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Si'A'XEMENT OT! FEVlEW 

L In ~i:cordnn~e "'it.:h AFR 5,..,5 nnd in com!.)1irmca 1th AFU ~""5/'tH.r:.c 
Sftpp1erusnt"'l~ };1qilHe Air ~~oli".'ee n~ec~ d t-.;d 21 u ··:-ch l.'.o:.i, t7.:'.s .. 
p~blic~tion h~Mi°.be~ll'!I, tholt"oughly t':!':'.wie~ed by th~ -undet:'r;~.in~cl 

f.v 

of H<r:1.1m;, &ln<.i: 

(1) It ~atiofir~s a Tcacti.eal Air Conu .. and nee.a for G'}'.--8 
emplo)"ment infon:11..1.t i.on • 

(2) It pro •1.ifas Cl CO::fl'J:lleit12 and autltodt1.1ti\·~ &nalynio 
of Aer:it,1 it's;~tt~!i, for uae by 1111 fighter unite, 
within !AC . • 

(3) It uill be u0ed M a rsfoicnco work in 1.mppori.. of 
C<.mro I~(). Hl505B 9 .snd by unttti m.1der_;oing t.niininc 
in tbo ~cde:m!c ~ection of the lTSAJY. F:tg:.··er \fol:.pono 
~choolo 

b. It hn~ beeu·det.~!'minfrtl to b~ an origin&! 
not dv~:U.eatia r,my simili,ar pv..blic&.rtion. 

c. It' do~c n.ot cor.ta.in any metter.- wich migbt be conohh.red 
objection~bl~ or ~ubje~t to riuiculeo 

d. Uo further coordination h dl!'.le.m1.=d necessary o 

-



--INTROlJvCtlON 

T~ttic& rJ Hg,ht."'il'cc-V(H'~~2s>,"'bomb~r $ .fighter0 ve1e's1.rn=figtter, or 
.v~o. e;ro:.m.d atte.ck 0 are ,d4~~J~].op~d according to ti,e perfo1:."!':lancci 
cap,ab·· Ht ie~ o~: li• ,ttadon:i of the, we!:pous or wie-ap,ons sy::- terns u·::-:.d. 
In. othsr words~ (!f~-1!.!ti ,e tcli;©itict1. "1:cflcect ch~ be/Sit wa.y t.o employ r.:1 

givc-n wegpon: cigainr.t s; givmi ienremy with know'!l or estimat~d capabtl"' • 
itie:&i. Asg;.vsdng t :iL. tc- t;,; true v tq~tics are functional = tho.t i.::: • 
they r~n~ct t .ii!? c~r,~bi.HU r ~ !l;nd 1imitati,1ns of the oppor..::nt vs 

, weap~ns .:s uzJ.l a;z our om? .- Then fore~ in our .di~cuss"icn of ·acd."' 
al ~tt.r. k. 'i=<!'l must di!:.term:f.,1<o the O }(";l'8ting envelope&\ of. C\Ur ,Je8.fOnf! 

!Syst~ms (th:to inclu:i,!!'.R th~ .:::it>craft (;!tr.cl its associated a1:mt1msnt)" 
• Aft~>.° h8.ving l~a1m.;J U-c;i,·&'ll'!< e:•n'lf'~lopC:. p,.aramet\e)ro i the diSC'Ul'3~ion 
will• c~:mt~ir o-rn how to he@t rwp,loy our weapons 5lyBterns in ·t:. giv"-'n 
f:l.ghtcit""V®l'8tlS""fi.ght~r or fLght~r~V<&it'Sl.i1!i! 0 bomb"r s:l.tn¢1tions in 
whid~ Wi!:: as~mn~ the.; crur • oppon®nt luaa. comi;,e:.rable cap,e.bil it ies. 

fighte:r 0 vt;rsur.,,...,b(,n,b~r t.e;cti©z::1 will b~ covered fireto In this 
phac~ ~ ¼c. as~um~ \l:tid. 8 mlSs(;trv'iSlfi.ng fig!mt~)t" 8ltt.sucko ell non=r-.J.Sll!MWV,t,r 0 

i ng target; ··di<~r~sii.-; :b.1 the f ~ g1r,1t~:r=vlftra;ui =fighter p,hsi~e i wa e.1Hti!,,e 

that s l'.M1!1\~U<IJ'e:r:iimg Hg:b.\teir e1tt~<C:lk8l /al m!lTMl!nl,llvcrin.g tquget. Sine~ t.hi! 
fight,,,;n•.,,-i.·eri:tw 0 bom'b,~·J;'." ll.litu2tiou ihvil!~ only one var.t.fl~.c•le: ~ thit msn~u ... 
v~ri.ng Hghtco'r O tl l'll?li.'I! <E:M:JJrc:tr: tel!::hnk.&i.l antiill.ysh car. b~ accompli&ill~d 
on iro Xn ~doitio~~ fight~rQw~~~us 0 bomb~r th~ory i6 a fundam~ntal 
d<!:pairtUl'® pioir.i,t fa,)f HgJut:(1/lJr.' co¥el!:~U$i o:.Hght~lC ©Ombat . 

-
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-
To so-aqp~\-.ttdy t· ~;,loy titll~ dli.::f?.:t.:;:-b"°=d sig:tt -mri'l'l the 20:::ra c~n~on~ 

~~ i:..Yll,.'.lt \lJ:riliQ\,,'i::'2,C:~:m<ll Q_\,;; li~~ t ·•tim,.t! c,i t1'.lif.,1 e~\\Jd.ir~ceini.t :!.1!1!. 8!1luy tta~t:t~~ • 
'ct;<'Sill i:Jiti:1m@1tio::r.~ 

'Jrl;\J® oip;0.:t.mit im1g ,,, x:i~t.e rnr; f11'.:.e A,,,,.(, eH. , &:ur,.tbi®d ~izht is f irom (6,(00 to 
6 9 (1}-0tl O o Xt wiU c<:i·~::;,,tlf:; tlL-,,; L~;ir,:s-;p~:r.' p11:\tdli~1dcin ~l.'t'1•~ folt' iii. tt:airg.st 
tlmrcn:q:Jtcmt fr;Y:i,tii lf~•<Sc, jf;g>_;_, tr~~ O'['l1,.;;T.i& tlljp) to, !,O~!Q;(Q)([»Q end tlf'Om :ze;ro 
to niEl':a G » H tlhl,~ pU.,~t tt~::J tx:-f:~k tb;® t&itz :::t piroJi,~dy Q Hat•;r,Y-=-Ver 9 it 
:t~ im,-;f.'01b1.a.1bl,t ftf;ll&t rJ 1~U.~t \,-.c,1·1J.,di t," .:;;bl-s to de!liw~·r a 1.eths,l burtt 
of f:! ~,t, .ffitt: .ffi t".'11:l')tJ.l~ g11:'~.\i,l®lt' 1~·l'.ll1'..!\ru ]«J'.,j:!ii fo~t b~t::~l'!.lllill?l of tlm@ ~-iffi.culty 
in. t:,r.;.; ~ kil."ilg ·t•.eycn,d rr.fr..:o>~t rft\'r: ( C 

! 

To, 1e1~elll\ire.t®ll.y i•):r,1dli~t t.r~:-~ l<.IB12d 1,ISlC!l[\Ulh·\,,\'.1~ni.t v e;r,.y ©lhtt-rtb~d eisht 
l!,'teq(Uh":'&~ tlhlii!i !~t:-H(lWf.K.,g \b;i:J.Sf,;; .i:a;fa.-n,·,'.'2•; t:!\o:::il: &:illi'ilg~ &\'.',&. t,S.ll:'g~.t ati1gu:.sr 
w~1l.o.t Hy· o llffi til:i:i~ ©1i1"11t1,ar:lb1i!J.idl t;i1,_r·}~t P ,:'.'t,:rtg;~~ ltt prowiidlt.,_,~ \&y tlh:,~ ir1:mgill'1.g 
rmrdlerr" l'It>.i® tl.:t':!'B•~t t,c,;v,il~lf.' 'I)\. :,_,i;;~U:y· ilu,Jfon.,.r till'],rt f.w ·&'.:CJt11irre,d • 1by 
t irsi~kirag tTmte tc,_;i!'g1~t t!h:~ ll:'&1Jt to ~i!l.,,;;<f', tfu:,\?. 1fl'U.ot i~ fo1t.;:e'Jdl to tuir:n hi2 
aiir~'g-~ft ~t .si l!'.:('))C1tiilli,r.: K'1,;;t0 ~ ~~'tui8'J it'n.t~ of e:m:,m t~&1. <':l ll:'•f.!J?iit'te8te'X,ftatio:~ 
of t.s11°g1!1:'.t moti ,,1 ~Kid! i1,; idli1>:.,,.;'2c:I1 1,B,ltt:;gi01:rttin'.'.):,e1.Jl.. to t&,r:-g<Glt ispii!?.®d1~ The 
.l,li.i\8:\JJllai~ ~Jl(!J!ltCo/Jity ,of t:~r\ &\~J;,::_;; t:r~t -"£1'."..titt'lill,ft ,l.&; 8l~l~ {lTilto tlh'.~ iBiglb:.t 

·tfuir'1J~glbl f;;,'J"i!:0> &:,~\l:fol:'.!:o !'lb~ ·f..:1!JJJ\J:r\:11filt",~-n l"..~ tlLeifil\ miririe-rll to f,,;:bJ@ :i'..iruput 
fr~m ttlru~ l:'@<!li:i!:t .~tt,dl , th:;' F"'~~!9·!' ,!." if;2:-i!:di:-,ctiO~il &.:t~l(!,; f~ CQ•tl>;?isllt®rcl lby )PllL.t:11!co 

ing a11m ~]~~t11:t©fil '1t®f}~,1e.:a1tlll:t- (c::'{dff,~·.L!J&i ~\\lliflr.'0.:111t}> 'oim tfui.~ g;yn.'o®~ At 
lonig, UJU\§;r9.!§l » Ht\l:],®, E\,:!i1\tt;>$lil'.'·:": fa &::fc•f'•H~,ril p ";;il11U® eit g~i:n:t r~Tugiei:o ,\lt 

grr®mt ~1U11.'ll1t • ,Jt re .f:llt:rtil'liLm1t t:~ c''!''J?Hi0
~ o Att lsw~tg~ii! b,-e~·o:wd· 3l » (()(G(O ::e~t P 

U.td® f'®~tir'mi~~11t: i&l n1piiJU<!ht s H'.o£,\,l 1;:,1-,:,,\1\lill~iE'~g: .m ii:t'~l\':Lhg i;.11,LJ'SK \',,Thlli,r;m 

h ~'JJlll.t~ Jl~Oi;rd< &"ii& ,t\;".ffk'lll,~t; \r,t.); ec,:i'~'.::rcJll.o ~i:rt~i!:l dtn. JP1lU!.otuw ~8);:-'0n•IiS 

aAft'® 1!M\;(t )ililt'\-S:@lt,•i& ~@0i\lli~;b1 » ire1$'~,:1Ji. ~ clJ .\l1.l!:.«'J i~1li;\;;t1ll.1Ly Jl:i>OOllr' ~ ew®1m tfuio'l.f.gful tlbi~ 

teicqp:d.jp,~1:1\\1;; ~7 '&);& '&l'O.ldd mig 1:roi.,1!!J'Ti.Y7 o 

kuot!fu~ir U.m::dt.t&it foil'il ie t1k~ Cit>ll'J® oli <'iti~)ll-f:2:'51foltll of tllnce 20.-.r!rn ©~nQ 
llilO!ml o ,JP'i(l)lf tlhl~ }4<0:s\~1 p l".l.'...l.a""lil©J;lid~-::fo;mi er: lt'' l'.:tl'Jlt'i.m ffj~@@1Uew t'd'il~t 80% of ' 

&U l'O>\llitl.'<.id\&, fEig,:11;/l m~~(t fcm1si~it ll.L'1l ~ 4, 0 ·..i ], (l;(O)lt'J®o A~ WIS. ltlffi©lI'@&l@® f;!,l!;' ca 

i ~g 1f@:,lmg~ » lbl11& l],~t <dt,ireid.\\:y llJiU. 101® i&.c:;,ir~£8l,t1;,d 1b>y 131 f\Ulirutttion of t!m® 
ffl!OJ©~lt'(~ Of ltc:10',e,("j l.dlo,'ll!t].®f;'l p lbl~U~t td\Lit~ it;r @Jt3Sllf!!::&.lt~) o At 3lrrJJ p ((ji@(I) O p 

fui1U1Ue&: <?ll!$!1m@it;w in'lll.ll !h,D <ll®©ltt.,K.:i\@.iil ito- -fR/9>) of th.mt ~tt: )l 0 01[plOJ 0
., ' i-.fli ~ 

lt'®!ii~le: 9 .i<,Ki\ .l!ltt-:t~!k®lt' tzill~tt f b-!l \Cf'0'©lt' ~ lL01t1.\g®ir U .l!!il-B '_i;.i)P)li!lffi bll olt'cdlani: ti?, 
rdl (di'!.w~ir .si :il.®ii:lhi@ill lbtilllm&: o #.ft. tlh!~, Sil~ 'Uw,1,!!) ~ 11M2 wIB~t tlt'la\Gk ~ tmrget 
13!tMlU~i,: bll fl®l!.'~Jii:&©tl'Lw<!:!o ~:':.\:i\,':8 it fut· ~'fJtll:'~.i:rLe<lLy @HH~lllih: to t.irsi~k 
wilt lb\ dll® t'Jli@ tt.llll:tC!!:•ill @ightt ~i i~s11mg~8l g1t\S!•'.fli:\Bir ttlbi1.31'il'il 3l O (0KOJ(Q) 0 

9 &irm,~, tlbl® , • 
2;{(ill..mll ©((:')ril® oif o.b~~lt~:t'..<CJfil'. e&;tl',~;((":8 Jlo~;f1 @ii: ®ff~t'.t.i.W(:;l \biMU~i idi®l!'J@li.ty sit 

tlllli® lt'~imgi!l 9 w,s ©on~itt,t '1' IQ>@l£' \.Ll,fiE:&'!il.m:n it.ti11mg;<~ ll:<D>lt' tlln@ rdl.h 1'::~Jlrr:\h~@ i.ig;lhl t / 
l ©.orn ~~Kilmi<01rm ~® Ji> (Q;(Q)(Q; 0 

0 

- l 



The GAD.0 8 i@ ~ 8~,®r~o~i~ inf~sg~~~Q@omiu3 mi§mi1e~ la~nch~~ 
i'i.'ll tlu~ tt:lfg;®t O ~ tail @oirn$ om ai JllMX'~'Ulit. ~IPJ\l.lllrial!B » tl!Bi1mg tThu~ Hxtit!d !light,, 
Aft®lf l~u.~«::ki!p tb:i(!!l GAR0 8 ,MlK\',if}'iJl"ij'(S;lfgj tOJ ®~itt:lbJUFl@ at, ~olHdori. <i;OU!'S~ 

·u•ith tt\@ teirg~t Q mm o•tbi~:..- ,1<t»ll;id\!il? t.lhl~ miQJ!.iUc IOIIZ!t®x1atf.11l®&i 'WlAte.,.a the 
t1&l1:'g®t b g;oiirr,g md h~l5ld~ for f.t!m@tt:: JP)rtd.lrilt in r~Ji?l~t:~o 'l'_o ~U\it;~e,~~fully 
~w,lloy C:AH.0 ~p iim $1 giW®!m 1t:@~U~aiJl. dt\TI~t:!.onp you lill".J~t b.e swi.tkf.n im 
firi~g e~w~Xop~Q ,r'lhli~ firing s~w~f~pe i~ ~$t@roi~ed by:(l} The~~~ 
di~tion patte:rn of tku<a t&rget &.nd (2) Thie p~1nrformmR~~ envelope of 
th~ mi~~ileo Th~ ~~dietion pattern of~ palft.i~ular ta~get is the 
~t'&<lll :bll uhfoh yoitn ©&X'i\ d111::t~~t it8i IR 1r<?1Jlis.tiono 'Jl'.ihlie f'.8rfoirm1iince en"' 
w@lopte ·1.rni idlet~irmimi~d by : 0) ir.ai'!'hg.e oii; the l!'r.,i&'.J~Ut!! 9 (2) \l::h.;,1 trn~bet' 
~f G ~it~lm tfmie r.1::.18$il!,® ~tm pull p .mmid t3l» it~ i~brllti {look 0 migll19} 
Hmit~t ion~ o l'fm,.:i!& 9 the h.ri!&ii~ HmU:<111tionsi of t!111S GAR."'8 mi.Hilt: P 

tig&i1r1,~t ~ non°~@11.&Wed1111g t~lt'g'1:!\l: 9 lallril\l dll:ltemiK'l.~d ll»y: O) Xnii::r.-.sicaire.d. 

p~tt®fflv (2) Ralng~ 9 (3) G9 (4) WJW~o Si~~® ta~ti~~ ~lt'~ d~w®lo~e~ 
&c~oirdfo.g t:o th~ pe:rfox:m.m@~ @.siip;~lh>U!Ues:~ or limitation$ of tl\ri® 
we&pOU$ ~eed» lst 0 a di6@~~~ sac~ one 

1

of t~®~~ limitation~ in d~tailo 

Tfm® GAa0 8 gyiro 0 ~®~k®lt' lo~k$ o~to t~® ~t~onge$t fOiTht 0 ~our@e of 
XE lt$lidlJ.s,tf...ono Y!or 8l tairg@.t in wUi\l:!lcy J?lCl'lliSlt' ~ tlmie 8ltiro1!\\g~~t pioint 0 

$0111!:r«:~ 1~ tl!'i\~ lbio\l: uH2ltllll1 of tiril® jj~ll:: 0 
,1l tr..mUJP)i]l)~o 'Apprc~imait@lly 85'% OJ: 

ths IR ~igtll~ll g~~~~~t@d @orMl~ fit~m-thi~ ~ot m@t~l ~~d tr.he K'®mmini~g 
lS,¼ 11;;0:~~~ fl!;.oim t!:1'u@ !mot j®t @::J."..J\ni>J;m~t o Jll'IOlir. §il t~K'g<ait OJP~Z'$1ti.mg in £ifteir-"' 
bull"lm<.eir 9 ttl'm~ fP>dYilt'Y iOl\Ulr.'@e of lt$~1.stio.n hi tTm® hot <a'dil.BlllJl~t Hsim.e "' 
.S'ip!pllt'Of;.!Kil:1'.!it@lly 6G~ of du,~ ~igmi@], ?.;CS!fili.elll,0 4l)t~d ©Om!'i®!iS f ll:'om f].~,a ~'.:ll<dl. £-O-«n 
f..~ gtEln~it~i!:lt:dl by t!hi:e hot ~~t<i!Jl. or: tlh'.® t:1&Hpi1f!,eo In tTru~ . .i\JL@~11M;@!li..o:rn f 
lt'ill~i~UIOltd r.,Etttelffi@ D it b 1ffi~t<e!5l~liiley· to· k®@)P) in .,1b.dl tllMi, ~ht1f1ie of t:m~ 
J?l~llttt'slm o lI!lli £iilr'@lf$:.fi 'liitlhl ~!hl:,i,(el)lcl~& tsi:Ujp)ijp><e!iil p lt'$diaitiora p,ElU:<et":OlS .\!lt'ltl 

g~~eir~11y 1o1nlg ~nd ire1~tiw~1y n~irlr'o~; ~h~irea~ 9 in sir©ll:'~ft whi~h do 
ncit h.mw@ ~lmii:e:ilidl:&<dl t.m:ill.pi~~.~ 9 tlm® l!J,SU~mffil @ll:'® long am1«ll 'Iride " In • 
figlliit®it'"'typtei ililt'.{;Jr.S1ft D tlhl® iri1-dli~iU@m1 l!»S'.tt®m h germ®ll.',S\llly fong snd 
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To pirowi.Q\~ &:ll-.e )!l>Uti>t 'lii111t:lb1 $l nMirrM~J ,r,.f ~Bt®;lriiil1.ru,imi~ »Ulli'!; ll.'<'fill.'1!.g@ ~ -wt1a piwe 
1!:lhl~ fou~,~ir.ig vo~i\:ll~~c:,t}fotfrtr1,d]l 0 ~ Tlhl~ toli;'lU!lll'J@C01Jtoll:;11,~:J: .. 11 · for "'~illil~ 
l'l!2©0l'ml~lrn.dl~©.1 !lJJl.oB!!:iift lt'~lffigl~ &ifr. feil»l!l, ttl)jt ll.&i.ll!Jlft.<!'.;h'l\ g\Jt'@ ~ c{].2) WO>it ©.i!ll.:>GJJP)®®@ 

,mU;,~w:Jc~ ~§;Stf.ll11,il1t it:Jrifi:im~""~Olnlit~ oo~lbJ~K~ 0 ©1.'ll® millce ·foir ai]. titii.Mll~~ fui::,dlow 
1(0 9 ~(();@

0
, si.r&,d1 0101~ 0 1':-J-df mill& ll'Sl~g~ fog, ®~(£;1hl ,a;,~~ilefoJ\J.al l©»O«lJ@ 0 ilti,.,, 

@g'®ltiHl~ fu:u .Qi]. tittl'.ll,dl® o (2)) ll'cir tE0°ielJ1~il:il& lfilb;,hl~~.e im~£f.:I,:i:t ~1m;p-i~lt'=$10blfo 
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( -ta ... get:o = On.~ mile t'eill'l.81!:l foir -mJl.tit'llld~s below 20~000° and add one"' 
half ~it~ for ea~~ ~~dltion~l i~~r~~llie of 10~000° in altitudeo In 

pplyio.g the ,:ult!:~~f0 th'Uimb W$:: ~Sll!t n2:e th&nt GAR0 8 9 ~ llUitl=~ffe6tivc -
rcang~ l.lgai!i\$t <!ii ~1\JllOlcotllOo'E.k \t~ir.'f'~\t .et 3:0 9 000 ° woll:lld b~ two mileei » or~ 
roughly 9 10 9 Q(1J,(£) 0 darrut lC',mng!Pl,, Ag.i:lliIDs!]B:: SJ. @up:C.lt'0-0!lli<1.! t,;r!.l:'g~t l!t 30 » 000 °: 
th""-l m.ridt'; slant r,:1;.n2,1e 'i'.,,:JO?Jll@ b~ .zllflp>ll:'o3tir.!'Ztely a mile .:.;:ir"i.d a ihli1J!.f » or, 

-:c:oug;hl:-f 9 7800°" (31) Di:!l.tf! Mm~l'.i; ~~;ule~c,,f 0 thu--ib11
: Ad<dl cm@ tTmou.aand 

fti!let fen: ~~©l'.l oll ID1.sJl.t~ l~h \!:,,btni ait-ov1e 3lil)) 91(»(Q{1! 0 ailti,tu<l\~ 9 'l;o i.:Uus"' 
trl'.!te: A .,8"'ll1l,m~ih1 t~ll'.'g~ih: 9 ~t 3li0 9 t000°~ i.e being ~U;!)J\;·;e.& by a L2~:ch 
fighter ~t. th~ !!3Sitll~ dtitudeo A)i>)plying dne e;,Ib"'~oni~ ru'lia 0 ofnthumb, 
we find that tbe ma;~ 0 iflff.~~th·~ raimge r,it ~fuii~h we «:<ill hmnclt the· mie-­
$11~ i~ l0pooou9 or ~r~~~~iwlt~ly 2 ~il~~p fo~ ~ ~0°~p~e4 ©onditionG 
PA.ding 40 0° foir "4 Deilt@ M$l©bi 9 '19® ~ir.J1pVJ(t:e ai t"ll®W m£f;,.,~ff'~~ti-we range 
of 14~1[}0ij 0

" 

Out' only pirobl~m no\\f b it!ltllgei ~!3tima1Uc!:il., Whe1Th in tlmie <eockpit 
of an ~tt~({.';king f iglilt~H' 9 .!lt m!nii::rmn 1!.'~1:lif;l2:~ ~ tfui,:e:r'-" iu ruo probl~m, 
ein~e we m.:BLy use t~~ ~~~~~ of o~r ! 0 4 ~ight to d~t®rmine ouir rmge o 
At m&X r.rAnge, hW$Wiclll:' p ',:l'El fill'® b®yottd t~te ©.SJil>~bHity of ouir X:'a•d.\'llir ~ 
tharef or~, wei ~ust u0<a a.no&:~1ti:r m®m&'! of det~mimtrmg our appiro:d.mat:e 
rsnge from .a g1.vian ta!'geto A f.i:ii1rll.y .;1~~MiC!.ilte t~a."lig of t'~irnge: ~etima"" 
tion~ for UOnuill GAf1:.c8 fiir!Kng lf.'fl!ilg'.®~ » ie by e~mp1&ring Sllll ~iE'C:~4llft 

ith knc~m wing~pa.1, wit!m th.a alll.g,htt l"<c;titr-1e rt.s«H.'tlls » or 11th \'tpper 
di~m,et~ir Q Applying thiiS! foit",md&\, X "" :J~ :Ji: l Q..012, » 

s 
~here X ~ ~i~~ oft~~ t®~~~t i~ ~ule 

WS 11!11 wifillg~p&i::m o,£ • t'llt~ it:@irget in fceiet 
S a1 . l'amge_ of dil® &i\tt<ll!~king ir:igbter frtii.lJll!l tfill@ t~irget 

we cStn cd!U®ITTr.d .. ll\1® tlh\® ~i!B~ (O)f tfll',c~ tt:~irg®~ 9 in lrieih.\Uomi to our 10C>\!llil ... 
dimn~t@ir ~~ti~1~ Ol' 1°ruil ~i~p~~o 

l'. !'ti ~:'! )llfjl[;,~ Bil n O 6 Oll' S1ppiro:dlll!UR1t® ly ll. E.!!!. 
. llOl ~O~\OJ 

At l43p000l 0 thh mr!l!'i'.fll!Sl tl\-il® JE~dg~!' wUl 1EUJ1bt~m.d !/1. of a r<et:lcle 
ir,md:.l.f.l~llll (3.5 rni,h ~ o At 20 ~ «l'IO(Q) 0 tlhl~ ~Sidg-eit wiU b1® ~1-fl or @ubrumd 
1 pipp~r widt~IDo At ~ 9 ~~~ 0 t~® B~~g®ir vill be 1,3 m!_!,!. oir aubtend 
2/3, .of -'s-i ll'.'~tid.® ir1c1dliu@ ,(Y:.mi&) o 

2o Si~~ of l 0 lijC {~i~i~~~@ ]9°) i~ mil~ w~®~ r ~Thg® 1$ l0 p000s 

X "' l9 ~ 1000 :s l o~ 011: aippiroxiroatiely 4 mJJ!_ 
H~»OOlO 

. s 

\ 



-/i.t H)~000° tmi~. :!?~100 ~iiH lll@bt:<.tn<l :l. \Ji.t,•pt11:lI;' , .. i:'th!S!.., l'.t 20 9 000~ th<e. 
F 0 HiO 't1iU i!llbC:~111.dl l JP:'..pi[G)t' ::f.,I~t~u i.fr;, ::A],D((';~ ~r..,,e w·..-,10;:1 will r.rubt~nd 
4 ]?Jip,peE' wiiCltl1Jg,i Oll: ~ubit0?'>:,S. @Jr';~ :tG»~!m...-:.t :.ly 1/:. e,f; G K::,::., 

GAR0 (8. G:J,n p>'@U .\iltl)1!»lt'~21~ilr1::.:b-'·!ly H)l:;. :·t "31!1:!<1 ;',• :'@1 t!!,,,,_q t.t;"yiB:'o·~·•u:.;;tely 
l o Si G ~t: 50v(();({)({Ji 0 ,, 'Elhiie )l,(1}{;; ttl$;Jt:':~t:mm ;,,,'" ·,·~;a\ 1~ ·; ,~~· 1~-2tfu,.=,.1 •·, ~l!.,l"'' l': - 11 
the wa:y to 3\0 9ClG0° ,, Wlt'Nn th~h"-~ i.t ~(C-d1ttp,1 to 1,1,::e,:,;,dl o;~:1.,- \l'.n.itil it is 
a.b11;)/ to p\\111 lllpj;i)Y.'O~d.mafcd.y '3lo5• a 12.t. s,.,:.~t:('•J 0 

0 J~11 oth, 0 1: 'YOI'cl~~CAF..~7 8 
e.sm pull 10 G~ s m.y'i,;,11\~lr:'c fi;;om i~t ;:t ].ll;;·v-.:,1. to S/) ~V.,0 1 ;>:na. ~ppt·cxJ~!lr.itelr 
3lo5 G sit 5(lp000° C MclCitf.N,.:m1 neu~3;1~ G;~ -~~:;&l01. 11:.-.,U'.!hiJlli[; C}.E,c,8~ :! .: l'.}!I '"' 
pt'O:i!:im.Eite:ly 2 G 1h,:dcu £~(('jpt,1/}j) 0 w·,)l 1. ., 6 t2 ~bo,•v.,. !.1;0D:0!JJ;i[,,C O Th~ G0 1:'1."ipa 
bUity of thel GAB.0 8 d<&t(i:;,t:illiXt®~ t:'..,,ti G0 Hvn1.t. o,;:" t<t•2: H_:~~-\;..r cat l8und(l.o 
'Jt'o, ilhlfll1tit.mtie O biy comp,:r,!"it~ain ° ~ 1',1e; 1:.::( ,.: of lt:_ri of t'.r.?. fi.g~llt'.r.:-:c: in c:"l 

pm:-s1lll:Ut @'IJl;::"f?(?. iai rdl~~~in\<!lle;-c1:t o&i e i;,r-r,,~t ,_.,1, ... ,.;.,,<& 9 c:,.., SJ'-'=' of:f ~ ~rdl :n:.n:!~ s or 
a!Sl iirudi©~tei& bJ th~ f.oU.o,,~:.n,g :fl, R1.md~ ~ 

· W "" Vt :!!~ Sim~ 

where W 
Vit 

Sbu@ 

Range 

.,. Rst1a of ltl!.r,lrtn iiru r-1:/;~ t:'1181 1:,:-~R' !tj~~o,.- 'i 
"" Target V<.do©it:i'" in f&.<:;t ;;;;,;:r: Dif.~O!.,~ 
0 Shi.$ of. du1:i £1I[gh:1...,.:-,:f.l. 

By ®:r...eminiitr:lg t!m® folf!a1m].,9t '..l',~ ~1&111l ~-"-'ci! tL•.~ trru,c; r·,:,t '=' of tt.\l:U (fl.>i} i . .1 00 

~r!E!.fll@@\I 4"ll'il'J' tim~ to.WS~!t Vtill.c:~:l!tjS' or $.li11:'.7}!_(?,<.>0fit t,.".,Glf'~I.M:•~l!.~ &lfxiJ. c'/.,"'crei.1.5:e;a 
S$ lf<ll:T.hg® in<e l'.:'\l!!alfgliB!1' o 'lllil@ rt!lilli'!.1i:>(~Jlf oi ct '!.;,,,[,;->.)bi tdu® f:f g,11l\t.@<K l!'i.xll1:, 9 .£::t: Sl 

m~m lt'Slt'!; ___ _c~.L~lL'i'.9 i@ ((tit'~,~((:11,y );-\'!'O)?Olft:ic,trs.d to £1.glhlU:it t%1JP;!l!,(ftci)~ .:::Ti.d 
may b® r:~pre~~nit~<lll ~,y tLl'il~ foUovf:7,g; fo,.t:,,: . .U:!l.~ ~ 

'W Iii! 332 ., :2; t~ 
=wr=-

'ifK'll®l1.'~ ~ .., k~@ral.bi®l!:' of 11°.:rllclltd G 
Vf f,B Wiglttl!'.~lr' 'i'!'iell.ol{£'.;'i\ty imi f~-(fl{: pt!';)l' ~iet:oird. 
w :re ~t,E Ollt it:\\llll:lfil. bu l!:'~dil.~\'1lsi· )[:J®t.' ir.ll!!:~Ot-.il 

We (&;&1\li\ ~®l!i flt'c;m tlln<e folITlml~ 11 ttlm.;it &1i1t11y ,t:\'..tGJl< -wei inc1r~.si&w-, our :Hgk:t~r 
Wf;lOtS;!ty P to ttey to msiiirntt~.il'.11 @ giiV<s!Ril fc:t!;ts.i !':'.rut<!ll 9 "U& m-<UJ~t 4llliso bi"' 
©~~£s~ o~r ~ (~) . 

R~tie oif t\U:t'il\ foir tlmie GAR0 ~ (to ~(!!•!:, \ill)? 01 collli~iOtil ~01\l!lt'~lQ i~ dlia,~\1;<11.dent 
on fi.w<S f a111;toir1S ~ (0 t~~g(§!t ~lite>~•..& v (;2} 1.~.11s-;l.:e~,.rJff v (l) ir~nge p (4) 
enabling Um~ aim.td {~) tlhl.s 11\~wigt:it.lolh,<d l!."OiY,:w.t:e11P1t . !1me n.mnbe):r of G 
whidil ttim~ mh!3!ile puill!§l 9 fc,lt' & 8'i'0'1!!;'tll ir.st.e! ·of tun~» h clilt'eietly pro 0 

portion.ml to mi~aiU~ ~lPJ~<i'l,cllo T,hie: lid.r_:lbw,rn:' tlt@ ~r,in:eid 9 th® lhlig~~~t' \tlhlte G. 
If a miai~U~ h llli11lll!ll@lli\~,cll f.:r0,mr1 ~ Ht.<,;.lrr ]. f1.g;1h·,t~ir pu1!.HtrAg 2 Gr blow many 
G 1.m.rnit t!m~ mifIHiUe, JP) 1ll :11:ru 01rcd'.i!ll11 ll:o b-n.ll11.m:t3lirn tlb1~ £,ll_!m K'~ti:;: of turn 
l'll!6 thi!: l<il\\.'lln;~fmimig; Hg;lmt~ir'? r&,r O\\lllf jfo Yn'.!ll!® ((N ,.,. 'ff ~ w } ~ g-,d,n~~ the 

07§~:2= 
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:' 

-mis:~ile-o (<,l) is goin.g :L 7 mac:h abov~ tha la.undi aircraft v 8 vdocity ll 
or 2o i' mud1.F it mu;:;t pull 2. 7 ~ 5o4G» in or.di2r to ma:tntsin the s ame 
rate of tutu a~ the launching fight~~o Why~ then» BZe w~ cot!"'..nittad 
to pt1:i 1 2G s:!.::.ec.n thia mh~:U® ©~n. pull lOG~ sn cS\!'.llOunt conaider~bly 
grez,:ft>~·.:c t1ban dH, 5o•~,G ",,7:11.kh we just. computed? G&r 0 8 doea not begin 

'· -to gi.:,i.d-:ti unt.'..l on'1!'=hs1f £®({;61.11.;,l &ft,E;ll'.' h1un,r;l'm~ a.t wb:kih time it riecia.ive6 

it~ f:i::nt. gu:I.1·"Kt•t.e sigr.id to 13.et up a l!Zollhion cour~eo During this 
- enab] i.r1g r,,aJ.:1od (\ tii~eor:.d) GAE."'8 lu:8 a::Tm® «::'herac.teris;ti~s of an ob'.'di.,. 
n.aey , ,.,ckret o B<a>;e; &u.,,,?. of du:t~ » an «.ldition.!lll rate of tuitri, is rie~.es = 
~ary for.· thc., mia£iil~ to .:.;\St up it eolU.sion coun~~ To·i,i~i: up tltu<8 
colli12.'on course, GAR.0 8 turn" 3-\ t:im~s th.e rate of turn of the gyro .. 
tl!e.eker O th i~-:. iei a f.!.$1'9"!.gat:!.ond const,'lnt,. Because of this~ the 
rattt of tum p;cnelr,'191&.ii.d by tha m.ii'.ll!Bltl<z 9 in the first m~u:1euv®l' 9 ie 
g:t>es.t , ll" th:!:!E t~f,l\8 irate of tuin of tha lt!·1.m~h:h.,.g f ig1hnl:e1.'. Sin.~~ thie 
mxmbeir of G 1 ulhi& k•y fl:lie mh/z\Ue an.id figfult.er b ie1qpuated to ri:;:te of 
turn 1:1r<d w~lod ty ~ il :f,~ obw:hnrn tl\u;eit thl<e 2tl HmittaUon of the fight "' 
1el' ~.t 1 -,::i.m~h ig t i~J t.o tl'mia? Ht<r; UwitttU0111 of the mi Mil~. If • more 
thsn ~G fa p'.,H~d 9 tr:,r, 1t: r.!lic:I ing t'$lt te of the gyr:0°f3@@ker il'.il <!!:!i:~~e~fod 
by the: .-~iec:e~88ry H.i-i.\E:<»of ,..$ig,~t rs.te Bio the s~ek.er loaJ(!:!S the t8!.rget. 

A,1oth~r n::ea.n., of e:irceeding th<£: tre.r:king rate of the gyiro 0 ,3eeker 
is t laun,~b tl~i::: mheiHe ir, ie,::-W®1Ml of 12° eingle of e.tta~k (tfu\~ a.r,gla 
b2l~•c::r:.,n th,~ o'),tirL u~ a 6l longit11uHn,d eJr.li.w 2.nd. the laun.clhl 11ircraift O ~ 
fHgh.t. p,~fd:i:1) . I n tln$ F"'l(CO ~ • r.-iiTu~•~ t¾~ mhsU.e lsurucher line is s 0 

H gnE,d 2° b~1o~r th.:;:; fuc:,~lsg"' 11•~f'~r~n,g,s line:» tlm.e mnimum a!ic.c-raft-
hngle (lif: mtil.'.h;;k i® g.o o If 'lilUll'l.<C:tt®d. in e::icice:ts: of tbdsi valw11i ~ GAR.,,8 
iill jurop to-;rn,:(;'d flight piB.tb. 9 t1!au~i.ng the trm~king 7,ite of th:e gyro 0 

e~~k ! t:o b:e ,.x.,~eedt??d by the Hnlfl 0 0:f coe:iglb>. t rst<e 9 consequl!lntly the 
gy1.•oc,~t:.•e:k~ir \•rHl lcs,?; tlb~ t t!l'.t'g••.:t o W!ffi<!l\lf-4 tlhli~ h dlp)ll> ii!t!ri\i{t () thii!! mil3Bile 
go@@ 1hn1H~ti~ ., To ]?lK\e©1ltll•lilll£ , Tm® J!l'co].l!)ij f1:om ®.t~@®«llil:l\g a,. ll.4° imgll,iP, of 
att&itk~ tl:~® &heir:'SJft rh10@1©l 1!':ct lhl~ fll.o.%'1lil ait 1L@@w tin~llll ll.7@ knou in a 
ll.G @orcJ;ttiOill .,:r,n~ 2:3HO ltlll;O'f'.:~ iim $ lG @Ollilllil.il.Uol!ll.o 

\ 

L!!lh'!!ibxdl.!il H 1ii',ltt h i;iimpily tllMl ~ ll.ook"'&J!!llgll.ie lbl®tlll<e@irt tlhl® ri:di of the 
gyro "'&<l®uk<!!l!:' 8!lr.1©1 tl'm~ ll.oi!•.t;U::\lll©llrm!lll ffl:fi.Sl of th~ GAR=8 o Jll'oir Gfilf.c:>8\ » tlhl® 
l.runbda limit haiai ~ ~im:IBm \ir®lu® of 251° i\l'!l sin <dlil!;'~<t:ticmei firom thl!l 
C:®llltOlto WhJ &it'® '{Je 1mt®it®~1t-~<dl ini tlhii@ l~W.!11 ll.imU:sUon? It h po6i"' 
ai'biJL~ fo?: al pilot to 0aitbf:, t!hi® @oimdiU:iomJJ of IR.ii r~1!'ilg@ 9 .mim1~ C9 y .t 
~~ out~!i® tlhl® ll~W~ ~~f~@ility of th~ GAR0 8 miueil~ o 1.mmbtla limit 

il',;f hi® ~<Si<atilt!'ltl ~y ~ @om!bii.X'il.ffiU<nu of t~o fs@ttoiraJ: O) to~ llif!HllliJ.(?i 

W®lo~ity ~~d {~) Eigh ~u81@coo~fo l!J!lt 0
@ ~i~~~~~ @m©lhl o~~ in l~t~c 

lrh'!Bt l) ,PW 'M!f!§}~)lLW!:)tJ~~~'il:' o Oilil•~'-"'lhl£llif B®©Oll'il©l &iii't:eir lleur.~lhl~ Gil'."'8 
tum/ii t«.: <!-,Sfi:~M:hilhl a1 t:viHbioin ©O'illit:t'l:.@ '&Yitlhl th~ targ~"'" 'lt\lio ~@~ond~ 
&aftl(llt' 1elllltll<efm 9 GAE!.0 8 h1mijJ .m 1?@].o~it1:y L, 1 m~@\b\ io,-.v~:r tllil~t of t@~ 1-!ll'l.!lrt<eh 
ai~©ir~ft o To ®~t~bli~~ ~ ©olli~ion ~o~~~~» GAEQ8 tum~ l~ ttilMl~ t~~ 
!'.flt~ of fl:f:n® gJlt'0°~te@k@ir ~iw to 11.'®©hUl:r!® t:l'ml!l Hn~ of gjf.gllilt lfnltt@ ,o :!,:Jl;'O e 

o.r @Wt.€:.lbU.~hi. m ~ol!'ll~lt~nn&: illlllfl'l.llll.Klllt' Jr®lr& tiolll&llkuip lhi®t'!r.Y~®n ttfui~ m!IB&\JU® ~nd 
t~® t~~~~to Aft@~ lt'c~k~t ll!'J.OtOlf ~~mco0utp t~© mi~$il~ ll»<!lgin~ to ~lo~ 
do1:mo x~ Orf.@®~ fl:o mfil1~t~i~ ~ ~olli~ion @o~~~~ ~ft@~ ~~©~1@~®ttion 9 t~, 

- '1 



-gy1:·o"'S('.:ek®~ uat lcok furtb~r sind f,1rth.~l" to th~ ci~a nG 1.t 
trnrget~ In other word61 , ~a Ulusti:.roited by figure:ri l a,.' z~ 
s ile ~lo~~ do~m , the lambda angl0 inc~~a~cs until colll~ion 

8 

I 
I 

I 

I 
I 

FAST MISSILE 

SVJW MISSILE 

-

G(; .LI.S1C:li 
POINT 

,/ ! 

