr|q "{Rrtt<
<q bs"F T{ | crtf,r cqf bq"fx cil e? <q< eh
q({ TRF Ef"t ffi.q ( Compressor ) <qq1q eql qx r



tt qtorftflqr +qt

st 6qD ?Fbr qtotQqRs q(rtkf< aafl ))ots ulr"A
sa ?qfefl r fts et il<"fl +.f{rq<J qREfd cubt a-<l {r
))1" u-q< Ftesp r cqb ?Gr qfltt qt+'tftqtq unr<tcBt

qTs 
"tefu 

qU? ?{ ))g" D-{s 6rF(o q}EE qtlq iiaeq
qqq <lT-c{Tl R{Ttq ,erubtv 

r

+ffi ffid

cqb t&q

te <E<]sl !.?s {?b-n qflq O:,qtqr< q?t{ cob

lGq qcat<t Rrtq te-rt< +f-q<h b6-"tf< dtRa r fts
cqa olv< reRrq ,emtqah . rtf{ro q|{cFi (e5< *tfrq
q'ts rctr{e (ed< cq? otl< Efu qdRe fqqt atkq r

cqa sRrq cs\i ot{ia<l fn.rch <tk' fr csb "tRutq-{<

Gq[T qu{a oR<?,q qRn r f"iqs ,sbt c{is< ffio
.ltrqtFts|tr cs6 '"l.t4tq cw[u fafifru' TI{{ qBt c+t*ttfr

tRn | ))ee uqs q?Qn ,qbt cqb lfldq ?sff< ef?n ;

fiq rtrlq{ttt<< "taflrtsj ?Fqv$t< qrisfr< otq eR<

CztRrq t cs6< e? .rtiflto q+EstrcE u<ot( qsB q'a

wt+ rga q-<.tq'qlotQqfr< qstaat< f?st* nG b6 >;cr
uao qft6qE ,qG qffito qtqtqi srtrtqrtn r EGto sl-<

q



cst frw: ,,aU qF{,ttFF f

Ftq{ "t<^lst c<Rs F\i 6€fcrt q{.R ffip sWRr| Vft{
Edl dt'q I

flb{ frft R'tXq" qth qq| q<qtg )bgt EI?t :c' n'
stRr{ qetcq ,4{q{t<{ oRcq .e$r ccb frrtq Fts r

fie et'-sr.s ,q?qn? e{q cqb Grn *Rq r et{rfrcs.l

co?sqff{ a&Frtr< cqb ?Bq< €ot<ts ttrrq'tl EqR
qtfu | ))ec E-{s qtlu fl. en?q atr< qrt{i?6t6

efE qq'rq qtrq( qaq{{e, ftg qa{ c{ffitf (<tq, ,qbl

cq? ?Rq bs{t< tR&q r q? ?tsilil Ftes c€{rrq
<lTst{ cstqff,nq }srf{'oRE?a qt<s ?Fr< | e?

cet-ttftrg ftEE qfko o,taffi ,eRq 6qt ?&q fr6tq

cR<?q qrd qq r e? ?Ga qqr Xqts frl|is qc'ttl

eq qt$ {<ch cat|{ qfi<R< aKc.l ))cb 5Tf tl
qtrtb< futffit-cqb EttrE tqts Rqfa 0mfd qr r

Xh< Ttarqtzts qrtq st{ Ftqs cqb Rltm qrqb

baG qtFb qx r cqb f{{tq q't$ qqte'lbN{s <i<{t< q<l

<r.ai< qq't "ft{ai qtrq t cqb fil{s il<qr< a-{l ?n'q

il{s qat qftcq{ 6{q< ht(l qqr oR cqb bqdx a<l

zl l cq? d<rq ,e? f<qtrR{fto il{qen "ft< fq

€"t?rlE d< 6dt?tK r ftq <r+ts <r{t< q<l tfi "tRq?q
efflqr 6{tirl sfurqd <rob< GsErc bq"F ER 66TK

q{ r m? oKrq <rak{t< qlq-tu {tatt< tqc<frJ,
{q "ff[< |

cqt fr{tqs 4qqr{-EtGs f<Tt{s?s ifiq< *{<E c{& |

cqE arcrq qel Rqtqr{t<s btrfl-cqb ?BqE mft <cS

aGrn <RI{r{ E-{l Q{ I <cob ?Gac<t<s coEqtbt€ sE
qtro r ?rt< qD1 v<< bnr 1R ct Cn qnrh q