-----



I 

r 

ill:!~ ~~, the oth~r bas:te c u!Zle ox l&ubd:.i0 1im:f.ting f.a undcratood 
by concidG":ring a m.1.s~U.e wr:tii:h p i'i,:mm~dietel.y u.µon lmmch:lng, could 
turn OlJ..to tl.e colliafon coures~ The 1ine..,of0 ~ight an13le '\.:JO ld ,re0 

moin Cu~~t~nt and the gyro~occkcr would thus ~Gmain uith ite ~ia am 
lont; th(" initid p,ur1::Ju1t h<e: iHng~ It <.ef.n be e,IJi.~ta :1.lfi figul"itt!l 3P and • 
!+ tl;.at tl e collii!!ion c, .. 1.1r.:n fr,1: h>"llllKM.J,i!vg i1~1.l off the tail d:tffor11 
in dir.e:et:ion frotu the :in:H.:i.~l b.ci~M.ng :QUCf.1 mor.~ than doeo tho ~olli 0 

£lion eouroe fok' 1.m.m.eh:uig ~l:t • Uy off the t H ~ 

I 
I 

I 

L.-l\llGE INITIAL A.~GLE 
OFF 

S:t/..ALL INITIAL ANGLE 
Oi?F 

-



,,., 
Con~~qu.:n:idy ~ th<i:l biigh~r th® a-.ttgle=0ff 11 t!Ji~ ~ree.s&:€!:t' t:he lem .. :i& nngl~" 
At lout:; ittW.ge (~·it .in ma.~ mi~sU.e rairage) 1.'.!mt~;h~ Hmittition oc~un ,'!t 
~f.d,l.tUcr iiXllgl®w"'off, be~C?.!Z;~ of effo~t of lrun ~-JD 0 Hmit&.tion on dec:rC\- _ •· 
1~1g mhoile Vt";lol!it:f o At ~ho?'t iri.i'!ge ~ lrunbda Hmitat:x,.m i.bl ceu£,ed t . r 
t e ~h.e.r.~ tum ~,.1icl':P. th~ rni~~U@ m~\~t p,~rfonno Y.ou nHl r.sc811 tbt>t. 
if ""'l'.11 ~u:~hfir f:i.ICe~ silt 1 i'!!!©l'm of <1n-a. M~foc-0f f ·""'t. e.holt't i:'ange j : c i.;1111 
be ,rery "12'.(;Ha~ lrai~ 2G Hm:U:,!JJdoi1,, or t1l<e2it' the WG Hmitfltion of t:l~~ ... s 0, 

aile i.t.~~1f, '!'iitiffl m~sng th~t t~@ mi~~il~ 1$ turni~g c~8irply to §et 
llp it~ ,ct;o:U.i~i~ci ~O\?K'f3teo The ~hwrp~r tne turn~ time bigh~r th-: lllbt.B C 

ngl~ of r&t:t.&rclc., Asi eTmo~m iKil H.~,.n:<.a 5 s t'fnl!!! single of t..U.s.~k o.ftl&i. tc 
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·• -th\:! h-'t'}»d\,1 fil."l{µ(i; ~u thJilt: 1,t·mbdla Hr-... it O€;:€!Ut"@,. Wh@.-a ll.oontda U.mit oc:,., 
©VJJl:'f4 ~ ·::: .@ s1•1~0 ... :;;;i;~J··®g> b\\1r:...7 ~ S1g&l11JtGt m n:~~:i;h&-iic::.'Al ~top P olow~ th.ii.'. gyro 

• to •: h., .. J.t + .. 51 tb\w ,.~l~eilc go®til ht1U.i1;;ti~ o Since we h~v@ no inf)t1;.u0 

m!;,.:t!S!:ioim k\,".1l~t::•1·;1 to m•~c_;_,~•~lt'~ lr 1::,l'la Ho.it» 'I.."~ i:.,,1rc-.'C'id~ ~n. ~rtifi.ci.al 
m:1""-'1,,1,,, to L'·,, ire U©1• t :ti'ilii:- V .:.}fr=a ] ·bJLtmtio1fo •~ do not filt'e .nt ~nglcaeof f 
g1.·1t,i•e'..,:~' t~~ ., J(JOQ M: 4«JJ~t1"',:(1 9 

Q·~1 • .il ~b•wep cJ\o l'.l.fJit ®:xe~;ecl Hi' angl 0 ""0ff 
p ·t.:..L ir; ~ ,.d .. ~-!g1 A;;, 'i:,.r,.:;it ·•~, •t~ @ff: '' '.:\f0°M.t~ .. 1~* 'lhic will )??'(:elude the 
~)CltJ:35.MJ.:H:;: c:~ f~h .:;:.ti:~.li-i::lk \,..:; p:"..t"it c,-:::,1_-;®Ci?:.ii t; th® lsmbda limi.taU.on of 
hi,t ~.;..~~U.: ,. 

Ir;, or~ ,;; to !,:OJ. w:l!i:L (U'J!"'S~ J>OU mv@t be ~::d.tfmin t:Tma firin3 en° 
wei'.1. :?::a .7.!/j i'.t Hlil~Jl ty tk1v~ i,i"irt1°l-:.",'~v r~n;,;,1~ G &ti.d lambda lim:U:ation.ll. 
If g p:Uot C::'it.~~.Js tri.y Ott", _cf t;Ul:t<:•l,."l Hm:U.at:ioni."3 ~ kUl 0 p1:.·oh@Y:iility 
dieotC'. off ,: i~.~-~U~:.11~ro fen: pirlE.lti,r :\l pu.:q;i'.'.l!Re>'3 » 't¥1!'1 l'!&l.l dd;'in~ th~ GA!l.e 
8 tllir•:r,.d.l® u. ::.·1Y1,g Gt.i'J$• fowc ~1:il ,1\ f1P collllte (l;D'.1£!.1stiing f.il:cill th~ tail of 
thilfl t .. ir..·gct -'."' j :r.,;;; ~1t2f t O •~yit\'m Hi kli, ·,ilhl itl'.l9.~,~r.i:C:~1lil&: tll~OY.ll <!!il titude and ii:mt~ / 
of «:;lot<l!.lilr'~ (1..-~:ilt~; v.-lm)o _:C,.;i' fm:~r.:'•~ 'G.aml®9 \!ii® ~u1 ie£i><elt'ibJ~ tbi,8 on© 
&~ r,,.u .illit'Ag;tiL· .: v~lo,£!::' ty ~o:~;;;; O:E' ~ GO}'.i1te of lM''r.tlbtl!lm ~&g-form:cne@. 

r 

I 
'l'o f\l\1 1./ er.r;rci:,:-o'.'.i,znd &h,r~ limf t,-;;ri.ozg$ c,f our ~•~mP,on~ a1yst~m» l.lo 

thlr.t ~-"~ m-n~. :1·;;~;·:910;:i off:.~~r;.f·~-® t~-"'-t tc~@ » 'iU; mi~rll to b:w~ 130~$:tbd.ng of 
tKMI, KL-~C:rnza~ of tl:,.ID ste~-~~ i.:.i ~flniciri: •,,.,ti wH 1 ~e IE!!:i1.i/h•ying th~~~ 'ot!'~2po~~ 
co=> t.lli.e jpl\\lllt'i:;~;iit ~PllllfVG:, flt\tttks A frW,:~,;;\'liH: ~·IJ·il:'·i!'ie .sntt.£it:k h b!'llt>i~&lly tin 

attr.,.~1,; 1 .. mi '1~·1'..:.:' .. dht tti~ n:taht jp&1tlru of rllil~ '!Iltti:"'J@kins H&;kuug- ieJ eonUnu .. 
/ Otll&1l:r r,1oiu.tc.J &(t; $i \rs,..; f1.ti1g Z:t4lt'C:l!ll&: ~ To ~E'O·d.~ei @Ii lltt.f)}igh.t l!.ci:to this 
~- typ~ of. @tt "E:~t» ~Cl:: cliU @T1,y,·Jl.o,:;,• tilw~ ffo,,Uo1.d.~1,~ tfo1rte.i1lilll~ 

C 

~llM'.lll.'® ~ i:il 

Vf :;.J 

Wt :6 

~bJ@l , ... 

r~ "2 

~JJ\lc.;, 
B'idmfe~:,t i•~fo~!ltw hi ir®,~\l: 11\)@K' ~C!~on.d 

~ .... 1(' 

'J!.'1".l~g@lt ';,Y\Bfo© i ltJ" {fill f ~~(t; jpl®lt' fl©~Ol\llid\ 

5lilli\® oif itlru@ ®tmgll®.,oli:f o,if: da® 13\U:IID@killlg :Hglhiteir 
!:J~1fuicf;'it' t,f ll'.',swllimilL ~ 0 &'l! p\Ulll.11~~ 'biy tbi~ .iitt.ra@k'1'.lr 

WU:kn th® &ibo-vtrt ffoirz. i,,l~v ~~ <,::,mim @Olil~p,inte thte 1.n.:tl:llge foir Bi gt~r~n G ~nd 
ei~gfo,·c,i'f ffore 1Xfd'J ~0L\bii1rn21tioii!il o,f tgiirg~t .l!l.ru.11 fig,h\t®l'.' tl!p®GJiicll .. In u~big 
t '® f<.•lri!mllf.1~ \l:lh(B foUcilYilnt'at h"lJt.mtl::fomil:3 mwmt bi@ @Oiii8l'l.idl@ir®d~ 

Ji.., Thi® fo~1La i~ 'li?~1Jtol fall:' ir.sJ!t®@ of R'..Utffi of l<iMJ~ tham1 10° pei' 
~(la'l~O~cdl fa~it !th~ imttt~lld.llllg Hrsht'"5ll:'g f&OWt~W@l!.' o ~t tlh\~ 6£ltifeudc!%l and velao 

o~it~.@fjj !;lt;t<1dire~Ulillm: li»:r lt<ll©l~:i-vu !il fii1lt,&'.®it' 0 tlm® ~'HiU®bb G ~Ill not .mllow 
Ml!> 0 b.i tnDl!li'lt. e:ai!f>@lil p io ®il~®~cill tlld.kl ll!.mtt~t.f(»rtt" • 

i .. !lbi@ fot~IB1~ do~~ ~~t ©©~~i~®lt' kb~ l@~~ ~$~Uil!.'$d to d~liv~r 
si ll.~th.ml \h1ng-gi&; 0 !Kll oit!hitl!lrt' 1HC.ltdl$ V u. d@~~ 101011: ©Oi'il~idmr b.mrdl fol'.' t 'lt'0 

g®t·KOOtioim,, 

· -

1 



-3 o Th@ fol!;'lWhl Jo®@ not lt'®)¥)R\t%l -illt troi1t f U gll\it p.::th of t:.ie ~ttc.,c~: "' 
ing aiir<e~i!.lft o It ll'.'<Sjp>ll."®S~tat@ ti!if1Jft:-:.:,nY~t-/fui~~lflLL"nf, K'(f!l~UOul2biir,t.. for ~; t { ·•c-, 

en s~t oi w~l~c~ ~ta o,~~ifi@ po!~t in ~,&~®o 

Dc13piit@ t~<!ii ~lbo·'\i'\S HmU:1.5!t i!.o!il~ ~ t:tl,~ f~ll\..'T!nl<fil iGi mtU 1 V,'R:Hd r :£. t'b.n'! H: 
p>l'OWid,E:&1 ~Jfill iw..1;12Tmtt i'l'.itO t:llii~ p-:. -.'i-11-il®L"'tl 1,:;~ &li!'~ l:.F,'~;"illlg i,tt'tl th~ f.-llt'tltltt 

~u:n® o ~tudly f !tfui~ fo11~11:;mil£ \st~?;'-~l1h ~ 

1; Th-e trt.'~J$ cf w~l'!:'.1'.~J:.l.illbH f,t!;.y i~ ~ !ffi~l)];'lfo•~; ©oimte 1t,r:1c:mat it;;, Xt'O!lt: 

--tliil® tdl.lU of tl'ru~ tt.21Z'g<Et ~ill."@tt-.~f&:c ':tan:.:!.¥ ct@lfill 1!»® ~~lly ilfo~t l:r.t-:-.l in 
th~ fon.lul . ~1/JIO'IJ'i:2 by SK'i.1tly~i!'iig Hguir~~ 6 V 1 and So 
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Here '{,1~ can. see thiz.t the COi'.'Mi b~:~o.oo~ 'lM.il'X'OW®i7 st firing rang~Ol if 
either the fi~te~ v~lo~ity ~nd/o~ t~~g®t w.elo~!ty i~ incr~a~ed. In 
other worua 0 th® atta~ki~g fig~t®~ will@® fo~~~d to fir~ st 1~all~r 
anel~~Qoff, if h® ~oe® not ~i~h to i~~~~®~~ hi@ firing range.Again~t 
teSrf~eu dil:lpleiy.ed in two dilll®1tt®i .. or.1:@ (8 :li: tc.O poly®th;}lt,i,1e tow tt1%'eetB) 
this ~imiiot b~ den® 0 'ibi@©s-~t~ tr~@ @tt\l:1a1\t:k:b'.g figbt~ll" will not have @"' 

not.\gh t&11rg(:lt airimta1 i111to whi©lb.1 lhl~ lG:~ra dlilf®<tt hh fiiri!! o Reducing &n~b.,. 
off &\g~:l.n~t bo,ib©i.it"'tY!t~ itS\.ll:'ff~ti:ll JPll.~@~ tto1.@ mttsiddi.ng fighter in th~ 
born ,©i.l'P a ·iff@;etiw~ ©Oll'i\@ of iil.ir@o '!1bl®ir<!d".oiriev if tl'iilre wielo~ity oZ th@ 
tsR"gt'.t. mnd £:tgfmtieiz, i!ul©lt'~®~® liilril@ 'W~ (<11.o Kllot ir@du@~ ouir lfiln31®G>Of f 9 tli~ 
r~ng~ sru~tp of n®©®~@itJ 0 i~©ir~~~& o '!'1m~ 1~~~@~$@ i~ ~~1l'ilg~ will b~ i~ 
px:o~>olt'Uo!m to tl\ll~ weJ!.~~ity i.1l'il@lt'@lal&il® of dil® fi;&;lhli:@ir oir t~ll'.'g~t o • If both 
tfme talt'g~t 8l!'!lii Hghtl:@lf w@fo~U:y i~ !~©1r®ill@®tdlv th!@ itt~lf@~ri® in r&m,gei 
vUl b~ &ii w.ultip!@ of ti'm~ • ilnl@Jr\~&~@&'J o,f Ua® HsJ11t®lf amid t~rgcsit, veloei"" 
ty (folf ®:!.E&u~l® Q if . Vf 8iltlld Wt ®lr® ~~@@!@~ 0 th~ ir~ng~ ~ill be qu~drug 
pled). • • 

Zo nue Q;Ofilll!il b>®*Om®~ l\\\Sllfll"(l)~®l!:' wittl'lli <ID\iil illll@X'(iUMl® in dtt :U:ud® (the 
foirmula ii a fm!l@Ucn11 of figllnt®ll" ~~Jl.~U:y 0 tGl v .mllild ®gh,oc,ff) . It f.w 
.Ii l'a-e~o~l'ii~<ed f~cll: du{glt tlhl@ &liW&dlsifuJ].e iG OJf tlbi® fig!mt®r d(;'z©t'au.11@e~ with 
aiin i!ll~ &'®~9\i!: in .ml U tiMl!@ 0 &il!/"t\idl .Bl@ w@ <G:&11m ~@<el by th@ foll:'ilmlsi O ~n.y U1Jl©h 
~~©~~m@~ in G will b~ ir®f!@@t~~ ~1 ~~!@©~~~@®in &lt i tuJ~~ 

In~ ©~n~® of ~~X'~~it 9 t~® ir~t® ~f t~m ~®~®$~~rr to t~~k a 
giw~n t~~get iw d®t~iemi~@~ ~y ~mTut®v ~~gl@o(llff ~~cl ta~g®t v~lo©ityo 
'rhhl rat~ of tum ll11~7 b@ ~p,r~&i.~®©1 lbiy lt:Tm®, foFHnnii,g foEmiiilll.s ~ • 

-



't'l!.18:'lli! W 
Vt 

Si:;;,$ 

-i;,g Rr-,&t&tPJ p~:r !llit:~oaud 
a Tc:-(;~t vt:lodty in fci!:r;t 
a Sin~ of th~ ru~~l~aoff 

.' .. :':" 

On a: ,~ ,,1@1-151 of f:::K\'.'l.. :Z1ff1:'t...uJ~ v ff a:m !C""'L<pf.f ~!~in1..dir:·t,1 1:10r rapidly 
thl.£:\\t ~t,,i rte.;'· ~ ~ th1- t·'":t<!!i c .'' •' .. "h\ irHl Jl~K0 1~e (thi.3 wHl o ~ux- :i.u 
i oznC< p~t&'i Ol: c.Li pui:;.l'1.d.t q-;:,ua:"";~, ·_,{1,~!l! tfm~ fi.tl~1l~!' vefocity iD le:H 

t.". lc ~ _; r,~~ t.:• • ·, ~·-:,lL,,_! :t.:.y of : 1$ t..llZ' t} o If ira·:tg$ di.uiuisl:a~a more 
e.1pJ.d !.y t:lt ...... 1-..gl~""u.f { p t~.lt, ~~,)wut t~~ c·uit,.rE::, tfmll;) re;t~ of tu·i~ ·er 

r,-; 1:iiJ 1• .::it;r.-c ..., {ttd c \.~!.]J, ._ __; tn: i.1·t&.-~ th~ 1:1 ghtir.ir elo~ity ia more 
• t!-.:. ·• r~;foG ~r [';t' ~t .i:11 th - •11,';focit. " of the • arg .... t) .. To f:i.r..d the 
p.1:P.rt, o~i tb. . ~tiiJ\ ::'\"!M? 11f e;r(l! , -.rUl ~~t 1ew$· tb 13~ ineir~.rr:.!t::B or do"'" 
(;)t~,i);i-;,"·,;~, i.~ r~.rt •. ~ of t1'-3lr!:1v 'L~ el!'.(il 1.R · (ti. t!':ft@' fou.o,~d.h'lg fcn.>i::rula: 

' 

'if'f: >a !ff (~,r~-all.' \/\:il!i?";ity 

rt '"' l\;1.:g~t: 'l."~1 -~.t.ty 

l'?-01'~: '!h.©3® t\v ,~,dr·~:U:l~.l'l .!klly h® ~tiµi:.-~l.ll~/f?rJ ir11 knot~~ mU.erni pc.r 
~OUX'p f;·..;Jt pt~r· B~c:cma, e::i·~e,, Sl!9 lollA~ ws Vf /;;,nj Vt mce e.%pt'®2&'3f:1d 

) -in lil.-~ v,d.ufo.,., 

1 •• -ti! f:olt" ::.ala wU Jt cr1.~Ur;;. 'm:. to d~;fr.~ir.~r.1 rac th point oz,. tb pur .. 
~\\lli.t t'.'t'-l! '1>1 ~fui,-;:,rr~ 1.:n£irt .. .1,1·" G t,tl 1 t1,. ~:rt'l!o1U1ntt';!l1t-Q!>J. Yoir t~:51?1pl~: If wci 

?-.~·v-<l!! t. f:i;;}lit~i: ~YH:h\ li.1 v ilcc:U:y of 1 .. 2 r.'ki!·~h ~tt!!ckin0 a ttix-g<Dt \i'ith 
a veh-:!~ ty of· .8 u.~b 0 thi:' r,;)f.ut of •"9.;;tc.-0 \\:"i 11 bs ~tout 41.,4° ~ngle• 
oif., ':1\:P.l:+Jf·J);r.·,.v i.~1 -Sfc~t, '.J1'l r;i.~-~ &J,i;iJlfig tftliii;t tllt ~;:i1gle~ gr at~r 
tttin £.-1.. ,tr.Pp th(t. lli.£it~ d; tuna (G ,r' G) h ifilicr®l.lllin,g. At. $ngl(i;O of 
l&SJt11 t~-·~t.i k,l .,~0 

f;';;tlD Y,:' ',::,,:i of fi:<.::ll.'ll bi c,fa.~Te$!16fo.B. To fr.si·ll:tr,(!lllt' Ul-u3° 
trDfr:t• a it W:£! ti!'..ll .,(;I. l:t f; •' t.!tult 'lC' tY.'iJ'-W;!HlrilB tll11.: t"'·k~. or tll:'(!!l ~t~r.- dum 
t·d.~~ fr~~ g~-t.t:& of tch.:, ,ll,t.::.r·s~\\: p tbi~ lill~0 t w,o:bit "-?Ul ,~,e\gr .mt &:l!l1eo

0 

d~Jlr:'<e~;; ~~irur;;lcri~•o·f:io Ir... otlh,tn:- ',71JJIC.ilalr, r;\G®&'•~ !U bllll &ii G u:Udoup·or 
'cill'.l in~l"'-~£.:»c..~ i.irr1 Uc.] ir&:1t.~ o-f ttr,a"l.ill tt .k'6@ghoint th @ntiir~ p@m!Sc 

:L?. j;:ttlt'~an1.t ~rt1;&1.~k1t -...hf:n ((o:J:ruy 6 i,; Hu;I'ilt®1r0 ~cw11b~lt' 'i:V>!'lo.d.t:l@8 p a 
i.iglliit~1i.· hi fc, e-.'11 to fd.'ii.'i;J u1.1>.cll<in• it~~:md1Ucri.ue r,;,t'l'.®N U:f1l i~~loeU:y is 
lc,a1~ fa,i .:i,. tukr::: t:}~~t of t1!1@ tt;it'G@t q hi ttlmiis • t;1JP)@ of .aitt~k ~ the 
Hc;ht<ct;rt hi not. 1::-n:4y fGi..'(.!~~ to H.ir.? ,~t fo!trlti;(Bit lt'.f.~i!'ig®s P bv.t sho to 
!J::£,1,,~ '{-itr.,'ll.l~Qi-: ti&1 i.,c1t,:~ of t'Ult'lffi f fJ cl:L£C1!.'®l!lf/ifo,a;. 'U'to ~tnltil 8~0 f~om atu.::\iy

0 

bti:;; tl•a,. fig'!l!it'v;.,;i ~ &n.:i 10 Un,\llt !!.:lli.,~ ~t :1.r:~k<r~ir 0 a K&\t~ of tum b iraot 
ori:il:,· d!~:..:~ ~, ·14!!;:is iu~h blllt :U; i,~ cl~:(! 12' ~;:; hlig 6.1!.: ~n it1;.~ !!;'® ai.nig 11.·~tltl o In 
otk:1

t!I' •1,,:nrdi; 0 th~ ti· t&!<1::b~1t: :hi 11,~i!;ll.,-; ~0ffi~•~l.<!:1d" Olt' to"'<td 1n ... tir.1UU o To 
iU-mittef::,w hy fit;iIBt'G.'l JO= 1&1t11ir•flri.g tKl;~ H.ir!il~ \111.d.t ('!,f Ui:.-:~ {on.e o~ond) 
tie tti.dda-sg f:igfuf.:®lt' fo~@fB .o~ of si G» smd di..n;rtng th~ n :li'..t @.cond 
of tiw.m 0 };'.] foRt:..i,jl .17 i. &11 G .:l.lllldl ~o @!!.1. 0 t!nU.l <lllil!dng th.@ fifth ~@e= 
m1u, th:) U:~:tk119l' lcaJ!i,J;.TJ oli>'7 of $1 o·., 
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-.ttv.ckr~;;:- de~rea~ios his G t\t the m • ...c; p:)int (uU:h 't:h~ rune 
-r ocU_ieo e;_, she. m in firut'.s 11 » t''J uill l,e ~bl"" to cU- niGs... 

_ 1• G bleed-~l;ff. L::,tmver, thi!'.1 \'.>1ill forco him to fire t long• 
,~ u .. u,:e.Ly· an atte,.kcr does ot ._,f,nt to do thi~, bacAun ;~s 

fll'!.'':G, hie '! ;111 .i.. t!<2i:!.8o.L-ty t.\~C1t'¢~it;~e by a function of tho 
i -c 1· ,::-.gi.1! doubl,..,r.: ~ lv llet dst;!i;,:U:r .rA• -~:rte rs),. Ao s reou.1 t, Gn 

l!!'~t :ii.re '&\::r ~ :Ln~?:~i: ti1 .. :'.,; epsn t.o deliv-cz- a latl:sal ut>·t • 
. . s tirr-~, he rrruct tr.i;:t.:k a tut~et o. :iller in pars ect:i.va. Undor 
... iit1.o 1:~ P the pt'obfo!n of d,:d.iv~ring 1:tfil effoetive buret bet:o ~s 

,-;.Heult,. 

1f 

Vt !JIB 

- ~~ .. ·~~ 
~ii::e L..Ofi-: Gr r.u.:.ng4l : 

= 
0 4lol~o 3.,0 6,180 8 

=cl 36 .. 6° 2 .. 98 5»623° 

2 I 3109° 2 .. 91 S , 105° 
--

3 2703° 2.-.79 4P62QV 
: 

4 22o 8~ l -2~62 4pl63° 
-=-

.5 1s,,-1°I 2o4! j91]9J U 

-
2 .. 11 .. l 6 14.,9° 3,3231° -

·~ !att.i:ektn·; in~'ll:'i\!lSl~@IJ hb G at th~ m~ point, as ohown in 
2, ~·ill~~ ~b1~ to fi~® at $~o~ter roo ~3$ How ver, if ~a 
, h:t~ G blet!:Zil"'o ;;rf . YU1 i~~om® eiwen rrore rapid tillll\ ot"iginoUy 

,--:; undC!!rst.nnd llt.ow th..i cllytii.mnk:ill of the pursuit curv •. nff ct us, 
, ·-uagi th12 limitation of our waaporu:.i eyst~m in thi~ attactt . 

- / 
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Tim.Q 
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5o0 =J JD ~2:t== 
.o lilo4 

1 33 .. 47 4,.,67 ~\.- 1 

2 250 73 4o53 "J 2i69•3-;= 

3 18054 .i:=97~l 2p251 ;=,= 

4 -12:u:t~~]~~~ 

To sct1:u;:~tely pndi~t th~ h~a,rll re~1id.t>~msnt (p:r.edkt:i.on en3le) &:i"l.y 

tJ i ght roiqui't'Gl;al the foUrn,ring li.sifBlk ir1.forr,,.ri!:ion: rs:i.n.g.? 1_11.d ti-ri;: ,~t ~tl":U"' 

lar velocity" In the ~htu;rlbi~d !st:lgl'i!lt, the TL"a.ng,0 its pirov:td~d bJ th~ 
r:anging rad.air- 9 th<!!! l]';&L!:'gd ~lr'agu,u ll.&llir V(Sllc~it:y _ iirafo1r,\:ation t.i;i ac~'l!i.lf~~ ti~, 
t rmcking th~ targ®t &iR'~~~fto SiTu~@ th~ pilot i~ for~sd to tu~~ hie 
aircraft at a 4;iert2il0l R'Blt@p t1roh t'/J\lt:tF.J of turn hi a replr,~cet'1tati..on, of· 
t arget motion mld h «llirisa Hy piroporetfonm] to tslfg-=lt sr,-:".ed o 'nh~ .s~gu= 
l ar v~l04:ity of the att~!di:nB siiii:\~r~ft :Kt\l 

I 
hd iir.,to tfrne Bi3h.t t!irr:o~gh 

gyro action ., 'lbb info~t foim ia: lt:Ll'lh~n m.\1,lf.d~d to time !np'4l!t: fieom the 
r adar and th@ prop@r J?!t'(Sld\f.&tion .fi\1mgl~ i .f!. ~~:mp.ut:.'ed 'by plecing mi ~l~c"" 
t rical reret~~int ($tiffn®u~ ~urr~~t) on tte gy~oao At long ~~ng~o 9 

little: lt'ie$tr~int b .mp,pH®1idl ~ wUei s.t Ei>1toirt 1r'.mn::;cFJ 9 & 1.nl'g~ air.::01\l.nt of 

r~etra~a'G,t i&.J . .mpplied. ~:l'ffi®r orcll~JJ..~~~!:i..M..-. .£t!.~£JJ~v 
£hd .tz t~® t'~JlPOlliB!~~ of: tl\)l!J_~~lq,_L§.~ t~-=~~ ~Y}!~i©!'J=~f J;!m@ fii~~t!. 
~~ \t!O~Ut4lg fo.[_ t8!_&~ .. ):;ptiOnlo 

In an ~ttn~k w~~r® th~ fig~t®~ v~la~ity ie, leas thon t~i~e th~t 
of the targ~t 11 tbs f ci ~.owing 0<e@uin : 

1. The r~t~ of tum n~~®$~~ey to t~~~k th~ target diminiohe~ ~9 

the r~nge decr~&~~@ o 

2. Thia 1Jtiffn@~w eu.u~r~f:: to th~ gyrou in tlhe !1!1ight i:r.~ir~6l~®~ a~ 
the rm1ge de~re&a~~. - 17 
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-- -0~ fr.ttese two cor1.a'.:f.ir.fo1MJ » b! pilot clo,E,;fng for: th~ attttck ex
0 

f! ,- 12-.:twetfor, that the piy1}1~::- iisi d:diting in front of the 
~f cort·f:~t f r t:i.ii~ » he t.\0.lc;~.~s bel':::k"'Pl'0~1Ju1.e to rec;uci:a his 

tu?:-r~ r!!ltOo ~t!:n:I.@ • i~ turn 1, t~i:-eoit<c.i:?. .~ lo•;,f.!r r.ste input to the sig,. t 
gyt-· :, 9 whi{'\ t~u,!lf:'lrf' t:Je p,irt•..:r. to hi!!! TF.?-1Btt:1.cnwd to r.natch the, new 

tt!l""b~ l:;',!!\t@o Co~ O!'.t•.·C: If llihs,, Mht,s:i r:,:Uot fil'Ol!ilt ~W:lln[;el hil'J tuirn. ra.te to 
~,Bi;to:ciition bi,, tr 0 .. cir.,g ht., :.,_ 9 tt~:c::1\ ,..,gain x:·~powHio1u.i h:tai pippsr 
end BO O!!io ''.:~t p i:o:::· 2'.~ att ·Cki<'!l: to lmfftY,B th~ l)t'opei!' pre1dk.tion 
smig18,, hie i.'lh,t cont1rm,.lly :, .k(:! tb'.!1J~. C()ltle'C:e!"l:iona snd ahlci track 
tii\8 t~" t:'§t1:<t , •• ,."-'l~~H to t ,.vo~,tb1i:d~ th<f! ti.ms of flight of th(B bullet~ 
to Cl .lo,t fo-.,• t-ght rclutioi. timie . A we can !!lee , o pilot may null£ ... 
fy tt:ta eff:~ct of eo· .:leiu.g t:., piP.1•1ilt' by firing 2t lo·ve.r Go However, 
if i .. -- d,:,~i;i 9 Iii i -will r_.:-; :fot'~"·d to f!~e a:1t long,a,.r ir~:'.:'ige. His .s1ight . 
i,i11 h.111~ even li;,sf· ·-~~ttr:air~t .and ~,t:(a • tairc;at Hill 'b~ ,gme:ll~r in I ~r"" 
!'3pact:!.·1

.:a o X:~ La H· ( 5l at; t ts}.t®K' G (1:.box-&:@lr r.sngie) hh 8ight uU l 
~ ~V1; mo:.e i-~Gtz-.s:t,nt ~ il:.Et tL PJCl;d:ktton .siX"Agl~ will contil'moumly 
eha1ig..0 in g:r,· ".!.t~t' 0

1:iitu ,. " Af.D Jt lt'~Sr:.lllt P the att.ack@ir hn8 very 
:U.tthJ ~hoicc nm to Hti'l typ~, of p~i!~ hi!!! may G:.'t~cuteo He :hi for,.ziri~ 
into " narrcv• att.2c". cone to nvoi~ e.itb~r ~treme o 

'fo sol ,.,. this ::o~lelll oi G blet•do0f f, we nruet refer heck ·t o the 
m~chanfol'j of LJ. pu:.~,uit CU!v~o Ym.: wiH rc~all that if .s.n e.tttackcr' s 
wslo(·i.ty h t'Pi,:;e o,.· t1,nl'c! th-r.n tYi~1i. tlhi.:ii! t of & target 

9 
there ~ill be 

un b:r.:r~ase ha rct& of tur!'b.'!o !ti. ai:t,t(\! rn of t:hli,!1,1 ne.tu1t.·e » & cHfferent 
11d. tM.!it io-n ~:;: ~ ., ..:~ o 

lo Tha z·ut(?l of tutt;. :?-N-6.e; .. H::ry to tra.~k s. tl:?I'Bet incll'~asi~s as 
re ·ie r.ansa; d.::t>.rtt,a~,es o 

2o '!h• IJt.iffn~i.g ~tlt'X'8!:C: \;;O t.!m@ ~iglmtt gyros bJClr<?!&l~<?.B .!!!IS the 
i".'@ng,;; t.f..sit'. r.-BaGt"·:Z .. 

Xn. im:ra sttll:$!,,k i~lh\(:';it'-"l t:!i!,~:'i~., ~o,r,·,~f.tiom;i {,;--,.:i ~1t 
11 

tlh:~ pipp·l::ll:' tt~mdS! to re.., 
l{oUli?R OK& th<B t~;:g(?it hc',ceUH Uudf. fot'l<v.lllt'i:1 dlirift of tt1ru~ pi~p,eir :l~ can° 
~~:U<e.:d y tb~ i.A'.,t; •• ,ti?.Ia<dl i: l!' g1l'lt"!it(I,;~ ~ 313 rr:.~.m1g1S: cl.ir.nii.1:l9nn@s o In. this 
att~k O ~gi tlh:0 p>r-"clti~Uon ~;ll.r,1,~ hi t:To,!ti.'llg:i:rag hi~~ -:J:a n~gnitud& ~ the 
pUot f'hai!Sil a mot'e !,jt.ry.~,].4::i &'t'$.dd.ng ilDl<Cl~ 0 an!;Jl ~.~iru~~¢J!\\J·r·r.rt::Xy , ibru10ria 
abfo to 't'OJ:JCt, fo'l.' th~ lI"'<lil<q1td.~6cl t:tmrr~ to ~d'i"li®V@ ad.a;lht e:olutfon o Natuu 
raU.y O this ~o-i::kl bl['l tb<=J_ 1«!'.<B~J!. !!tto:~k foir uw to pt-nrfon,; biowievor i 
tM.ra &i :imp06'll£l:i.~1e~ hlL~5.tn0151 tb(Sl &i~pi·o,~o,;,:"Uono!lt® fo@ir®,\MJ\S in Hglm&:ar 
mid t.\ll:t'g(t;t ~elo(Zi..ti ~ ku~g not ,illl.y pt.s~.2~dl. tlm~ Hiring r:-.mrrage out~ but 
h!91&i ,!l! • ~o ~lf<C;&tia,d eor1tli,tfoIY:8'l d~~l'$ tlb:~ ~:f.glH: pr~d!i.~t:tan ruigl~ isi con° 

• tiltUOti.!1AY, ir.hl~r~s:t.-i~ in (;O~'illI.d,cdl ieaivlei m.\1lgllllittl!il<!. '.K'1luPi~e ~omHtfon~ pllt'Oa 

~u.c~ ~ tt'!i:cking i-fll~~t \,: :§.eh :t/;3. ~~it@ 1 oID@ an01 odiff!c'llllt to c.ontrol . 
!~~auge of tkuiei » th~ , :Uity to ll2-.s!lil&:ir0iy el tto111l'g~t hi ~Ol!Ml:!odl@l!:'ably di.,, 
m:i.niSJhe:d 9 mMi the g... :..:1nx-aot l· •• l(;Ori\~;,iitil®ir~d .m~ ~ffC!".(;f!:i.Wie ,;;1®sipon in 
todsy 

O 
&l pursi-..d. t <i:lllllLU". .... tai,d(~ .fi;,?,,td.xuit ll1:((),Rl\ 0 llri.£nl~ir{!'if'®t'ing t!lrgeta 0 
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GAR""8 it~ 1rnot aif f®~t~idl b,:r t)rute HmH:b'.!U.ol:llg of & ~omput:tn.; Oit.;)lat 

ber:aufil~'< tlblilll Il'Hot ~ in .r.i 1i:d,!9!!iiil® atttt<£~k~ \llll~c:8 ~· 70°.nil trStckint,; co::.-.~ 
s:.Yitlh\ a fi:,x.te<dl L'-li <rut" 1Eitlli@ .9lll.1lot%1 ttlru$( WJll.lot Im t 1tai.i;k th\S t~·:q;at qu:!..te 
~t~l(;@ll;\wi'.lifwlUlyo 'Jflm•~ ~-1biJl~(Uil<=-0ff @lroa.iir,1:;~11:~lf.'bltk@ of tocll.my 0 ~ p•1.1ff1,lUit 1..-xt:a 

t8!.'.eka1 ~1©1£:VJ/QUy bi@]!Ji~ t.l\~ ~iti.~\(';·oc©lif. toi JPlC•ESiH:):-:11!'11 him!l.idf wit1bll.n the C,;J° 

laurn~ li ©OK'11© btP:kuf::ru& titllt•,\ \ts:.E:'g&.t ,;d.i-~l!'<!:1J!t ~ @ip_..._,,;i tlb.i~ &c.tt&ekieir. ia bei..~g 
for©®cl ii:tto the::\ tr~U. • iµ:c.,,:3it!on .., b-~.fo&u1& Trait~ ll:'ta:~p,~~t:?..-v-ei t ai:r;et c. ~ ith 
~ Q ~l@~d 0 0ff.o • 

&...lltU imo'H» 'W'l?l tm'w~:. m..Riil~ &i g,~!ill!:!t':m1L 1.:mli1].y~i@ ~f the: tyjp:e of .mttack. 
w~ wiU lb,,~ jp,l,il1l."fo1tmitnf; i:g;&J!h1l~t lh&g)hi 0 w;;:1&ei.dt ·t$1l'l):;®t!;\ ~,1--Ho•;.rv w~ wLU cU_g .. 
tt\U\~&J s ,se:iJt'i((! t:Y]\l'~el_ of ptllit'@ii.l!H: ~~!llNl't:\ ~it ta!c>,;k.1,1 £i:TI<d -~.§l<tii! if or1.c 9 or or8 
o f thew~ ~tt,;,~.ki'.l l':!lffl£',t'g <lli&'\Yt.-mt.:i.g;e.s ltl•'1J'@ir ·tlhJ1t:1 otfmi.~lf~ o 'Jfbieir~ Blt'G: fN,i: 

b~d~ t · Q)~~ o,;f l)l\\liit~ILl~.t att.t~(£.~ ~ 

~ o 'I'ilM!l kfo•c!J®Jc.:>4l'lll~\f&:,mr Att.mclk-

(J lL~ t O ~ \ll:ig,i~1!Jl@@ ®£ic.lhi ot1i~ of th""::"3® 8-iUaicbz iini idl®t.:erU o 

Xi\'\ ~imy 1&ttta.;;\k 9 t!t,-~ t'llllEilil of ft:\l.lllt'l!n ~td'..©1\u m11 ai1t t ,1;!~b~ir K'il@.i;,,ialai tto tt>~'Ck 

3l ft8l!'.'glB&: l!lf!Y lbi-B ~~~tr.',ei/'!:i/:,l!',ci <'!;SI t'i1VlH.d G9 3.1m1,dl ~di!Kl: toi® griio,·11,"l!'J by ttlm® fol "' 
fo'lJi!i!S fol1:'CT£,!Jlhl: 

'lthir;, 1t'&i@i&il:iL @ ®-.."i'.JPl&\~!il~®idl fo11IDlf~ 1t~;pllr@.~@!n1tf:ll ll:lmce ll:atit(gllfal ~~ie~l<eit'tllt ion of 
t h:igl H~ht®l!: bll t:lh.ei lb\O)t.'1,:i:Ot~td l,(l;h:t'~\So U dlo~i tt\Ol&: lf(!:.)Plll:'1!5~®1l'llt the to <> 

t SLll G 01re tf'.t,~ sd~l!;lfil!t!ft P 1iJ1t~1;t:e U; ir,11eglcy~tt@ thm foir~@ of gir&wity (lG) 9 

'f.ot&1]. (t, i8 11.lhl~ t'tB~illilt~'.lit. 01£ th~- ©~n.tdf\lllg;.mlL foiri:;:® (t.'.mlOliaLl G) @n,{ the 
'l;Y&i!.glme: @f ttlhl~ t1tt.ll1~:ki,:1g lffiil:.'~lf:$ft $,!Cilidl b l!.'®1PJ1M~elffit~idl by t~e totti1. fo'.'l:'~ 
~~tirmi tclli1rcoug~ tlht-~ w@irU~:rull ,it:tb oft tthdl i&il);'~lr@.ft . • 'lfhit:i ttofrnl for«ll2 
/ll@i:@,:!t'it~_i•G.:&gl s,mgll.1r:i of £U.~~t O t.I(!J(e si~gllim lh,Ct!tW~®;m da® m@&!i'.t ch.Cl':nt U.ne mid 
t h~ lt'®lafh'& wi.lffiidl "' ·.ru~,& a.ugl~ ~,f illlttt:&elk i~ <;;.'r\bi.filt ill!®t~lCTl'li-a@&1 tb~ i,ipnia:d 
1!11': ~hi~h .fil1ru &i~~1r."&ft. ~Q:£.l]JL~ o $!.~rtG® tot!l:Jl. G ~@t@&mir~~~ &a.1.~l~ 01: ~tt.:;~~ 
t~® ai:r'<ell~~.£1!: wt.uillll.~ oni tot~]. G @ho~ X't.!. wi~~ of tfroi~ f~~t ~ eimidl 'be.,, 
\1!$'.\U~t!e oru:r ~n:wfo@!il f())itm:llll~ ([;Cm8!!11.int1bi onlly lf,!.'!i<d\isi:r ©0 Wl~ ll:lVJ~t !.il~tierr,,, 
mi~i.e tfu:® ~1:,ll).©t lt'@1~U0t'll~lhliJp> \b,~t'Q'~&tm u.:'"ta.tll ~"lid\ lt'8i.ldiai l Go It ~y b~ 
~p~~~~®~ ~~ follio~~~ - 19 



-Gt2 '31 Gr2 
-I l 

where Gt Total G 

Gr Ill) R.:.:«U .1 G 

l 
"" 

:rn g,:;>.i,.;~rity 

Ue ee,1"' SH?e. p by t!ta t'orr,~.J:tr~ v tbi£t tot.Ell G '(.~:i.11 alwty& be g1·estei:: hv.n 
r~&iel G. ·r·rb iai 1., dic.!l.4P.l!IT,tit.t::ig~ r b~ieillu&;ti the rd:e of tu:- which n 
utt:t..t;:ker need.& to t l"'"itlr. 11. targ~t., 0r the t';;..nge to ~!iich an attack r 
C<'lfi :_:,pproach a ta...,c,,-t;: :l.B a_,...p.::n.dent upon t:.o.dial G~ not total Go ! :to 
o.:h1w1v,:mtag,~ be~oin€-:lcl 1.~:sia 6'!: b.ig;h<?.r G wa1 t'Cf'll because the d:.tffar~uce 
b~tw0.6.\tr t:qta.L and irt1 Jjeal G is lte:!!!:,1. K<e.ampl{:.: 

If Gt "8 .l~ 

Gr: w \fGt-:-T <ll ~ 16°1 ;:'"J 3 .. 87 . 
If Gt .. 2 

G:r: ,.,. ~ Gt "' l p;-:·T r,; 1.-73 

'l'he d.ifferem:.<:-B batw®en 2 ~md 1 .. n ie, .,. 27 1:Mnre:aai the d:tf fcu:~nce be ... 
t'!r1@1.Bn 4 ciin.d Slo87 ""' ,.13. 

Sine.; a gi-:-~at.~r <dif folt'li'.r~ie~ ((-;Zi&it~ b!:.t~rr!eirt Gt and. Gr .st lo,Y.?.t' G -qal .. 
u:~~, thr-:.' rai.tt,1a of t\.~rt1 iii!\ t'llldnci1c.& tiOt only b~c,,iueie ler-SI total G ia 
t:ivaih ~~1~ » bi.,t also tecH.t.~~ i\?,n is·~·<11;z, &.,"?.,t•~'let> lo~@ of rc;1.Hal C b t:>.x..., 
pari.enc:adc 

TbiE ow-?-1tiQ,2Htidi. B.tt$\._-ik O a~ ~ompit:lt-©d to t.!h® ldgh..,,!d.d~ ot l~vel at "" 
taek v h@i;i tim1s~ c;'l.J?p61r,tt.fi; l'A:hr,;mt~tg® of m:e1itnlt~:ffxd.ng ~ixfilp®ed a.nd G be"' 
c~U6lf.l th@ tfu\1~JH'll&: w~ctot' tintl g1r@r,tHy &>1«:::t tog~Ut.~.r to provid~ a greamr 
toteil fo1t'<e~o JH!:.)W~':1-'li.!F:: 9 to ifott~i.w.iru!i ~Y?m~th~r OK' not w® have a real a,d-,, 

nntl1!g~~ Jl.4:1t t118 ~w.mi1.1er.1 ttt'.l\e! ~Hffai-e:1rt~e h(ffiftW®(:1.rr1. :r~te of turn (GR~ '!ld 
total C~ To ciligll;'®~h'» » 1~t D s ll!'.l~um~ 'i-Y<l!l t'.lt'<e tn a;tr&ai.ght .. and"'l®vielflLh~ 
How· )1Uit11y G '!Y:ill 'W® fui:.:nr~ on u:r ~cw~ll:st·? "' lGo klow 9 let 8 s aiwume that 
'il'.'e <fl\~8 in stt-.tilfgJ:ut ... ~.aidc,lltlJ'lYel fH.gb\t 9 b,\llt u.piiiid~ do't>"no How u:.nny Gi S 

will 'WJl lh:"1lw® on out G"'llr·~t(97t? 0 l n:tg;<!i.t:f.:zy@. Go I~~. r~m®mb~ring th'i:!S<!il 
lt'el~tior,u,1~ip~ » 1~~t u~ v," 't:foi!:m ~ loioj? mad metr:k down th~ total and ra .. 
diid C lftiil~t:i..ona;ih~gfil ~ ,\;It 4 Jilflin\U tli~G'fi§ tlh<.<8 1Cli;:i1p "" the pull up~ the 
90° po1.Tht D th\® 18 'l)lOh"it p &•':ti t~l, rm f.>Oiillt!. E'orc C?.:X:Wll.pi~Jl let f tJ 

~~liilu:m,e t:hst "'il<e air 'I!. ~-~tll:h:~e ifoi1~ totl,'l)l GG ~ mt tllll@ ,~.1U.up l'!!!Sl illuet!'a ... 
ted in Hgmte 13.. rJ¥/ eci!"t:r • t'$©1.i~l G mirli we pulline;? ... Jo Then P in 
ff ct P we h.1''-!l'~ atS :; ' 3 G to tt.1:•~ 1G nei10de.d for ffltrBight 0 and 0 lev@l. 

flight» t.o .Jt@l G .!alt thv~ ~uaUup o At thG) 90° poin.t 1 tr'.o~n 
{l'Ull·i~g I,. t· will mleo bie p,'t);1Hn0 4 r.sidi!!l G., At tb.ie 1>0,int, 
gravit:, f.~ ~ .-· vert:'!.tf;lil iJ:!_!:i~ » tlbiZl!x:etby ~:ir~rt!ng no fo>Xe a"' 
long thb ~'ii: .,.J 9 it b a dt·.r;.g feietor ecting 1..,00 from the 
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~ aircraft P s line of flight At tl'E 180 point i ·,._n u~ a:re pulling 4 
tot.sl G, \'.Je till t s...:e. 5 rat!ial G~ theruy givfrn ua a t. •rn r,~t .... ~t 
a given airc'p$ad "' grcatc~ than t:t. any other ' ,')Y.nt on t:~:l loop., ·,,,Jn , , 
othe words, na co:...zH1nd to th~ ;:;J.lup, p'.i."av-rt., flG) .:c.tc in tl:,r: .. ';?J/"" 
posite direction 9 ther:eforc. z,-a.'l.··:1'.ty i:m.!i,~ i __ .a t , rc..t:har than t:mM:ract 
from total &, to p:i:ovid n gz13tc1· ,:s.di.~1 G !,.t th.r-, 2i0° poiat~cmca 
€!gain F total G equals recl:f 1 .l G EC.:' .::pt t,i:xt gra :U:y act13 in tu-, L.¼-ne 
Eih.·i:!.c:tion ns t .e it·craft':11 H ,.. of fl:l.k!, t~. F:ro~ the r;r,o poit.t on, 
s.>adid G dirrd.nishM irt rel2.tio&1 ti..> tote.:t Ci until tL:a puUup pc~ ,t :ls 
i:eac:hed~ At this point "-"~ again LJ:WIS lG diffe.rer-,6e bet\;...:cm totnl nnd radial G., 

In an overheed 
and radial G, we may 

, 

tt3ek, to de::(!l..-min the difference b::.tween total 
use he follc,,ing for.'a:ru la : 

wher e Gt ,,. Total G 
Gr - m ,.,_dial !; 

Cose a CoSin~ o~ t ~ angle~ofE 

It i s obvious p from th,e fot·n,z.da.» ths.t th~ r.~latior-Bhip b:ett-H:ieu total 
Sild radial G is cone:i.d~.t&bl:f dif f@i:-"nt from·· that c:~perienc:ed in a 
h i gh ... aide paai:v o Exa lple : 

Gr u \] 16 ... 1 1111 1.&L 

In an 01re:rheaa" Pasa e.t 30° ~n""haoff ,;,h~rc? Gi: • 4, 

As shown i n the ~~~mple ~oov~~ !f e.n &ttacker i~ for~ed t o fire 
i tU! ide an oppora{'.nt ' s m~:.!.mum 'p.:it>forrr.~ne::G! eerie "• at angles of lease 
t hain 30° ... ·t hie m~ana thiu: f:t·om ~866 to 1 tr.or.(')) G., above rc:dial G» is 
ne«:sH.mey to t r.ack a ei:v~n ts.rgl!t., thus» BS compa:t'ri;id to a l:dgh..,oid·. 
attack 9 e,;-~n though an att.sie:lrnl' uw.y have an app.ar~nt edvc:1ntag15 in 
maint: ~1.nfog hirh~r ·G~ it i,s lcirgely wip~d out by tiuf! gX'eatcr diff{'.,r .. 
®ll(:G betwa.en x-c:dial c11n tot&l G. The impor.·tant thfoe to k@:ep :tn i!i.::..i~d 
h~re i. C:J that the ove;-hr~~d ~tt -~k offcn no signifi.cs.nt e.dvaut~ge@ over t h~ high 0 @ide ttack·o 

T'.he Und~X'Bide Attack !,n'.'0"7'icil.,i;!S an eff~ct j ust opposite that U
0 luat r ~ted in the overhecd pa~~ o ij~~@~ an attack'~ generate~ a radial 

G h:11=, · .ex· than total G u~oni ~is '1ilf~ir.eft: (you will r(.!call i::hst in the 
t op half of the loop 1 1rn.&i l (~ -J..r; gt'1Jeter than total G) an 11.ay bi& 
xpire.es~d by th~ followirtg fonmJ! ~ 
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~i?'(:raft vs line of flight e At th-.! 180° ·point, hen we are pulling 4-
t,,tal G, we ~,ill have 5 radial G, thereby givi11g us a turn rate ... • c 
a given ai.:rspEled = greater than at any oth4!r point on the loop" :,,,,.Jn, , 
other wordo, a compare to the pu.Uup, gr v'i.ty (lG) nci.:a in th,e . . ,9, I"' 

posite <l:!.r.;ction.~ the:;;·oforl! gravity mu~t ada to, rather than oubtt'act 
from tot 1 b, to prov:!de u g,:.:::iter xa.disl Go At th"" 270° po'int,onc 
sg&in, to &l G equal& re~ial G tl&:c~pt that gre.vity &cts in th~ a.rune 
d!r ct'oa a.c-i trc airc·caft's lint::: of flighto. From the 270° point ·011, 

i::~dil:.l G cHmlni.s!.1;:i) in r-:.lutiou to tdt:81 G until the pullup point is 
,;-e~ehed., At t if'J point -~ agei.1.n hav~ lG difference: between total and 
r.Etd:Ld G~ 

In 11 overhead attack, to d~te~ine the d:i.fference betwe~n totn! 
and radial G, we msy ues the follo~ing formula: 

Gt Gr+ Coe9 

where Gt O Total G 
Gr • .., Rad.fol G 

CosQ ~ CoSi~e of the angl~ 0 off 

1.t is obvious, from the fonnula, that the relationship be twee~ total 
o1:md r.adi l G i8 co,widernbly d:f.f ferent from·. t:hot experilanced :f.n a 
high~~idc pasa. E~amplc: 

Gr 

Iti an Ovc head· Pasa at 30° ang~eoaff ~her Gt • 4, 

G~ ~ Gt° Co&8 or Gr ~ 4 ~ . 866 ~ 1:,14 

As s own in the. ~Y..,!it'lp,1 s oSlOOW® ~ if am .it:tBicker i& for~ed to fire 
inside e:n opponent' .1 rnll:bnum 'pi1Srfo~nce co,1e .. at angles of le.s1:1 
thgn 30° Q·this m~anJ that from .866 to 1 more G~ ~bov~ ~adi~l G, is 
n~rcetiSlaey to track s given target., Thua, H compared to a high .. ,aide 
attack 9 ev~n thou~ rn att~~ker u~y heve an appar~nt advantnge in 
mafo.taiuing hir;het' G, it h lara;ely wip~d out by the greatiar differ"' 
enc:~ b~tw,...r:!n x·~tHd snd t::_otd G. The !m-pot'tant thing to kscp in mind 
hisrie hi tb.:H; the o ~aFhead etta~k of fen no significant schrant.ag(le ov r 

.th~ high 0 ~i&a ttack. 

The Uncl~raide Attack provides an effect just opposite that il a 
luetrated in the oveirhead pailis . R~E'~, an a.tta.cke?' genm:at~s a radial 
G higher than total G upon h!e ai.t'{!lt'~ft. (you will recall that: in tha 
top h~lf of the loop, radi&l G !$ g~~ater than total G) .md may b~ 
~xpreesed by th~ following fot"!il\!!a~ 
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-Gt m Gr c Cos0 

If we .r~~i:..um.2! tl-t0 SaisT~ attack e;ond:U I ·;1r.l !!l''l f.llustr."':::ed in the ov;;:,-;: ... 
h~ad pa1is ... 30) &mgh,,,,cf f, t~ totd G "' -m r,i:.t tht:. :foU.mi"i!lg rcsulto: 

In terr::,.g of G ~ thi$ at t&ck £1<.:::~'11.~ to provide, sn ~ppc.".ll:'~nt ~dvantagc » 

h.o-1e'll',tt' this do~B not i.h:ily@ hold t~,.~ .. Fox· E;~~s:m;_,l!?~ If·~ .!l'.ttacl•:~r 
perfo,:;..,~d an t•r.,,1&::sic-..,, a:tack; in 1,,,. ·: ::;1 ... 100 ~ h~ woclt e:'l,pe;~:t~rlce 
rapid sp~~d <1• cay 1 b<:!-t-~Ui]® 1Jtf 87.'avi l".'f t';l:l u,.11 cs induc~d <hag. f-,,,£; il 

ir~sult~ ~inc(; iillp<;©d d.~!'i..r.:tt't,,hr.eti;i G m•.,_,U<lfblill!i; ttw ell:.tck@r -·ould h~'O't".l 
~uch less tot11l Gu In aoditfon, lJ(;;,,g .1,.1:Be or e!rax,,•.r.:u d<ecay, the ai ... 
tackt.?r would cUminhh t:he f i ~hter""U- ,:r:,d:: r~t io. AD, a ic:onn,e~uenca, th,'! 
ttackcr0 s tru:;__'>to-1} point ~-oisld b.e ror.·<e _· 1 iurtt.1r out "' in ::mri.leaoff 9 ...ltd 

range "' causb1g la furth©! ' r<fo:l:.1eti.on t,,.1 both total ,:~"',d !'adiD-1 G., Ar;, a 
ir,u.1ul tp th~ F 0 100 would not gJd.n a;r>1;~1::-i:{.d.sbly hy thif:l at:tnck~ sine('! 
total G s,vnilGbl~ iB :rt:!dt~c®d ~uf f i~;,r.:,ntly tc canc,d out th,'!! i:t~wante:gis 
of a higher rr,.did Go ~fo'wever, if 1:l.iB S&." ah ... ck 'i7Gl'~ ~:J;ecuted in 
li.r& ai:rcrfift wi. h si vtt:.r:y high pow®r 0 to.--"P.'<!lighL r.atfo r.md a low~rag 
prof Ur.~ 0 such -ao th.,~ F""104 ° the Eittt:·ck couJ.d be :tnvduabfo » sine;~ 
hiGh sped de.c~y aud f'.! bl~~cl.,off. would not occur .. 

We c;;umot lerc{'.itbi e GARcaS mi.E':JH@l fifom thhl pqeir:ion~ beca!J\ea 
is~ilc 8 s IR limitation~o 

2. In a gllm sitt:ei:~k from ei not:llm..,qm~rter position , we ~8n avoid 
t ho ~efen®i'~re .. fi'il:'i$ covel!'.'age of E ghe-n bomb,..ili'.' ~ HO'WetV:!r » in this type 
or attack~ t h.® rs.1t~ ,;,f ©fo~'@ll';'-?. b®~om«i:&i ~o high that G.rr attacker CB.ta"' 

not deliver an effed::ive bur@t Gnd ~rvcdd a colHdon. -. ith ei &:argeto 
For t he~e two r®s~ons» w~ wi11 ~ot eo~gid®r thie att£ck any furthero 

To d~telrnline the ~~t typ~ of ~tta~k to ~mploy with the GARc8 
miss;Ua p let~ s first e~winfn~ th~ po~~iblci'.\ attacks which W<B may am"' 
ploy with thiB equipment.. 1'1lilllr® S.t'® four baidc GAR<>8 at t &ck~ which 
w.a may ~mploy ., 
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If Wt:; ~asm.m.lf.; t he GtV•. ~t:t, c~t i~on.d:u:.lnw <'if:i: :Uluistt·atcd :ln th© ov..,.t>• 
h®ad pf'<&1$ "" 30° an:,1,.,.,.nff i t., tot1.1l G .. , w~, ge:t th'<!l :foUowing resl.1.lto: 

In terms of G» thiG • ,:tt.ick ~,2;.;;m$ to i_:.11.'ovick .an app~:c~nt ul:vante.g~, 
howev~r thia 1,:1~'.'-I ..,.,,, .J.W~}'-' ~.old ti.'.U-to t"o,1:." e.:itrurr;h,: If (9n attac.h·rr 
perform:....d an un<l~n,:V .. £.ttu::k, in c1 p ... l(()l) be wm.!ld exper-J"'-nce c 
rapid sp~ed d(;':cay, h ,""t:.f!r:i,~ of grm i,t.y asi ':""': 1 as indtw®d drug. A.a a 
K'l?.Sult 9 sinc,1; fJp~e~. {: :•···.;.::crntr.: 1;,. G ts\. c'.U.s.ble ~ the Sttt.acker \IOtdd h enn::1 
D\UC:h less totf.1 G. / t1. ~duHi1:.n ~ b,_ r.:i:::uea or airspc,,,·d d(!C&/ ~ hi! at= 
tsc:k~r 'l:muld di.i':lini~> t.h"!' f.!,.,~.te!'•··~,~xg,:ct :C:itio ~ A~ a cortf,c~u.:;nc:~~th@ 
attacker 0 s tw~t:""G pcL ~ ,,· u:,:, b;;, f1..•I1 ('cI fu"' t.\~r out O in m 5le...,off 9 ar-i.d 
range "" eausin o hc·<::· .... ,:;,.r i..u:,,"'.l.'C:t.ll.o •. hi both total e:::;,d racli l G., A8 a 
reault 1 t he F 0 100 t:···,i:'1.J 1:!.M: g..:.in .;;1, £1, ~imb~y by t'd.e attack~ since 
total G ava.Ucble :L· 1"'~d~~1 ;;ui:fid.r:rr.tly i~o c~nc.e1 out t.LGJ adv4'ntega 
of a hir:;her re..l:t&l G. :Zowt.'\?~1', if this: S":l -~ attack were eZr'.)(:UUd irt 
an ahcr~ft with a v~,;::y hi1:P r,ou®r:.-.tc•c-i:i~i?,!,t r.etio ;rmd a lo ·1--dr2g 
profile;; "' eftich 88 ti.:r-J i/,..,104 ° the; ~Jtt,!i:c.k co tl ! be iiwaltuible~ sinc:G: 
high spe(<d d eay a ·rd G blie:e~'t•,off ~:·ou:ld not 0c,izur,. 

lo Wia ell\Kmot 1a,,:~et e. GAR"'8 ;:,1i. e:11JiJ.e f i::om thiB pqeU:i.on, beceu~~ 
of t he misl8Ue 8 

f;'I IR ] 1.r'.li tmtt.oru~ o 

2., In s gun &it"tlilck f lfo-m ~ nocm 0 ti~is.rt:@t' posit ion P we t:.sm. avoid 
t h~ dief®n&1iv012 .. fir~ Ct)tvere~gie of a gi<;)'¢f.t'l\ oml;,<:.:-.-.·. iB.lo".,;'<i.i\ViaV: p in this type 
of atta~kp thee ~.s:.t~ or ~loii:~Jt'~ b®~om~@ wo lbd.f.m th!.'lt an att~cker (!tsn° 
not deH';r~r tm lflff":~tiv® 'bttl'iit ~ncl livoid a ~olHBlion XJith a taieg~t" 
For t h.e~~ two rea£Jon » "t.® w:!.11 tnot cm'?.!iiiaCJnr: thie att~ek .!>my fuirthci.·"' 

To d~te. :b'.le th® be~t: t:;r;;,e of 12:tta(;!k to ~mploy with t:he GAR .. 8 • 
miHilep let 9 s first C'•l:m:.::~, \i, th<i:! porH.ilible &stt1itckliil -..,,•hiit~i ·.Je may em .. 
ploy with thi.a equipm~\1\t.. '!Tu®re at'te :four ba~dc GA.B.08 attn.cki wb.tch 
Vll:l may ~mpl.oy ~ 
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Overhe~d Attack -
•• The Own·hcad Attack h~s two basic dir e.d:vant, ... '=· .. IP 'L'!.d c. Art 

you will recall, IR tone co,trast c:igai~st sunHg'.:....,reflE:c-.dve hoc:~-•· 
around .,. clouds and ground "' forcec us ·to diminir·,:\ our ef:focti-_re .. 
a lent r&nge, until we .ire uppro:dmrtely 6000f to 800t.,' f::n.1 our tar­
get., Tnis !R H. itt,tion,cc. bi.n.sd l:Hh the 2G lh"litation, allomJ z::n 
at'tacker to fire. only &t 10<1 llngle1. off; 'ro illustrr:it~, by ft.gut . 
14, if an attcicker pulls 2 G inside an opponent r a cor.e of rr.a per 
formancc • ansular velocity cone ,., he wi1 l gener"'1·c a radial G co'-1"' 
oiderably differen t than the total G on the G meter. For ·'tt.!npfo i 
at 30° ngle 'off, applying the formula G~ ,,_.Gr+ C;,rQ, we. Hnd that 
the attsckcr te only able. to generate lql34 Gr.. 

Vf ~ $9 m&th m 873 1 /S> 
. 35 ... 80,000' 

Vt .9 mcch ~ 873e/S 
Gt a, 2 
e a 10°, 20°, 30° 

Gr@ 10° ~ 2 Q 0985 = 1~015 
Gr@ 20° 9 2 g ¢94 ~ l o06 · 
Gr@ 30° • 2 ~ 0866 m lo1~4 

s .,. Vf Vt: SinQ ::, .23700 Sin9 -----.. -32.2Gr Gr 

s "' ll, 70.Q~lli "1 4.,060 
1.015 ----

Q ""10° 

s ... ~-~o.l=1. :2 70650 =-LOG 

9 20° 

s !Iii 232 700 
d:= =- 1Q.45Q 
l. 134 

e 30° 
Figure 14 

At 20° 1.mgle .. off, applying th.e, same formula D w~ find that the a -
tack~r can generate l . 06Gr.. At lOv angleeoff, he can generate only 
1 .015 G~o ~ow let's sesu-~ that the fighter making this att~ck is 
goiug .9

1
mach agaill.st a 9~ -sch target: at 35,000 1 • Applying the 

formula S • Vf Vt ~ Si ·J:1 • 

~ 
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V f. 
Vt 
"'f .0 ~·'.) = 
N 

-.. 9 r·1ach en: 873 s /S. 
< 9 1:1ach o,' 873 9 /13 
~5 

we Gnd th, t, at 3:J' ·r glc><·:;f.f, c:·~ i:.t:cb r can e~t no . .(;l9ser than 
10J50' 0 Ar. ~0° a· ,:.({"-Ofi: - -i:·h3t',? Sino'"' ~342 i.'\d N.., 1.06 .. WC 
-~M,_ • 0 
f i d th~t m:. attac1 <'::•" ct:n g,:,t r.o ,, .o::2cr thnn 7 , 650'. At r O . engle• 
off t ua:i.ng tr,.... sc1· •• i ;;oceo.t r,:! 9 we find thl't a.n • attack .. 'i:' c:en get no-­
clo"-c.°" tltsn [ .... ,o::o; ~ Since <e'Xt .P.tt:, .ker· ca;1not receive prot'1~r IR die; ... 

• er.ii;· .i.tic,n rt .. ~ng -·, gre:,t>'.'~: than ·om2s:,1herc betWt';.":lll ()000 1 Ot''ld 8000', 
!i Hl bo ft. t:·ed ~-• 1m.:mch h:to m:i..rsd.le im:ide 20° anglGr-0lf t in or• 
der t secure ,"l ki :., l. Cert:<!: inly tUJ; posea no gn~at problem, a~ th~ 
atta::lccr wU be fo, c:li,.l in. t·,';ail •sf.!',:'«: -th~ ::ighte1·/t··rgct iratio is., 
much lci;i,s t:ba 1 1 tc> • : hovc,:,~r t'.k:,,1.c>ite this aid f r.ora . low fight"'r / 
tart~·::: :cat to. the C.\,1t.:rh~£:d ,:;tt:.,.~k <;;;;,,. GAR"'8 i~ tha poorest possible 
(Th.is w:Hl J. ;;;.:in.e G, ·P-~iaH~, rsppaz:·;,-•nt ~:hen ,·e dia,culls fi'6hter.•veraus .. 
fighter tacti.,zG) o 

In a. ;ag-i.1°~i(~e Atta{;k 5 IR torK con.trast will not be adGquate ~t 
longer mies He iranre,u becaur. e of b.::ckgrourv;l y;eflectiona . Uo, ~ver ,whtm 
compar:e<l to e:n OVGl/' .. ,.::d &tt~-:kv IU ·cmge i8 .somewhat better. G pre,: .. 
Bente u" Sligt:iHc.m,t Hm:f.t::.:itf(lrt ~ &8 illustrated. 'b:y; figure 15. 

i 

Vf 

Vt 

Gt 
Gt 

s 

s 
G:c 

s 
Gr 

"' 
c,, m~ch 073

9 
/ S> c, •. -

35 ... 

''"' • S, mach 973e / S 

m 2 G:r 
.. 

L73 "" 
"" 1. 6 Grt l<B lo25 

,:J Vf Vt Sin@ ~~ 23i700 Sin~ 
n:f'Gi Gr 

,::. 13$ 700 Sir:,Q 10° "" 23SO 
"3 L, 7~3 20° "" 4680 

30° "" 6840 

,:;, 19,0CO Sine 10° ..,, 3300 
.-l! 1925 20° "1J 6490 

30° a, 9480 

Figure J.5 

t if. -
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Thh figur0 d:Lsclos:,11u th.£t ~m~rt }\)::lo---w> 40~000~ m·H'l. pulling 2G 1 we inll 
be 6en.~rati.ng L.73 :\:'<1111.1.1, (;., Ar:.J1ylng thiL:.'- figt:a:e to our cone. ofmax 
perfo~~~anc(i;; (o!!lt' ~.ngu!ar. velo~H::• cone) ~,;,13. f:tncl that ot 30° angl,:::aoff, 
we ce:n ~loG.~ to a r•iilllg~ oi': 2-Y~~~!~ tin-d at 10° art[)~eyoff •. L-3-~Qv 9 but 
tb.8 :fanportt-1nt thing t:'.> rc:•.-8m'il,~ri. ,10 ~<1Z,i1 !llot g\\!:t in.;;ide the ranges 
ar,ie~:U:icd 1,,1: 3ti0 

P 2.Cf' P ::niJ Hi) <;i.,~1$'-"0?t:f YY:U:tout ~:;rc®e!ding· our ·2oG 
Hmit: .11tion~ At b..0,,000° ~ ,,:.t@l!l. "~~·Er~ rn,TL'Lng 1,.6 total G~ we will 
be gc;mer.ating 4.,25 ir~did Gt 1.ra t((.;;X:111$ of 1t..i,1:i.3e ~ we will be at. th<? 
figur~ ispec_ifiis,d lxI tb.i_e :fig;1:re ~ho-;_i•c.. Otci-.:<i.!'. SJ3aln 9 if 'l'.!lill attiempt to 
get itrnidr; tl'~e ispet:>ifi~d i:·.m1g:,a g,:t a giv'.:r,t nngl~""c,ff ~ wr.J vl'i.11 e:i;;ceed 
cur 1,, 6~G Hr.:i:lt11tio.-1 ~ 

W® can &i~~ ~ hy ~-ompa:ri1l~ th,~ bi;;1)11°efdc <'litt.: :.:k with the overhead 
att.et-:k tlui.t th"'" hig;u .. 1,Jid~ :trn t,,,_et t1?1_~ 9 bc%;.3,,~e o:c le:1Js Hmi ta~~ou.3 . in 
XR ~r~d G. In oth@li'.' 'Gord~ P ~·rn h1.r-:.,,,. g.,-;~~t0ir fr~Hz,doru of maneuver to 
~ucceail3fully launf:.h GAR"'S. 

In l1l iix 0 oee}ry,:;k si.ttr~.::k, Il't t~u~ <:::ci·ns--1'fi~t octCm:s at greater 
irtm.gea be;;::~u,;;if;! th~ ttviri;!';;OU dc:',')£i r;;,t r~.:fl.G;.,~t p.!11 m1.~c::b. backgk'oi.md IR 
radia.tion9 Sint;e;' wr,g arr~ at c0 fo'"1{1.t::,,.;,off P th\G":i:r® l'.i'Ul b~ no G or 
leambda U.mitetion, th~i~eiforr:e. 1:.J!?. C-uE fi:r® CAR=8 af: ,my point betwe~n 
lMlt;,.r,imlJLrn &iid ,1·a:¥.n:bx,,u.m .r:Rng,,,:. !im vit,':·~~ of th.0:?@! f.;J:.tJ 9 th!!?. 8f.:11:=o ' cloc:k 
attack l.J~ t h,,::,: bie~t S<O i&ir P be~-S:USL7 (J.'\R.0 3 -i.~ iiot :foir©li':d i:o op,.er&t~ 
near itrSi l :ti:niting p,ii,Y.'<Sm~tet'Ql• !:r's .;;l<:'.ditinap bet:&ii.,&ie of <n .. n.· posit1.on 
:ha r~lstion to the tl'li!"g<li)t ~ ue. s.~5:~1 &:.'1?® su ele,'.Il£nt of @urpr:l.s~. 

'time \llf!lrcfo,r.8:!.d~ &U&~k OX'.'ll $lJ.;i;; ... i::; 0elots<!l1:r~1ow aitt.E~k~ iil th<! bl!'Sj; 
po!S!t~ible a.tt~dt wl!l ~$.ln ~~~ .. ~it::~ ~ ais W® ac.~,J!ilr<I'l a~v@nt~gea in: 

IR tone eontr~$t. ie mgimruIL<t i'.ga:in&t s 'blu~.,~ky b>.m,ckground .. HIIJ·r~ ~--ae 
l®ad sm.lphi.id,~ c.~u 1;;'.lWl tiffiC}!'fmi:nast.<tt b®lt'.11,;'-ifiel'il tfil\ir, hot m®td,11 of t h_ jeee 
tailpip® ali\d UM~ blu~ ~ky 0 At r&1m.g:~~ of 20~000u ~nd g:r«iH:1-tsr, th~ IR 
pattern b&(:;:om~~ lortg,tmr tkaein thia lfa~g® of thli; m:l~~il<Bo .TI'i§ ~t~"' 
~ ill1l r®l@tiollll to GAR"'t r~ng~ 81!.it.d IR ton·;a ~ontit<tJg;it ~ i~ dmo1:!t non ... 
exl'..S<t,rnt., Sie~ fig1111~~ 16Q 
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al 

Gill." @ 11) 0 f'3 
..,,, 
.,., 

GE' @ 2'.fu (; ~-s t')) 

Jb 

~l' 0 3~,.~ t2 z 
:-
+ 
... r 

-
~. 