EI

qfla fq{l Q{
-q<ilqs qts I

coB f<ilqq <i<{tr< EItz< srls't'i {igis sBl a9a ETiiiT{a

TFdj ctqtn I ?tlel4F'-u'ias f<atasio roB r<aia siaE

-fr'€"=.tfqt I qi fqEtdl<It< c4ie 'e4r.4k. c<iv- t47'5lr'4, 
'<'2

-qqla .ii<<F :tGs qI< otflq r <eafa 'iz=< a.trlr-gle

orf<c c<iT coB f<:rta '.aPlq i

qt4tftst{{ 4cll

oil+ eboca Stq'{q< olful<;i <9I:T{ cf,<



tt
I

qqG?oe c<ft qtrtftqt{
qtat-il<\{ stfkrt-< 6ekf< Aes a1-ea< qtDt?sio

st,s< qrsl wtfqq Qrl-< utfb[<tt <rFRl t <ttD sl'9Er{€

,"t.*r*. o6a1ftqyqr< qbts o' I1iqs?o c<fe ttGl<u{

ats oR< "f<t etiqq-qfte csdcaTtT< fte< c{rc{or{

qa flfur<a <(uRIs qcqb Ts+Fr iqiEq rqr+rfiqtc-n<

q& or qnr< fbs(N qf+ qk<lnelr< qha<"Kl 'qte

Sttq {t<< er<[q qG q'<+tft Eqfl qq ?ar <Gs ttfu<ut t

cqB mn qtf<sR 6{kl-< qtetiEro 6s<d 'qt"FTFt

EtGs i<qtffiqRE qko etGc<rt ats +f<<h cudt

ucql<l cqfaq | )io> wkco ct <Rlgcat-<t qbts

s8o ilEq ttfvc<tt Ets a<l ieQq 'qT+ ))e) Fq€ 's?=

rtGr<l <t[g qfis co8 ql?a "tsie cqQaittt

Gslq f<tto< st<rel-{ts 6qB f?nt{< <i<atr< 'qt+tfi-

qla< urGr<q qf+ <.FfF r Et{l cqD fiq't{< qG

Ecamf< Etfrs f<rtqsto <qerq c<[q r "r.q< f;fe<

-stqpr<rc cq&st qbts s" qtb-Ec<l c<fe 1flsr<'ts {l<

"Fil qfdftqF effi, cs&Tl qt+ nl-{q< aqs 'tqslae
c<fr qtotfi{F qtRsr{< frqrq qocql crqq caqrRq t

{-{< ltfu<tt ftTF{l-{l ? qttFl< cq6ds qq? 'Efb

q+ts ,4tr leo qtlCo etG oc< t "tq-< 'al ttfur<tr+

rrt ) ( Mach I ) 6<16T1 8r I rK< etfu<rto?o c<fe

c(cttr 541 Tfdmf<a sibqtko sta ( Supersonic

Craft ) 6<tEl ?{ | q&'ilfqo rnltg cerr lGq <1

<roB<ar<t E-mt<l a{ | 'que ttfbq<tts 5-41 'sl {|lflTq

fiftqis qlftql <q€ |

3



a. qtErfisl-fi +q

qt+tffqta ,e{a qtofr.tft bR qtt{Cs st< c+bOq<

{Rs qq(<l {s r+ oY< qO q{ r {rfts s tQ mr<l

Tte ,e$r< tfl-< al{{"t<t {s {<F o\ qrca ffi{K rc< u-<s

qfeffrqfd< rit<at<lt€ <lTK cu\ ctrfr ctrfr qtrsR qtq t

,s? Ttq< crt<l-<o Etet-s<r ( Pressure wave ) c{ff,l

q{l
q1-{t't<qrdqd{ tfur<tt fieto aq zrd 'e? e<{r<t<

q-{tTf[q "fK ?.e {t< "|rr< "rt+ csfuql qtderdl <t{tdtg

d$ | {14?td< otGc<ot "tv-< ltfuKtt< c{t{ 6{rd q<{ts

61eg-uqnc{f< qttt<tF Tt< "t{q 
r firis ql1?lT< efcfl

q[d qqf{ c<[ttc< tet qtc+ r cql -e-dft<R {f{$r< {:I3

gtfls q{r<s a bF Ft"tf<f\b s<on q0 or< t 'e?

g<%e|-<T 'q4'€t79r" ( Shock wave ) c<H qq r e? tT

€r<s.Rqrs< ar<rq {t{fi< tt& <t{t'2ftg {T I

Ea{r -{T €c?v,. t{?t{( csbot< r1{vtls 0<"n

qT I a{R 41-<(q csboR otqs <FF 6l"ts< c<q c<fe

q{ I sr< 5-qe {r{{q< ct{< qf,wEet qurt q(t-

sto <e qtercsa *iq< ut&[<a< qqtq q{ I qn qoqls

ffiqa< f<efs qG< qtc< I c? t1 eras'f<qfco ${<r{<

ef.D'fq<at ( Drag ) fi oR ?qt< qdtlfu <tql ft[T t

t{ \eas< f,oqr err<tr< TFfh eR< crHR i

tiu iut* fte "t6qtcq oq rR< tR r f{rq €ft{fu
'qe *ru"fa-r. qrorftqta-< cubets b<"|-x QTr cq?

<lc< ,e? qrsl q< ER<< or<rq csGot< qtffu ftE

6trqr! 4i4< aatl qu, qG"rtFr+ {tq< 6sh q{{ IG

qt+ <ql?c ?srl< ecl q{ r rsba qat;t r( "ftw qt$

?gt< ,4tqsltt cutal r csbEt< 'qtA qil TF$r< ffia

It



A
{
t

tqstre c<ft.q6q*
fi ?rqFft 'fu' ( V ) qt?K< qff,G a-{l

o-Ek +qs csbat< EIT-< rtGr<rt 1fr d< crfatm t

tr

5Tr qr;l

clf+q Tr{}ra EtRdF e+r EtRufr+ cqt ,qcr{

tT €c?s?t etst{ q1-E|ftqaa cn'qFtrst "ic< r ..4
e|v,t? rqtqf st<Kq ql'{aF{-< mq{ qtTfue ftg 6itFtrt.