~ ~ 

Q Sll4} 
,,f!/66 

:·!~Sr\• 
~ 1 lo S ::> 

t'- 'lt;86f 

Ji'\,1 ZC~Q ~}~~ · ~: 
if.'lf 

'n!i~ figl\llir-~ :JL ]. hn!,\;l t g,~,\ftc~~ itt'ul.t.t,, aH:: 'j/:., t\f.~·{\:w,:,,~•llil o\U,'..' .:.11:"&gt\'.ls1i'.:' V'-"lo;:;tty 
coli!® of: blll).,'Jl'.im~n.1 r1:i1<ll'Jfo~..-&1mf'.;f, 9 ~t t0 •:, 11'.!Cng.)L,;,"'oi:! 1, ~J•:, Jti!!ll.& t 1aiM:: '>i'•?. ~ti:r& 
t11u-i.®:ca t® 20 866 :t:e1'4 i&1! G i~IbHct~ ifA.1:)i.\:i\):1.12:; 2 t,o,f;;,lil )l 0, AJ?,j?) l y:~ng: tbJ.,1;1 •?atl"" 
u~ ,to thi~ f i.g,nll'.'~ @1h1owce ~ '&I•!:. f iF.t Al t:i'!.t..t ,..,~ i[;aJ;f, )l~\li;\c',•t,'~"t GARm8 &It .n rNng;~ 

aw ~te~~ ~re s,_,J.:Ml0 clllt '3l~J--' .:il!l\(11\i'.: =,-:;i":f '1.-ri'1:Lfi\C' 1'!'.'.t'. &.£~1!:'t::•.Hng: ot:tr.:· 2C lii"lH:e"' 
&,j"'\i'ii At "1!(.'j\ 0 ,wn,tl'.)l•fcc,"f~~,! l:q,, •. ,,,u,'1>')/il(''••,,,,,, '>) @~, 1"',-·,,11111,lli-\1 .'f/ " •""' { ' •~~-,,.',l t~ .. "'~ ,.~.'"' .A.~ q ~ &,_. .,,, (W.~Ja -:::, o:J' ..... -9 '-·~-••w--~ .. J.-' :- .:a..,o.-·"l """~,:..:s.A,. .:_,,, ~ p VJ,- -4- .. .. ,.:;.& ~ .. ~..,. \ ~ 

~.mn l.e':A'.!Ti@llii .U:CJ !i;,tt. .~'lf fl.El\. ~j\ 76~~ \odltk,:•Yc.:t ~,;:,.~,·•,:' ,ii',l')g o·U:11 2 C.o~al G Hmita., 
tim1 , At 10° <li;V.-tg\ll.(~ 0 ,0lli'.t v \;.\.~ i;;;e;\;\l )' ,tU''.1,~:ffi , ' , ti: lf~:l"lli~ £~ (\;fo::M: $;6 .J ... '),;:~~ 
'l'o irt~rc it mio·C:'.bl~lt' .'J:Jf v ~j;s '.ffi \½'@ li.ei;\'.J!':ffi(r;"ti 1u: ~.t' llrd~SlU.@ ~.g2:!rcee: Ii t i.r·1y:l t 
fro;t; !:\n uln\itll,~i-811&~ .m&:tii~1.k 9 tlbI-.! mt:!.c:1M .. l& ti.I•\:,~ t 'n~im in tlhite db·.ec t 1.o. of 
i~a1v:tty to !1\(1;;&'. 1lliiJI ie:f2\ @OH11@fo,1<.i (d\'.)J~:l)f.8!'~ "' · tb;r;1@ »· e,:ir~,.rity V f'Gtlng in 
t:h\e ~i~~ieUom o f. t Ll'il® i:n1@1'..U.® 0 ai tl!'.::,'l!i\v utuclljr G.i;.J;t;::!:.J\fa,a t:L.te m1.rrnUe t o 
f~ll i:O\!,.f~?':d t he tt ,~~t.>t:{1t!t o lrm otftll{~[' ~ .. ().'Ci1l'('cl!.~ p (7.rJ\~.:.;~ ll11.~@ ~ iif.L':"'.i1tE'UiV'et'~~il!.C ad(D 
wsnt~gtl! ~ @illlC® it a:~1r1~rp; it'.~ttl::(tt1 ~ rr£dlt.~ll ((1, r;:r:·1,,.1,t,,.n~ tJt,tm,. i to to t a l Go 
Thh ~1.1'<;•.i,mt "' ef; 'W~ [il,ii'~M: ~l].)t1f;l :idlj' ©Ot'U;>;icl:.i:lr~-i fti. "tlhvn f?Jl'~:wicu~ :tHuotr.i0 

ti,on~ !.~3§..J&:~~ tl,1t(; t.d(.l irdl 111.mio i!:' .!licll'-:!~:r.~~t(lv :1(1,'.i gr.-,t.!llit,Mt \,'~cae:n ~t.t.:-ck.,., 
ing 8 t .mrgJ>.~ X:I'Om• 1.\Jllltdl,mcilll®.f.f:::ibr, 01!' tl~ut-• &l:!,_'~coo

0iclic.,,,I,,,c,I{_;~;¥ ~ ~-:~;ir;t;! t.t i n '_!ll 

tbl<l t fll'g~t O@ 'l)iU.rutj ~,c,~;it ~ • ~!,~,;_if..: l!,/j~~~' :.::~':~~ 9 t. ·,1-si fouir:tbl rnajcn.· .,. 
varatH.g~ 9 G: .M'i; bi,~ un,&L~ir~\tonld1 ty re,Ji~ ·, t n1.1mg to i tg\\!lr:·,.~ 11 ~ 
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~ D:RSIDE b.TTACK 
Figure 17 

~ 
. Ren:-~ t -v;-~ f.l(!C e,.n ntt~-:.1:r.. 'l': rc ,.._-:.1, to launch GAR ... 8 againat a t a:qiet trav• 
~Hine .9 1r.ac~1 at: 40:.1.:00 1 •. l,µply :tng a rule'-'Cif 0 thumb for co-sirspeE!dp 

I { 

-. e see th.et th·~ f:!.e;' itc.'.I:: can h.lmch rro:.n a ~ ranga of about 13 1 000',. 
Now 9 H the nttackc}::- t:lC•.ts hir '?~lf np to launch from 30° angliac.off , . 
thiii p:,e,nrn t h. ... t he c.:11 lm.m.eh from n position 6;soo1 below the targeto 
~o ac~ieve thic l~unl: po@itton~ an att2cker. may start hiB attack at 
even n lower .:;_H;itU!.:e "" the di.Btance below d~pendent upon his airsp~ed . 
For er1:.r.nple : An F 0 lOO at 1,.1 mach. may Fttart: his attack with an alt::1° 
tucl~ d:!.ffer,r:.t1.t::t~l of at leauit 10p000° • ... in this case, at 30,000 1 alti 0 

tudeo From t~,_ii.;i il lti~:<t.i:.·e.ticn, we c!t.n aeiB that: GAR.,.,8 gives _an attacker 
rm additional psrfol:'."!'··,mc?. cz.;r,~"?.'bility; in- that the attacker is not re ... 
quh:.ed to att[.in th~ tai·cat i a alf:itude ,. 

In a1umnar-y ~ ~il.l<=:'"l th@ u::idez:-i;, ide attack providi?ll the grrr.:atest -ad ... 
vanta.e,o.o ... !RP Gp su,:price and p~:r.forrnance "' wa should employ this at 0 • 

tack ,j_,..~n~::var possible. As you will eoe ·1utar , thh holds true for 
oth f f.ght:er.,.verFJusc..bombe; r 1.uni Hghtct'""'V'Elrsue 0 fi3hter. When compar~d 

with a St$tl. . &tt:t:.ck p G.'J.'.l.0 0 is far cuperior » since the range o f the mis ... 
rsile a.llowa u& to get iiiato 2.r. cff-:.cd.\ve cone of fir~. 

As you ill rcrtcdl·, bGlctJuaie of t lte ch rectel!dotics ·of the purauit 
curve and our fire contz:ol sy·otem aml the c apa.b:f.litieci of our oppot1(in~o 
defenaiv~ fire, Q conaid r the purouit curve a poor stteck t b@tts 
when using the 20mm cannon., It does not matte1: "'h~t.:heir. we ara in u 
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... 
ow@z-h@2dl ~ ~ Tmi~Ju 0 @i!/\"l o,:: &m \lti:i;d~irf.licll,~ sittti1@k o !lrE©i )llirto\bi1®m aow 1~ P bow 
&!:'.'~ "IYl2< goir,g; to atts:~k &1 lJilO•l:Ji"".ill~®i!.a',?~:tllng u:reg;®tt P if 1r,® c&o. :rJiot dtoofil® 
to tl\1.l<~ t:1hi:Ee Plllr'G:Uit eillllf."f,'~ al@ t:il.l.;;@tit.1!'.1);@©1. ll)>&'t~\ll'llO'lll8l;lo Th$ Es:olutiO•l~. WC!: 

piropo8@: 1:"11.illi'.: ~mi ,7.,t fi:P.:vg:lk i.t. w:ulicfri. w~ ~om~fo,,ti tlbiti clh<lll'i.t'~~ \te:lt'i!llt f-e2i of the 
l)\\.'.lt'l'.'f/1\it ©\JJllfV-."'.) ,'.£ThJ1 tm,.s GOl)llifli(W"1\ ©0>11:ll't'l<~lo '!'al 1~0:X)Plll-'1:ix~: (}n ~ ~olli::Jion 
is!OU,:'~,,~i $1::: t,,;:i/; k p tl'me tc~r::g,,~t ~Jin t@ &,ll.)lo,wt:il t~ fl :ir d.g;ht tThn:o~.tgl'ro O's,;ll' bui..., 
11.®t B{n,,~am. 11.\~ lbil!JJ r<Jt 8iti,\,,,&utii itl:&:i.-\11.f .. ~u1 fuis>w·® 1.\0 i:J'Iltgul,Ell!;' w(S1lc":;H:1· w; 
g~l!'i<i:::;"t<•t®d f.,: g )l)'.~l\)fffit;i,U; ©'W)l.'\l'(e tyk"® of &fl:t:&;~~1,.;o A Vutt 0 foot tSlfg.@tt 'l':UJ.il a 
cll)~~t,·2l'iI i',(l)Q; f:~1:t- JP<'Bll' ,t~,•-~0•1'lldl 9 &t ~@/001@ 0 wiU lf~";)~J.Dtlr@ ,'fil;PJ)PlfO'.:dm~t<tJJlJ 1/8 
ME cl', ,Jl~©O!ir,1 to fll.}f tfam"~wgh 00llt ~1!f,ll,)l~,t ®tir,~.£171.o A@i0;\\i:i'l.\illilg tt:lm@1l: ~(!j -t:en 
f.irrt~ 0 9 ~'):0,(0 1F.o~n.cils1 IP· ~Z' 1!l'dLlil\\.1tt,~ 0 tl\::,(';i Gt'.lim'bixt,:•ite.l lr&!it@ oP. iilr"@ of 4:- MC'<119l 1tairn"" 

tmra ,~ dJh m(~.~us w&, £=..1e~ &it ~ t·~t,&. of ~i'9)?K'·O·~irr-~t®)l.y 100 ir uri!Jl~ y,~:::- S~£: ... 
or,1d c lf it t@k-:,s tl:hc: l':8t:rg:cF.1f!.: ]. /6 oif: ~ gi@c;o;,161 \to pi111l/.il thirotigh ou'!f bullet 
~t.ir~~,~'i!l9 W® (.;81\ffi tMll:plfut:·,~ ,('..V01\'l)\), ll.~ lhdLt~ ~ H: ~ij(!J /};<.ti.111: '/Jl\p) 8.l J!)l®~f(~@(I: ~fcti::::.ko '!'\'mi:J 
ii,) ZLO\t ,\:.\<~cg~i?•t~!i.l!.11?. ~ J:im si p·JJJ.1;;'~"1it «';".Zit'\~'~ !'.t f;'.: .. .1;k P w~ dlo :;:,:,.01t h;i.r•ti~ dd&.>. pro= 
bil~m,, lb>t<l~.$\))l'.2,<sJ t:mi'l &:'Ii'f"Jilcillr:' w,dcc':Hy olf O\\llK' ~ .. :.rJ.ll.~t ~tlf,fii!tlm i;mrt~[iue@ tb.~ iilltl8"' 
\\!A<'8.\l'C' "ifi.C!o«;fs&'y Olt ()\l))il,' t£J~g®lt O Xt.'il otlrt:81'(' \;;i'l';,)lf:dt!B p om~ S•1~,llll. 1!llt 8lt:.e~~m ig ~Oll'.ft 0 

t",t,111nt)ly ~l'.ll;pl<:';:1":!.f!.li!);Gl!S:5:l\ 1"'-:;.e:il,ll',i~t ;'>,;iti',,;l '.1:Dl:'g,tt \'.!lfoikl!'il h [,'•,t)l.tcg \l:1("1t,~tr.(!,!~ o '!'he 
o,'.'.IJl.y Jil!.r.~<cl\\~.~'!(l,t;ag:® oic tfod:.0 &;.;tit&idr. la thaie; it fo1t~®2 u~ ilnlto our oppo~ant!e 
t<lle::f e;n,Jd vii:-. ll::OLt~ oi: '.H1r~,, 'lo ©oi1i;nm&:,BK 1):tll® idli01:t\O!Wiffi~tS1g<S.'ll of fr.lbie pur.~10.i t 
<~lll:Nc ~l:ll.dl ttTw~ ,,::011:hii.c.tt ©O'lJllt'~~ 1, w@ .21@~um® al\CtS'.~k coi:t•lH.ticm~ lllgaf.ri.eit an 
fm~fr'.:bn.s\lr:r f,,9.1rgi1lt @lll:d ~)Plfl•Jl.y ~l\nr'i:m ,tf.glllili.rn0t .m '&'~ail!. ta\~(::;'.,81!'.,. To £.)L lua.tir;at~: 
'W. r.\~lt ui~til ~1m e>1tts~~ll: i-:t:Y r~'iii!.t tfoi@ &i1~;;.;'.u:h::r w@lo;~Hy of o~r Lnd.1!.~t &H.'l!."-1l~ 
t.iatir~i:ac;J&j tfro2f<.: of ,~. 1~,ii:lt"~®t ~p-1m,S'. @lci:&1<:'.lR:" dM::ltil o 8' lmi\<t:fill ,.. ©,-&}' o ."Ji m~r&:h~ TJd.~ 

~llc;wt,\ \\l!~ to li:ll1"•~ ,m\1; ~ foii1g:rd,:1r 1!':t1g;l1~• 0 0:Jr.t D <ffit al gi'L'Wv:::i!'L rc'<li.ll!'~g~ p 1b<a~~Ub'<~' of 
tlbe !lill.us1':.:&' t.ii'll:~i?t. ,, 'l~i:®;;;.: 'i><'~ .m,JFi•:il.y itlrd,g im~\gli:uiey .vt1.tsi~k O a:g~irn.it a o:S 0 

m~~fui t.iilll:e;®tt: e,, ll:o {t~(t\ 0 8°m~~it:: lt.:<Stll:it(~,:t O Toi ilo tlh1t..0 D '.."'.t ]!t]£:c::,~; O\\l!lf ir0;·;:i11;. 1!.~ 
ii:\\ firor:nt of ,tfu:.,i O 8°~<:t~.;d'il tt'.o:!E'g~t p g.§llht~:r.~&:i1n,g tLlu~ ~ ird(~:t:~@~.ffilt/ to lt.:Ye,£•:!k <li! 

o 5°m.ru,1.llil \t,131li.g&.&: '.ii!lrui@tr.i v..~1.,~ll'!\f:\i OiLll~; ·i,1.121J. lt,ti,ll:'gcsll: (( . 8) © :1.oB6'&i uporn O\U\lr lw.!iU@t 
alft:R"~t'.\.11 ((o'.il} l'.fi(th, .\il ©l<::lh'.8', \11',':i:~§.. Olr. 0 ~ Oll" p alf:: 3J11J\,C10(Q1° 9 ]@() 0 Ei)®lr &l\la~C>ir..d o 

ID'ir.i1".llg 1!.0rol K'O'Q,z:ic::e p@ne 8J~2eouil ~· !l:lbi'L8l &1)lfo,~1~ Ui@ to jp>llli1~ Sl)llllPl:'.'O:;i:.ih'!l~t~Jly 3JJ 
hoJl~f.l ilfil tim@! ([;@l,'.'gtet \1/1l1.\tfui :-~ t)<I!Z'L1~:,r;: ft if!1,,1~e,i 9 ,1;,ff\ @o;!lll,p~:E't~t-6. ~o 1L1! ;tlll .m t~ol H"" 
~io-ru t;omrG<E! o 

011.llir otftl;,"" ire:<1jpilli1t@')(IJr;mt t.1§ to Jrig,~J'1.'~ ttlhle .i..mo1.IB1ru\t aif~ 1<!".ai.& r>J~te®@!lleJlfJ 9 

~11'.ti!X't\ fltdm;g;,, lo cdl.®t<!3,t:!·llbi~, lLl~:&tdl. 9 I!!'® ~,ee©l lt:\D'.• krmow tlroll:·~~ ~.om:pio!!i@tilt8: . 

If ~® UJI~® a) :f :b.:t:dl &}iglhifc 9 V;,";S! ~:Ull lm,~NY® t):;QJ ©<&Jt~mimi@ sin liru1"®® @ompon@:rnt2!! o 

Xf we \U!,'M~ ie.t1.rll<i1!ir 9 oll:' k<!':~S>J tlmc~ ~if}ilit: ll:•:Eigg,t,& sit t.lbi® lr'-=i!."~g~ ~t '1Zhl1.~Tm ~ ... plan 
to f :f.lh~ » g.:~wU:y ~lf'O:~ a.m©l tlf,'ilj®\G'.lf:OltJ' &ihl'Lh: ~,1.11 b~ @ozapht:&.lly ~omputtl?.d 
f.ev1t g,if.fid 1@.!>l<dl fc,-' it!:lll'~rst M.c,tt.ioIDJ l~.'8!l't:li aU:, ~om~•,U· 31

. 0 tfruef'~ £1:uou':lilt of lL®md 
11\t"J®&®dl fn>1t' t:~~ immgb1.~1::ty tai:rg:,~t o W~ 0 U. 11;1&l~ t?J.i '.il f,ll'l$;h'ut i to t;iimplify 
Oil.alt' Ji.<Blfil~ Jl))!rC~ll.~:~o . F;ei@,£l1" i@ 'll'.O•t ilir,p,)~J)li~<lllfulll® fu;,9.; ~·- R:hi~ O)'ilJ'1?Z'l®£1-di ll').@®©led 
t.o ~@:t ~m tlhlei ~ttt,m.:r,k t,eik®~ t1t~ 0>V2t ,uf; O>Uli&' ll:'tJ.&£. -- .. ~;,.,_:t~g ~ciltrflo To dtelt~ir"' 
tm.lffi® tliia <t1-d!c&:U:!.ci;resJ. ll.@'1i1.& w®--!!i2~~m \t"1l c~d•,;ffibl~ , ~:f1(•!1,f wiBfrst to h~&::tir:.~tie 

our lt>ul1J.<n<t imt:ll6.t<tt .aiir<!i:~ 9 1..~1& ~!l&(;l tlbi,~ irciUc.-.wi1l"lg . "'<'ll..:i)l~~ , _ 



Lc.r.d ""/:.~. Vt :!!: S:t-:""· :st 10()( -~·· ~vr, ~~-- -
•n r11te of clo,ure in f~f!t ~er !.ile!C!Olld of th~ t l" ~t 

to:7srd ,~ur- bulh•t tr<!t:!i1 

... Esv~ :~ze 1,10~; ~1::tUd velo~ity (dynamic gravity drop 
tabliao) 

1"ne l<!~<l ~:~ tile ,:,·1.,~h u ,:;,~(lu:lir ~ from ti""~ a:bo,Y~ formu!a~ we pl ce in 
our a:l.~h~ z- .ti~l ·s l:'.lO th1.s1· th.)~ O~'it'<'Jt' di.~a:ond. ir.c.katee th;e bulle,t im

0 

pa;et l1:t'll.:a i..B ttf!! L rge:; t 1 SiiJS~:rt t~··ou.gh U::i.t:.1 ~l!U.r.:foo To plac , this 
°lead into our Sili..,,ht r.:!!t cl!:1) W@ Ui;:l'f: • hi~ following forinul"": 

H,!" 
~r:.,....::::_.~~~ 

Fir.: . ; R.~rt.t,r: 

!n crder tu coh·a i :: ::lot .. ~ ~;:lditit,~ al ll<iad end reticle sh~t wit n~ed to 
knoi.r the fi.ring :.:~r.;.,I'.) ami the ongiii .. off Sit whlltch wae 11 b~•- firing. A:rnurne 
th.nt: 't,!!:l at:tf;.:+ gJ ts,I'"'.St ~;~;~e;,\ ir1, t:lrc!'.'ij'~ung 08 m!!:ch (&t 3.,,oooe) .st 99 
f:2~C!h FJ.t:h 3 C-i: •. 

Step I 

Io fin.d f
1

1:l'..r.1i;; ir'.£;'.!:!g;;, it'.:1'& ~l'!.gfo 0 (lff p WIS atS!!lUK!.:8 .!2 oSuma~hi ta1:'eet and 
aol ve: f.n tKt-~ foll \ti1~3 ,at.r~:.2r-: 

'Vf m o9 l'!!e(Cb1 
l"3 87'~1 ° /S> 

-35DCOO Vt ... cS ?QJ£!~.- L"!! ~,85 ° /'8 
H "3 3) 

~ IS ~,n,o ,;)/ ,, p 2"0 ~ ~ 20° 

r.;l! 4380 (Sine) 

30° 

s :.31 43180 ( ~-) o.:» 

2!Jo 

s "' 4~j80 (,!❖21) 

s 

-

,. 

I'. 



-
........... --=-

To find tl'm~ ~d:U t:itotr:il lei.eitl in z.1,:i.li'$ n1e~d.'.'2d ~gt1i ;1 t a .. 8""mti;:b t er ... . 
··.i:,t w~ eolw:!;: in tT:t><'i fo'.ULo'i:1'!.~g r.;s;<.,neir : 

l "' ""'~i p •r "') i ono t;.; • ~ () .... ' -- • 
=-~~..;.~,:;,;,.~"~- "" ~!! mO. z. 

3b4i'.'., 

isl' 

l g:j "'~!JL-, « tr._':: •,). 1 ono .:' •. ~ . \o ·,' ',. • ~ 
L.~-~_.c=l,CY~,-:C- •• - --~~..:,LI 

:r,;i ;~t__~~ .~~ 
3&8~ 

20° 

1 ... '""'1 h_c,J'19 •'·•'I\ ): flrlu·· .;.~~1 ° ~~\~~Ll. 53 15-!?-~~~lJ ~ 
:19£0 

To pih\i~l!i t h® ,ii!J\&iti.oi.-li-:1il J..~,Mil i .1m !!J;\,8 &iig;niit :ft':tltd~ we ;u, l ve in t he 
f ollowi ng ii!!Jll:ttt\®t' : 

,1~~ 
\.4-.lt._"'i 

c.:::: ··~r-==IC3 

FiiJtiiffig it~L:'.;:& 

76 
ilJ..itU:0 

m. 511. 
~ 
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1 

-Fron .. tep XX! •~ e;sn ~ee that it i;iH b.e im.)oe.sU.tlia to f.:et up tbe ad<li• 
tion~1 1etid by ~le:~ing the. wiragepmn lcvcir on 1~ ldnc:e:: ,J ~:Q ie the rn ___ f ... 
mu 'l £!,,?ttingo 'I'!'lir» means w1:1 ~e.n either fir.tZ! at rn.~OP P ?: 0 ·ngV~ off 
(r:;tc.µES I .mn~U) lliH.: the wi:cg19ptm l~wez:, Ht !!~ or 1500: •• io0 ant).,a-cff 

w1.th tt!e i,:.ng,·;"'an ] -~--:rer st 760 Siner; we "" .-.:-nt to e:~e et m:;;.c arisfo=off. 
v..,~ ~ 11 ae;t ··h3 ~ingrj?J:.n Xev~i=at llt:l and fi.r.e< at ; G:;0°, 25° ang!c<>0ff 

0 

lfow t e1~fo2:m tbe .stts:cko Wii do not \L ~ the comr~a.•tiond purouit 
{;U!'Vc uppiro:"<:h: 9 ~~ t.kte:1 cil.oe6l not s.Uow us tl:o det(:.;nn:tr..-?. t·oth ta.re,.;.c: ~j?a,~d 
1md c,f.r~<1::tion, a.nd ,-.':! rle.r:d e:hce;;se i:,:..et.ort2 o atppJly th~ attis<:'!k w_,, h-:;v~ ji·:~t 
com~,utedo To tlp'i)!y t:hitJ attt ~k eor.:n:ct:1y£ wa use c. barrel.,,roll type of 
att,f.c.ko To .~l~t it tJp 9 l·e fl:7 i~ the-. S/J.me r.H.r(<;<t:tion. aci the targ-r:-t and 
~bou.t 3°to-4 OJ'.'•(.}

0 
.f:lhova ito Pli.orn th.;ar.e ·a tu,:n !°tt'!'Otit ice . from h:!e line 

of f .d.Lbt 9 b-i.rr~1i 0,rol! "' in th® d!ir1:~i:;Uon of the ,;;:u "' <,1:m to a key . 
r-,o:hH: p tcy:l.ne to m~ir.tf1h1. ar1 s:Xmo~t: con!Sltr.l'.'iltc angular rCJl.rt:=·:oneh{ :, Y:,e"'. 
tw en. uie imsi th~ tEJll'.BiP.to S<9e figut\-;! 18.. ,com h.erep W;.. p'.J.::"'e tha.:; ~fp,1it 
r~ticJ.e ir.eH o~ll: in. frc.mt of; t.h<!al t~i:-g~t, in line ,-rl.th hifJ Hight :<·th ~ 
sud pull tfru((; C nie::~~8w.1Rjf to tlr.il!le!k th:':'. 1-rusg:ln.siry tG'.rg1i1!: o !.?.. us cloo:1~ to 
our. :f.1.1.:'ing i1.',t;i!l\:.i'e an~· irntgle 0 0.Zf 9 the t<1r.·gst vlill mr;;v'!l! to~~f,!'d ou:l'.' Gi.,},t 
t'Gtit'-1.e. A@ ttfo:1/); t~·nc •-G. [&i::,utie to cirof:l&i ttatfl 01.1.te1· cl.i.!iimon.d. we. aepi·~io;.s 
our f:\1il, t:dggP:; £r.cli hol<l :i.t d!Y)'."lll u,r&til thl!!l tail of the. t£JR:"gi?.t pr·c1!5es 
t:h!z-oui}:e th(-. 0·4t~rc cil.it~:nor.>:S.o Fr.om t.:.P,T~ w~ recover 2nd /iiet u:p l:lnoth®r 
atte.~/• by kick:!~g _ii."i'. .2fta1tbu:rnte:r aci.d rnUbng back to the l31:!U1.~ po~ft:ion 
on top of cuir t,~ll:'g;l?.tt o 

7."b:hl ~tt.!3:ck Kll.ffil!i ,:.k,fd.n!te r.rib:,ao\1.t~:g1e~ ~ It a:U.0~•1r, tl:M:: e.r.ts<!k.er: to 
fiz-e ~ a tid.gh~:-r &rig:t~c,off thlat1'. hi a p'.:.!X'~ pU:ffil'<.i!it CH,Z'V,~ &tt.~~ko It 
s!lowe: tlii;t12 att.::c."'.k.sir to £1y thX'o"J1gl11 tk>.!19 1t.a:rg<::tgr11 &(C,i"\',WJ1~ff'., eonl1:! oi fixe 
at a f~.,;H:;~:r :n-ate tkfii'.>,n i.i:; p ,r,3[jf'ft»l~ li.n ® llilo:<m.d purs1.;:l.t cu:~·vc:, at&:s~k. 
Sinr.>E-: he h fl.ginig El t~ctil:d.ni1.t:ioi!ll o,f .Bl pur.1~'.!llit <eun-li .snd e. ccl!:1.~fon 
court<J~ ,, ~ntotlhi&r <Anidi piro·;,;;;:fui1y t.lhl~ r'lO!f:t J!.mpo1cte.,1nt edv~:.t1teget ie that the 
o.tt,-ai~k~!' i:.i.':!d@ if:: q,zit.e 8&8Jf to ~$FiOS;f.t fon frdms~lf foir ieons,i':~·1..rt.:i.v,':! nt= 

cnb,.:., Tt~ie ~-~' po:&is.d,¾)1.e. b~~ai.a;,a:i 11:l!:!.s 8\l:t@~k®r llP,,l mli.yByEJ ~ lc)~!e.;! (!;Jf.l01 zh 
t:o 'J:11i;; tB11t.g~t to jedgtl r~j;.!l',UV<B !'Ofoili.t:tcmitngo Thie Mg di0eJ.vsan.t.!tg~ of 
tt.,("l bt:lli:"t'iel

0
!'0U ,tt~r:k C, .G\IB w~ @.!'.!Qlfoy U: C, h t:b,<9lt f.t viicowid~,a th ·. ~t

0 

tl'!ckez: ltB/9 titm.5.) t,,lf l~tbisil iir.®o !lllow~iw~ir 
9 

in ~ff!.el",,)' of th!c! Edil~t U st a 
fight.ll;;r e::arx 111i,.,,_:,f-o,r.m moirra COlffi[;l~i.;'il!t::i:w<El st.t-2({':k@ "' wll.tb th@ b.en·<Rl"'iroH 
tyr,>e of e:tt tdt O 

tfui.sitll in e t1 rnw)l p'l!X'l:l'lllit ~i..rv>(B 
9 

thb. dis.a,1y.~ntaga does 
not ~pr-:e.r.ir. to b~ too X'IBEJtiri~ti '5:o 

!ti. ~'~lil!f.'J'o \\ii~! do r,ot ad·~·.:,,.:-,E. '.!:~ t1mt9 b>&it.r~1lc::.1"'oll e.tt~~k UJ I?. Cfil'Co,,au 

for: fi,:,e: ~or~tll:'ol rirolblemsi b1S!Eo~i@t~ldl agslli.t11et bombe:ir.,.type .miir.l{':raift. In"' 
etesid~ 1:sre1 •o!lla.ia.~r it EJOrit'!!Whllltt of. & 11Rw!t-Hs Gol~~bS:tf:0 affaill'.' d;e:&,igr.~d to 
u.mour,t O to a d~gre® 0 tha ~ir·obl~m9 .!i,!.:l/L(ll~lt.elf.:(?id wit1il to~ayg .1'! X'.:Olr-:.ue!ll 

ptn·2uH cr,s.r<;rt~ ~tr.a~kp l1!°J£!i '!J!!'.lf'!llg 8'.uit~t ~Ml it:be ms.flln&:: fox- '118lfv(£<:eyo Alo 

t:hougfm it_ i.:tp~.e~rei d!.f:HCG;'i..!!1 t to perf oz.'m 9 pifotti sire bl~ 
9 

with just a 
mini.mwn of pi:r-s:teftfo~ » to @~t 1th~ms.e.hJ\ffi&i 'l.l!P, 'GJ1.Ute fJucc:i:e~~fully o 
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-M/1.NEtTVrmING FOR '!HE ATTACK 
=-- -. w~ 

Success, in air•~to ... air combat~ depends on the ability of a pilot to 
place h:tmself :I.ii a poaition from which he e.:n deliver his fire po't:1er. 
In fightcr .. vcrsu1.N:iomlx.•r combc:t, tim-":: :h1 important also and can be co1, .. 
sidered a me&ct.'.l.:~m.:mt: of our ~i.1CC<UJI"' ... To il lu,1trate : If we have a bomb­
er attenpt:~ng to destroy a niven terget » we muot. not only position our .. 
selves to del::.v.er our fhe po·t:,,~r i bvt must alno expedite our position«> 
ing b cf ore the boit1be1: ~eacheu "bombs sr1!f:,y 11 1,:oint o Since timing ic ao 
critical, we ,::'ii.mt use the VS'i':'J b~§t method by which we can position • 
ourselvea for this attack. By th.ii~ ,..::xpeditioua poeitioning we are able 
to deH.ver a qui.ck decfsive attack "'n.d thu;ii reduce the bomber's penatra• 
tion of a given t~rgct 11res.., ArJ we h11ve aho'-m» the best -uenpon in terma 
of performanc.-: and e12sE1 of delivery~ is GAR 0 8. The bt;!et attack, with 
this we:.1pon nd our ed.rcraft :l.s the underside attack. Positioning for 
this attack dep,mds upc,n the r,;p.ice .:.:: lationehip bet't:i.ecn you and the tar• 
get~ Conoideriug this relationship, GCI may set you u~ from three pos~ 
sible posit:f..om;. 

l. Ifoae..,quart:er 

Aeeuming VFR conditions, it wHl be the -responsibility of each attacker 
.., upon vi.su~lly acquiring 'the target .,, to liU?net.-ver from any one of these 
aet .. upa to the 'firing envelope be:hfr.d the targeto To get into this po ... 
Bid.on quickly» an att·,ckcr must mam.::l',VGi:t" in s threl!:l.""dimensional field 
to acquire the r.1.aximum benefits from gfrspee:d and tum. If the attack• 
er does not understand three...(1imen~ional roaneuv@ring, he will be little 
more effective than GCI in manewering from a setup or appro~ch, to a 
final firing position (GCI will pl.see him in true· Hrin3 emrelope through 
the use of two..,,dimen,donal man~uv·eris) .. 

To fully undentand the three appro:M;h1e&1 m~ntioned above, let's 
discu~1 <::&d.1 one in detail., Fit>Stp the r~?~~u.tllrt.ar Att,ack. In per"' 
forming the nose .. quax-ter attnc.k 9 we do not chooeie to &pproach our tar~ 
get from a clir@r:t head .. on posU:iono If we do, H~ will be forc(!d to per.,; 
form a 180° change of dir:ectiou by ~:,;,ecut:tng a lewd turn o:r a climbing 
t urn (higb""speed yo ... yo) to approach our tarf~et f i:om a aix--o I clock roai .. 
tiono The time consumed in a lev~l turn allm;s the target to generate 
a larg0 amount of fonBitudinal g,rnpeir<'ltiono Th:tt'.3 allows the target air.,. 
craft to make considerable penetratiou of a defense area before the at­
tacker can aet up a GAR .. 8 attack .. The climbing tu7:n or high .. ep-s~d yo«>yo 
all.c-«?s the atUcker to complete hie change of direction in lsEis ti.ma, 
hcwavar ~ at t:1 ~,nd of thia u.l8.neuv~r, the attsckei will find himself 
-wh·,t consider.-• • ~ longitudinal separation in relation to the t arget , 
oince 1th airt d has d~esiyed considerably below that of the tsrgeto 
Once again, t "tv _!'get aircraft will effect considerable peruetrat.ion 
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-befor.'€! the ettacker can position him.~e:1£ in order to lm.mcll the· GAR.u8 
mieGll~. If t~e attecker is dir.ect~J by GCI for a ~ose-~uarter attack, 
ha cho .. ld rcq_uest CC! to set him up on sn anti .. p rallel cour.ee to an 
off-~ ;:t point 15 ~ 000 foet to ona side of the target e 13 line of flight. 
Hh,m the tttt ,,,:ker acquireo n visual sighting of tha target, or· when 
GCI i~~o.i.ctltes that h~ ie tc11 mi.lee from the tar80t 9 the nttacker should 
appl:-- tl.'.11 ei ':m:bm: rn: pm·C;r,. At the SS!l1~ t:lme, he 5houl<l dive to an 
altit?.!d~ of -:.,out 5 ~000' below the t"1~get ~ Bo he will be offaat ill both 
the vci:'t:tcal ;:n.d ho:i::i.2.;ontlll pfones~ Thia pr v:tdcs the attacker• with 

_ ma1·H::·.rv·cring rir:spe~::.. .f.md a poBition :from ••;.:.ich to ~Gu:ut~ ·e Chanclelle 
follow.~d by .. lcu c.;.,c,;;d yo ... yo (a d:1.~1,:? behLd and below the target) to 

. the e-f tock c :iue b~hihd the tteirget. Sa.e figure 19 q Ccmpazed to a level 
turnp tU.s F-' .nc.uv~r ri.llows th~ &ttc..c.ker tCJ complete 1 ie 180° ,change of 
dir~ction mor.e ~~pidlyo In ~"dition~ a.ince the sttacker 1$ turning 
throuz,;'h both t).,c v~r.ticnl er.cl hori2:m1tal pl(;.riea, his horizontal turn= 
:tng cor-, ommt i8 rc/•~~ado J\g a re8ult of these two :foctoi:s "' fe8t: 
turn !"1: te an.cl omnH lm"tl lt'&ci.it.\£ 0 th~ attr,.~Jcer w:U 1 be in .l:l posi.t:ton 
much n.c~a1.·sr bf~ tat't,:..,t' I.ii au.1-;.d-c cone., ;ro prevent the t:u:g~t from 
p6n(';t~1:~t,.tLg i i:t~ defQ;..-~GJ~ area e.:1:,:ea:aively p the attecker nr11igt dive be .. 
hind nd belc\1 the ture;<'!t ,at the completion of 90° of turn. Thia will 

id tI o cttcck -1:' in raicour,iug the opeetl loet in tb.e Chnndelle. Also, 
i.t allow:.-; h1.r11 to turn ineiclc the target 9 s line of flight p becguae ha 
:f.6 a.bl~ to t:e:duce hio horizontal turning component 'by maneuvering 
thro··rt'h both the VE::x-t.ical and hori:wntal planea., Rceult: The attaeki~t' 
quickly position~ hirnoelf O at ~u: 0 0° clock~low "' to l&unch GAR0 8. 

~~:~2Q.? A_pJ:r~:r,h. In a bea.."'\l .&ppro<!i.ch P our pxobh;m K"emains · 
essenti.aHy tbe same ;:, that in a noB~c;,quarterr att&ek., That is, we 
must quickly pla~a the 3ttacke~ in a l~und! position~ to r~duce p18nl-l! 0 

tration time~ !ne beBt mean~ to accomplieh this, upoTu vi~~~11y ac• 
quiring the target i~ to us~ oftsrbui'rier ~nd perfon1 ~ ~tving tur.n~ 
belou .:..nd behind you~ tal:'g€:t 0o line 0£ flight .. Ones .1,'.gdn 1 aft~rburner, 
coupl~d with a d~sceno.ing turnp will incre2a~ r~te of ~loe~~® 9 b~cause 
of rep!d acceleration0 At th~ sam~ tim~, since th~ tun, is through 
both th~ veztical and horizont.i:.1 plsnez p & ~'IJltoff ia ®,i'Milily ®t'fected. 
B.ca~ult: the attscker iB quickly scet up for s. GAR..,8 ~ttS\ck from six.,, 
oeclockvlowo If the be.am attack starts from a high position, the seme 
proe~dtr1cet1 6b.ould etill be U8<2H1o Remember P the att.9.Ck®ir wants to re ... 
duce the t~rget 0 s p~netration time. At the a~..me time 9 h~ w~nt3 to aet 
up for th~ best poeaibl~ att&ck., A diving tum or lowmsp~~d yo~yo will 
iatisfy both of the~e condition~o If a bemn ett~ck is initiat~d from 
$ • 1ow positic:m 9 the prf!Vi,ous pt·oco!;clU!'~s still apply» dnce the attacker 
is try·tug to r&ducca l air:get pan.el:ration time by r&l!)iod closut":e and a cut• 
off in2idc the t~rgat's line of flight., 

In a tnH:9uartll!!.' att&t:k, tha probleo of defense arie~ pi<!:!neti:ation is 
moat e~:tticelo To r::12duca thiw penetration time arid to allow the st• 
tacker to position himself fo~ the best pos~ible GARQ8 sttack 9 he must 
accompliah a dive below and inside his opponent's lin® of flight, up 
to an ,it~(,l,Ck position (inside yo ... yo). • Sim::® p~net.iration time i&1 eo 
critical, the: proc.edt'~·~ will re.amain thie emnG.'!l -.i'h®thor th@ stta~k ir1tm:ts 
from a high or low po '. ~ion o 

36 -

I 
/ 



-
T~ctical fox-mat' n~ hen~e iligbt tactice» are d$Signed prima~ily 

to prcnri-: e n-.r:r-i::.hcum mu ,-~ttl support nn;,,'l visual c :ro!!!s cover ~nd r.till re,... 
t.:i1.n uv;::.:i.aum rr,aneuver:.i:;ility 9 for eny a.il:-••to~Aa:Lr op•ir.;.tion. In ot:l'.'.cr 
"t:ordo 9 tactic:- l formf.t.:on~s muet pt'o·id.d~ both de:fenfd:zya e.nd off~na:i..va 
eupahiH. ti,se.., 'J'o pre a;rld.: the·~1~ cep.,,b:f.U. t iiai:; 9 a co0pir:om:i.1w bietw,;tm rni;,;n:i .. • 
w:,.:.,-.n m :.:.:u~l e . : oz-t and n~iw,..21 il'<!lllta\Utverebility must be a~co·.:Dplieihed. 
'i'he GJ:i:: -.1~ • of thie c:oXil~rcmiae \Jill d.1psr:1d upo::1 the tyiJ~ of .i.i::1f1ion Lat-m. 
'l'ho 1g•,;, our mi.c-~ion ... '':lghtelt.'d{..(:::.'.l.:'l.RllS<>hornber .. e~5tnat ~s- frc;-rn- a- acd:eruiive 
oitub<t:!.,_.,u~ it :la offa n::dve 1.n naturt~~ in. that the Hgb.t~r is trying to 
d4'iat"ii:oy th® bo .·i~r ai:.:•q:I:'aft e:.--id ie not primarily intE:re/ltcd in providno 
in.., s~;::u:city fr-.: him..~r."lf" 

T.h.o pre r,nt conC<'!>pt of ·weupons employm~ut (nud.o.,~1t we;,pons) in«> 
dicatei;. that r: ~iven c:t.{•:.ny will e.mploy ::.i.mtuiti~tion..,typ(l.'! tact:L~s n.th~t' 
than & Cln,cein:.t"ation of! hb fore@ oviE:r a giwen target alt"~a" In oth~r 
,or,fa ~ 'FC ma E:;~1 ect an att&ack f.orcci.? composim<l\ of aingle born1mrs dis"" 

-z-sed ever a d.de a!~·~i, to E;t::cik~ ent •,1a1i1y targ~ts ~ To cotm.t:er. thie 
at all points, 'l:d.th four 0 ohip sc,:·an:ible!lt, is not th~ smewcr ~ f.or we 
.. ie .d & defense force i.\u.mbering four til'.!lr;s th.at of the otrike force. 
tfo will be providing tu.-inecesi<",Z'Y ~e~u,r:U:y for the at~acking Hghtl!r.s 9 

:- s w~ll ,~;; vic:1 ,'!! ing tl·."' dict\m~ 11economy of force:! 11 Thia P-oblem r~"' 
e>.>.1iut1 ... how $b!ll ,1~ t11ctif;!a1ly clrl:l~loy our figb.t~rs? A oingl«1: fighter 
again1:-t n sing).~ bombe;r. r.:~y e:,p~ar aft, th~ obvfoue srt8\il(i:\Jr. p how~v~r, this 
in not so,. Wh :Jn tSnployfog s:ltag;l<kl Hght(P..:J:B a.gcinst v. ssitui:'ation"'type 
raid 8 ,•-:: woultl b1!! aHtwri.ng th.st ~£ch fighter ,1ouldl intere:ept its re"' 
A~e:cti , .. , t.arg-~:t wi.th.o!it e1,:~atpUono Thi2re would b® no ground &borte 9 

~ir abo1i:ts~ 1:.md/or po"""-ibl~ fi:r~ contwl mal:fonctior.:io Rie&rult: some 
attacking bombc.!'ra would ,_,<t:>.t t~;f/.'l'mgh ou,c &~f~n:!il::W o Tn }?!'<ted.ude thfa 
posi.utt,fH.ty, :e r¢.e;om...:~M. a R:-..;.ro 0 ~hip flight) .fill tllll® 'ib,t£~:l~ tm:U.: ~ in a 
g:1.v.rm fightGlfc/,J~ll.'.<11,t:!~<-'l:•i%J.i'~1' it11t®l!'C~pt" Thi.s t'wQl<;>$hitDJ fiiglmt "<-1ill be • 
ccuiipo,eet'.1. of a l~e~d.e!X- .$m·:'i his w)lngmmn .. 

In=pa~!,q,,L~.!i,~i~~ 0 prior to vimuglly a~~uiring th® bomber m 

t;h,,~ \1»-ir1:i;u &!,. should n,.- ""-P;?lfo:ii:imsit®ly Hl to 20 ¢ll®gre:~s b~k em.id a~pro:d ... 
ro~tely 1500 fc~t outo If h~ ill.i®~ in m~~h clos~~ 9 too mu~h tim~ will 
be epe:::nt • in fiy:tng fori.r.si.tion mnllll not emiot.~gh in 11;owtr.d.ng th!!l fo.a.der 11n.d 
, iding him· in visrusli'y gic_~uiriug tt-7,Q!: tt1rg~t ~ Flying too f ~lf out :r~"" 
<foc~;s p,e., ~uvtl':<r.1.~!Jil.ity -t::m& ~y e.~;mSl~ t e wingm~n to b@<eom~· ~1t~•.!:r~ed 
ft'om bia l,,,.s,l~ro Wbe,, rn¼\l&Mmredng 9 ·tne win~<Griu ti:Ul play th"- ot1Uide 
e.:: W®ll .\ll:3 the ir.sidli! of. tb\8 tut'K'J 9 ~$ ~ m-e<ill.ta!3 of UU11:btt<lllini1mg poiilitiono 
To do this effu:ti rely 9 he mul:l~ .iLB.n>e'lll\.'0;1C tl'nlrougll both th~ hodzontal 
cind ozy.ertical pl.sneao Th.b will allow iruim to ~l';li3\u:~ hie hodiiontal 
turn.iug ~ompoti~nt e.nd thus maintaira hie ·r(!)Jl..tt:l.vs po:siition mor:~ eaeily., 
Proc~chn:e ~ When on the m .. tside of th\c:: tmm 9 th~ wingmata lilhould lower 
lib no8i"' and crosi;i to th'!'; inEJicl~ .. If on th~ in~:!.d€l of th® turn, mi.d 
diding foirwarcL ha should crosa to th~ outside» e1U.dlt'l high and fly 
in 1.:;·,~ plan~ of the lN:idcro In other voirds 9 a wfngms:n 'Will fly a par"" 
tial ~~tend~d 0 low positiou 9 on th~ i~@ide of the turn» ~tt~ ~n ®Ztended 0 

high. position "' in the plene of the h~.s1disre $ wing ~ on th!~ out$lide of 
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--th,8 turn,, One thing for the wittgman to ?:~member: He must not cross 
in f1:on1: of the:; 11zudar! Ixtsteadt he chould -lways mainta:i.n noae ... tail 
r~cpSit'at:i.:,"1s t'h.u1;. preck.t.H.ug the po!.ii~ibUity of getting in the way of 
hi~ lem,::c .. ~,, 

To i.'0.ttuce the bombere s def<c::ns_.:e.,,,aree p-enetrationp the fl:l..g~1t must 
,fJ.fokly :;;,._::..r..etw-~~l."' :fx·om th-e: nppt-o.rJ.((;h to th~ bie&t l'<ttaek position = after 
-q-fc:.!e.lly o.c- c1,.:d. ring tlte t;:).l:'vet" To do thi~ ~ the flight mui:;t nis.neuver 
ui~ mL:K pcrftJr.rn.;., .. c.€ • thrc"MtJi both th.a vert-i~al and l'liori;::o-cit.sil plane~ G 

;.;_ a··r. t1.]Cf:•~ circ,:m..;;tm:wes, it wo·.xld be quite difficult fo:c thf: wing.,, 
U!f:.,l to ,<".i'.:httain •·he patrol pouitior.. cfofi.1.1.ed above" To isna.Tble the wing"' 
mt.:'.'!. to ~ei..1tain a x'elst:f.'\:,•; po[lit:f.ou du:ting- tb<e:8-E ms.netn.r""l'S, e place. 

h:L:11 in ~ n.{,.-w poBition ~ tJl~=1.!.z!.:-!!~!tJ?.O..,J;!.!:.,:l.ono f2._~iti~~~: The wingmen 
wU l fly wtthin s 60° cor,e bah.irnl the li811r!er blt a di.i3t.:;:r,ee ,varying 
nbout 60'i Q ,,. 100!) 0

• Se~ figur~ :Wo While fly:i.Itg in th:i.si cm:te ~ the 
wi:rigm1).n. uil 1 man(?tn;·~r through both the horizo~tal and vc1?:tical pl.anraEt 
to r:1ia.intcfo. po:s:ttfon, He 'r1Hl DHd<'! h:l[c):a' 'i.-,hen ov11'.nrsboot:i.ng and drop 
lov;.; to tb, .. fr.$:i<~'-". \,'.::ion ft1llin.g b£cl o :txi oth~'t.' worclg P the man.~hve_ring 
t('i.'lm.iqu~ ;te;. beriiir,;;f.lly the same a.s th.H: of the. patrol position. 

If th,?. lea.deli'.' :LB urr.sble to d~livert 8 !llucce:[1sful utt~ck agai.nst a 
bc.-,••bcr aii·cr.&ft ~ th.:! wingm1u1 will tStk~ c,y.;-,;1• the: lead po3i .iotA ,md init:t 0 

.it~. thei at::::ack. Ix rmith~'E' the wbigms.n rwr. tb:~ lea;;d~it· e:i;.n 1~_,!!;l:£.ver 2 

rtU{::t~G'::;,:~ful GAR"'3 ,:it.t&<Zk 9 th~y will pll';'~SiJ hi ... with aft~:rbv.n:ner "' and 
11,nc-:l .:..h,::n,;c,: th(d t"";rg0.t aill'r.l'aft o F.rom th:b, po8ition, th~y !!;Sil 12!:itl!!cute 

~00:~i'.net""C>. i.:111,cir91 ... x-o11 a~!"s.M~ke f.[;a:i:c?.8t t.'h.~ boi1biar cd.1Cc:n1ft o When t he 
1':.r;JC.l' ~o,,,~i:v out c,f hfa roll v and into C.h~ firlr,g poi;;i:U.:ioo1 0 the wing"' 
tll.t'l may ~\i::s.ict dmmo Wirac.n th® le~Jsrc ali~tt,$ to .;. n<Sw high position 
on the ttn.'t,, '.it» tb:: wingmm~ wilt be: :hi t .e firing eona p llllll the cycle 
juat ~apests itselfQ 

If tirl.1,1 l:omb?.!'iC h too b1.~Jil to p.emit ~u~~1:,.cttlftil 1imploynte'nt of the 
b&E"i,:--~1.,,iroll attsckp th~ fl'..r;ht<l;lZ'~ kr .. ~W(~ no 1r0.;;ouir·~te.. T.ruay will be forced 
to a;ni,t>o.wr .... h th•~ tat'gl!?.t fl'om t~low d,m:d firom the 51fi.~-oe«::lot::k positiono 
I:f. thh t~etk mi.:iE1t b;1; eimploy~d » it b<Ellhuc,~-~~ ti:ni?. Hghte1rn to fire at 
th~ c';..~f:l.fi&i:.:.·s,i lr'EilN.giE of th~ fill:® it:o!!'?.t,rol illiy:~t,,,imo .Sin~® th® bomber ill! 

tm.z.ch larcge:1t', ~Gl CC::ilpRll:'~d to the f tglit~t' P . tka..,,ii: or,spo;rtultl',ity to eecull.'e 
a 1~ .. tbj;,1 bM~ :t h t!'::iex.-tainly u good "' if tiot b~U:e~ • = lt:K,ven. that of. • 
tlw def eudi::i.g bcmh~:r., The :lmpol't:aI!lt thing ·to ire:~m'bi!l:X': The bomb-2;: 
mu:st be d'°'i,;'.. Y:-oyE:dp Z'~gardl®M of this, t.at(;1l:ir.;;@ U$.i~tdl O or t~® we&pon em"' 
ploy,~do 
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SL'1M~!1 

In our dii:!cussion of Aer.ia1. Attc"'k, f.: stated tbat tectics i,;c.,:~ I 
dcNelopcd c.ccor -ttng to th-.; p1;;·~fot"ruar~.-::r; capt. ;iHtiee or U.r.1!1.tntionc af -
the "tmepana c,yot~ms t,&ed .. 0 .. 1~0 1eapcri.J 81'1 •1"ll as the oppo .... :mt 2

s h R~•Cp 

ognt:d.n~· this s ue· eet ebout to d.ct~L"7':i.1'!e th-1 p·~rfor,· 't1i:.ic. pc.:>: ;t:'!H:er.s ' 
of our Y;.;eepona Gy~tcnF; 0 t::!t J.'...,100 eqi..dpped 1::ith GI.f.. 3 ·<li.nd t~·;, 2Qi;:, 

cannon. ~tudy ~:ev akd; To ,·,:::-, .essz110,y e.rr,loy GAfl ... •~, it r,...t.!.sf.: be 
launched -·:t.thiu e giv ~,. Hrin· • enve!.o:~•t.. 'l' 1 Hrin ·: c:nvel,:>;','i~- is de" 
term:tnecl by th~ rodi.et::.on patt.n--n o f. i:llf:; ta,:·3ct and the p~rformnnce, 
oruelopc of the tn:l.Bsile,, The parru1K~tt?:t'S of! thitl env,~lope arc dGter~ 
mined by, (1) the she of the tm:get 0 u inf'.i:'.::.=tcd pattc11"n, (2) t:he 
range of the misBile ~ (3) G•a-;;n~r.bili y of t:L(i mis il~ 9 ~nd, (4) G,'u',. ... 's 
lt.mbda Hmitnti,::>no To. auccewJfol:.y Cu.?l.OY "i!-: 20mm cannon, the ~ilot 
must be -1itbin the tb.eo.:-etical .. paM.Hty of: the Htc ccntr-ol f>yste,:1 5 

c.1nd have control responses precfo~ eno1. gh to control this cqu.:i.pmen.t·~ 

We then applied the info,_mdtion provided by thia etudy "" the 
limitations of GAR .. 8 und the 2.0mm. cannon ... to the p··rrmit urve, to 
f:lnd • the best ttack ·envelope for eech S/t;il.:C·:ilo l!e forn:1d th-:t the 
begt, attack envelope for GAR,.,r; is an u·1iderslve or a ~:i.:t ... o'clock .. low 
attacko For 20mm cannon, we iotaid thr.1t L:he best ett~ck· ~ould have to 
b.? a ba.rral..,roll attack, <.!ombining th., charactaristica oi: th~ purGuit 
curvia and the colli8:iJ.>n cours~. Cmr.:.p'2ring this infot'mat:l.on ri?vedcd . 
that GAR.a8 is a far BUfHc.rior 1c· pon for a f1.£-,T:tex.•.,.vc.rous-bc-,-nber in•·~r .. 
c ept , $ince its firing envelope and reJulta.nt attack con@ :la ).lruc:h 
greater than iE.l possible uht!n employine th.t1 20~;:; canirnv~ GAR<»G ea main 
disadvantege,. in a fighcer=ve rnus-bo~ber intc1c!pt~le its inability 
t: o diac~iminat e target I.R radiation ""'I:·om backgro •nd It clutter.· TM.c 
disa(.hra.ntage c an easily result in t.hc atcaclmr being; forced to uee 
the 20rlllli cannon attacko NOTZ: ~ocp in rnind. tl st the uch;r.n".t.:.ge which. 

A,.~0 8 enjoys over ordinary a .. 1,1..-.r,1~nt » 1.n a fi&hter ... verous..,.boto~~ar attack 9 

:f.a. not n~or as great in a fightcr~venus""fighter sU:uaticm. ,la 'w'ill 
• I 

elaborate on t his in Part II of. this manunlo 1 i 
;· 

Since GAR0 8 pt'ovides a lm:geit' QttQck cone .i,m<i a· "'~€Ult~? capability, 
our tactics will be p:tedieatcd tJpon thia a.dv.untaeeo Wliethsr sn attack 0 

er approc.1ches the target from the nosc .. ,11uarter, 1?eat1 or tail ..,quart er 
podtl.on , he will Bet up to deliver GAI::.""80 If conditions 1;rnclude 
GAB."'8 deHveryr, he .ill. pre:cio in and ~rnploy b.ie ord:1.trnry arm~ment. • • 
Before the nt t acker reach.et; ·thb weapon,3 cl Hv(..:ey point, he tmst ms ... 
neuver through both the vertical and hodzontd planes as it is his 
.rellponsibility to provide positive guarantee th~t ind:i.vidua\ bombers 
i n a satt,r.ation ... type strike will be .int.erceptcclo Twoeshi1> s, rambles 
~ill be employedo If a number greater thnn tvo are used, the fighter 

defense :Lo spread too thin., Simply stated , the dfotum~ "econol!ly of 
force" would be violat ,.,d with little g~in in effect1.ve comb t potentialo 
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urrn.0Ducr1mT 

In our discussion of fighter .. versu;;~bomber. tact:Lr;; ;•o 'G'i 11 
recall, we determined t he capabil:f.tiec and lim .. tati.o·:1 ~f o..:::- ,. ,r,p 

. ons systems. On having learned these I 1:-wamete:-. -> ,,~, th ,n <lev0~.opeo. 
our fighter.-.versus "bombet: t actical doctrine ~ L1 our -· iscuf..r:l.cn of 
fighter-ve rsus-fighter tactics, <;,•e will cr:iplcy this !'.':, c pro(, ... ,luro. 
Our. order of discussion will be as follo,-JG : 

1. Basic Limitations of GAR=8 Against a N'.sn~uvc·i:~. 1.g Tart•-~ 

2. Fighter Maneuvers 

3~ Tactical Fonnatiou 

4. Flight Tactics 

When analyzing fighter-versus-fighter t e.c tics. by way o.c the fot.1r 
major phases above, we ., flJ. employ the c ase syatem ... &. plan w'l!.·.reby 
we examine possible hypothetical o:!.tuattons wh:l.ch th12 pilot may en• 
counter in fighter-versus-fighter combat~ 
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tr.~ ou,t • •. r: t!;., ~ :,:.n on t -·tloyf-;·tJ Gf-Jt ... a I grd.nGt t~ non..,mm"l<!mvering 
• D '{·JQ. "i,.;~t-: ': ~:h.2rr.: l' 1'7! rd.G,3:'..k, h&i-g; fom: 1nrnie: limHutions "" 

1 .d ! ,_.-·" J;£i ,. !..-:.2tl th~'':: ci~r:;;.ie limitations forc@d us to 
·---1A'- ·t;• a ,c,.r .. i'0° 1;;I.cl.. P S'Jm"':..?.eiting from th .... tail of 

• It •. _ .-.Lo\.~. tb'it t h-3 length of thf.s cone ,ould 
t c .i: ., ':. 1.tt!t ·, --:: r:~,la &.i;, l t~,. rnacb ~ At hi.3!?. «!!l U tuds, with a 

thss ,·-::·,. 3 (.1:nv,dupr1) will be considerably longi?r 
In ~ur disc~:...-:.d.on o:~ fiiz-Jite:,:- .... vereus,.,bomber tec'IC"' 

t~,:i:.. 1 cl &..'l[._;,:ler velc,~1.ty ( !!kjX perfo!."l!l<=o 
·-,p ·ir-"!.1 " .• ity i!C•'A, we n-,r..,.::m 61n J::i'.!velope in ,mteh 
··'!!.:\:~· ,,:-~. -aval!:' ('!,,;c:.nS -1itT:::out "i,/!l;;~.d1ng ita m:m~u.;. 1 

t ·t<.:'.- ,;;:::,::;. Jr:." ~ by ic,;;;? lyt,"AS _t:hia .:mgular velocity / 
···•-K:. t.u: ">x·:bt1.ll'.' ox- H:,:;htc1:0 verfl""'·' .... :Hght:er oituat:ton, 

. :r t£· .,_, ,;,,i::~ :J ~~i<;;.h' v .a develop ;ill be to . place. v@ 
• c~L ., On t~ r~•chr . L,:..:dp <~•~:u in a. defenz:Lv~ sit: ation, . e 

ro!.t':-.) thi:J ~'),Ml i·;;-:··y f:!:'om a givei~ opy;wnEZnto :Sy doing 
1 •• h;!"'. ,·r:Ot:1 r.-·-~;ul(.'ina \\ f:'.;i.rf .g po&l :l.t ion. 

#'" . 
:tiJ'lt_:; ,::_:· lcO ---~- ·~:c . .!: t c1.. :..."'1.~~:::1miv"'tio.g target~ th2 cone not 

• in ~·:: _:,-:: v -f.., ,".lr,;o dv tif;t-.::~ i n oJ:ta?e o In other · ordll3, 
-,_ -::t-::::,. c,i t:.,- .. 1.::0.!!!f,1-!.vi•,1·::umg et~,J'alo~:i:1. ,,ill be ~anaid1~n:ably 

2-1.\R" • ,.~ l.'.'cO\::\• ;, ·-.~~::'i.o'O'O"'.".~Y-3 envi~lops o ~to illustr.at~: When 
;:;;.or~"'- ·..:.:,.o;:Y.i~~•f.~:;;; 11:!ri.,;·.::- !.c.p& ~ w.:.:i found tba.t its basic [sh.npe 
'/.;y f;,,"' f:e.,;':. .. ,_'c "' \f's z-eng~$ G .2n~ 1.'"'1.:1bdao We note,! 1.':h~t 

-~1'21':' • 5\d.z:l~r ·>rv~~·t:etc:al in !3Ciitlf!~ ~ N~neu·lie1·ing G::.v~loplil:0 1 

"'2•6 P not 1 •• 1-•;)'msJ,>:1tr:k:al ~ The l..:n:..i::-1/J'\ _m,:,il G•.,1:f.mit.ntiona 
!'.!};i 3' '.~ ,3 ~,:t"'.w :-.:11\1.0 (!~Y.ii;inise: in1ahap~·G Thi® r~sson for this: 

-,;::i, "'. • ,;r:; :,~ c: ",:, .,1,1tidl b""~'2tiGl<e of, a com.':J:l:o.ri tion of (1) 1cm -
>!'.; c . • t:· ,1 _ (~) f::1!<:;':i i\i!?ilt;:~.(~<=•, .• f:i ~ .d: ·we 1~.u.r .. h GAR08 from long 

• ~
11J t.r1:, cti::·i· r~r:.ng~ off: th~- i:d.8oile "' at e m.flneuvering 

Lmrr,:ri·;,, ""-~ 1-~t,•, c.::--::pr, ·.: i::.a® tc..:-r.;JJt tc, tt,&':m into tb.e ~ttMk.. B'.h obje~tive : 
~,\, I"·,--: i..:® kd"" e :· t--·.:121.,:,,·· vi1;: JJ.c,1:-.-I:.ty co:iN: Ewa::y f.X'ot11 tb.e launi:h mirc?"aft . By _ 
dc•ir.:~ f."' .. $..€: p t. .i~>r.;•·~- :,r-rr. e-:.~n, fcn:'G.a G.":.ci.""8 to C:i£~eed , :f.t.a ltmibcla ·.limit ll 'be .. 
?".;;,.: :._ .. .,, ir.: i:.ot o,,->ly 0lo~:t,:-~r:; clown @a ~it e;rpro£eh~!il the t~z-Ele;, • 
e. · ... t :· .... , ,:n:;L'"'·· ~;r, L~ :i..'.:'t:..:~<l,;.,:r,i!tg 9 m"..,1_1,;;;,-a the d~fe:nd.!!1: 1.a turning into tne 
r.:.ct ,;;.,:' :· .·" ,:,; 1.>· .. of fl :::.---i1t (I ?,;.r.; cit'.\:u(·,z' \,ore~ P. th@ enguhn: w~Iccity generateid 
ty L , Jr::;f.1;.,1~\:> ,: fo1r:cc~.i d•\'iH Gt:,::,0 g tt.o t:ii1rn fiJ'iC' thf:i?:' an farthak' in front of 
tL~ r- ... t:,;:1; f:1:.) .~J-.it,,J . .-r: H:$3 c--:;t.:,1].!~i:orn ccsura(z., Tbi12 9 of cour!:.lev ilicr:e~ses 
iJ,:, . =J,.::J.t~t-~ ~~;~.:.!~'. .. : ~::1:;;].~, In &'£dit.:to!!l 0 t:t•~ m1&113:Ue ie foX'i::ed to turn 
@<J~.;] .:.:•;-;t;~~~:~ lt.1, f &"G':...L oi tk:·,:: r."'~·..ez1nf,; P t,,"'J,l;'Mllt:-d of ite ,r:cntbmous dflcree.e1e 
~n • ·:yf,:~c-.j :&J.:y 1.1.i:t0r. 1rc,t:~ -~t 7 ".:t'-,1:"'li:' ~tnrn_,,c,'!..&t o R~@uU:: ;sn it..ttr~maly large 
l&mb~~:~. w-.1glco It GA\'"'"! iw )~,::.;-~:r::,:,fui.(r,e] irt;;>BZ' it!i: xnro:.,effectiwe x·ange 0 ~s 
iHl!.Z":l.:>,tC$d tib◊ ,o c., o:.n.~ tbB ~r,~:,::;;t. t:.n:tig} into th~ "'.i:tock 9 thim comb:1:mi"". 
U.yn, r.£ izt~:r.'..:--:G:i.IDig a ,,c_:.:'Lec,a;·~ a:.~ ~.i.':lo)!.!11, d~(Zc::lcrat.ion can ~aisily result 
iu G:' ,.,g r,:,::-::c.,,,.c:i~.r1g it:t, h::,-nt~:.'.', U.m:f.t c:;,r.:1.,rno !£ tbiiis OcC©Ur.'8 7 t he gyro 
N:.:@k(<.::- ~~ft-t~ " 7 .-,:!,::~rlit Hs l'l';1J£f!:J!:ard.~.ru1 !§ltOif i wh:t~In Btc,p, th.® gyro and the 
.,_-:--«,-:;..,-i'I •,;:-;..,.,, •~ ·,11 1){,.t.$ ,,, ' ' 
.t~-11.-,.teWA>,1.-.,.~ ,~ •• ~.t'":'i'· Ull..'- .. ,- . ..t.:~J ..:.·-,.•Q 
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YGT - 1.0 MACH 
ATT AC'" - tO Uf,CH 
ALTITUDE·3 000

1 

TGT M/""N~UVER·•3g LEFT TURI 

·.GJ.:~: .. ,Q it'l launcht.d from a .8 mach attacker agdnot a <>8 roach meneu• 
··•,,-er:l.,t~:. tacgcl- which is performing a 3 .. 0 turn into tlte att.'!ck, we note 

(fro.'.! 1:i3urc 2.1) th~t .. GAR-&' .. effective· range is som what iesa than 
. t:h&t t1.:1cUi,t,J.~ &gain3t a non .. msneuvcring target. . We a.ho note t:iat 
mcx t::..igl ... ... ofi, from which GAR-8 may be. launched is le~rn than 20°e. Th~ 
raduc_U.cn b l"t.mge is a result of GAR.,8' s 25° lambda limit, while.! the 
rechu; • d ang:t.e~of i iB c,rnaed by a '.combinatiotr of 'la.-nbda and G-limH.ations 
(G-1i.i,1itatimw wtll be diacu,· ,j later}. If the target pulls more than 
3 G, tL:: man.t::t'V"9ring envelope U)become • even smal:t.er., At 6 G, there 
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-.,._,,; 't 1 ,,,,, no· ·-,,1••~,t f ... o"'-- 't->h.,c'" •·1·-,0 .. ,~t-"'•0 !,-., ... ~\ •• #ir .... G1• • ... e "'t1.:3 ~--h-'_, "V - ,. ;; .. .-1..."-,.. .. .. ,., It· ....... -·c. ,.4 .• .&. t~& e...u- Gia:, -~~v..£ ... s... ~i..; • •• t .,. l # 1• ~' ;..!t -~• ~ _ Q. 

'::1.:P., I,1 ~t~u::· ·.or:c~ thll!:t'e>. ~7ill be ,10 -c~.--u•Yering ,rr•.r(;;loro at ,'."11. lf 
(;.ti::.-'· ~" l··•~:.-.~;.tGd f2?G.£J a ch.,,1 attr~ker .:'.IE;,:.iI""i.St a n'J!Ch .. J. tt~lr:'g.;-.1:, nt 
J.3 , (r.;C'/; ~le ,:t)i.:~ the .follo-;;,'_nf;: WL~n the t~r.~t p;~:"::nrn,;:: c :;..,c 1..U!"t!. in.,. 
ti':> t' ~ ... tt.c:·,~t; r-,t rn:'.,·:!:Uc 1.i.':.:.r,da 9 t1u~ 11tt:2.~:;,:~1r mtw'.: ;:oluC!~ hiu t··. --,.,, by 
<':;;n,n:1 • ·,;, :;,.telJ •v:~:i ... th!,:1 whe::1 firing GP.P..0 8 -;:~om tl. ci:::-o cl"c-k po::;1J,:ion. 
(~e~ L.gt.•.r~ ,'.2},, If t~ic :s.tl.> d,c:X' lG.tsn-... he::s G: r1.11.,.8 at to0 mi;:;,1:.. ... off, he 
e:;i;~t _, ... ,.t~G~ }· l ;J ,:en:;"'. by aH,. ·o~iw ... te:iy- cne,--~mlf - r.r) cotnp~_::c.d t o i: non .. 
Y;l..:llnii;,U\ -ring r.. ,~.1ct "' :V: h~ '-'--·::~2eta to get .s kil l. Ctru::e "[J.',in, th:,: roa .. 
S;cu . • ~~;c thif'3 ?.'~ciu~ti,ni. in t'E. .. ;:_:,.a :ts thi!! la .. :'a Hmil:i .':ion.. 'l.,..i.1.e ·.t~~ckar 

t • •' ._ <- -'t •. t " O ~ I':/~ • :."'i1.a • r~...-.u·.'!~ n;,.·" rMg;", ~ oy R. ir:::~n .. er ueenJ. -~•,c ~ a ;,; ang~e..,,o.i;.t > ,::~use 
GAR=8 ~ • lm.•bct. tingle :l'.13 incl--c~!!A -d by l.~th hi.Jh an_gl~""off 1;:110 in-:.;:-(:;.D,'.';itd 

r.al"tgt" ~- Hh::m tho an.r l ll!"'of f f.e :f.n•:.res~ed, :t'c •• i1:;,~ rir..1t1t 1,1,; re:d-;.~;;;. d t o pr~ ... 
dmL •·A3:,.,,f; :Lo:'..il ~,.,?.:ding i t2 len.1'b1..,., limit; henc.1a the d5,::ferent!·'.'! :tn • 
::ang,~ ~ .. ·tfoc f· :: on tst ·• ::m, a :ee:rnc-clegi·.,,-.:: <±nglr1c-•of f . and ~ higu..,.ei,gle ·,o:;f 
r.hot c,:r tm1t ;,. r~netr~<P.:ring tm-:~{et . Cn<'.!e £r,,.:Jn~ if tha tarr;c t inc;;:t?ao~s 
"->ts ri, th n_rL,.wer:f.nc (m.veJ.•.,t'l: d:f.:J1ini1:Jb.ez in size~ · At 6~,G 9 thm:.·,: -will 

f.:: rw 1 ·r::cuv .-:::.~~ ~i:.:elor,e ~ thii'!?'~fo '!'c-, ~ the: t.:.ttecker cannot ach:te:,m a 
t.:ncce-~1ci'ul 1.,,r:s.,zh at.d ldU. ttg-1:ttu;t P.. t.&.:rget: pullit,g 6 G. 

r.:1 our di Gcuosf.on of the ahov~ cmvelop ::1:1 , we a0BuU1e that fJ;!cr?. has 
'h~~n a10 c.p~ 1id o~ecoy by tha tnrget in e.ny of l:ia mantJ12,ver9 o 'If sr,:~c.::t dem 
cs.y o~..::~a•1;,t ~ t?-· fa at t ?;.,;;t- condition. wH l disngr~ e. 'l'hA ii:tte:cks -will no loni"' 
:11:r 'ti.':! (:o•~~pe:i-:J atta".:ks:. Re11,::.,lt: G,\R-=8 vs ve:1ocit7_ t,dl be high~r iu re ... 
i r:.tfo;i to tb..-: t:~rg~t, cv..d t h-~ rea;.u_ltc:nt h 1~hda angle will be ~nu:.H~r ~ 
i~i.nc .. -.,\f!-.locHy v~til!l~ invax>~~ly with 1.£1.mbclll.lt angle (at a g1.ven r a,t::;~ e1nd 
~!i.i;h':...,off) . 'hii~ m~i!'.::iG thef: if th~ <i:.'l:ta2e:k,ell'.' bias FJ, positiv~· c'h1lta n.~ch » 

'):."ei.:ht.r t:hsn :'<l, ('.O=Sp'-:'-'d relat:tonBhip~ h@ ~~n launch t"l.,.. a greater ~--·nse 
,Jith{:a~t ~ce·eding h:L.:i lsmbd" Hrnitat.fon',o On th/! othe,;- hir.<l~ it th:; 
.:1.:tv-l'::Le~: ie f, t'<~ed. to la\!neh i::;gt1inst a LM.n@uvc.ring target ti' .. fo' :i.G t2:'&V 0 

~Hi1g i'.m~Jter tLmi th@. a ttac!~~!'~ GA.!1°8~e ve:1ocity 9 in r~lrition to tbtj • 
f.1"1:-f-~i::t, 1.3 f,JL-lll~1:'o P.~sult: '.di© <l:il\:'.ft:J.;;C'.ki!!1' vrut$t lcJunch at I! aborter 
~1;mg,. to p1Cl".JC.'.h:ui~ l~Tibd<l:l limiti.rl;iono 

In vie:w of thie .above t'®l~ioi,~hipiID » w~ €:a.n 1\1&.e that the bi.wt attack 
is o.a,e, iri't :·d.<..:i:n the e..tl::~ke,: b.s~ ~ po~iti.w~ d:eH:a m~ch sud a lo,, t.mgle .. 
off ,:.n.~. his Ltiti .... tl '"' pt'offic:b to the tsi~ge:to This wUl pr.ovide g:ceater 
:i:F:e1:'::dc.m of u,-.::.,~uver and th.a O)?portmii.ty to latm\l.!h. GAllc0 8 nt longe1: r anges. 
On ttu~ oti'i\e;r ht<.nd 9 the i;rorst: por!ldblc _Siltt.:i~k i~ one in \. :I.ch th~ st tack<> 
~R." h.:.,e 1>11 n~tia.:f'f:;·a delt8. ma~h t,;,i.·M:1 & r-d.5I'.'il ~nglecoff.. This: will restrict 
hh fr~;:iG',o-m .f: m.'.Jlne?Uvc:.!lt' ei.nd fol'ce him into a l)OBition from uhich the 
t°.!i!'g•!!lt C4:,lt, '-t'!i:'1~~u1 d@feITtd &gtAiira~t tld.~ utt&M::ko 

1£ CAR0 b lmt11:1ch~d fl:'om d.t" .mttaek e:!!:e~uteid in thl?l ~rti~eil plane .. 
ovE!rh<1:ai& ot' ut1d~r.6id'1ll attilc:k ;, th~ umn~uvering target wiU be forced to 
turn into the SJt tacko Once agsd.n. 0 by turning into thee plene of the at ., 
tinck 1, th~ to.:c~~t -will g-1:ner(l.te mu .i,.ngulc111r "C'eloeity ~nd force the mis~ile 



-
·.i£.a:s :'·:•.ttt >.~ .. ,tt· .,., Gl'C' w:!fs '!h'.'.!il: :--..- 11 y b@ ,,;-;,:n.':.,5:ZCT.®-i with lt~-,,bda lirn:U;a .. 

~i.01.·,:, "··'.[~t • cc,c wi:. · '·]:ri.1: 10·..,: lf.r:Jt: t.son~' 1~1;;-~~ouuno:~i!td ht ,;Kl Gttnt;k 
clit_!, ... ;/ . t t\ L.<. ~, 1' •• ~~nr H~: • :tl.!Bg ;[.:{·~7~;r~t c;T r-t. 1-:lb:'Jtl c,~ R,...~l{;M\f; ! !l~e .. Ill lirnit£c, 
ttlc~·) .. j:.;ra ':' • 1·:.!-1\ t'•-~~ lc~mtJil':,.·:1 )l1.:.1.itL~:-~!..:t·:~!) f-.1~-~&:.t~ tf~!~ zrtta~]t1_>t:! .. • to tlir -1itt r» -

fr";f!) ·~.- t'JJ .. ..,_.. :•·"'d:f. .... ; j :r:.irl:. t".'~.'f..~ .. '.'; ~·~f.1?~·--:1ii1ttit tJ)~< .. • .. ,131;rn x .. ;., 1bBI.clt:.7::-nor,11d eli1tter 
!-~d t.:• .... • ~t ,;,, .. rtl j' .. /r_:r,: t'tr:•~-:.2.tLlt: 1.-:.·.\11-:~1-:t·i 1 it·r·'f..twt.ifJ!: £1ror1 o~cur.rir,,., o 

',1_.r,~·,r. .,. ~( ...... 1 .i'l(f'(},t~.-.,.,,: cf' ·,";(",(".if•~-.,~--~ ~I ?r.}j'-~.,~r:s;,:,.,,:71'\"P'l,~'C"'vf" f"'fJi'l"",."'•f .. \;'" t-i.;.t.~ ·~···1,h,~t"S 
k-,.... •.u ~- 1x<=·., i' "' • W'".. ~... .... .. (' - (:._.!:('C,.oc:, ... t .. • .... ~· ... '• ., .. ~,-., 1:.>l.l:t~~ ... c •·· .. J-.t,>-~ ~ '-e.t..J.w l· .. T-»Gil 

~-; • t:-;,.· ''.,)., " i' )};:(~ f:.J;:,~ ,1Jl tt , :: i.'l:~ et l 1r.s&i t:·~ 11n 2.0° 1.:ngb, .. c:rf., 

. -~.u ~~~t .. dl C,;:.·~ 10 L. ::.t~U.wi~ s~e. ::i.gure ··.3~ JJ.e;:u~Llb.!r i 
• "-:ct~:··~ tlrr.~ f:i.:ff.3;ir~.:,~.J b~t','..:~n totiJ. ~nd r 1.Hal G is 

~oc~~;:~~~ly ! ,~ ·~~u 
""."'I"~ ._ll 1'-I,,,~ ~t~, {•' ~.,,,lt,h\";' ,,_ • w .... y-- , • .,., ... ·.;;~,;• ~ , • l,.·;.,J,.,( •• •• /;'I 

\ ... :;.,ZtJ~: ~~ • .... -:.1n.(CT'"i. (·: lt:'~~ :, ... ~,.-- t 

i~ t:"' .. !: iffiJl .. glu~"1~:.1.J~ ot· t]G;?J un ... .!·~-re i d~; ~t:)...:.11clc (G-t ~ 

:t,, .,s;;;);;:.7 wit?:1,.~-.. t.7mi.ie ;;;G _ 1:1.~iH::i;it1on» th~ r.t t &.•;:ker 
1.or:•s:~,~ )f.,.11c;: . . (\ (Bit. :t g;i·~tr~r. ,:o,;1.gll.~<=>O!::f) 0 hs.;ple :1 

"' l'rtc1· r.··•::;; 11.:r. ~~ l?/i .• • lt:R'l',t· :c: i:-,~\l:'.!.!31~: o:?. e1t :l.,f.UJ~;; J~L!►::,O fc~to Uu,:•:~r 
.: (;1,,.i'' .. ~.~~ t;;t~()I'.lC~ ,. !~; ... ; ~~~~; :ty·_~t:tl~ri (~·~ .. LF~c-."~~ ·:r:·~;~1 ti i:;;~~i;-of 6~at~o: &t 30° 

r~ngh, .,·; ·,z .h - b.ir{.. • ~,,t_ij c:•,· 3.t,:Ntli. 1 .. }::·;r.ck,, Ira 1£.n 1,mi/.r;;~r.d.tl.·~ it:t.f.ck~ ht! • 

::., UtJ' Et: 30:::, <',£ngl~~)ff ~!:',@ ntU. 1 bl! 'ivithi.n the 

•,: ,_, t:1:·.•! . '.,,.,.:?'.'- F. • ::,::JIS''l'.j~ w~ (c:~t:'.!i :se>@ th"'.it: th~ oV<"Jrd:ll@e.<i'i .'.Jttack is 
ti1i~ !·,;·.()•~L)l~ 0 c:._.,.~:~~~/ ;:Ji tr:h_~ .: ... ...:·d~iti.fc::i.(t-:1~ i.t7;~o:itBd hjJ' IllS} G m1d 

1ti"'.::}?-- ~ ~·-.;) fJr:1)· ~:- ."·. t.i!n\ a":1c•l ~lw .. ~,-;•d ?.ult t <,2 .. ~1t :t:\··.,~i1r~~t. • ~ nono-.1•~J .. :n;i1tl'~l!t>i!t3 t a r gctit ~ 
tt~ a:r;t'.:, .. :;~".::.-::· .. : UL :.,, .~ tic di.:::.::1 . .::. 1'.l!Jl: F.::i 1u.:!1'!qit:.iie~ tb.(!) low ansfo""°ff 
tr.*'~IZJ.-'J>:,..,..-~. t.:G ~.<: ~··~~l~l:'U -:,.JJ:lt;>fL, :~!.:~,t 1~i.?.:J 1. ~it"de1~ 11:~l1 t:£-rg.:r!t ia turning fnca 
to tL, ,<:~tg,r•k: ·:..!J:f:l -,.' i• 11 t\oO.f-'.'. ~,EI i-r.::i\~t:[Ht r:·1.d thF-..: {iI):-,:n:tunJ.ty to 
l:.:l<.l:r~,·.::.- ( ~:':'=- .· 1·' a ·r,,: )(ct:.o-t o •?,_ ·:::f:1® cfr:~~Z' l'.',/Jl':t.6» t'/'.1,".:Ci!: :i'.::1 Ill izHght ~J .. 
~~.:.zr:;:,, . . :;' ··:.iJ,s •. :':Li~ '.;;_;,.;. ·.::-t:':. ~ r, t'..:·,Jl:'.:i!l<'.l tC'; tuz:,'ll ic:. to- t7;i: .. r,::c:~(!:;k; hei will 
!)!; fc ~; _: tr. r. 1\1 lf> ~ ·,_.:i \?'l:.)1 \ t:Crj~~:~·:sbRtt]y <&~~1~rien.r;s S3peed de~~Y o 

.Cc.l"i c?,>::.~.b~.: ,.,,.·.I}_;, . ~ r..:i/;,.~t1?\il i!.l",lt12 urtfth ~.r.d ~ high®!' mif2Jef.. l ~ 
·JG.!lc,,:;f.'.:y in ··,\.,,ii:.ic:, t·,1• th', til:r:s~tr. , .. ,.d. 9 tTttt;;ilf.llf:fo:r,~ 0 ~ gr.-<!!&it~r rrnnge 
·<'z-on •.-~.:::~«:::111. [:'~- \ ':Kt ::'.•'1'.,:'..,~hl· GA:..\w:/;.I '!b:!".,;JtOI'.;~''.'.; )11:;mb.C~'l H.roi t i@ 1te.mclhl11d . Tld.~ 
td·itc:l'c'.· ·::',~ l!:! c:;•,; .~ K .. ;,~ll t.d,·, e.' .,t~,g@ b1,Q:~~l!l\V~E' ~ 00~/illlIB/iJ® th~ .mttaek@ t' \C SIU. 

ssti:U bJ: ft'.•:.t: ·i~· tn 0.:-:c0:~;dl tb:6\. JI~ &;ii!i\t G Ji)l.llt'rn~t®ir~ o w~ kn.ow~ from om: 

&t1-.:i~\; o< C'.A.lt,.• -~" ·,:;~.\".lt id: '.1~ f.:o,,f~@. tlh;~• r.tl§Bd.1Qi: to @:lEt1;~<i'.la .mny one o f th~ 
f•A.,;r: : <- ,•,!;!!;•:., CJ xr:.r, Z.'~.lUf~1• G~ 01!' l,\1:.fl,::''<( 1

~ ... !l kill will bte urnlik(!)ly . 
F!..~D , \,".'.".;(:tt-r: ;'lJi:Slc.l:.:'.;~,,i::.\,;,, \::>':di® c1m t\ir~; dl®it<:.•,!MDi.W®v th~ .mt:tack ffiO~t 

~:.l'~w:; ·o cil9:fl,- --~ c:§,!-!L" ;,(~ :'~s ,f.:! u'','i>JJ:h~~; ... 1 .~,e:t.o©k -u:U:bl a1 lli?.gsitiv~ 12\Sl t .s 
c·?:ti~... j'.·r.: .. t~:;::r 1 ':{'.? .. t:,E.::·tf,.:;;;~1 9 ·,.,a. io.-~~~-'!ILl tt.t? .liltt:&..c-:.1,~1,, to f.'..J~©i!!~'d a greatl¼~· 
m ~/·, :>f hL; :.L;;11iU:~1: E ~1:;i:'&:l:1,,:1t1.;,;l'.'&1 tlh.':l:l!'ii ~.r.& llt.,:y oib.~.: ,mtt.!.M::k . 