Ef<s Etcet r e&.ffftE qF{< 6n{fi q{<"Kl cstsl

tq qtw h qtq starc ot< qFGs cqs tqcq r

"rqsh n& qfrrc<ols Dsl q1-ffiqhkqrs< b"tlt-

strts qdf< bre Tccrb otq bq"rfr e{ r q? sfer<

qRqtq slo fG.fr o6rars<"t{ ) ) o b Cfr}q[-s q'<



lr qr+tftqRr +qt

"ltc< r q? st"lE {t{f<q q1-{FtlTr{E <I?{t?t T<1

{tgr<f{ flFE {t-{ qts ?n'q srtfie d'np cq qtq t

cq? oKcq ,c? {tacEt<s f,q.fq {<cq 'efqe q<l c1ftG-

rtq< qia< {19, Gn[q{F 'qtf} <rzqr{ T-{1 q{ | qdreffe

qf<q q& E\ qe q?tu dg{n< obq qERf{fln<

qls ,4.gs sil iqre t 's? frrqs' {d"t< <'tgm ce-

R-c. ( XB -70 ) {tq{ 'e?t{ etfiTtqas qfilfqe qn

{rqstm fi{fq q+t ?qcq t

)n81 F{{ )8 qret<q< fiil c"ltf, "4atq <f<<

cdq €q-) ( Bell X-l ) dtql qrctqqna|c{ "t-qs?o

etfuc<ds bi<<?q qsr er I q? qtaz{a {{?Fr<

ftqi:<"r<tl sib.ttfqo qfr ftqtqs ,sFl qF-{ fr'f
e'q r ?$< ftes )bcs E-{s q?|q qfstqTtr{

))ei. qt?e?E tfl qg{ c<e6 qt"rr oc< t

<€aR "fq-s?o lte eq c<Q ttfsc<tr Earl ( Mach 2

and Mach e ) f?rl|nr eqt?ra srf+ qqsL+ 1lts qq

c<iQ c<tts E-q] R$q qtG+{ srtuF a|gE c{trl ke r

qtnks|< qq-)a ( X 15 ) +Fr< Rqta{rq vq n.t?a

€eir<Fi fio. e'"e ( Mach 6 06 ) etGc<rls ?et cqs-

Efuh oRcq r

qtflea b<q< qtrK"lal qq c+?fir* dat sf-Vqr<

qsnsl< 4t{ ,erf <q<< qtetcst f$fq{-""'q[-{
'- 

sfirqns .-iffl qbts ) o (ef{1 ) " qRa 6<cttK E-s'l

RqRs bb uq"taF?o'e orfqE fiEt"tstc< qffi< 
"ff<T|E,

<t-<s qrG .ebt?<q<l qF btt?q fi< "ttf<l t"

qt+ qTG c+tsl< sA{is{tft< tt&r<trc 5-{1

q'tst.thr{ Q{rsl r*tatq?, <<i qrsta 6<fe c{fls E-f,I

aI<-cq

c<fq

b<q<

{aR
qbts



A
I

(rtct{ {qtq f?cfq ce

qtaffrqtc{ tFrffu qte qta F{<qrS< qlqs q(Rftt

qt"tr oRrq r qfu.ttfto cqF ftqt{< eFq qft{t
fuc fft{ sffu qtR{ qkrq r g-frowt qt Frqr+rrq

eDl 'e+v{ Efna ,ft"r Efoe r

c+Qqqqtq Tqt{ Rqtr
qEr? dot"ts of?<?q f\otE

ag 1a-ftory <rrqx eR<tq 6FD1

orqr<"f{tt Oq.Rfr-

u-qtt qtRre r sf{-
frr6 6aqa, cqcqFq qtfirs lqs qs e+v{ gflol aqr

+Rftq r <tiB stvqr< qlot.rhF qt[z+tr< qt qEq{<

Frfu{ dtgs €fmtttir <lb nafE oRrq | ))'b Eits

stf&FrrRs cvtb qt$qs ,qqq nw.rc f<q'l-{ <a ffiq
e<l qT I sf< f'tes b)>8 Fts ,aqq Rtln< stcgFfd

dtrt q[rt {h--< quv{ .qq fiDt[< ?l]-< eqq qk "rtq I Eq{
f<tXa< fte<"r<l )beb uas fEsh frt{a< srt<ef"t?Ers

et TfdataFo qto|qq.ta< qcqb OaG q{ I ql qrr
cqtd[s qffiqnrc cqb-aGq qcfltrt< errobte qsq ?r I

epsro E'<bq sfn frtqa qqrq?e qta-ffi{tr< qtft
qf+ 0<q rqsk bafbs fi{s E'<qftql <<sfi qtrt<Ftr I

ftsf{ frqTas c+?<tqr* bas s("t< TGq, T-{tff
qt-+ qtdR fiNh <ieqt< olil hfrar gGe fuffi{€
isrc<s bcaqcqtrfi ?'E csarq?q-) r cucqd ils< q?.
f<qfd< qr<ftF etfuc<ot qt&q qbts r.uc qtlq r ltG<-