1>1• 13.t'❖:i:."cJi&~. V 01:: ft b:0 0 u @2lod~ 0 }LC'.))'(<1 s:t\t\.t.[.~k b'J tl\r/:;; b?Glt po~&, i b l e 
.s:t:t,l•t Ic x,/blc::L \:,,. L''..i:ill':1 cf:i:.~"lil~VJ&:@ ::is,;hlf..rm&1Jt ~1 m~iru~::ir•,;,·,~K'ir.ug t£l~g(! \t. lt w,as 
,ic:,~·1c1:6i. i i:c om: t:;.:wJ.y~:'i~ .5, of d~d'..e-: .£\tt&i~:k &1g;~l1rtg;t <Ill llJOtt<:>\ll.Si.il~11ll\f'~iting t airg~t 
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in (l) n:.. (2) G~ (3) tu~1;.riGe, _and (4) 
~'"'!rsctn ~ .. :f·gg t, .. :s~c, ··U<.l i:-eta1,1 th,;.s~.­

i:~i\~· 111t. :, ; .:; 9 b·-~~ ~· -·-~·1u:t~~ :1. d:t"'~.i J"~t?' .. ·"> .. ~ :t\?tlltl~:ing fr.o:!-1 ls.mb-C'r.1 lim:ttotli;t~ 
t::\.,(}ll., ~det L ►.:• di:;1,:,-,_ ... t",:~ Us~ h·--:~•1er, c:;;r:r"'r1c:~.:,:.n by the .!i!dv,:m . ., 
t:.-,~~is.. 'J\) l:!1:r:::-.1.• :.n~ ·, • :~dw:·,if .:•cca r,,. :nt c,i:: G allc-;., the att:scker to 

- 1.t:.,:.~eh :;_· .. :~ .. 3 :. t '"{;lo.t:b, :i y ~,L,,ttcr 1~.:: . .:\;e:::i et high e.1;,lci:,a0f is 'l.i'ith=-
~ •·"' ..,., .. t:. •~ .... ,, . ,,.t!. ,.--..,I ~., ,r,.a~., ...... t..,,.._ ,11 .. ,.. •• •'-:-i ""' U "''~•~.,,--J,;,,,. 
fl.-.J ;,,.~ ~.~• .• ,. ~-·•&..i.i.~ - • - d,.u ,:_:,_,._,. -~·~E...t '-~·,.. .. •-l~liiiw,.:-V ·'-'o \.U.<..,~, -.~ .. vt.-:i-l-. J .:.,i .. tu.A- i.t..,i~ ..... aYl,,..Q.~ 

l.i.:tt:ek, ·,:.~.Ur) C -!.ti g:c.:,;i~:~r tr/·.,. tot.'J Go) :i.'..i ct.her. W,Jt'dll , th..,, attae~"' 
o:t.· rec.:;t-_,::,s t~• _ L::mafi;.. 0£ lC. g-,,~,ivit:r} thue: .-~nowing b.:tm t o r;o~itio·n \ 
hiQS~lf c~co~ .. - t,1;;. the. t.' ;:-,;!~t c:S: & hit:1 ,i: an~k.,,cff ,J.thout ~1r1_:1~edi r1g ", 
hh 2G 1i,1Hc.::1~ c1. (to:: 1 1)v 'Ld .. a i:i:t:mg du:;; tha ettl.'lckcr ccn reduc@ 
his r1111e:: to EJt'.., :/ Hit'i..:L'.'. th$ lr.:r:bd11 1:tmitat{~,;; t1nd sti.11 be within 
b.:tr. 2G J ·:'i.'i-r..•:!h 1:h:r,3.to.r:1 .. r~., l.ri ~i:foetl' th(!; aur·.1h~r i(J rrroviifo@ grest;n: 
fK<Htdot:1 o~ t1Jt-w1c .. ;,.,1~ to t., , .. ~ef,t::t..,Uy :u.:,.,r.~h CA'.>8., In en undi.!rsi.9~ e_t.,. 
t:r;.c!-;, thJ_;::- :ft'r.:.• ~0·~, of ,· ···,::1w~r 16 gr({.GtGr tha,t in e.ny other s.ttcck .. 
Fro~ tt~ ,h,.fer,,b:-;· ~ :.1 v: (.,: •:ri!nt ~ it i:s c~:rta:f:nly the n~t d i fficult at-­
t3ck to ,Lfaz:d ,'f:1:.:d .. nt>t:. !n smr-::fl:t:y V,'. m~y EH:-'.Y: Th~ barnt at t.tiick for 
Gt\R"'U irz th,a u:·i.;.c',~s:i.d(. r U:.&ck a,,d thr- ~:Clt"l.lt r.:ttat.k ir; th~ o rcn:11eiad 

tt:ack ... ~i,;pec:t&Uy. L[ tL~ atUv:ker hti,:,, a ne.gnt:tve delta mach. 
#' 
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To seq f,ire lln u .. !.'tcl.erJt:1·d.:~!?:L~- cf th.·, , {.1._.r;c: ~:t ii ·~: :~~~,,r~6~~~~1rJc:, 

fi ghter.. cci.i,~1rt ~ a 1·r.~:,♦.lel;.r- kn·1:~:,.,i?. o:f \',:· 6p-:lt:.r,·1 ~- • .,,d,~,nr.;l:•.:.:ps in-~ 
volv@d in tt.:.11'.3 fotn of a :::;:i.al C' -., :•t ~ !r.· 1. ·:::~i•::.~K:_, .. ., .,:-:-t:: ltn e;-c,n 
~1t:::hitnre this m1d~:::-.:~8!.ndir1:~, miy ::.:l:l,:::fE,;,. ~·-~t ·t:~-, ab '!.,: ::.,, tle£i\t. or 
imagine a !:rum.~ of r:~fex-,;rn.;:,,, vLJ•.in 11.,::. ,~- he .::-.,..,,1': or .. ~ :~.: . ).n 2ddi_ ... 
tion, he rttuGt know th,;,; baFJ:'.e tool.::: <wrdc", L!. m~y c..:~loy :-:1 tb.if' f .mne 
of red:eren._;c o Sin".ply ,,tEt·;:..:,d~ t:_:l.<:.\ ill.!!llUl L:dt t1 ·: 1Jilr.< ·J.\~t ui:, ~r.,. 
flt.,.i.d the ge.c~tric ::,puce .rdutfo • ,hi.pt> : . . .r~ ho"" .. ~.:.o IZ'.f.J:' '! ~hi~. ir:(d°.:;ht 
to a giv~n Hghter"v~1:sue;.,,1·::t~htC!'.:r ci.t1,1;;.'fon, Om: pur.1;,. ~ 3 in i~ghte;r 
W&llrt0-u·<1crs, \:ill bo l.:~;Jo ... fol<; : (1} 'i.'a clcf :L,.e:1 anc ; ;· .r,:i~i,/: , ;~ ·;ra,~;: '<':1.•~ re .. 
laticm.Jh!pei .ieed~d for fi[,'.H::<:<r=·,c::nn::, ... f,;_ :\t<;:l'.' cv ,~ et, . • (" ) 0 shc.r:-1 
how to propex-1y apply ;he:;:iq, :tel<i.tL01:ullh1. 1.n :.s,;..\ fi;;b ...... r , 

In disc\.HZAing fightet>·~·J'ersnu~£ig;M;~,;r ecmbat: f :U: l.t svidmlt that 
many pilot a believe tlu~::e ;:,s:,~ <in i-.::·1:i.nH •. :.J•J:.:-ii:0~ <~f ao~ 1i- 1...;:.10 :'..)l' a 
"m-.ri·iad " nu:.:;;.e r of pons ibi liticc :i't'A 1:1 givu1 tecticsl i;s::n~:::·'"io_ • Suen -·,J .. . • 

b not the cc:se! Tbe field. in t ::-:,,j~h 11 fi,j1.te1· pi~ot II'.;;::; ope1".",.:~·.(~ is 
thr.c:eadimeneional .~,i:~.;.t finit e o 'I'lt& size &.t!.•1 r..h.tl't1:, of 

1
t 7 •. fielJ. 1.a ~e"' 

terii::inr:d by the tm::ce of lG gra·;;·H.'.i .,1 .. d t\,~ r,er.fo:a .• m,;e, J.i:;;.1i t i:,;.:: ..... ri.s of 
the ~i.:ti:craft and its pilot~ We (;; t.:.,, ach:e,1·,? or 1.!,•-~ein,;:.; t.:.la fid.d to 
be lj:,herical ln shape 9 with a fl ~tt:(;;ried 'ir.'.J;.i:her.~ h~nic_;' ,: .·a a.r:.ci an 
<i.!longated southern h~misphi.::o:\:.~ .. So.:;.Z f:!'.gllll:-',:) ?.4 o T~ie r-.;ph(':.:cii~:,1 sh.1:.r,6 is 
gsmere.ted by a man~u•,ve1r:ing f:igb.te.·':·; r:s tm-x. ,:.r::.d v~l,·,city :,i.:hZ'r<i.::bt~: tb.rm:.r:,h 
thre~ dimens-ions., T:ne elongat ion r,~aultr- ·fi·om t!1,;:: c1ffo(!r. o:E lG g:ravit"•· 
on the f:i.ghter in t:hi,:; tb:::::.-?odi.m~r c1io.111I f.f.eld of raano,1.-y; .. :. 'E',..i_,.~, .. 1. speed 
and th~ f.orc e of gravity tle~ennir1J! the ope;f~.ting t';nveJ,.o;;:ca and ,s nead 
ouly to t.md:?.rs:tand spatial r<ah1t i, .. ,1.,:5hip;;~ p,t."6:'.aZ~r.,-: ,!•{ by t~--~.;::c f ,,.c. tot's to 
dev~J.op effective fighter mm1e1.r11eT.,., To '!:u.~.0'P.' hos;• to :c.:,·/:'!.:'.~'e an ::.dvantP,::,e 
0~11:n: an oppon,':\nt , we r.:eied m.1!y vfau.d ia:_;,, · ti.Jr-.i; 1,-:.;.lce:f.ty s.md G p·r,:,je~tecl 
ori.to tY:d .. ai spe:roi.d Bh.stpe He i~aV6: no ~m~t~.._--,1 ovt'!.' the f:.'or1::'.e. o f gravity; 
'howi=v~r, we ~ exercii£:e co£:1i-:.il©t:! ec.11tco l o·.'.'i e.ili.',::::r.af:t tu~,I ~md V<ftoc it.y. 
As a reirsult, we can maneuvs:r in s ra.:>.,1.:a,.e:r to elf,2.,-..1:i"J.Jely "..'.Je th.-, iorce 
of gi-11.vity in 1:. given to.c!t :l.c:al situ~tio:a.. 'J..11ug, In a f.:' :::,s.t.Ct'"'v,,..·1·3u8 .,, 
fighter situs.tion., th(z pilot can do t'!Jo thingbl tc; gsln :-;i ad·t1er1.t::1ge 
O"J®r B.!? opp-on'<ilnt : (1) Chan~G: his tut".n.D :b'.1. x:~epE!,.;t to hi..·J o:)pOn<.;..:r,.<- 18 c 

G~W:J!~al ly ~ thii1'.! m~&.na: rtc:duci'ng h:1.s tuniiug comp,:n .. en:t o 'Hr. ,~y a.C.G:l'.)tnplich 
this by: 

50 

Maneu'iiering tku::01.1.gb. bc.th' t'.:te ,rc::tio.il ,~::.d. hot·i:,;fJrit;;.J r,laneD 
by employing & t~o .. dim~rtciiOn~l m~nirUVc~:r t~1r.ou;;h t.Ult't!C"-'di~ 
mt;!nBional space, or 

Ms.n~?iivering through th.i!.1 V:8:t"t :kbl ~mi 'ho:r:J.!1\ontn:.. plane~:: by 
mployi.ng a t1u:,ae..,di.mein~ior£!.~l i"c<'-,.~".1:;::J~e:r ~ barr.·~l r.oll. 
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-(:::} _ C"· .. • .• ge, hie '\H~l ~:!.t:y in r·t,ep~ct to his opponent ' So n:..~ '-,c.n ac,;o .,_,, .• 
.J.~'1 this by: 

(-) Me.t-~Fverin,.., tl~;:ougJi both t~1.e vertical .6.nd hr rh ~"l pl.:·."'<;, 
wit:,. , two• ·"ir.,~nn.ict·:.ll ml:..:'V?HJ71!\:r. or 

{h) i:tir;_~:t~"J"~:e:ing r:hi:ov.gr~ Loth tr c v~x·t.it..! .... l and hoi.-i::.or:t ·:1 pl::-1.,c.s, 
w:tr1: d thri?.e- di:J..:n.e:i.cnal li';, .• r-,.~t.TIY®!' (borrel roll) .. 

·.ro appJ. • i;he~-.; /i."itlc p'.~e@ cor\. ~ctlyv ~~e na12-d c:~1ly r ;,:.cs:11 -.:· .... t we O"''" 
ternin·:·'. pt·evfo:;. ly :t··· reca1:d td we.a,1.,0·1s ca..p<:.bU:lty. We dt.::tt. :":'v1i.rL,"lO 
th.at () flUCC(!'.~;-•.i.ully ~ s: loy Gl'::!.co6 o;:· t't-1e 20.,_" cannon~ ,-'N! n • .. t sec-'Y.('; 

laurt ~~:-. o;:: fl.:. i n5 po.~ition L 1 th.~ ,,.-. ·mlar velocity cnne . .r1.d.n:.~ 
ft'Otc t;_l•~ t:.d. r.•: our o. ·r.on .. nt O' .Appl.7:/.,.g our thre~ 0 t.Hr::ensi , l c011 ... , 

,:cpt .r. ·- .trn &r-.<l "Jelt, .:.tys th~.s m~anB i.h~t xv~ muat r.ecluce c,;1·• or 
both of theae iac tor.1:1 :b.1 01'der· to s~c.ure. o.r.n nd 1ants.ge"' Emplo:,7lng tl~'s.S& 
139.:i.t:t~· j e.:lat:iMdtd.ps a:1in.st ,.:1 given. o:;,poneut will p,.~ovitle P:3 ins 1. _;~.t 
f,J to t-h::: typ~ ··f man~·s'J'Cl' wh.:!.di we Vi" $t employ to defeat him" 

I11 o~it= did~---t,ssion. of fighti:1r man,'.:!··,,~~r:3 r. i..re t1ill lteep i11 r:lind t:l1i.s 
(".On,c'.e);'t o{ tut'L ht.d v~lccity uHhin ii -ch:eee"'<iimension-"11 fir2J.d" As t~':.: 

sr:a.i::ed e-'l~~:liP:t" ,;,"' wi11. use th~ caS~! f:v:.:,tem to detet•,,intt 11'.ot. Qnly \:h.-::-t 
• .,. 1:--

..:-~~uw::': to e~·.::,loy, but al~o ho··• to e-~-,;t1oy it to acquire mn~~:;_nr.rm• bcn.:: 0 

i:1.t. r,1 ,:i;rcm~ .::. !'lg :He~).i.:er.,,ve:rr-•u19 fiJ!)tt~r:- tecticE: 1, ou.: fi'L•ct ma.t1.eu·;,c.r 
;:1:;1: di· Ct".R;&ion. \•J:1.11 be th.::,i de.fen:--.:;iive t·.l'.t'no Wli:1 choos~ to st/'\:.; with t~ is 
,,.'.,;r.i,-2uvf,t' h~cau;,$ it ia th.,~ bauii.(.! irJ!.n~u~,~r by which the d~fendc.x.- trtos to 
1~· .. llii:7 ,'.: atttc.d'.:er 0 s Ldva:ntag.~o T:-:iiai 1ll-.-,Y e.auisie our app1;oa,;h to appcw:.· 
V; be a:.f :.n~iVI"' in ).'l.atu;:-e 9 h.ow.~ver 9 'W..! f:'.t!:e l that thiB i!l nei::l~Ssacy aince 
J:.,y ofi~:,n:::ive nct1on L1 directly d~per~t.is.nt or. the! prccis~ mo..2cuver -..1!:lich 
~ :~r.: d £::rn.d.~ct chooses to 1;:.:x:iecut~ (,1:1p~ti1:1l relationahip) o J.f. th€~ d1.~fcnd"' 
0-.t~e 6 . -0 .ft :,!ge :ii;:) limHI?.~ in 8eope, the &.t t nckera COl:"t'.'et:ip r,<ling n18.'?~ .. uvers 

t~Ul ;:t;;.H"'·-:'.!t: tr.:ii.3 Hmit&tion., 

'rf.t -'• purpo!Se of th!:'l dc>-f ens i '9'(!) t·ur,:n ia to i-:n:event m.u:· oppcn,~nt from 
v.•.::J:dc:n,:L1:, e. lau~".ch 01; £!.ring position i:oz.· GAR=8 und the. 20mm cgnnon .• As 
ste.tctl {k,?'li~r 9 we &.X'~ trying to l'O\':att? ou~ &'.l.11.guler velocity cone a•,ie.y 
i:1:cr~ t1'·-~ .'.ltt.:r.ckc.:r~ Th~ bMt way to ~d:r.1.~ve thh is to turn. into the. 
ph:r..~ c,,f tbe atti;i.Cko This m-:!&n:.J t;mat if the attack is ~.n. overhead attack, 
• ·.:. will f,;.111 up :t-ato th.~ at:tacko If th"'' att~~k :ta an un.clersi.da a ttack/we 
\~l.11 d!x: tr,to th ... : att&cko If t:h~ att.aek is from ei:ir. oijclcc:kt tum i..n 
-.-~.ich.~v,n: r':lt'~cti.on providee1 th'!< ,gr«!lat~st tactical a6.\rantageo Aaeuming 
L,at -w1 b.,,.::·e an stts..ck~r a:rm~d i1ith GAE.0 8 appro,,·K~h.inr1 our angul!:!.r ve,lo"" 
city eo·•.\r- i:x.\'Jtn :;;;:t:t oqclo~k, hov-? wotild w~ 6lp.;cifically d~f<!lr1<l ngeinst 
thl.e stti:.ck? Fb:st ~ p!E!rform a hard tuirirn with a sHght &1.veo 'l'his turn 
i::hculd 1:1.0,t be a bre&k or ma:id.mum p~irxoirm~rJc~ •an.~i.,ve1r: ., If 20 9 '\7e w-111 
~:iq,e:;;;ic-.n.c~ high spe~d .. deeay and loss of man.?mr-~ring pot~ntial, even tu .. 
elly c'd.l':• ... n.i,:,;h:f.ng _our angular v~1ocitya R.®$ult: We would p:-:obe.bly st,ct.~ess.,. 
fully 6.~for.:.d ug,ifn.et. th~ GAR.0 8 utta~.k 9 but ':llould Gt:t. up oul' utt::sckf;!r for 
<h fc,Uoz,J""'i.li? gun. &tt.aiek o 0-.Jr pui,:-po.,,I!!\: 'J.'c nullify both Gl\.R.,..8 and the 204-'ttt 

52 -

/ 



-c,;, .mov.. If ·,, ~ cim/toy the h,:it:d tu1'n <2nd the slicht div .• ;. e &r~,,t'.1rate 
tinn .i !h (S:'T'"il.?.r vc.1.ocHy to ptecl~de a GSR ... 8 lau ch at long ·anr:;a , 
r;:' :-~ th:, r-:.i~eib uo·•ld l-~ forced to C'.J~..:ee.d its lambda limitlit:i..cn. At 
t!,::, 'att:e i:· ._e 9 w~ .retain £utu.rc ::r..;.~euvr:.r:l'.ng po··ent.1.slo As rm.;-;~ dimin­
if':. ,;, ~ tb - ..;.ttael·cr will c-: loold.~g fer 2-n opportuI'.ity to le.;;: .. :.ch.. GAR~-e;. 
ho. -,,,,~r, t ·'.,-:.ce hG: :1.:;; in. c\ Z:,tH."GU!t cu:rva attack P hit rate of ttn."!! is a 
f\ n-~tion r l: i.::!!lS:-gGt er;~.ed, ~,.ugle=of:F end .-::-~11.ge G .At. long range: the rat::>. 
ol t1,}:rt ;:~ .. :' . .d.-r~d /er the t?.tt.acke.:- t.o t r£:c:k us is consider~bly less tlrnn 
O' ,:·; ~ Rtk:,1 \t ~ The, c'.t'.::t.ack"'r.Q s angl.o...,off 2nd rate of cloaux-e wi.11 incre~.se. 
'.C,. ·, inert." • _ 1.t1 • ,._:le.,.oH: ·:fom.anci:s a fo::..·t:l..er reducti.oo !t1 range before 
ttr- _.f.:tnc',: -~ cun . u•:;c[~3s:n11y l &u,.ch GAi"'..,,8 (the higher the an&le ... off ~ 
tht, c~~.ort-- 1. die ·.unge required to preclucl..! lamb a limitation}. This 
:for.::,~,~ th,~ ~ttack-2: to px:.-:;:;i, in closer. Reisul t~ Ee reaches the point 
fr-0. ·,.;hk. ~ e can 1 Ci.m.ch < ut"'S an<1 preclw1e lambda limi.tationo l-i.01-:ever p 

Bi' . 0 he f , tn. a cti.cve of: pursuit~ his sn.gle.,off is conti.nuin:} to .in~ : 
cre . ..:-e 011 h: ::, rtw1:,e, \'.'k1crei:•1-es. The :rei .e of turn formul a {W "" Vt :Ji: SinG) 
:tr< le ates rr.~1~ of tu:rn wil.l inct>c&ae 1..f t.ngle .. of:f ~ ~' E1ge--
irc~·r..us-e~ ( .. ,in.O) au.d Y-!1ng':, dc.crea~,;:S ou an attack egainst a m..1:-'.!.Wlver.ing 
t~ •. ·:(.!f: ,. B0th of t hc, .. s~ conditions o.;cu·r. This means that the att11~kiar 
gcu..,rntcs a rap:i. buildc1J,,. in his rate of turno· ::'r;sult: By tb.~ ti:i:.e he 
re· .h;)f; the point .. ·t w:i.ci:-. he c,n l&unch GAR-8 and not CAcced lambda 
liL·1t, he €.~.i:\'"'t}.ads th·?. 2G :i.aur;.ch limitation.; With a co ... s.v~eq att.<J.::k of 
.. 9 2t 35~G)) fr.:;e,t;~ t:hls 't.12.U OCC.?Jt' at-a range of about 7,000 ft,et from 
t.l:..:c L ·"''.':'get O If tLc. attacker: conti.uue8, to pll'.'ess, in closer-;lie ,:1st for, 5 

g,,!; G.ll ... 8 ;,:!1 G.tt~·.r:1:.,t to set up a 20mm cannon attack o !his h necCB$ar:y 
b,;•~.[~'!:~e c.•:rh, ,:; the G0 !~.m:l'.t is e'.ltce~ded a.gsirist a tilaneuvering target$ it 

-<,_ er-.' .ri·--t be l..i~ducec'i "' G will contirme to build up ne range d!minishesc 

A: a ,1,•:fendar., we a.re now fo1::r.;ed to null ify otn.0 Opl)onent',,:, f.l!J.DS-P-"' 
qur; .1 1; gun :·.tt.t1<:ko To ·accomplis!'.'!. thie, let us once a.gain a.n1:1.ly7.,2 our 
rG· ... :·:.:ive p,,sit:ions ~ '·t!e etti:..cker ~ noting that the opporttmity to de .. 
H_·,.·.:,J: GAR,..f; is lost 9 wti1 &tt~pt to reduce hia &..l'lgle.,off and slide 
in.Lo cu:;: a:l.:f~Qovcloc:k poGitiono To pre·i..rent th:i.s , we must :i.nc:reg$e G and 
ro··ate our e,1.3ular ve ocity cone s.w9:y fr.om our opponento Our concer-n 
110--:, is to ! .. ;.qjUi r.e a small~r.- turn radius than the attacker o Tb.ie; wil 1 
for·('.,:;;, him outside our tun1 and prevent: him from .flchieving a t racking 
solution. To acc.oi.nµliah this obj ective ~we must play the turn in. respect 
to th,;: a.ttackra·r. Tbe moment we notice his attempt to diminish angle 0 off ~ 
\Hi ir.1cr.e,:l.8e 01.n· G. l'urp_ose: To prevent him from diminishing his angleu 
off hnd s).:1.<ling toward our si~=og clock poisition o If he continueg to 
prcD.s t'beo attackg tighten the turn~ to prevent h:!Ju from staying on the 
in:.,1.t~ of the turn. In effuct, we are trying to place him on the other 
side of our angular velocity con.e.. If we play this maneu1xer correc tly$ 
he will be unable to match our tur.n radius. The formula for turn radius: 

R. 

where R. = 
Vf "" 

N .,, 

32Q2N 

Turn r~dius i~ fee t 
Fighter· velocity in feet / second 
Number of radial G 
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.!'!' 
. .,,.,,. .. 
r~ ........ 

~ 
lower v:.>loc:f.ty o;.nd /or: ereater G 

:h t'. - ~ - ) i tU-"' '.." : ~m, th. st tncI:~r' Fl BnO.C'ctl . . ,~.-
: ;:".,der:.t .:.,.-,i;m Ll,_ de:fL, 1·.r 'a n:;tion. If the d~,; 

r.:atr of 
be ; 

t:7:.11 ::t'"I.: '!:'ke·r. (: r-11ot pull the snme 
will '; • al r·, ,:;, ., At \: ·!e end c,f a 

.t.i..,?.cker .. Of 
ur i J "''£' .• :JTl. be f, reed t } 

- :n r.::· thst his G 'tlill 
: 1 ~ t t d dec.::i., will ;,ot 

t.:,"':1. t ,e "lliula ~ th1.s mei:ms • 
t!1at t~· :.:. !. t:~ .. ~ .. · -r: • t 1.:.' ~-:ave ~t 3t\ .. t: t .. >,_. turri •1:-::dic."! fl~-·:: tt,,,c, "i. Gf...,sons: 
(1) l :,. • C;;!' t. , ,.!;: ~··.: _ ~;ar G, ?~.!:,1·it: If t:; c. atr ·::kr,;,- cor:.t.inues to 
pt·c:-,. f:~.r~ ~·-- ~-:< iI1 1,,};.,; plm•c of,.;.~ 60£en·;e,-;-:-'s t._;.n1, he r:uJt over"' 
1:.,h.oot , ~::,'!: rv:i.1'. • ~!,_,,_ t!l:t,1"kf: r 1-:_ttle ,,:portutr· ty to track t he 
t.:167& ; .. n•.1,· hi .. ,-::,:m-:r.~·:.r~.caL.~, on tJ7.1~ other c.:i..·e of 1..h!:: daZ.md .. 
ertR ;:_; 1.;:h.t . .h~ c.: :..curse t11?.1 ?!" .-<uppoi1,~. that -. a"!, a" tie tlef,mci.er , 
"'l:e , •· .. .:~,g .. =:.~ or ., ~ ma..xi::.:um pc_f:· .-. ,.~n~o? -r.::.te~ if not, the at ·ack~r / 
wou1·' •• •• ai . ..i'.i. ~ , o sL ·> to -c,·d 6 Q~ :.:1-:r;;k, pull a b. char G~ diminioL air ... 
:.-:p,:iv; :•nr.' a 

~·:c ha,•.: n ,~1 pr.,in:: d tht, ,Jnti·,:c ):J.ct:ur,-:: in rr, .. ·p.<"\Ct to t!ie defci1"" 
sive. • l::n., F::: .t:, ,; .~. : .1.ti,.ti~ & P~-~-~ .~d tu-:-n iuto our opponent 's attackr 
i.ii e<..--., ~tt0.-·. ·- •:o e:-,~.-.':"/ tb.l'! Pisz:1iJ.:'r: lamhd,s. limi.·;::S't,icn end~ s .pr.e ... 
clmL '"' !m.··•-..·.::n:; .. 1_ - S lr,u:,ch~ 'l"i:~:~-;; forc<-8 the u:.tacker to diminioh 
.t~nz ;n:!.o:: :~- J s G ·.:_· .-~8., As ;:, ;,es ult" angh."t'}-ft io increased end 
; nc·, -..:"'(;i.uc.~.i• ".!. i ie n•;..·-:eac--,i:y to t,.-::,::clude 1;:,mbtla. lim:ltation,, 

;;y ti, re -~Ji:;:s t: __ ,:- ~oinL from ~'d.ch he can launch 
~"ith0-.!t c:s.e;_ ,'i.":'.lg ·~A :•~b 9 !:i ll..,:•.bda 11:-n:.t, he.(.:~~ eetlfi the 2G launch. limi"' 
tat r>,t, ltes· l 1: ~ 'J'h · t:.r. i.iCke;- is prr: .'.',tied Lrnm ever sucr;e;Jzfully lnunch= 
ir,g (' ·~•"t~o ',. ··'. for.::••, the .::-.t:tt1ckc.l'.' '·o set up for a. 20;mt cnnnon utta.ck. 
A~ tb,) defe. ·,.,,r ~ we f .:-n2tr.est.i th.ii t,c.tack by continuing o play tl.2.e turn 
1.n !\. • ,:i~ct to our o:;:_,::w.:mt I a -~ngle""'Jfi: .. If b(;! atte~pts to diminiGh hh 
~ngfo,,:,ff ~~ ·, :Ude i:c ai:lt: o'clock~ • ..•. J tichten th~ tux:n . Since hi.:s tum 
is 2 f\ .. ~1::;tir'"• o:: t-t.:; ~ «Jf::t z:•,:i. ~:ti.az,"', th:L~ me1ans tha.t w~ generata G and 
,... i,.,:,..,y, e.• • • • c,,., ..... ,i, ·~y i~~,, . .,, .. t·1,-.-~ •"f the -fo.,,.muJa n "" Vf2 , we U ~,,1,.,,_....., i'.;;J ., ..... ,. ... ~-i...4" • • .; ... _:r.....-~. V;..A :..J 4u.-· ..,.,. ~- .- S l\o c:,,.=ac:..-..,·--

ca{i' oo~ that the atUc.::~Grg r:; tu.ro :.'('adiua will h.s B.t:eater 32.;2N , 
than 0<1r"'l .. r ~;.•ult: .r.f ·:...~ii! titt,;cker (".onti .u,•.[; to pre.!\:., the utt:ack ·in the 
plane r;,f tk-:. ;;:;;,_pon· n'.: is tu.1.; ~ b.e '{,£:iJ.l be tc 1.~ced to overshoot his oppo ... 
nent " r H:i.tfl ~~iltho• !..; we will S<ie late-.r, the lateral separation provided 
by tb~r 0·110.'.'_u-:ot in a Hmu;..;t for the def<:lli.der's tmbsequent ac.tions ~ 

2., i!'erfc.r:n a ,1;.;.rd turn if the a.ttn.ckor is ne~r GAR~8 launch 
rangeQ 1:hit~ 5.s a pL1un.ed mc1~ •uver to p,ireclude a su~cessful GAR. 0 8 
1 un~~ ... 
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~ 
3.. Do n;)t makl" G.n -irwt.:ant.anlf-O"'tJ ma·;r:.,["-~1".fP: .... ,, ,::-c tt.;t·n." ThiF- r-:iill 

kill of J: a:.i.1."spee.d v:.:.y raptJ-ly anc., x: :.duce ::ntul:'(;; A\ cular v ~loe:U.:y as 
-•ell wa msnetw~£ing-, ,oi:onti.r:1,. 

4., '!'lay th~ tu.;u to mt.d.ntain ':/ ;:.u:: nt.U .,ker 13j: R h!.t,L angle: vff 41 

'fh.h ,dH foi·c,a him ",;_"/- dimir.d .. rzh h:hi '.f.'t:11gc D-w.li ~:::c;, :•vf the, ::rJ lat: ~rt. 
H it O at about the t:fn~ Wb.P1.1 h~ i i;i vi.thin ] :;;.nbda l:i.u~:tt,, 

5c I.11Ci;f;.,1~t; initt~ of t:Ut'n ~tc.B.ally to 1,:}J;im• ~ perfo:i:,~ nee I ~J 

the at.t.::ck®!' tlppiro.e~'.b.eB gi.m.""fidng i .rge., ~:hi.a ~':~11 pr-.;;;' ... ~1~t h:i.m 
ii:om a.cqu:!'.ritig -G t1.s.e:king svs.ut:!.on i1~d slitl-f.,t~ toe: •r<l. y u:: d .. <t .... o:<:lock 
position. , 

Adverse yr1,1.l ie dcf:,ln,ed &:5 th,.a t<:.:,ode::ncy of t.h.6! ;Ji:rl!.':.ref:.: to y.:i.,:: / 

or roll awuy ir~om the iutend"6d t:urnQ ln tb.r:, }:alO()~ this c:.n:.'.didoti. :trJ-' 

pret=i~rr;;t in th,:.~ su'b 0 oor.ic spe:t;;r.! rsm.gf,. :, mid is eap(:;c:{,:,lly r~·:rticeab: ,Sa in 
high~l:'x:.g1a.,.of 0~1ttack ;11a.n.1.;ru1?..,rbg .. If p1:ope"' technir;·uis i .f:l ric t (;;ro.plc;y?.d 
to cou:1.ter.ac t a.dve11:se ya~• in. h:i gb, ... ~::,,g;J.cnof -'Gt. cack -.: .::i.n.euv,iz:·,, 9 ai r:r.:, .,~,.:i:'t 
maneuve:i:a'bility is a,:riously comprorni,1€:d. r11 figb.h:n:-ravex . .;1J,~ .... fig1-~t(o'.:' 
combat 9 sf.nee l"'"~neuvcaracility is a l::1;,y to euc.cees, ir..r.- ilit--y to z-:;:1 ·1e 
nd:v'et'SC ye-.w wH1 px:oduce die-..at:rou!ti 1:~!:!UJ. ts. 'b,1;:; czn see ttis upo,:i (;_~ .. 
emi.rdn3 th@ defon.::;ive turn., In d,gfe:~1.t!.ng aga~n.st u GAR .. 8 -9tta.ck~ tt,.e 
Bfeed eud G wi:d..c;h we vin:·e pulling pr.-od:u~ed a low a,~01e of. 1~L ~a.ck., ,~a.,. 
fen.ding. ~gain.at a fo:Uow .... up guu .s:.tta.:.:..k, ho1•e'u·er, procuce:d u high :n3le 
of ati:ce.,:;ko If ecnwen.tio~!.al t<.;-:..::b.niGJ.U~ ii~ atternri::~d; "tfi~-,en m&-:S?, p~rfonr. "--~ce 
is ne~e8S.!llry » th~ !'i:!8ult will ~-.ot be 1u::t;imu.m pe1d:zn;-!'::i::.~1ce .. 'J~o pr~c~. uJe 
1)0rfoxr.r.ance degr.cd~tion. 5 the pilot n,ugt develop t·~-:.1 ,....c:~ti.: 1~ly dif£._,,_,::nt 
tee:hniqn~e tc, c;ontrol the FcaWO und1ar 10'1'1°.tl.nglec.of<,Stf~ack ,: riic hf.g}:,.= 
ang1e-of=attack conditlo~3 e 

X1:t Jl.o",J o,,4ngle "'of: "'otlt t~~k ms.neuve rs ~ eonvl!,!nt: ionnl t10chni i1 ue wil 1 be 
~mployedn That le, e.:i.l.e11:'ons ·H_l hie pl':hrl!tl'J ccmt1:01 f.or dtr·13ctionc"-:.l 
c,;;h,Stngf.l 9 in. t'1l:ltl1>.::.>.t' a tur:r.i or a roll er"cil r,:-uddcK' wil 1 be se:e:.onclacy.. !t 
wUl be u2ed to ~;m.mter th<3 simaU amount of .. vivers.;;:,. yaw to kee:p th, 
tur:n or roll cco~di.natlid., B.:i.ck pt'<S:l'H~ut>e w:Ul be e..i.:1ployE;d to cont:eol 
tb.a !'tit® of t.u :n or the intenwity of th~ roU e 

In highnfJ.rtgle..,of .. at t&.ck ma.neuV'E:1'8 » the. £0110,,-1:f.ng ted:.n:!.quea wLU 
be e,-mp1oyed: udder will be urned to control directJ.onal ~-h:,m.ge . AU"' 
e::;r,ns will be moved to the n~utral p,os:f.tion artd b~ck p-res,.1ui:·e will be. 
E-c"{l)~lciye;d to cor:.t:n~l ths rate cf tuin or. i.!lt~n.aity of the roUo In a. 
high0 ~ngle~of:~attack ~ituation~ if the pilot ~mploys. aileron as pri~ 
mar.y for: di.re.ctiorwl dli-r>g(; P ha wiU induce a ll:'Oll<>of.r in the: dh·ec .-. 
ti.on a'Wey farcm the intended t-in-n .. The, mot'~ a:Uerou he ~ppH~s ~ the 
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--r: the ,. 1.:J.:.i.,.,awny., ::.'be 1 .z:asc,n : In a turn,. the :1.nduc .d drag on the 'in~ 
1-.. ;_r,g 1,;:., lese t."i1:;;n tb. t Ofi tfrq outbo~.r;d wi.ngQ If a:n~ron is ema 

p::c.. 9 thr:. ::"nhom~d ,· Uero. is clef:lc~tied up and tr~>; outbacrd aileron is 
de.'. -.,t,·r.1 Gi.;;~ .. TM.!:'. ... -:.:md!.~:· on impoa a 8-r.1 -,'tklit iorl.::;;1 inc:r. ;:·,(;mt o.E drag 
u9"'!', tr;~ ou.t.1 ":i!'d ,•{.,- ,;., Rc~~,tt; ~ Th€• ai:rcn~.fi: ya.wt. to-garG the high..,drag 
J;t·e, ~ ('~ :i'.n ., dit·>!~ .. .-.-n a7r;:-,Jv fro:n tl>:G' int[>"1.d:,d turn~ Iu 1~·n.,.augleaof .. 
c:t.ta.: ~-- tu'.:illl(!t1.·.- :nJ ~ t:."c(] rr.mth01 fen:: Cf:ii'.t.e.ct.1.1:,:, 8gain2t this yaw: Aps,ly 
1'."c:k ~i' ~.:.nti..! ~-.t.e b.::s:U is cr·nter."" .. Yu a higb,,,,anglc>=of .... att:ick maneuver ... 

. <:-J:l.t:e t..L:: F=L' , ... t.r.fa t:eclrn.:,;_u~ is not S<i.t J;3facto:ry .. As the. ,angle of 
attc..-.J, 2-n~r··:, • ·: ·t2 9 the amm.mt of adv;n:·se _,'t:,,W generated by the induced 
dr~w t.td defI,~~-t:ed !'l.:n,-::ron'J increas~:; .. The yaw increase, cu:mas the out; ... 
f-Jo.ai.d ·,.,:tng t • r:.~et tl-ie rel· 1 iv,); uhtJ at a veloc ity lesa than the :fa-1 .. 
l1oe:,, ' ·,.;ing., ::. ,;.; d~CS:-(:!!..£\e in ·v',~lacU:y ~ plu.::: the do'\<."n.w8t'd deflection of 
·the ,,u,.-.f:,-,a,z·t • i 1cncor,, ,;:ausr.-.,o the a.i\e;:-on i:o stall outo REa;:iult : '!'here 
wil). t~ :t.esr ~.i:-Et CP.?'ic the: c)uttl.)et'(~ wingo 'fhe .airc.raft ~tiH roll in Ii 
the , .. ~:< ·::-r--;;d.r.·:t of the y&.·,,1 . l:i: 1:-.ddiUo.!'d~l ailr~ron iL~ spplied to correct 
! ,:.dee ·:r~J.:i .... cL'., the 1:t.::e of :roll will in.cr.-:.!t:te!! a.nd the adve;roe yaw and 
,M:0.11 c:oudit;l,,;:w .1111 be mqj·L°1.if.ted. !J: roo.d~r is employed ""' along with 
, U .. '<":..··-,-1 tL~ ;:..dt'.t!!:C,G ysw 6~•;~:er~ted mny be c.a.ncelled by the favorr.:1ble 
ya'i<i :t:, lucad ·i ' 7 the r.·ucider~ However, mi the angle of attack build:~ up, 
the ,:::"., ers-e v ·;r t;cn,c...,. ··t&:d b:> incluc€.1 d:rag a11d deflected sUer9Y-, be-
cc.:n -~ ~ .. :e.'l.t"'~: ;,~1,in. 1·l•r; >"avc.:·able y~·,: g~·.x!l!.~r:,Jt"-'d by the ruddoro Tht.'.&, a 
~;oU <}ff ·,•1l1. .... v.2::ill o,;:cur ~ bo·,.•,:.:ver 9 at a s1 ightly hi9her ::np;le of &.ttack., 
f'.',r;; th.:. otb.e.1::' l: ;;,;-id, ii t-1~ n1a:1•Jtz:al ize aile:t,n:i-. and employ rudder as primary 
for.- 1'.-.. :-'.ztion°l cont::.-::1] ~ we c.an gencr;1te a u;.µi:mum perfornl.~nce turn , 
s:dth.: .. , ... t a su:·181:?am:::n.t roll~oft,. • 

::-o d~ten11:tne whet·:.,J!r wo t;;hcu.ld ,y,ie conventional techn.iquaa Oi:: the 
y,·tlcb_· ted:m;_," 1e& \,e, , ~,zd only r~c.o•;r?.i~e the "feel11 of t ~ a:i.rcr,J.ft 4 

.'.:!..i::, v ":::ut th°' outbo: :::.-:, winz; appeat·s 't:o, e haevy s the pilot ahou lcl neu ... 
t:c-<t:i.t,,- i:i.iu,:rc;n tmd ;:p;;,ly rucdcr to eo?-',tt'ol the turn or rollv Full rud 0 

der: i:.·' ,;::,uld rt ·i. bo eITJ?1oy.~d, otherw:i.s-~ the pilot will exper.;l.ence a loss 
of. - ;;~:.er:t:ior.~,·•.1 €;';Ont-ro1,, I·i:iGtead~ apply ru.dtler smoothly an.a .as need"'d to 
mai. t.r1.in dit·c.=,.::tfonal cot-.t:&·o:L, If thi s is ac-to~-iplhhod» t he ball ill be 
cente:..,i:.. 1 r.,:nd. .2 )X...-J~r..perfor:msnce '!Uait1a:u·veli:' is po61eibleo Do l:l.£1;~~ 

.~f};'}~-2J,:;,.l'~:':t~' -~·.r!~L~;:posJ.t1: J!il~J:£t}; 1-,9 ~~i~ye a ~'1,"'.££~t2Bils.~e ;_ur.~. 
l.f. tt,:,.,:i is ,..,,. :c,~,.pliehc"':l, a is:rg@ ~:mount of favorable. yaw iiill be seiner:-.. 
e,ted a•·Ld. a F.:i: 1 ~-Qroll, or s•pin liil l i:,rob.sbly occur. 
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-?.ne ~cisrc,_ ... r-L.inE ·1.;r. 
-=-:.-.-. =·~ • ------- --~~ 

cL •• _•:1sivc D'l/1.neuver i i n wl. tch a ecries of ~:urn. 
att e ,. .t to ,,.j~~ _.: ;,,.\re r,~fans:l\r~ pot~n.·tia'l 

,::.:tacker. To ,·. ce.~s fuUy er:i;,lof the Ge is .. 
. ,.,., initi·,:. t:ui:n .·~·-1:~ho1to In a·deferioive 

t n.: , i,f •. • ,-tt ..... _,::fl t. '. :::-1.iticu '.:tims.s £ in his oppon0nt I s 
aur :l r v,?..1 • :U.:y 1: • -~~ by • ' '.liltin_~ i.n tLe: plr ne of h ir., - tu.:ru , th(, de-
f£r -_:: fo y, ·--;·i,k ! ,_ -C opr • .. ::.unity to a,,n -~ate on oveu· .. oot . 'rb.e over. ­
ehc, -~ plec '; t.:;.c . ' .c1-:.:k~;~ GH the r•pposit,-. ride of the d .f.c1\der' a angu~ 
l.ar .. . i:.:lnci.:~· cone. ~:t tr,,·,_ ~-~fen.:'· ,-: c ont:in '...;C tc; t urn 1.n the same di .. 
rec::: 1 ..• , ~-fl • the o e,-,;e:...r.c,~, the :: .. tccko i- wil l he presented the oppor .. 
tnuUy tc ·, ··•'~uvc., ~·:,•.,:J.·n: :,i_.:: opr·:. ~ent ' c; si.>'.=o•c10::::k r,os:1.tion, oimply 
b~'.:....~rn·.~ th_ c:.-1:cn > ,: w:i.lJ. • , +-urr ;t,,3 aw;:,_y b:.·mn t ha attncL To prevent 
tr1~.G ~ the. c' ~- >mdcn .. rnus/;, i""' ~:ia te ;:; turn :~·e::;~roal es the t,ttacker pass~ 
(~t'J t•,ivug .. i,.:1 ;J tJ:i..;<1t pa;:~1.. The ch:.cb ion a.J to lJhen to a.'{C.:C:'l.,te tb.1a 
rcv1;..,a,.d . ..,,; .!..L ,fop 1 d upon the attsr:ker 8 e i·ate of ovet·.shont and hi.a 
,m<;1 ... :,:ff, , .. i:;ocd ti r1.1le" 1.•_ :°: -thumb": rnp:i.d turn over..::hor.,t , early re~ 
v<n.,:' .t; oJ \J tu;.--n c·v•c!1.·ahc?~, lac" :.-.;;ver 8cl ~. - The tunt re.v"rsal •wil l 
·!:Ott tn he d,j;.:an<l ... ~_-' 8 ang'l :.r vel:Jc:ixy cml-? away from the: attacker. 
Thir. -~U l : l< c.a th.:: r~1:taclti-;:_ at a 'd.gh ang;leuof f end _ caurc him, once 
agah , to c.r, J'i .ti-.- defeuJ~:r1 s flic•.at path. See figu re t.::'5 •. The de = 
fer.d.f'l.' n.aia :,c·w fo:.;·, d the ottacker into ci :-1c isaoi:e m:,meuvet'o 

f 

i?.-.,, cu· ,• :,t2, ,,. r;y p;ooro.2:t.ric in~•1p1&c: tion ~ ths.t the aircraft which 
hP.u ·c,-.e ahr•.a'' .. r::~ tt 'r:_ -,-:,.<l.il'~ and t he lowex: velocity, will force the. 
otl:e.:-:: to t,\ ·, 12~•0'1 '.:'..1.0;:-k por i.tion, In thi;;; ,:umeuvcr, thz cfefendar has 
thi,;. ,_,_;; :ar,J· ,0 

:-'..':. F.-y v .... ,:·twJ. -:;£ fo t-c; ,.~:-3 t he et tacker to ove:<.'shoot, he 
h.rtt; lo -:r_ r -c_;·~ 1 o~itcj· ~l f1 if t.(. emplOJ'f) the p:t·oper t ~c:ht;.iqt~e , .... e c a.11 

~a::d.Jy ;,la 0. L~e nt-;,-a.::ker ai.: 12 o~c.lock. l?rope:r te~hnic1•!.a : Eaeh turn 
rev -v•; :il ::.:·i: . .;.ld. .. .; a ruddE.':.' ireve:::·$al ~ at lil~\: •~rez:foz-mar,ce. If aileron 
is a,;,;:,J..i ed. t.)-:.'?. c!c.,;.-T1(ier wH.L ro).l off in tha wron.g direction, or be 
f<n.r.. .... J to :i~·<'. .. e&ae r.·-.1:,;·,~p r-r:1- 2,ui·e t.o e:irecut£< t a t.e-ve;:sal. 'this, of 
C'om: ;~ ~ ·wi ll :;.i:,c1.,. fif' .;i;n;n :-.:::.diui:;. A noe,c"'high a ttitude accomplishes 
twt, t:.h!.ngc: (.l} It !'Fd;;.ceo t.,.:e dia: "'~mder 1 s horizontal turning com1lo= 
nenc 1 ~ ud r~) It --z- -r,·,l!"s the d~fender ~a vec tor velocity in the hori •~ 
zontn1 plane,.. Tho ll.'ei.Xuc tio11 in the. hor:I.zonta l turning component and 
vector vez.c1· i.ty is a result of ma:r:.euverdng th.rough 'both the vertic 1 
•. na -1 r,~~:t~~!:. s: :;,:l pb,t .. 0 * I n 0th.et' wordi t • e are emz>loyine a force of 
oma-.G :;:.·e·:r~ .. , ... y to p;n,-,vBe us a gre.:~ter radial G an·· a lower velocity. 
t--f.E..r:.' ,ri no,; 5-.t~ t,;}.-nou i be ucc.d in thi.a ma.n,m,;e:r, bec euoe ita force 
vect c•·" oppc.,?~,:; tLe. uv2c-O gravity and io dixected ::oward the inside of 
l:b.e f"Vd.1.ii:;:-; cii:e2c::~ Th.is provides t he d<Z? fende r the _opportunity to 
..ar>".1.!Vi:'i: th~.:u-.1gh tLe vct-.i:·tica l pla!?.9 ~ and thicreby diminish his ho:d .. 

U)t\l":.,.\. i.:ut·n.5.1.~g co1::;1u110nt. :n e..dd:U:ion~ sirc.ce power p:rnv:!.dea a lo-..;e r 
r!tn! ..i ;:;;rs:\?.(:.'.:?., it al:f.G'i.JS the defender to ti·.,,hten hi& turn. radius. at a 
given· .::ir.:·1•;: f,,.-,;;:l as w~H as r educe si:rg:peed to tha lowest possible point. 
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-Result: If the dcf~ndGr perfor; ~ s c;· S;=hi g·;..i. ,_;.;,!:::. ~·,!-;e:·,,:.. J:!.th. 
• • . ... 4 h -t "' • , ,. • 

_v;)tT>: r. on , ne will re .... u-~8 is ... ~.lrn a".lc ,,e.1.oc1.ty co::i':)' ;.::-:.cs :.n n~e:... :: 
rrn'lllest ;;tate. If tLe -:..ttac"i·c;c doesl!;':: covvt::r in .dke nk' '•.,J::-, rv~ 
will be qu:i.ckly :force<l ~u the ). :t.=o'c loci,: po2:::.t.ic,1.. '.'1_ o.:...-::- ·.:-.,ler 11 ·,.• 

becomes ,;l,,~ atta~ker~ 

If the atted:eer ccmnt:ers r;:feet:i.V 1:.J.y 1 av.: £or-cu~ 1:he rk.,f..-::nde:-- I~"' 
low ·him, the de[(•nder t~}. ould i.,_ H·.r->uver in phc:.r::.:.. uith .... l1,:: at.t ,. -.1~er. 1'•.:a 
pr.c-,vide& r·l:ie att· :;kar a viaual '.iisadv~nte.ge r-.i.rice th,- defci,,1

._ ,: wH1 '1 .i 

directly bsmeatl. him. _rn an attmnpt to m.;.meu-.~r , i n. tC!lat:lcr;. to tLs, 
defend.er, the st ;;..,eke 1: •·Hl bf: forced to roll r::<cesai ve.ly it. m1.e <lJ t:" "C • 

tic.n'l or t!.1e othc;:. Th:Ls ir..crE-:..,';CS hi stall ,.pt'!zd at~d ::or,:c.~ ~dm '-:0 ·, 
uard .and. cown tow;;;.·d.hit opponr;,,t's fl:I.ght path~ Th(; i;r;:;,m.:n·~- the · -:.;;t,-i;1r. ... 
er r. cticee th.is> we can ,::xp2ct l:.:i.m to :r..:d•tce hie banl. -'lnd tl·•-·., ms.t""!";,1; ·•r 
as ~moothly as O,e defer~d.er ,, }'<>sult: ,- star,,'.0.H. If, u.n<l wl:.en , this 
occurs , t"h. def ndt;X' roll ~t employ afte. t!:urr;er 1 r.~lax G c!Ud &.i. V..; 1arf> 
avay f?:om his oi,pon~nt.,. Ee should initi,i.te th.L 1

• mar..cuvcr ,,;. nP the 
att:acke::: do~e not have visual (;entact~ '.ti.!e e:>~cct tining: .~i.t;h~ • f·\,r::,:­
tLa atta("l~or hao ~nade hi f last observ· tlono Th:te a.t fords tLc defer.,, ,: 
the oppor.:::unity to gain cori.a :Lde;:v,ble lor.gitud:i.1.;.z.l aep.;£at.to::; and plaeec 
thQ. att&c1.::er in an oyerhead at t·tck wit .. i. a negative de"ta nu:.~\. • Th,-
efender ~d.l-1 be out of run ranp~ and t:l:a atfac~er w:U 1 be p:tCiddc.u 

the worst :r,io.1aible situlition foJ; a G/-.R.·~8 launc: 4 • (NOTE : T.a.cticei:t. 
analysis of the dive=ax.iay will be disci.1s~ed lat:er.) 

When s::~p loyi.ng the cc:i.s:aor;; maneirva 1.·, a p:1..lot· s.houJ.d at ~.,rn.p t so 
secure an advant~t;e ae qt1ickly ,1s possYble = certair~ly by t he secm:·1 
turn reve rr.:al. If not, he wil:i. lose airspeed rapidly, then,fot·e 'l.(~~ 
e;.iverability, an,~ be prevented frctti. ever acquJ ring n.n ndvant:::. g;e~ Ii~'" 
stead, he will· fin.d hi:n:;;elf in. a a1tando:i:f, wi th mar.ginal co~trol . 
Re· sul t: Ee ui.11 be an \;asy set~-up for another attacker {or hie irr..:1•~= 
diate opponent, if the oppon~nt has a Euperior aircraft)~ 

1. Iner.ease rate of turn into the attack until the attccker G7~t°"' 

shoots or moves outs ide the tut·na 

?.o Execute a nose.-.,l{igh ·udder reversal with power on _ao tLE: 
attacker passes your tail . R-em:.m'be:r the "~ule.,.of =thumb" for turn~ 
r c,Jersal·: Rapid t.ta. n overshoot~ early reversal;_ slow turn over ahoot) 
late reversal. 

3~ Repeat a 
through your fli ( 
h"igh a.bovP. your o 

•- =high reversal each ti.me your opponent slider. 
nth to the outside of the tu_tn. If you paiSe no.-=c~ 
ent, he ·will b,·.gin . to slide forward • 
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t . ... 

t:hrit :.- .. c. 11 c•; ·• 
fn' 

To : ~·•ow 
nttact't· ,; ,:, rnc.t 

~ -J.n ,. 
t ti. > 

-~o t( six-oeclock posit ion, after 
l • ~,p~OU ,T'lta 

~- • , 1 .: .a-r, w0 " f'ted th.at it is a 
:i of .n attac~~r•s ov~tJhoot. 
-~~ld re-ct to gaiu thi& a -

d.<.:", , • n 2: .. • ~.:ke>: r !l'lce::i hJ.,"c,.lf il1 n very 
"-";~ t:l·· defer; ~r's f.lnn .:md overshcv)to. To 
1-u •• ""1 ~ at::."' -',J:!' e;-:ni.oy th~ h.1.gh"'or-eed yo ... yo 

of t.'.1 •·~~ tPC.J b,.:: Gu.r.d.c:1.ent to caut-e a turn 
• -: c •• :,.et,d.r. I1is o:ff:ensive advat1tage, 
'u .,.. ,} nt can :.ii atti:.:c'ker do in the 
n f.lUl~ .' fore.: d into an overshoot. 

~ ~·rn cup•shoot in to noint out 
h:· means o: i:hi~ counte:~, show 
• 1 :.,,asy :,,.•t-~1od by •hich to achieve 

f 

h:.H:; s Ci!; •• ." i':.r 1 cv H h::•,;,a\icr, thir.; clie?ad"' 
• Vanta.gt:~ r: iL 1Cl'!l{ ~ --G-: it ths (! ;L .,..7-~ar k ... nv1n hc.H~ to emca 

·rr, ~e rwr.t fitr.:t deteJ..n.ine the 
to t ,e: r:,~-~-:ndex·. Tha nttacker. 

ploy it:. pro e l if11 ac".. 1:s i<l not pt"opm: 
r,mp1o:,:,_-:it, • p ,.:·rd o.~ ahovr- l . ., & opr,·,nent in a st&le .. 
vi....ta c,,n,H.ti -~, 0n •-. t d, i!. th~ s-·raekcr u:1jloy,. this velocity in 
the v<,;· :.:'.cal p\ .• nc~, lt ,1 :::o,~.,1 f'lan.e,;·• .. ·, '.ui i'•·;,1 i;er.~ct.? a @igr.ificant ~dvan° 
tage. H ;-w to ; q:.i.t • ic , ·, ,r:t~, /-..,, t1.,;, att:acko .. • notes that he ia 
ove1·R~10~t:rng l:·:i. - cr.,rr, ~-·.t cc; i".urn, tc . :~nuld 1.el:.:~'t G and deliberately slide 
rn:cur.cl th2 mt. -: ,le nr tb, t,. --·nc Ed ·tr..3 G _,c- tve.G a twofold purpoee: (1) 
lt rer.!t~c~c-r. irm ~cd 1>. f, het! c ;;lk,i-Tc th.a &.tt.{.;Ckcn:· to maintain an airspeed 
dvont·r,,:,.,, aN.-: ~2) r;- !ncrcr-··::~ li!t>.::",J cep~;s.tion en the overshoot. Thie 

l.'.'U:h.1c-.:, ·1:,f.! Ll:.t· .. ~i~e.l."-'·· .. .;:;1:.t don3 th"' r.~:is of .:fe opr,o ent 's 
O.igh' t'ut ~ h ~-~·:e ,:'i. •i..-,6 ·.:.- .!t:.:,.!,~.t: to r..eintc,:1.n uoee 0 tail aeparc.ttion~ 
T~r; &c .! <ler, obSOr.-\" J .:: •.8 , ". r:r-·ho·\ • : 'till b~ enticed to e:ir.ocute a no3e.., 
l:d.g!1. l,:\r~z-t al .' :_. an r.t, '-'P. L, g 0•h f~~Gl~.!1i",·,:. ad •ai1.tageo If the defender 
.er • • jrmc.:., the tut·n, t.. - r!·t.:, i-. .1~ Cf.t.:. p '-'f t;_, t<lE.:i:-teuvcir nd, once a.gain, elide 

i;:,t.o U·. dcf:.1.d,.,~.-'~ 1 ,._/l~n· •• ,locit~r co.,~~ lu view of this, a reversal is 
r,1.iJ'IO"f~ 8. Sure t•.:I.ngo :,·, l,l""• " ·f ;,nc1.t:l' t"e,ler'~i.,S i tht? attacker rolls wingo ... 
11.;.vP..l :-· 1d zcc_,_,~, at • 1.t:..,.:-=-r0Latic,n.~, .. , ele, t~rvighl the vertical plane. See 
figure 21~0 '!'l•: C:: :fE: .• ~ r ,.,u 1 be unnb1e to r.: tch t e attacker ' a rotRtion 
m:tgl~ ~-- :i suhu: qu- t ,;nmn 'b.ecui.ia~ of ld.oi irsr,,;ed dii:::advantage. Thi~ means 
.h~i: f::1c. ,-1:tac:· ❖:..- 1 c,_r~n t' ourh he . ~.'": t\ hig·~,;t· airs:pc.cd, rney reduce his 

horbx•,--:nJ. v1:.·c1.0t' v lo:::ity tc, l:. sm&.l.lGr ·-rr.lu·,. t!.1:1n ~t.nt of his opponc t. 
f!cct L: 'l'!1s at ::,"Ck 1 i Hl bl' on Loy ~H:h r, ~e"'tail separation . Tha de• 
·~emder 1

.' ll h;,, ditd1 t,:d h~.:J "'ir-or. cd, wit~, a co1'\5:equent loss of ma.neuver­
-J.q, 1,,0 ·"'rtial. J'i,e ai~t ,..~._ ..... r • "'P.o orli._; r.oll of:: to th defender' :s sf.x.,o 1 clock -



-If th~ de fenrfar pulh up into a ban!-'_ed ai: t itude, toward lhe al.:te.ckP-t'~ a 
rote ':i<m, tha height of his pull •up wi 1' be evc-:i lees~ This is the :cc'" 
$U!t: of t t:o fr\ctor<J: (1) The def.cmder'1 ~ pull ... up is c~.1.:, a com~•o;·1:.,nt c:.., e 
e '..t:"" ight z~ullttup .. hia rototion anr,le 1.a th~ough both :.he v.:rti.,~n.l ::"y' 
hot·u.:.ont.al plnnc.B . Sine~ he is ht a b8t\¼:~J s.tt :U:ud12 f '/..:to rnc,:.nr1 tlu..t ).ir,; 
r ot'"'tion .:-ngle in the vertical plc.ne mus, be l eos thutl r~ stra:t::·,t pl\11,.. 
up., (2) i.1 e def~n<far 1 s stall ep_.•:~,;i is high.~r . In a b:,:1~ted Dttitude, :,tall 
ep;.:.'-'d inci~~·&ses, because less lifting sut'face i s avail'l1>1e to C.:.ounter the 
for,~" of g,·avi ty. Uir:;her sta.11 sp.sr;.d causes the rota ti en componllnt in. the 
vertical plane to Le even loss. Aa a result of these ~10 factors, cilc de• 
f cn,.'1Gr' a rotaUon ar:gle is reduc :?.d . This eans th.at tt ~ helght of t h_., z;oom 
i ti: the vez-t:icr.i.l pl.tA.tao is l eac and his vccto'!' velocity ·.h. the h:::dzontal 
plar:e ia in.c,:easecl. Thi:a forces the de fendc-r to t\lrn bolow, iv. front ·-£ 
an~1 ,3.cro t%1 the attacker's line of flight., The attacker need ori~.y roll off 
:!.n ..:· direction opposite his opponent's turo. nd move toward tb, s:f.x .. o'<:lock 
poJiticn e 'i.'ha x-oll--off ·tncr' asea n.ose .. t a :i.l separation and prevents ,a pos~ i'-" 
ble ,y;·ershoot by tho at tacker. 

To manr~uver agail1Gt the attac?i:~r' s counter, the defender s:l.r,,ply c n:mot 
refute to raverse and continu,a hi.o defen::.ivt: turn~ If he does~ the attticker. 
wi 11 not be oblig.,_tcd to roll wing~ "'leveJ and zoom in the vcr.ticd p ls:r,n. 
Th . def<>nder wil l turn a:ws.y and place his angul,n: vcloc::fcy c.onc iL front of 
~h(! .:ttec1~~:~' a flight . ath. R.e~t\lt: The attacker will is impl y play h:ts 
opp:~:wnt ' a turn end l:llC1u~uver toward the si;,-c ... o' cl ck position. If the dcQ 
fr;1':0i>1:,r cannot pull up and turn into, or turn away) how then w:!.11 he mon.­
euvc~1: P.gailr;t the t'. ttacke.r' s counter? Aa the atta,c.ker ovc::ehootn his turn, 
the 0efendct" will t'!.:H~;cute & nose ... high rave real. Ti1ia wil 1 fore t:he 
att"1 d:e:r tc:, l.'Oll w:l.rign .. level, rct: Ff.t:e through a l arge. angle iri. tl-:'.'! verticd 
plr.m!! ,'nd ~oom for nit:i.tude. The purpoae: To r educe vu~tor vch,cit.y 5.n 
the hodzontal plane to a valu@ l~sn than the defender' r:, veloc.d.:y~ If the 
atta~k~r f ails to ceneratc this large rotation , his vect r velo~ity ~11 
be greatero Result: He will be forced toward the dcfend~r'a t.w~lve 0 

o&clock-high position$ So He see~ the at.tacker hae no choice C> he ..rust 
rotate throu3h a lm:ge vertical angle ~ when the defcndt.n: e~ecutcs his noi:;e ... 
high attitude and provides considerl2ble vertical displac ~cr1en t in respect to 
the d~fender. HaviGg placad the attacker in this position, the dcfend~r 
turno 180° i.n the v~rtical plane) relaxes G, lights afterburner. Rnd dives 
for separation~ (Th= efender must accomplish his t urn before dissipating 
too much airspe:ed .:md acquiring an e:x trem~ nose 0 high condition.) Noting 
the di~,e f r scparationt the attacl~er must: turn .,. from an e:g.trczne rlOS~,. 

hie,h p~,sH:inn .. 180° in the vcrticel plana to reeain an offensive position 
s.t :;;i;~ o =ctcck. The force of one•-0 gravity caus~s the attacker to dh '.li .. 
pat(, edns i derable airspeed. Reoult: The at:tncker is placed in &.n ov r"' 
head attack with a negative d~lta mach outs:tde of gun rai1ge. 

Remember: '.i'he counter to the scissor maneuver is nothi.ng ro.:,re than a 
high.,,epee:d yo .. yo 1 initiat(::d after a turn OV(rshoot. The only difference: 
tha attacker r~laxes G, rolls wings .. level and zooms in the vertical pl~nc"' 
a ne:ce:15sary ;:equirement so that be may regain nof!e-tail separation . 

62 -

I 

I 

! 



-Procedurea for Counter!.!lg~ Sci3sors Maneuver 

1. Realize that you are overshooting your opponent's ~urn and can 
no longer effect a yoQyo maneuver. 

2. Do not att~mpt to pull f.nto the t argl!t' s radius of turno 
,;:ill impose high G"'loads , and possibl buffet or stall will occur o 

airspeed advantage will be loato 

This 
All 

3 0 Rel~~ G, slide around the outside of the turn, and thereby mi\in~~­
tain an &irspeed adv~ntage. 

4 9 Roll level, und zoom up (winga~level) as your opponent reverses 
into you~nyour opponent roverGes, he will be unable to match your 
zoom, becauee he w:Ul hs.vc killed som~ of hi& airspeed on the rr;verQ11l , 
beddee having less airc;peed to begin with. 

5. Continue to pull up, wing9 .. level, and force your opponent fo1.-ward 
and below your line of flight. If he pulls up into· a ·bankod attitude, he 
c nnot: counter you;: maneuver~ sincr!! : (a) liis stall spe~d i.e highlPr. e:'i.d 
(h) His pull ... up is only a corq,:):,en.t of a atr ight pull ... upo If ycur op 0 

ponent pulls up w:!.ngs..,level, ht>; c~nnot match -your rot~t:icn:1, bees.use of 
your airspeed advantage . In any ccse, your rotation, in the ve~tic&l 
plane, will be gr~ater than your opponent's. This will place him below 
and forward of your line of fHgb.t., You will have nose tail se.par tion. 

6. Roll off .. t'Oll in a dire.ction away from your opponent' fl turn if 
he is in a banked attitude m aud move into hiB six"'0 1clock position. The 
roll~cff will provide additional noseutail eaparation and prev~nt a poss• 
ible ovenhoot. 

Procedures for Mancu.vering i.ga!.!::st a Sciaoors Coun~ 

1. Flay your defensive turn in n attempt to fore~ the att cker to 
overahoot your flight path. 

2. Rev~rse noseQhigh, as you obaetve your opponent overshooting your 
turn radius. Remember: A decision as to when to t"everse will depend upon 
how rapidly the attacker it3 sliding to th~ outside .. rapid turn overshoot, 
e~rly reversal, slow turn overshoot , late reveraal. 

3. Det:~rmine if your opponent rolh w:f.1:1.gs.,,level t rot:ates and zooms in 
tha v~rtical plane: or commits himself to the sc:Lasors maturnver. If he 
iooms in the vertic~l plane, follow.th~ procedures below; otherwise employ 
the procedures specified in the scissor~ msneuvero 

4. Fo~ce your opponent into an extreme nose 0 high attitude and a high 
resulting zoom, by pulling nonc..,high toward hh line of flight. ·The t"' 
tr.ck~r rrm!it rotete no2c., 0 high .and zoom for conaider¾ible al.tit\ida to counter 
your nose=high pullQup. His purpose: To reduce hia v~ctor velocity in 
thQ horizontal plane in order to maintain noseRtail separ.&tion. 
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-5. Turn 180° in a vertical pl ne, rel G, light afterburner and 
dive for s~paration. Thia maneuver should be initiated prior to dissi• 
pat:f.n.g too much airspeed ~ otherwiae, it will be difficult to g:~in Gep .. 

ration. If done properly, the attacker will be placed in an over head 
attack with a negative delta roach outside gun range. 

The Atta~~ 

Tha purpose of the attack: To poaition ourselves in the dafender'a 
angul r velocity cone, oo that we ml:ly d~U.ver our ordnanca and effect 

kill. Since GA: •S's nn3ul r v.loctt cons ic con~idcr bly greeter 
-khan the 20Imn cone, we wHl fir t ery for o aet..-up to leunch CAR."'8• 
Knowing GAR .. 8' a cap&bilitiee, we w 11 try to hit c-11.r tax-get. with a six"' 
o'clock .. low attacko :i.f the d~f nJ r not i. our positit)n, .•,-t c: ... n ~~:pcct 

-him to perfot1l! 11 defensi :t'! turn nto the at t~ck, to 1·ot.at1~ his angular 
velocity cone eway from t.?1:l. If he accomplhhes thi~; w"'' will be unable 
to bunch GAR. .. 8 successfully bec~uee of ito lambda limitation. Inotcad~ 
we will be forced to diminit:ih range until we reach a point whcn:e lambda 
limit will not occur. If w~ att~mpt to fly a punuit curve utt&ck ~ 

, tr ck t:he target with our fi:lted s:tght .., to this point, our angle .. off 
will increase. Result: We will be faced with a further r. duct:l.on in 
r1.tngc before launching GAR.,,8. By th<! t:I.L'la we reach the r..mge at which 
we c~n launch GARm8 without exce~ding lambda limit, we will havi ~xceeded 

• GAR~srs 2G launch limitation. As w~ preaa in closer, G will continue 
to build up and the opportunity to mploy Gfil\ .. 8 will be loste As the! 
ttacker, we a.re now forced to initiate a gun at tock. 

Our poaition, in the rcaul tant gun attack, is not eatisfa.ctory ,-
In our pursuit curve appro~ch with GASQ8 1 WG built up a substantial 
angle.,.off, but now we are heed with the prospact of diminLihin.g th.is 

• anglo~off in order to reduce our angul r velocity to enable u~ to track 
the target. As we attempt to accompliah this, we can expect the def~nder 
to tighten h:f.s turn to prevant us from do:!.n1? so o We, in turn, wi 11 be 
forced to counter. Result: If we continue the attack, in th@ plane of­
our opponen.t 1 s t:ur.n~ we will elide through his flig:1.t path and t:o the 
opposite side of the angular velocity cone. Under the circumstances, 
we can expect the defender to counter withs sciijaors maneuver. To 
prevent this, we have to employ a different technique , on the initial 
attGckq 

vn the initial GaR~B attack, the wor~t 0rror which we can commit is 
to fly a pur uit curve attack min other words, continuously track th.e 
t rg~t with our fixed sight in an attempt to launch GARa8. This forces 
us to continuously increaF.e our angle..,off nd prevents us from ever 
launching GAR..,8, and also prevents · us from salvaging the situation by 
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-initiating a gun attack. At the same time, the pursuit curve causes 
a turn overshoot and sets up the defender for a successful scissors 
maneuver. To prevent the defender from generating these favorable 
relationships,· we should not fly our gunsight (pursuit curve) after 
the defender initiates his defensive turn. Instead~ we should attempt 
to generate a rate of turn almost e qual to that of the defender~ (We 
must not match his rate of turn, for if ,,e do, he will have rotated 
into the position of attacker at the end of 180° of turn}. By doing 
this, we keep. our flight path or fuselage in the oame relative direc­
tion as the defender. In other words, ~e preve11t the large :l.ncrease 
in angle-off. Thia prevents us from launching GAR--8; h~?ever, as we 
approach gun range, th:1.6 positions us at a smaller angle -off &nd muc, 
nearer our opponent's angular velocity cone . To counter, the defender 
is forced to tighten up his turn ~uch sooner than in a pursuit cu1-ve 
attack. This means t~~t the defender is forced to maintain a max 0 

performance turn for a longer time period,. in an attempt to generate 
an overshooto This causes a ·greater speed decay, a loss of angular 
velocity and a loas of future maneuvering potent!al as we enter gun 
firing range. Reault: The defender has a more difficult: time in 
ge11erating an overshoot and a subs.aquent scissors. If he exerciaes 
poor judgment, and is lacking in stick and rudder technique, he may 
never effect the overshoot . The result is obvious: We simply shoot 
him down. On the other hand, if his judgment and stick and rudder 
technique are excellent, we will still be forced to overshoot if we 
continue to press the attack in the plane of his turn. 

, . 1 To prevent an overshoot, we should zoom or YO'""JO off the defender 

j 

if we are unable to stay inside his turn radius. 

Procedures for the Initial Attack 

1. Stalk your target in an attempt to position yourself for a 
six~o'clock .. low attack with GAR=8. 

2. Do not attempt to track, or launch GAR 0 8, at max-effective 
range, if the defender turns into the attack. Instead, position the 
gun sight reticle ahead of the target. 

3~ Check that your fuselage is pointing in the same relative 
direction as the defender's fuselage. This w:Ul help prevent over 0 

shoot. • 

4. Continue the cutoff to close upon the target. However, 
attempt to gradually reduce angle=off a9 range diminishes, in an 
effort to launch GAR~8. If this is impossible, disregard GAR-8. 
Instead, continue the cutoff to set up for a gun attack. 
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-S. Play the cutoff, in an effort to reduce angle•off and elide 
inside the defender's 20mm &ngular v&locity cone~ 

6 0 Press the attack until you na.U.ze it will be i.mposaibie to 
a tay ins 1.de the def ender I s turn radi:us" At thio point_, zoo.m or yo "'YO 

off the target to prevent overshoot and a subsequent ciaaors maneuvero 

The high 0 speed yo...,yo ia an offeno:i.ve tactic, in. which th~ attack.er 
maneuvers through both the vertical and horizon:tal -pl&n s to prev~nt_ 
tln overshoot in tha plane of th.:i def~nder's turno See figur~ 2io From 
thia definition t the purpose of the numeuver is ohviouo: To maintain 11 

offensive advantage by k~~ping noa@Qtai1 separation between the ottacker 
t ud d~fcnd~ro In other words, the high 0 spced yoQyo ie a co~ntcr for the 

defensive turn and the scissors maneuvcru As au attacker , when it bow 
comes apparent th&t it will be impossible to stay inside the d0fe~d<lt:~a 
turn radius, we will employ the high=spced yo 0 yoo 

To perform the maneuver correctly, tindng is essential . To 1:iw 
tistrate: If an attack~r is conservative and yo~yo's high· early, he 
can em.p~ct the defender to lo'wer his noee and dive for separationo 
l'he defender~ noting the early yo 0 yo, realizes it will be foolhardy 
to continue his turn or to pull up into the attacko If he continues •. 
th~·turn, the d~fender will di ~&ipat~ his airspeed aud his angular 
velocity~ Result: The attacker will be permitted to reduce range and 
lide do•wn into the defender's cm.gular velocity cone L • at six . .,,o'clocko 

If the defender pulls up into the attack, he dissipates airspe~d and 
angular velocity ev<!n more rapidly o Result: 'l"he atteckt!r is pr.o,,ided 
the oppot'tun:1.ty to dimini sh range and roll or slide into his opponent's 
ngular velocity c.oneo The defender cannot counter , because h~ has no 

further maneuvering potentialo 

In view of th. abov~, the defender 0 s best maneuver is t o dive away 
and gain aeparationo By doing thie~ he places the attacker out of gun 
r~nge and in an ove~head attack with a negative delta mach O the worst 
possible .attack with GAR~8o 

If the at_tacker yo 0 yo 9 s late, it will be difficult for him to 
maintain nose~tail separationo He will either be directly on top of 

• the defender or will slide to the d€fender 1 s twelve~o'clockQhigh 
position. If this occurs, we can expect the defender to reverse ~nd 
pull up into the attacker. By doing this~ he will dissipate his airQ 
speed and reduce his vector velocity dong the horizontal axiao 
Result: The defender will be provided the opportunity to maneuver 
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-toward th.! attacker's six."'o'clo,ek .. l w positiono 'fhe attacker now he ... 
c~mes the defendeb . 