"l<l )c 6qq'f< gb s"tr<fr <Stv t o a *?a c<rtr cp
Rqfcq ers<tq ufr< ttu qb1 qqT bR affft< {tRrQq r

bi?<?E qtirs a<|< Ftersl q?f?qftq fiffis )?8" Tb

c<rts €"r<h bb< +IRftq | ,



.8 q61ft1fi1q{-l

T6s rt<'-ets-{ qf@{q sR qfu c?tft qfuzts

fuaKr. €czTfr(b{ {t{< qt-{ 'qelFl $q frfi5ae T&s

cnt$?Qa r ,a? f<ffq< Oflsq{ qw<q ffi45te61r6q-

u.frrs qbts a.r.u Tt?E c<tlg 'erq<tR 
q ctet{ qtt'l

bf< qt< "rfRQq r e? fqt*< e1ffi *1* Elsr{< {tw
qtQq {t<m or{r{. q{s qtfra ertf-{s crGqtfi{ t

f<sxa. qt<effus etr+ ffi{ bqqftre frcqq T0

fr$ qtfrq qfqe )beb uq< Fte-o c<lqtq Rqr{ ffi{s
ese ftn r cq? qr{s F-{tff frqfdrrr<< lf,sffi qArc

eoo Tftqr{l c<G stftq | 'sa cdTr{ frTrfiqe< fims

c<G qrcqqao qtfie-"b(g q5f" efr{b-)8r I T?q

crz< e? f?qF.F< qtr.+fitq srq-s"i[-{ €[T q:rr[s

qr@rq uqF "rCE cqGq{ta qtq tFF qr{te< effiq

qtfqq I Tfq ststs stkq € qi{IT c o o cEG es-d<

c{q1 qr+ eR 'dqq ER< "t{l mifl4u c{cr{l r R"tr<

qfiia1 ertRrq alad cEtcql at<qs frqH{re g? 4tFt[q

fietqn haf.rrs bR ?'t ?<qtF{-s{ard qls{lFl q{tr<l

oaql qtfrq r firta<a< 64{< qta<q ?qt{ qsr qt&q n
.erq {<"t< {fd esl a qftrq cqtat< qbdl {< frcq qtQa t

q'ffiF RqtfiTq< f-ss<s q'qtrtft qtfu fr->'r t

?,lt< dfbr<ut qtfEq qfits ec8 Ttaq qf+ ?rqa qtRa

.cqi Eta< @ss{ qtstfr{tq r qtG<ord )l'o o o Tb

e"tzr<"t<l q! fiatcr qtql1 Ef<< "ttRft{ r e? fiNtd<

flrq< q(s<.tfiI< Tr{ fq->"; qt<.l aTr< tt&tEq sbls

,i. $tq t tqt( <tRr<s 'qsK' rtr< qfq eRq q"fdF

fu{ cq? qq{s qls6( Q0 oRfrf, t qf+ c<Q slfqq

RffqqrrqqtfqqY-e:cqt+b<sc{fuqV-)clbes

I



A

I

c+?qrctq 1ut{ ftlTr 't
cqfuffi rrb{ qtfu ftqa qP ffq 1 ?sn cq<A ?rr{

oF* flVr< fifns qTfqE r{ tsto ((q a{|-Fl T{q

qtftq r ?*t< q<v c(tt, T{te <|x-tfs{ ( Air pocket )

"tRE6q s-d, rrc{ "tG <'tFt frqt qts qiq-orft qE-'rq?

$Er ql-s wtsq ,qqr q?Ets frss oR Vfrf,qE r

{6{tr flTks Rrrdq{q< flfur-<{, aql-c+}.|q qts

K(mtfr rqs1 <qerq sfr "rttce r {tft< q1lfos {qrs
Ret*aqe< Gs<s 6q{r< cqb, fqr<s, fltt ql+ c*b

q{.l;t I

'cqfi{' ( Sabre ) eil +<tff -t{ ; ?qN qd q'a

bqrrotq qo r fr-e atqs redfr q'rEe 6E{t< cqb< qrq|e

{q qtrqRol t cqEt< 6qb filtq ftq5q e1 6 TB qfs

€F rcl') TD | ?rR eq-{ )),)\c "ffbe sK t{&[<a

slts ffiq r ,a? f qH bR<?d qfts offi 'qG
(Fress r" " TB c<cm< 06< tc< | 6E-<I< gzb qfls

o"tF {q-"|tfu qrs efi{tqft{ qq-qsR ?E qro

ffibrfuq {EEr {q bk h {@-ets?F ilt"trvtcz qtem

eR< "fr< r frqt-fiF< ckq< qml-{tqv {q*ftTF qrrofft
qr(fu'{ ffiq.ftq qtm t ftq e? Rqh< eil qqR{l

qfce | fur< gq (<& s'R7.q ? rzcw 1R< qr {&
ails ER< catatc< r cq? T|<cq ce{t< 6qrb c{b wtQr

Rqtrr-< qtls crr,< qtfr< cqt?rt[< r fEq qiq-o,tft mw{
+f+<"tiil 6q?t{< arc qarl +R< "rq f-<qtq ffibrq €4t< I

sf<E-ett.{ {as <l?as qR eRq cq|its frqn Cq

fqnq ( Mirage ) { qflGd r qt funr<rr< <-*r? irq-
sr<< "rRa6{ Ef< {'e-etsi( Etst< {qs Gqtft< {0
oRE "ttc< I fTr<q< siT-yfr e'fl Ffq | ftT{ qf€fu<
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ec qt+lft{r{r Tcfl

e? fiqtcq ))sq D{< qt<a-tqil?q {as qts6< eA
oRfeE | {d r{t<s ef.t( v ffi< f,sqqrsl ?eotn
4tr eoo {{ fiqtq tq eG'tro "tctgo +ii<lq crd
tz&e r sts fir<w< Vf{€l qtQE brs{cqtqi r q&c<rr<

T|q<"t(t€ fir<q {<Kst?a qqrfiftr qfs q+ts )roo
qFE 6{crt[< ? qcsq6 1qL< etet TF 'ff6 | fic"ts€-
qarq g.tc< 6{ st<sJr nb qtE ftq r,> f<qti< f<-s[h

iqmq "Ktfw cqt?R Xa ot-<"1 a{r< {Ruteqr< q0 r

ftl.-r: 6a1-q

vtlRo Tt< Rqh-35s fqri. ( l,ttc ) qtsls f<cF<

<rzql-< @rr ErF qtfzre r fi't< s-{qf{ cqtfbrre- <tE$ r

ffil Rt1a< FteE fic<t< Tqrc Rqt-{ qtf?w krg,
st< Gs<E fia qbt bm.tnteti {t{ | )b8a uds {{<-

frw'rft fir+tzlq qt+ eleibru f{tt fiqta< Ee{:{ . rtft
,e$s s(< r cq? ,ecs <Ev:s ql f<qfq< Oloitqa qRg

AT qls )it. uqs cotfkqF Xq\5 t qrsR ,qql qRFT

frcq r fiut f<qt{< sr trqRfqfqqtE q{ sRE< aKcq

coi<lite dg{ q({<q oEt q{ | .4e{q "r{lws fil
Rff{< 1Gc<a qtQq {qs?o r{; f,oe ))al uas

frf"qs fltt-:r {tq< fiqFqrq qq< ttibc<ut qG+l
ofu t <6qt{ fiq->r< O:,"rtrq {tfr{ts <q h {'rqe

I
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Il. cst{{r|+ {qt+ fTTf{ 't

frqs ?lt< qBl vts< Oe,qtn-{-coq 'qfia | ))ec 5-*[

to--vt<s {q< f"tqs sRss eBt fqtt-r> frTrd<

bqdqa-cs-q ?tfls ?ze r ftrr f<rtr< qtf& 
'frlV<

qt{6t<nK r ?rf< etibc<at qtts )too at?q< qE"t

c<[e t oGrt? firt-rc fa ?*< stf+ qbt Eass-d

q(s<q 0frq'f?ce r

cqfn f<q-{a< cqq< +lcq lFas caD ( Gnat ) ill<
cRr 1wt+ fita eatirQq r <€qfq caB< "$< qtit <q

q(cftfi of< w<s< El-{trcfds {a1 'k{qtq ,sr<t"tGTus

?$o bq"itn-{ ocl tze r <*6qF cab frqtq< in{l e> gb wt+

Eq r.s T! r ?xt< €q{ ssc' ltbs qte etGr<rt qbtv

vbc atlE r @<k<, Eq frb< cu< e"lr<l c<G I cq? at<rg

f<"tnom ce{t< cqbo cqtr f<q|r{ qfs q{cq q.rtGs okq.
offr< I c{D frTtrq 4fb cuc<es 4tT ogs 5.b e"r<}a b6<

"ffr< r ce<'t<<q.r<a cqF< cqqcsl il{f{ qq-'ltG, c<ta.I] ql-+

qutu 1a ael-< ql-s 6s"t"ttq fa6EK qrifu-{ <iael

qfr.q r fitd q{q elts sf<E Tfrs c{b f<qrF

vfiq-rl ,4?q o[<ce r cq<K cqb qiqatfl f?qtr frEtrfla

vllss ?srT<l cqb ficTq



ct qfofflct{< T{l

aF< "tf<x qf+ cqb {f<F-{< qrcu qfre ef<q{ o,+
q.nlqo'{< "fi<qfffd r

qflrGr rt{ aR<<qs f?rn

1a-fio<o <l?d( eat< bqRs <6q1a Ttv wofrtrr-
qT{ qnt{Ro slq-tf<q{s ( Civil Aviation ) <rt"f+otcz

,4crtrt q<t ?<e r <6qta {ta1v cra q{4 6nf at4,

{s f?ffi Eqts-{ 6{|<t ila r q414ft{-{ 6qrfm qtvtsftq

'tRatrc RtR <raqr< o-ar< b"tRe ??til cn't< Efls fiqq

ffi.t< qt\6tTts t"l-r Eeffi RrR eq-<snz eft{t'l s{l
?qR r fr{r{ EEFI{E sl-{rq ?fatff< Eql-{ E<t{ E-{<r"f<

m* qroR-qq< qdtq<]r< q(qo ?q qRi:e r qts6tfu+

Tq"tk{€'o sfu+tfrE Tt-{CTk< ( Supersonic Transport

d ssr ) eo e+v{qft-O cxqq of?re t

c6tr 1fta< mb-{drtd q{F E{fd cq"K qte6tfu{
qtT-{qq{q sqs f,rfl ?<e :

,srt< ?Gfl ( sfw )

"R, 
q', q, G ( B o, a. c. ), ?iq\9

. bt+-ezqi eTt<r€req r. TWA ), qtrqRa

{t{ qfcnk€H eae's ,srt<tecaq (PANAMI, q|-cqk+1

qrt<r-q'frT ( Ffq )
Lr+te*r 1?FG )

cs'fdbtq .q'ef{Fd ql|-{srrq ( QANTAS ), w?G-ql

qt"ff{ qTtcattq ( JAL ), qt"lt{
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qrtrR+ <tq "f[r<<ro firtr
qt? eqRemq ?8t<c{unq ( THAI ), qt?i:qs

p?relt< ( Fqt<rae I
mfsnfunl_q qffqt?q ficbq '( sAS ), rtfierqiwt
(6{E 6qet]ar qtKflaq ( ciortE ),

.sr{fFb ( <tfETl- )

"ffftsgt{ ?.bf<rqurd-d qr|{dFq ( qtfssl.d )

T.P=S'tqt sFitq qil{dTt?q ( efqfi )

cuc<ql ( c<qGx|q )
lsv q{t<€mqf ( lretcqGrt )

6T, q% q1 <rrq utw ( KLIU ), 6qnt<cae

<6ff{ qts6t&-{ <t1-"tf<<rr< crqs c+(qlsis sts<

"rr+ c<ft qF?rr Co 1fti rsr Boeing z+7 ) r'tr< ckt
q?:?l-csb fiqF r ))eb uqs qwi<ott q? R+teots

a<t1i+o Rfl-{qq ftqq Tr< | ,et f<fla.rq< €q{
!oo,oo. 4tbgsF{e c<-te qts a ,q<t<s eoo( e{(l (oo

qa rffi fr< "rft< r <€qta e? qrrl-6sb< c+?<tbt'e qg{
q(s-{q eqtlrq | €et<s 0rsq qo f<q< RGr 6qrt{{ra
qtvotGo *t lqqfu rt4fu 1fur e8e Rqf{ <it"fs-
s'lc? <ra?'l-< ofuq | "JfArA< frflse cq"K {6{b cc ?ti

u{c< qtos {€TF efuftn .s? Rq|{ Erq I

qfc{ioR brq ezq's .qrf{sc?si Fqr{ fqcs\
,sG{k"t<l qr{t 't(tc< ( tz qt+ 

"tFuq ) qo-{f}<

I " ?F[ E-{< qts ?bcEt"t, qtko qfs quqtu-K r.c trd

*m"ulT* 
v(f-ao qr'.<rr<r< q qfbs,

fh<qd c<r qf{q<€, EQl qffic<fE qtdTq'tsE 1 6{t?t<

{
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g. qtrtfltqr rq]

{-<v?q qt-+ fiqt{< Gv<re 6rla'1, GRql qlfq qlrntF-

E(qtk <i?ql qtre 
I

s1<ss bbca E{< )? q{ otf?rq 'l[Q$a eTt{4t?q'
qtq '.qrR ?fbn' atq< Eil frfi gtfi.s qq r g.r<fi{

sf.T:"t{ fittq< ( Indirn Airlines Corporation <'l IAC )
qftqs sl-€< fu<< h?o{q< rtqv qfs effi cr.t-
q{?, cqra q"ftq, Eq[q-f, Qrqiq'l qtFitc ftqR E-4t5q

Ec< | sl-N( qtsrsftq E{< qtE e&;mfr 6q-fiTq4

qtw ufr$til, st?otbb, d?ctbt<, ToK cseF{"t,

ca-dfufE !{ts c-q?F. ,!F.-igts f<qt{qle <1z{r5 ?T I

v-'t<E< qqtqks <t{-"tf<<€ Rwt fiqqq oct rfr$ ucbt

f<qr{-ffit qtrq r ofrevt ( qqq'{ ), mtfl? ( Etfi Eq ),

ql-qtq ( cut bctu ubb ) qr+ fi-ft ( tffiq )-.4? ebl

sRs< qfeq-tGs Rqtq-cat) r

'qfg6't&T qtnfre <t-1-"tf?<<a q(Qt'< ( rnterna-

tional Civil Aviation Organisation) qsi ftb'ft"t stErs ,q?

qiER ntR9 qtqa E[<< qrfl {{ | cq? e|{[q vt<vcgl '<q-
qta fqrcq qiqt' ( Air Traffic Control Organisation )

qtflq srl ?qre r q? qrqt? ffifi qtsisfiq ftqr{-"tk{q{
fangq a-{t< E tTF qf'sq'ffbo f<at*qe qW f,+fiqrq

cfix f<qF{atdFq "m< ?q sf{ {fK, et< EG b-{ <k{ |

,frltq q?F ltBs ?< qO il bR arTt q<qts ftq {ffi-
f<R[q Erq ,et qi{a qtlJ qr I

<r6apa qtsfiGo frltq<ct| fott"{ sT<s< ftal qrE

"iaa 
u*u ese fir+ frcq <IG itrq r :rq> ua-< ct'

rtqs 6"t'H eerq<l<u 
"tur.| 

q{r Et{l-6qb fiftq c{fTta<

tiil Frgtr, fi@l{ srr+ q{t ,4turd qsts vts< ets<



qnt{Ra <t1"tf<<<ao f?tl i:
Dq<?E Edtb-q qt<e ac< r e? Rq|q.r{< +tq'qrtb qcfie'
( Iimperor nshoka ) qt+ ? "s) ci{ ttA +fDqt? fi<

"ffcq r ?qt< qttt?a[o 'qrR tRrt'< tfii c"r (Boeing 7o7)

Rmqrqt qt&a q<Tqq qtq ?sR "tf<Eu{ s{sl )8a 6i I

foq <'6Tt{ duRs lirtrsr f?lta.tr sts?E qel s[s<
qts qtel fi< ?t<r xlste qelsls c<8 r qt qrrl

filtq.rcn 1ft1 r"q s?o c' rt?q c<rQ c<flv, qdq qttv
vi.c dtq csrls qt( "ft[< qfs qk<tqstr< e,Qoo qtlq
bR efffaq "ffr< t c? g<e ofroq 'qt+ qsT< rtq<

qcv?oe mit r qtel-<ts uts( ?'(qe? Efrl-c "e-< <n€K<-

"ida bR qf< "f(< |

)bq) u;r< ) {c??<< inrt '"ffr. qtcaRola qrl<-

rerrq'-q ffi< "Fqtq faqn-c.fr'tblq q81 qr.{l Rtta
q?F fn qffQ I o? fqrf<'i<tE sfsfifua finffi vt-<o a
"Jfifi ql<erq Tual qR | <6qtd ste6t&o Reta 1fui
18qq ,4Gtirq frfis aftq q't's cqi et(rq fq-fll<"f<l

R{< lTF er {4 sts< Dq<< FTrls Rl'ritr{frl qt?llTl

,.sGfl .rfb aaq h "tRrq r



-vt<s\a <lB. "[R<QE< c+?btqt{

bceqnton qbqt

)i))_:y 6qsat<1< fnA q{T{f<< a|([q ,q\ ftg1b

arm ,esa q-{tfi oltaqft qd|?RtE<'rd Ttafr}f,

v qt?q q< R*rar< uro oftsf? frrq t sr<w

qqr GN|q ql'A d< cw.Ba 6<6K '

>r>t-a<fiq< av. GeFrcs Efieots q[4 Fttt qfs

c<<{o otbtc< eom 0<q Eq{q +r< t

>r:v-coc€?a <q frorcqKl ?Gg<"nr srcdq qqn 0<q t-

>l:r-,4aF <t<< Ardcq ?sqs<"Kl sr<sta f<*r< bet t

>11.-e<rff qf+ mt{t?< rtqs 4qq sf+f<Tf{ €16'4{ |

)btl-t qq<ffi stk:< tcgRc<a, qrf<et<s-e sf€b4

,,4aFr {t{-etq xeR oc< qt$ sr<ss ?cqkrTq

q&rruq is"fiFcqB otba qq t

)blb-e. qt6 otRc?r ?iqe qfs sf<s< Tfqs 4{q

faqft{t ftqta '4FId Q{ I

)bo.-.4{n 9r<SS 'f<' m*uq
g5t\o-4t4 l

qqf ,4flwq-Atg "ft?ab

f<$q col?ffft 'btt1 .qrffiq'irol-qelq st<sJq
') ^/+.'EIstSs I

,t*-ffiv ?figrtq

;nov-vt-<fti "fC
',g{R utf"gcuq.

{1q:4et QIeF

c{rycdq ,qT[<er<q' dffis r

ws qEe ?E Ft, 'o\ or<tkrq

q< ifbqt frfr&s.' 'qen st<*{
?Ftrl I

IJ



gRflr rt{-'tft€{l,"qiilrtr t'r*tritfi rts{l lc

>reb-qfatq qtas q&fu T|Efi cfir{r{t?o q{r c,qft<

ufs-f<TF Ebq{ s-{l {T I

:;.c.e -qtrtb< : s'trcc{ 'tfbstr ert+fl?q'< qtfu++r I

>acq-vF<frq {tketq ftoftq q{q{r{< ot<K'l sfffia
( Viscount ) {t{< qRq bfcf,l-e"r. fuf{ qmq qrd t

>ecv-q*k-?fig*? qf<s qt+ <tferR Ttqs {t{-fl
Wfr oc< |

)beo-)b ,sfEq g,tfuq ,Eu {r{< aFr[q 4sq wGqn

{frr eol ffi{ Gb futrqq {6r€ s't<rcg

cqb $" etr<'t s64 |

)bq)-l) m'<"t<t 'lgb q61-1-q' a1'qq W'q|{qb RrH<-
qt-d qEr qtsftGo Eq-{ct {sfr ?r | )
tr{{{<fl?tl qeFKt-{{ ERrq 'ofl-{F 1fut 111'

fianqn ffir<ft qt<?q qFrs ort I



g{<qrc< {r"tt{
<re'rfa f<fsd c*qs qf{tftsta< <r<{tt< q1q<-qvlgt?l

,qrtfbs qbr bca.fc{tutl gfao 'dqq oRre r qfotftqfq-

ar^l cnth qt+ ql-€'i:qft{ {R<e{< cs-Es aq< "tRtrt
utuaaa +q iqi:e r oi[s Tr q{{< fes{rc qh}<l<t oIIa

ebtb.fa fl< eml cqKt< at(q <i<{tqa, qtst{GE ftA <iins-

rts ,rfcsle ffiqN ql-{q< wqb {f<q] i<q r <t{"fifi, 9fio9'
qftuolq, 4efuo qt:dittt< amo qtfv cFtto{aqa Ga.K a<rc

efEad|< <1 wotftqrcq {[q} lztq +r< | i{|stqst[{c<r

g{n bt?s ?ttu<.s qts stvfu qtl.q}< cqttfd {<1 qr I TR-

elfiret q{< qtfq qFqt<< st-<r.'l qt4lrt]sr{ {|{{t< 4Tl q{ |

srt<tftqf{< crtrs s"K<"i<l qtmt-oGe 's{q

( A rial Photography ) <q qtttr<4<t? ufa qtke I

.srq <-<q< q[q< {qFs 6atnl hA< rxrkttfro qfs 9
stFo <qs seti qffio q'tfa< q-o qts t bntq<q T<'c?i'

cofrql aal< 'tG"t<, ?fi< 3ra 4tql' qftq{aR< E]_dl-

{ou *uut, Etftq {tf<< s{trc'f{, ca'{< utfkftqt s'ffn<

Rqc{ qtTa @td qls oR< "ttk t

<6ala 1f*tzl< Oes cr{{Tr'q d9{ 494 f?qrd< qtft

isrt< Ei? futo afrt{ao <ts <t f?<h e[Eh

uda[q r oilnf?ot, <tQq], 3rlq q-tft <tE< f<e.Rq-{rd

sfbqfko f<ff{ fidt"t< ft-ts <it"iseft? tfcr{"tl EaTI<

- atfrtre r uGs {c< q.-t+< dqcq'tafs sits st< f;E-rt

'qtfr uvrtqR+ qtdq{H qtf?$'r< q'< {h .qf"ll

ak< atr< t r csrq{<{< qt{ 6asr'<Iq 1'fbac<I eqtQrel I

oF fbs<s eRq'ortFucqa p"tt<ufio cEqt6' ( SST ) t

,Ees[s ,4] SST ,<qTq Q? <or<-'ef<{ 6ra'r' ( Mach 2 t

t
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vftgsl a6'l1T rr
qts qtlf?E 6ns. e ( Mach B ) r qa qqs< fbs(reb
ftb?ff< qr{st<}:r lte qtu qbt< Gs<rc c{kq en<

"rdFo Rq1_l €qf< TG qt"ft r<i ?erq r

?bratftx f<nta-frdtotqorq qff"sq f<qn-fr{ilEr
q?FdFr qr|v Ehfiq u-qR qfu{a {-<rq f?n|a Nrk
s-dv qqq< ?qR r )bsb F{s Tcb{ qts rpt*rd

{qc{tFfsile(s6' ( Concorde ) qt{< ,€?ta k"tta
qm< 6qr. i f?qta Rdtq a{ ?<e I qtqRotq
f?flqo?o srnqtTs qs ,al Rrt-qqr qlqm >ro gB
qt$ ? )e\e q-{ qEl oFgt< "ffm r oie6 frqtq.F
eRflTrcvtr< qts6^tGo "tRqrs <i<?t< oR<h
etrrubt FrqRt ?<q I s[<s< cqffl? uq<he e?
f<qt{ u{qefrc ( clq. >rci ) stREE r <tfi{F fidrq
a<l )tso Si ftqq qphfl qfuqtflqo f<qt{ ,!.i{< atr
Q'E 'RT"fffqs;>es' ( Tu raa ) r <lflu<tqqazd <t< cfi
e? f?rtao 'ois6fb' qtq firq r

qtcqfus 'lRi q";1-<ufie' {t{< "tq< e1q &R eq
rtGr<rts uqt qfr e{a f<ffi fqdtq s<k urtufi qtss
cart<l tqfe r et frTtrq )iec uqE f{qsp {A efuTt<

"f<l q'< | el f<qtm csbO Ggw-wp&<, ritcbt "ffsqstt$ qlqrq TD<q c{El "ta{.t< ,!?iq< qltq r i Elq
a<Ets les ql Ttfr R< "ttf?< qfrs fiq?q *r" " <l

e[stfko Ttfr ft< "Kl e'<?t r ei q|+< \sqa Qc,ooe

"tlbe {f?e a e6qta< fiqt{{6tt{"Rfa bbi-qq of<<

"itR< r utRbt .4ote tGn ql qtaqq qsts )tso. {t?q
c<qs UfiA i-< qtf?< r e? 6Ecrir< ?xf<qkr ibrfl"r<

"t<t fibaff|+ iE '.qrc flqqk f,ss-{6o 1R Wk "t-+l qt< 
r
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sf3vs1 Tr"ftT sr

q(< v-fisics r fi ef<q csbot caffi qrctq.''
fqdt"l a<t< qtufa o<t ?qp r el urtofftqteq r{e1*f<
<{ et<s 0R etol efqq Ot,qq< aau "1flqJ< RtrtEs.lrt
e.t"tq sf?< "rtk< 1G qt.ft qEt iqrq r
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