We can see th.at to maintain offensiv advantageJ the attacker must 
not be too conservative and yo=yo early nor too aggressive and yomyo 
l ate~ Rsther, he muet play the yo=yo for a middle position in order to 
prevent the def~nder from diving away oc -pulling up into the attacke 
Excellent timing and skillful stick and rudder technique are required 
to attain this positiona 

The moment the attacker realizes he will be unable to stay inside 
hiG opponent's turn radius, he should roll away f rom the defender's 
tutn and pull his nose through the vertical plane. The ru:rpoFe of this 
action is to dimini h his turning component and V"ctor velocity in the 
plane of the defender's tu1:n., To acquire nu,ix effecti•.renaoa, the at .. 
tacker must maintain back pressure and employ n1dder as pdm- ry control 
for directional change, in the ver·tical plane . For prop~r persp"'ctive , 
this means that the attacker rolls toward the vertical plane just 
enough to prov:lde him an angle of bank smaller th.an that of his oppo ~ 
nente Thia forces the attacker~s flight path to describe an arc through 
both . the vertical and horizontal planes (we _assume that the defender is 
turning, more or le6s, through the horizontal plane}~ Result: The 
attackervs turning component and vector ·velocity is diminished in re­
opeet to the defender 's turning and velocity components= in the plane 
of the defenderva turn. This allows the attacker to maintain nos.e 0

• 

tail separation ~hile turning inside his opponent. At the same time, 
the control technique employed Q back presaur~ and rudd~r as primary 
control for the maneuver - not only allows the attacker to reduce his 
turn and velocity components to their smallest value, but also reduces 
li.i.s yo~yo apex9 This provides the defender very little maneuvering 
freedom with which to counter the high 0 speed yo=yoo If the attacker 
does not. use r~dder as primary control for the roll into the yo.,yo he 
~ill be forced to r e lax back pressure. His turn radius and velocity 
will increase and his induced drag will dec::rease. Result: To main= 
tain nose=tail separ,'ltion and prevent a tur.n overshoot, the attacker 
will be forced to yo,•yo to a higher apex point. This provides the 
defender the option of diving away to gain separation and, of course, 
places the attacker in an over~head attack with a negative delta mach? 
If the attacker attempts to employ ailerons and maintain back pressure, 
advers~ yaw will preclude the yo""yo maneuver. Result:: The attacker 
wilf prol,~,. ly be forced to overshoot hia opponent and will be caught in 
a scissors maneuver. 

If the attacker employs the high 0 speed yoQyo correctly, the effect 
of one~G gravity on turn and velocity.will provide nosectail separation 
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with' little vertical displacement - low yo-,yo apex. The attacker need 
only roll or slide down to his opponent's six=o'clock positiono The 
attacker should employ roll, if he has little nos~•>tail separationo 
The roll reduces his vector vclocity-alon3 the axis of the roll. This 
provides the attacker separation and thus prevents a possible overshoot. 
To perform the roll successfully the attacker should continuously re­
lease back pressure as he rolls from 90° up to the inverted position~ 
180° ~ then gradually increase backQpreasure as e approaches the 270° 
point and continue the: increase of back pressure until the 360° point. 
From the 180° t~~ough to the 360° point, the ettacker Rhould employ 
top rudder~ Ii the attacker fails to employ this stick end rud11er 
technique, he wlll roll underneath his opponent in an obvious ov~~-
shoqt 0 his off,mi3ive a<lvantage seriously compromised. From our dis~ 
cuss ion of th,~ high•~spced yo=yo, we may have implied t _at t:his maneuver 
is the ultimate in councering a perfectly"'executed defensive turn with 
a followQup sci&sors. This is not the case. If the attacker yo~yo's 
too far behind or too high, the defender can relax G, light afterburner 
and dive away for separationQ This places the attacker in an overh~ad 
attack with a negative delta rr~ch. x~ tha attacker yo~yo's high aud 
maintains very little nose=tail separation, the defender can pull up 
into the attack and secure a six"'o;clock ... low position. If the attacker 
perfectly·e:i:t.?cute:s the high=sp0ed yo=/O, the defendet' still has an out, 
if he -exerc iees excellent judgment an<:i skillful techni9ue. 

To counter the high=speed yo-yo? the defender must first play the 
/ attack in an att~mpt to force an overGh oot. Naturally, we can expect 
\,j the attacker to yo=yo high to maintain his advantf-!ge. The def .. ndcr 

must now determine the -attacki:n--i s relative position ,s.x-:.d attitude be~ 
fore making the next ·move~ If the attacker generat':!'>- extreme vertical 
separation, tee defender must immediately relax G~ U.3ht afterburner, 
and dive 180° away. If the attacker executes the high=$peed yo~yo 
properly, the defender- has little opportunity to dive awayo If t e 
defender pull s up~ he will only position -hi~self at 12 o'clock, and if 
he maintains his turn, he will dissipate his airspeed and angulat' 
v~locityc The attacker will then merely slide down to his s:tx 0 c'clock 
position and finish him off. To und~rstand the counter which the 
defender must employ~ let 1 s examine the spatial relationship of the 
attacker in respect to the defender. The attacker, although in a most, 
favorable position with his nosilc~,taU separation and low yo 0 yo apex, -
is ot S@.t up in the_ defender's angular velocity cone to deliver his 
weapon;, at thi.s· i.nstantQ However, if the_ defender takes no action, 
th~ attacker will assume the proper position for ·weapons deliv~ry~ 
The defender, realizing this, knows his salvation lies in maneuver~ 
ability= aircpe~~ and angular velocity. Therefore, the defender ml.St 
rela:it G when the attacker yo=yo 1 :s off and, at the same time, he should 
maintain his angle of bank. Result: Flh nose will drop slightly 
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-below the horizon, thus helping him to k~ep hie ~4neuvering airspeedo 
Aleo, as we shall s~e, it forces the attacket' to commit: himselfo Upon 
observing the greater tJ.rn radius and th~ nose"'down con.ditioni the 
attacker has the option of maintaining M.s yo ... yo apex or committing 
himself t.o an attack against the descending defendero It is obvi.oua 
that the attacker is committed to pres~ his advantage. If not , the 
defender will increase aeparation and place the attacker in an un= 
desirable overhead position with a negative delta macho Kno~ing this, 
the attacker drop~ his nose and attempttl to set up for a GAR=8 launch 
or 20mm attack. The defender, observing this comnittment, employs top 
rudder Ci:nd back pressure to pull up into the attack. He has approxi~ 
roately two seconds lo stni:t this maneuver. .. the amount of tim~ which 
th12 aua.cker needs co delive a , GAR 0 8; successfully or to initiate a 
20tll'll cannon attacko If the defender wa:tts for the committroent. and 
counters correctly, the attacker will be placed in a. nose ... low condition, 
while the defender has a nose=high attitude~ The attacker's airspeed, 
in respect to the defender, will be increased and. his rate of turn will 
be leas (If the attack~r 1 s r.at~ of turn were the same or greater than 
that of the defender, he ~4ould block out the defender and slide in 
fr'ont). At the same time, since the attacker is approachi.ng the hori= 
zontal position and the defender the vertical position, the attacker's 
radial G~ in respect to his total G, is less as compared to the defend~ 
er' s radial G i.n respect to his total G~ Since the attacker 9 s air.= 
sp~ed is greater, hia rate of turn is less, and because he has a lower 

_ radial G relationship, his radius of turn must be greater (rad;.us of 
turn ,.. Fighter velocity squared divided by rate of turn). The rt:Hmlt 
ie qbvious: The attacker will be forced into an overshoot, below and 
forward of the defender 0 e line of flighta See figure 28. To gain the 
offensive, the defend r ne .... d only roll or elide down to the attacker's 
sixgo'clock position. Once again, if the defender has little nose= 
tail aeparation, and enough vertical displacement, he should employ the 
r0ll in order to achi~ve an advantage. 

To maneuver successfully againit a defender 9 s ~ount~ring pull.,,up, 
the attacker muat keep in mind the spatial relationships involved; 
Force of on~=G gravity causes the attacker 0 s airspeed and tum radius 
to increase in reapect to the defender. Therefore~ the attacker 0 s 
advantage lies not in turn, but in airspeed in respect to the defender. 
We stat d that the purpoBe of the highQspeed yo=yo was to maintain 
nose=tail separation and that it was acquired by turning through the 
vertical plane as the defonder turns through a pla,ne intersect:f.ng the 
plan~ of the defend r's turn. Result: The attacker's line of flight 
will provide nose=tail eeparation, along with some latf!ral separation 
in the vertical plane. Noae=tail separation prevents a possible reg 
verse by the defender. ' 
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-In our present sit uation, the attacker has the same problems of 
trying to maintain nose<>tail separation, however, he can maintain this 
s.paration by turning in a plane away from the defender's turn. The 
attacker tnerely roHs one quarter away from the defender 0 s line of 
flight at the instant he observes the defender~s rolling pull~up, and 
at the same time, begins a smooth pullQup b~hind the defender 0 s line of 
fiight. See figure 29. The attacker plays his pull~up ao that he does 
not over.ehoot lhe def.ender 0 s original altitude. (An overBhoot here 
would be th~ aam~ as an overshoot in the_,tori:z:onta.1 plane before ex= 
ecuting a high ... speed yo .. yo) o Since the attacker stai-:t~d from .1 high 
position, hia airspeed at the bottom of _tha pullQup ~i:l De ir~ater 
than his oppone:ot I s at that same lcv-1 r ·,.,ith a conJc::qu:.nt sd·,r:.·m_cge. 
If -the defender continues hia pull,~up, th<! attacker zo,--,:u~ abov~ end 
rolls behind the di.!fender Q the attack~,:--' s airep(!)!f:d a<l.ven.::~!se pt.y.s off. 
I f ·the defender attempts to dive e:wa.y, the attacker cut~ ofi L",.n:ough 
the horizontal plane and moves into the daf~nde!'s sixQoeclock positione 

The defender can counter the attackeirio one=quartcr roll..,a:uay. 
When t he attacker is near the bottom of his pull 0 up, his airsp~ed is 
max; ·,ihile the defender, near the top of the zoom, has minimum airs peed o 

The attacker hag r.ot only generated no~~~tail separation but also l~taral 
separation in the verticnl plane~ .!£_££.uE:l_~~ t~:J.~ si~~.on,,;, _Q~ def':-~!: 
-!!1!;~~!! his an&~!ar vel22J.tL~.£E,~~~!..£E .. il~ .... !L .. t:a.£~" In othar 
-wo :·de, hi!) turns. from a nose=bigh to a no: .. e~low poaiiitioP. , through. the 
vertical plane, into the attacke Thi~ placl?.SS the defender in a nose= 
low·, no8e•~quarter attack, with the defender~~ airspeed i~cr~asiing and 
~he attacker's airspeed decreasi.u.g. The ·defender now r,&1.E!...'ltes G, lia,b.ca 
afterburner and dives for Se!!parc,r.iono M~anwhi.le i 11back :-d;: the :..'anch", 
tha attacker must turn 180° thro1.igh the 'Verd.cal plcml.', 9 to acquir~ a 
aix=o 0 clock poeitiori.. Durio.g tbi@ maneuver·, t he attacker continue?ai to 
diasir,ste air-speec.1.. By the time he coraplcti!e the man~uver·, he is placed 
in an overhead attack with a negative d~lta ma.ch, wdl out:sice 20mm. 
cannon. range . The defender can ~esily fru!Btirate a p,oai~Jible G.AR.0 8 launch . 

1. Attempt to r~duce angle.,,off and stay on the inside: of th® turn 
as. range diminif.ihea. 

2. Maintain back.,,pressure, employ top ruddi:!r and roll away from 
the tui:n t up_ through the vertical plane, when yotJ can ·.o lc,nge r stay 
inside your o·pponent 1 s t1..,rn radiu:3 . As the pipper olides behind the 
t arget 0 you are no longer matching ·your opponents turn= you. must zoom 
off to ptevent· an overshoot. In other words, any time! it b~comes im~ 
possible to maintain parallel..,fuselage with your oppon nt, your angle­
off will be too great and you must zoom into a highQepe .d. yo~yo. 
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-3. Play the zoom so as to ~~intain no•e•tail separation and yet 
retain a low yopyo apex. lf proper stick and rudder technique is cm­
.ployed, this i s easily accomplished. 

4. Roll, or slide down to your opponent's sixmo'clock position. 
Employ the roll, if• you have nose~tail .separation) to acquire a six­
o' clock advantage, . 

. 5. Use extreme c~ution when dropping do~m to your opponent's 
six-o'clock position. Do not acquire a steep nose~down attitude, 
otherwise your opponent may reverse up into you, This is a difficult 
situation to •r~cov~r from. However, if it does occur, employ the 
following procedures. 

6. Roll oneuquarter turn away from your opponent' a line of fU.ght, 
the instant your oppon·- nt begins a pull-up, and you l." cogn:lze a Att::~p 
nose-low attitude as you approach tracking range. This ~~n~uver will 
provide you nose~tail separation and lateral separation in the v ~tical 
plane. 

7. Initiate a omooth pull--up • after ·the .quarter-roll - \-lithout 
overohooting your opponent's original altitude, continue the vull~up, 
turn and zoom toward his six-o'clock position. If your opponent at= 
t ;npts to dive away, cut off in the horizontal plane and slide toward 
his six~o'clock position. 

Procedures for Countc.E.,in~ the High~Speed Yo~Yo 

1. Play the attack in an attempt to force your opponent to over~ 
ohoot. This will force him to counter with a yo~yo maneuver, in order 
to _maintain his offensive advantage. 

2. Determine whether. or not the atta<;ker is going high and to the 
rear. If he haa an extr~mely high rate of closure, he may be forced 
into extreme altitude separation. If so, employ the dive-away for sep~ 
aration and place tht'! attacker in an overhead attack with a negative 
delta mach. If the attacker maintains noseutail separation, and a low 
yo .. yo apex, employ the procedures outlined· below:: 

3. Maintain angle of bank and relax G, as your opponent slides 
high. 1'his will place you in a slight desc nt and will allow you to 
maint~in .airspeed for future numeuvering potent ial. At the same time, 
it will force your opponent to commit himself to a nose-low attack. 
Continue to maneuver until he doe6l so, 
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-4. Perform a hard=r.olling rt'!versal ,A with rudder and back pres~ 
oure = up into the attack This will cause your opponent to overshoot 
below and forward of your line of. flight, or force him to employ th'.! 
quarter roll "'away o If he overshoots below, simply roll or "S" down 
toward his six~o'clock position. If, he employs the quarter roll=away, 
employ the procedures belowo 

5. Continue to zoom, and turn through the vertical plane down 
t oward your opponent as he crosnes your flight path and begins his 
zoom t oward your angular velocity cone._ 

6. Relax G, light afterburner and dive for separation. This 
forces the attacker to perform a 180° turn through the vert:i.cal plane 
to get back into your sht oiclocl: position. By the time t:his is 
accomplhhad, you will have placed 'him out of 20m:n c.?rmon rr.nge and in 
an overhe~,d attack with a negative delta mach. 

Barre l 0 &01J. Attack 

The b.igh..,~peed yocyo appears to ·be an ea~cellent offensive m.stn~ui~r 
to use any time an attacker has a rate of closure and cannot match an 
opponent I s defen~ive tun1. Ge11€\rally, this is true; however, in a sit­
uation in which an attactu~r approacl:ea a defender at high an.gle~off. 0 40° 
or more~ and long range~ 10,000 1 or more - the high speed yo~yo has 
que.stion&ble valueo . Under these c:f.rcumstances an attacker would havre: 
to yo=yo to an ~xtremely high apex to maintain nose 0 tail ·~eparation m,d 
stay inside his opponent's turn radiue.~ Naturally , if this occurs, w..a 
can expect the de:d"ender to immediately dive fo1: separation and airs-peed~ 
The ttacker h placed in an oYe~head atttick withe ne'Jgati•e delta mecho 
This means that he uru.st initiate a new attack~ The ci!;:fcnd •r, noting this, 
turns into the attack and gc~erates a high angle~of£ at long rang~, end 
forces the: attacker into anoth~r yo=yo with high vertkal displacemcn.t. 
Once again, the attacker performs a new attack and the proce@a repsate 
itoelf. The reti;ult b obvious: If the defonder counters each attack 
successfully, the attacker gains little additional advantage and a stale~ 
mate ~xists. Th~ vurpoae of the barrel~roll attack i® to prevent this 
stalemate fr.om cl~v~loping. 

We can ~ee , by geometrically examining this situation ~ high anglo= 
off, long 0 r.ange attack ~ that t!-ce atta ker would not prefer to ~<!:cut:? 
the yoQyo in this manner ~ Instead, he ~ould ppre.ciate the opportunity 
to reducG hi~ angl~~off and slide into the def.ender 0 s angular velocity 
cone, without the defendc"r beir.g able to gain longitudinal separationo 
Ic other words~ the attack<H' would like to re:duce his velocity, cut off, 
and tur.n ingide his oppcnent 0 then regain his velocity after he dimin~ 
t ch••a his angle.,off , and slide ·toward hie opponent's d:i~o'cloc!c posftion . 
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Is th:ia possible? Y a, ii we knov, howP!!'ectly apply oui: three~ 
dimensional concept of turn and vclocity 0 You will recall that we 
atated ~ in our introduction to fighter maneuvers, that wtwcan reduce 
tuni and velocity by two method;;: (1) 'f.htough. both the vertical aud 
hod ;;,ontal planes by employing a tW0•1 di.illi~n&1ional maneuV'er (yo .. yo) or 
(2) l1:1n .uveir · through both ti'~e 'Vertie 1 ~md horizontal planea by em~ 
ploy:f.ng a three 0 dim~nBional maneuver (ba:-r~lcaroll). Until thii13 point, 
our emph.asi,:, has bE::en on the firi3t i:.qethod P Now~ we will employ both 
methods to solve our present dilemma .,,,to reduce airspeed and angle.., 
off, then regai.n airspt?ecl to prev~nt longitud:i.nal separation . 

Uow do we apply thia three.,.dimensional concept·? If the attacker 
attempts to barrel-roll, in the plane of the oppcnentis turn, he will 
t·educe his vector velocity along th$ lt.~is of the t·olL Howev>'!r, the 
rbll will provide a line of flight tangent to hia i1.1tehcied turno 
R.esult : This will inc reaa<? b.ts angl '"c1ff and the po~..:,ibi" ity o:: an 
overahoot. If the roll ii3 conducted in the vertical pl..me- ~· ,:ombin·ed 
with a high=speed yo••yo = there is a dif{e:r.emt result: (1) ·:;:nere is 
less vertical displacement than in an or.dinary yo=yo 5 because vector 
v~loci.ty along the axia of the roll, in the vertical plane, is dimin­
ished. (2) Component velocity, in the ~lane of the defender's turn, 
:ls dbninhhed an a result of the yo..,yo and the t'OlL (3) Aircraft 
velocity is gr,atar, as a result of th~ lower yo 0 yo apex and the short= 
-.:nir•.g effect which th.;, roll has on velocity in the plane of the de"" 
~e:IHier 1 s tum, The hortenio.g effect allowai the attacker to d:1'..minish 

~i<:J r.otatioo s.ngle through t:ie VC!rticel plane. T'b.is provides less 
a peed d~cay, hence gr-eater aircraft: velocity. (t~) There -111 be no 
ov~ral'wot 0 as a rMult of the ro). l 0 ~:tnce the. roll ia not conducted 
i.n the plane of th11. defender' e turn. Upon further e<arnmination, we can 
·ee that if tbe attacker is able to iri.itiate thh yo 0 yc., with a 1·011, 

from b~low his opponent, he increases his opportunity -.o gain a favor= 
able positior!o By in.itiatlr..g the maneuver from an in8ide• low por.ition, 
th~ attacker lowere the apex of the maueuv~ro Th.i8 provides th!! defender 
letrn opportunity to gain aep,a.ri.:ltioi:il., Thl: only problem now la that the 
attr,cLer must be abh to apply thh concept of turn and "!Yelocity agah1.st 
his oppon~nt . 

To set up the n-umeuver, the attacker must dive below and in.aide his 
oppon"?rt:'r,; d6fen~ive turno We assume that tLe attacker hae the range/ 
~me e 0 0:i:f relat:i.ot1.ship 8pecified t.tl:;C~7e> and a dive below will provide 
th~ &ttae:ker some a.dditior.al air1q:1e:ed" [owev:er, this will not increase 
hif1 -..,·:- t tic3.1 dia:placement c,bove hb oppo ent ~ sf.nee he can easily kill 
ab·~ p>c:,e.t ur,on hi.8 forthcoming rotcition through the vertical plane. If 
the ., ttr-:1ckei:: approachea: the target from bclou atud at a high angle""'off, 
he c011tinue:s to cut off w :f.n an at.tempt to r€:duce angle~off "' until he 
reach~s his pull=up pointo The att cker pull$ up on the in~ide of hi@ 
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-opponent's defensive turn, then barrel.,;rolls in a direct:i.on away from 
his opponent's turn. If his op1>onent 0 s defensive turn is toward the 
left, he rolls right; if the turn is toward the right, he rolls left. 
The roll is not a high 0 G barrd=roll !(the attacker is trying to kill 
vector velocity, not aircraft velocity). As the attacker rolls nose.,. 
high through the inverted position, he plays· back••pressure and. kicks 
bottom rudder to obtain a n0se 0 low 270° change of direction. See 
figure 30 , During this portfon of the maneuver "' from the inverted 
positior. to the 270° point of the roll "' the attacker receives the 
benefit of lG gravity ,-,hi.ch assists l im in gaini.ng a rap:l..d change of 
direction toward thc defender 0 s ~ix-o 9 clock position. If t ~e uttac~er 
haa played the entire mane uve r = from pull~up through. the roll - o ; 
the inside of the opr,onent 0 a d~fensive turn, he will find hhw .H r,bov"', 
at a reduced angle 0 off ar:d in a. .position to dive below his oppcn~nt'~ 
line of flight for a six-o' lock=low po~ition. Longitudinal separ 1tion 
will uot be great, for two rea$ons: (1) Vector velocity is reducedt 
but a higher aircraft velo;!ity is retained, ar.d (2) ThE: emtir·e maneuver 
is performed inside the defender') s .tut'n radius. Reaul t :- The offonsive 
roll.,,away places the atta-:;ket' outsicie of gun rar..g~, but inside GA1l.,,8 
range at six=oqclock iow. Wh ther th~ attacker can launch or not, 
depcnda on how his opponent plays the defensive turno If the de!fondar 
tightens his turn and attempt5 to counte~' the manlf!uwer., h~ will ex= 
perience high e;peecl decay j hJ a; ar.gula:r velocity will be reduced and 
the attacker •1ill find it •!a.s.y to set up for a GAR~8 laun~ho On the 
other hand, if the de.fender. do~s not tigbt:-im bh turn, his airipe ~d 
and angular velocity will be gr.aster and tl:.e attacker will have to 
maneuver further, if the dei'end1:r tighten~ hi-B turn as the attacker 
atte.mpts to launcho In any c: ~se, we can see that tr~e , t'oll.,,awa.y pr.o= 
vid!!ai an e:t:ie:ct:ive metl:~od by which to reduce his an gle=off, p,revent 
separation a~d get into an opfonent 0 s angular velocity cone. It is 
tailcred to the performance of the GAR=8. 

To counter the barrel 0 roll attack there may appear to be certain 
alternativea such a!?i a highQG roll by the defender when the attacker 
performs his 270° change of direction, or a pull=up (under the same 
circumstance<?,). The high~G roll is ineffective becau~e this will 
cause the defender 0 s line of flight to be tangent to his defensive turn. 
In addition, his vsctor velocity will be reduced. Result: The attacker 
can easily play his maneuver to slide toward his opponent 0 s six-o'clock 
pv8ition and have less longitudinal separation 1 since his opponent reQ 
duc(!d his vector velocity. The puU ... up is ineffective, B>inc,e the at~ 
t-9cke.:' is not committed to a noge.,,low position by employing bottom 
r.ud::kr. Instead, he may employ top rodder when rolling from the in= 
ver~ed position. At the same time$ the def~nder must roll eway from 
lio definsive turn to execute a .P~llwup. This providec the attacker -
with sufficient longitudinal separation and time to play his top 
rudder. Result: The attacker rolls toward his opponent 0 s @ix 0 0 1 clc,::k 
position, with his opponent f·i:-amed agai.nst blue sky = a perfect set~up 
for a GAR0 8 launch. The only effective counter for a · properly ex 0 

ecuted LollQaway is a dive for separation and airspeed. The moment 
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-the attacker. initiate!! his pullmup, the defender should turn nose..,low 
toward the pullc-up, rela..'lf. G, light afterburner and dive for aeparationo 
This forces the attacker., even though he may use the roll=awayj to per­
form a 180° change of direction. in the vertic 1 plane .. If the attacker 
pulls conaiderable Gin acquiring this change of direction, he dimin­
iahca ai1 apeed con8iderably in r~apect to the defender. If the attacker 
playa the maneuver with l~ss G, his vertical displacement is gre ter. 
No m.'/ltter whi.ch action he employ~, h.~ will be placed in an overb,t;:iad 
ttack with ,1. a.i.1!gative delta roach. 

To m~neuver ngainst this counter, an attacker may employ som~ dccep 0 

tion. The purpo8e of the deception is to prevent the d~fender from em 0 

ploying the dive foz- separntiono Inst.ead of pulli.ng up i :nsdde th~ defend .. 
eru s turn, from <1.n i n~ ide=low poaiit.ion 9 the atta.~k~r ~,1i] 1 pull=up to the 
out ide of hi.i, opponent~ a turn, thu:s maintaining no/lie=td.1 se:paration.o 
To the defender» tb tc will appear &:i} an over~h.oot, Thr:are fore; . ,,re can ex ... 
pect him to r~verie nose.,.high, in an effort to sci t.rn0r tb.~ sttacker for• 
wuzd. However, if the attacker plays the manemver propir1:dy "" cnrershoot 
and zoom= thi8 will b~ impoesible. The attack~r haa a th~~e 0 fold ad~ 
vantag~ iu term3 of airapeed, no2e 0 tail ~eparation, and a high rot&tion 
ang1.e in the vertical plane. This meane that th~ attacker may zoom abov~ 
and behind, but outside his opponent 0 s turno The defender will be unable 
to match the il.l..tacker 1 ei zoom. If the d~fender revera~l'll (he most likely 
.ill) i.:hia will plac~ the attacker above, behind and to the inside of 

b.1.i,. opponent O 
ti turno The attacke~ n~<ad 01\ly roll off in & direction away 

from hh1 opponent O a turn. ThiD wiU reduce vector velocity, provide 
/ ) notl!e..,ta:tl Beparaticm and thus allow the &ttacker to roll down. toward his 
''---" opponent» s d:it=o 0clock pol!litiono The d£fon.der will be in a poor po~iticn 

to count~r, oil1.ca hi.e has d:tmin~h.ed airltpeed and augul:,_-r. v.sloct .. ty !l! ~ 
rcwult of hh t u:n and no1ie 0 lugh rl!vsr~d o Shoul<l re~ Att~mpt to pull up 
into th® etteicker, t~t attncker need only ~mploy top rodder on hia roll.,. 
off toward t be d®fender. 0 a zix 0 0°clo.:!k position. If the d<'.!£ -ndat' dives 
uway, th~ attack~~ ern~loy~ bottom rudder on hi~ rollmoff to pr vent $ep~~ 
ration. In ceH.her c,u;;.e, the: attack~?' will b~ in a favorable poliiition to 
fire the 20mm cAmno11 or 1&1.:m.di GAR.0 80 Mor® than likely h® will b~ §let up 
foie & 20mm c anl,),on. ilttac:ko If the defe!llder doei.'J not react w:1.th a ire ... 
v~rs~l, to couut~r the over~hoot and rol =off, but instead div~~ away for 
s~ptu'.'mtfon 9 he will place th~ attacker in .,,_n ov~rheo.d 1att~ck -with a nega. 
,~tive delta m!lcho The aepar&tion from thig berrelQroll attack will be 
greater th&n f~om the one conduct~cl o~ th~ in$ide of the turno It is 
•~.Hl'.icult to de:-.termh,.e which att,11ck iai bl!!:<Bt o However, if the dcf'~r.i.der' ~ 
cc,: . .!1.tion~d rei'lexQ'af. are oriented tow.urd a $Ci~e-ore man~uver O it'i the 
e·1 ,:'!1,t of al'd c·iJ'er~hoot O the attmckt!r ll'>hould employ the out~ide met:h.od; 
if not:. he should employ the in~ide method. 

TI,.e: b&rrdc.roll tt~ck, or r~ll .. off maneuver, need not be limited 
to the conditions sp~cifted aboveo It may be employ~d nt shorter range 
& d lower &nglea 0 offo The purpo~e i~ to reduce rate of clo~ure a~d 
~ngl~ 0 cff end provide the defender littl~ opportunity to g~in separation 0 
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-As stated earlier, this i s an e:spo&cially good maneuver by which to slide 
illto an opponent I s GAR=8 angular velocity cone, since. i.t provides the 
attacker ·a better opportunity to launch GAR=8 against a maneuvering tar­
get. 

1. Stalk your target and attempt to reduce angle=off as much as 
posaible. If thi~ is i mpossible, employ the procedures outlined below. 

2. Dive below and ins ide your opponent's t urn radius, msin .. aintng 
noae .. tail eparation throughout the manl!:uvero. The dive below should h-a 
initiated far enough out so the :forthcorrd.ng zoom may be played inaid~ 01: 
outsida the defender's turn. 

3~ Pull up and zoom inside your opponent ' s turn radiua if you feel 
he is not strongly oriented toward the scissor maneuver (sometimes this 
i s difficult to determine) . 

4. 
turn.· 
reduc~ 
higher 

Barrel 0 roll, nose~,high, in a 
If he turns right, barrel•,roll 
vector velocHy and the b.eight 
aircraft v~locity. 

direc t ion away from your opponent~s 
left, and vice versa. The roll will 
of th~ yo=yo apeJt s yet maintain a 

5 . Continue the roll and employ bottom rudder as the air.craft com~s 
through t he no!lle=high inverted position. 'Thial will provide a 270° chs.nge 
of direction and place you with longitudinal separationj at a reduced 
a~gle off above your opponent~ diving toward a six 0 0 1clock=low position. 
The longitudinal separation will be le:u than that acquirG!cl. from an 
ordinary yo,,,yo. 

6. Do not employ bottom rudder i f your opponent rolls away from 
the turn and pulls up into the attack. Instead, employ top rudder and 
continue th~ roll from th~ inver.ted position. Thii will place you in a 
no6eQhigh attitud~ at ~ixQo 1clock0 low ~ a perfect eetwup for a GAR=8 
launch. 

7. Pull up and zoom to the outeid~ of your oppone.nt 0 a turn radius 
if you feel you can ~ucker him into a turn=reversal . If he reverses , 
continue w:i.th the following procedures. 

8. Roll in a direction oppoaite your oppon~nt ' s turn°reversal. 
This will reduce your vector velocity and help maintain longitudinal 
separation. 

9. Play top or bottom rudder, according to wheth@r your opponent 
pulls up or dives away after the r~versal o If he pulls up, employ top 
rudder. Thi6 will allow you to roll noee .,high toward a six""o I clock=lo'vJ 
position. If he dives a~ay, mploy bottom rudder. This will allow you 
to roll noee.,,iow and prevent your oppon~nt fran obtaining emtreme 
l ongitudinal ~eparaticn . -80 



-!!,_ocedurcs for C~ntering the Barrel=Roll Maneuver. 

1. Flay the attack in an ettempt to generat<? angle ... off and pre ... 
vent your opponent from netting up for GAR-8 laun~ho If your oppo 0 

nent countere with a dive below and to the im1ide of your turn radiuo, 
continue with the procedures outlined below~ 

2. Turn, nose ... low toward tha attack, ns you:i: opponent lnitia.tei; 
his pull 0 up from an iusidc~low po~itiono Thia will increes ' hia angle~ 
off, Dince you are turning into the plane of att.cko 

3. Relax G, light afterburner and d:t,,e :for ar.:1plU." t:1.0;"lo T'nia will 
force the attcck0I' to turn 180° in, tho v~irttc "1 plm.t.'S tow.~rd your H.na 
of flighto During this rn6n•uver, he will be di&ctpatiug ~ir~pe d .hile 
you "1l"ill be i.nc1:e.dng air13pMdo Reault: At the end o·f 6i.s 180° turn, 
he will be placed in an ov"r.ht.!ad att ck with n u .-?et·tve d~li:a mach, be 0 

yond gunfire range nd in a poor pcrniti.on to bunch GAR. 0 80 

Until now, our central theme in cH.scutHJing tectica hatE been th~ 
r.oblem of ov~rahooto The defender~ s f!1-'1t'i€\.Wera have been predicated 

upon rate of closure. He ne®ds rate of closure to generate on ovor~ 
ohoct in order to nullify n attack nd gain an off~n~ivc advantage. 
On the other hand, the ~ttacker attomptm to count~r r~ta of closur~ 0 

/ - ) h~ncc overahoot, by maneuveri.ng through .both the "•~rtical nd hori ... 
\ ~ zontd planea o Dhcutuiing th~Hle mi neuv®rB "' by thl':l lltta.cker and 

d0fander ~ we ,rn urned that the ntt ck r hed a de.finit ... rr.tc of clo.!ure. 
Now let ua investigate sn reu in tactico, in ~hich an ottackcr doc~ 
not have an ii.aitie.l rc.te of cloeureo As ume u attacker is at o1.x"' 
o'clock, out~i.de (",i~R .. 8 rangeo · How would he gait, poait:i.on to bunch 
GAR0 8 or deliver~ 20mm c nnon tt·ck? 

To g~in pc~ition quickly, the att cker must light aft0rburn~r and 
dive below his opponent's flight pnth. In other wo ds, tr&d.G altitude 
for iropeed. After reaching n altitude of no more than 10,000 feat 
below hia opponent, he should level out ~nd preoa the nttack from a 

in°o'clockQlow position. The irapaod gnin din this maneuver will 
allow the attacker to quickly clo~e upon hia opponent. In addition, 
1t plac~s him in the dcfende,r's bliud ~pot, with the pos~tbility that 
the defender uill not maneuvar to protect himHlfo If ha doeg not, 
the ttQcker simply closes the dista ce, -X cutes a pullgup inside 
GAR ... 8 range and lauttC"hes c 
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LOW SPEED YO-YO N 
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I f he has no GAR ... 8, the attacker mov~e. in closer and execut es a 3radual 
pull - up and pos itions himse lf for a gun attack. The entire maneuver de­
picted here• a dive fo r airspeed and a pull~up for -position - w~ define 
as a yo~yo maneuver . It may be employ~d in a running battle or in a 
tut-ning fight , any time an attacker haa insufficient rate of closure . 

In a turning fight, an attacker mny find himeelf in a circul ar tai l • 
chase unable to close upon an oppon~nt. If he tightens his turn, his 
opponent counters in like manner and the attacker's position remains 
unchanged . The result ia a lufbery maneuver , a stal~~ate i n which the 
attacker and def~nder bleed off air&pee.:d and altitude . If the attacker 
attompta a high.,,f.lpaed yo-yo i.n an attc:mpt to breek tho stahrnate and gain 
a more favorable poaition, h~ will break the ntalemnte but lose rather 
th.an gain a more favorable posi.t ion . . To employ th~ high~cpaed yomyo, the 

. _ attacker must roll away from t:he circular tai l""chs(lf.:: ~nd zoom in the ver"' 
t ical plana. The roll..,away docrtH10e1J turn rate s.11.d incras.sel!l turn radiua, 
whereaa the zoom dissipates airepe~d and aleo decr~aD~s tutn rate . The 
defender now has an airspeed and rate=of 0 turn advantage. Result : He 
movea around t he lufbery circle away from t ie attacker ' s nose, toward his 
A.. - .J, 
I.Ii.I. J. . 

To gain a more favorable po~ i tion, the attacker. must be able t o cut 
off and clooe upon hiG opponento The purpose of a low~speed yo=yo : To 
provide cut 0 0.ff and rate of closure. To employ t he low-speed yo ... yo when 
in a tur.ni.1.g fight , the attacker dm1,ly maintains hlo bank an.d l owers his 
nose t o the inside of the turn (~~e figure 31). He is now t urning through 
both the vertical and hori~ont:al plane~ Th.e force of gravity increase8 
aircraft velocity, thu3 incrcn~ing hio turn radiuG through the v~rtical 
and horizontal plane; howevert in vhe horizontal plane ~ the plane of the 
dcfonder 0 ~ tum ~ his tunl racl:i.us iai decriaaoed (in this plane, t ur n ra~ 
diu~ i, only a component of his actual turn) . Result: The attacker turns 
below and inaiide hio opponent . Thi., attacker's angle .. off o.nd airspeed in .. , 
crease an.d his distance = in r.e~pect to hi.ff opponent "' dec-reaHs along t_he 
horizontal plane~ To prevent an ov~rshoot, the at t ack~r must r ol l wing1• 
leve1 1 pull up and ~oom toward the defeudar'B six 0 0

1 clock po8ition . The 
l!!ntire maneuver muot be accomplhhcid prior to reaching the defamder ' e . 
lii-h.=,~breaat po!l'lition . If done correctly, the attacker will find himself 
at a r~duced angle-off and at n diminiBhed range . If he is ~till not in 
a lethal position, h(! need only repeat the procH • The attacker gains 
a advantage in employing thio maneuver., becauee airapced lo~t io leos 
than tlrn airspeed lost by the <lefe1.td~i-.. Wh n the attackei1.· diveo t o th~ 
in~id~, he incr~asem airupe .d and reducea angl~ of attacko The inc reased 
ainp~~d provide.m greater air How rn.::toe to the cl!ngine, hence the engine 
generatec more thru t. Th~ deer a~~ in· angle of attack r educeg i nduced 
drag . Result : In tha dive portion of the maneuver, the at t acker not 
only ha$ an airspeed advantage , but alao a thr.u~t advantage . On the p~11-
up to the horizon, ansl~ of attack and induced drag increase. Thi t pre 0 

vents any further i ncrease in air;pee:,d. However, a t thio point, t he at .. 
t:acker r.till has a con iderable airope~d advantage . In the zoom portion 
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-of the maneuver, the force of onc~G gravity starts to diminish airspeed, 
t:he los of airspeed starts to increa.;e angle of attack; however, angle 
of attack isles& than the def~nder 1 a because of the greater radial G 
available in the vertical and horizontal plane as compared to the hori­
zontal plane alone. Reoult: The lo!!t of airspeed in a low-speed yo-yo 
is less than the loss of airspeed in. a horizontal turn through the ~ame 
distance. Th.crefor.l"J, the attackear gains a more favorable position even 
though he go~~ through a greater di0tanceo 

If th~ attackor employs aft~rburner, he will find the maneuver even 
more effective, ev.;;;n though his opponent may counter in like manner. The 
afterburner is es~entially a ramjet mountad tandem to a turbo engine, 
therefore itt. thrust, like a ramjet) mu). tiplies enot-mously as speed in 00 

creaseso Since, the low~spe.d yo=yo i~ a highQspeed maneuver, the at­
tacker is provided consider~ble additional thrust~ hence ndditioual air­
speed. R~trnl t: The attacker need only employ the· yo~yo one time to gaitt 
a favorable position. The best way to employ afterburrier is to use it 
during the descent anct zoom portion of the yo 0 yo, not during the pull=up 
to the horizon. If afterburner ia used from pull 0 up to horizon, the com• 
ponent of afterburner thrust acts in the same direction as the force of 
gravity. Unlike max power in a horizontal turn, this causes the attacker 
to deBcribe a wider arc during the pullgupo This may reduce the effec~ 
tivene:u of the maneuver. On the other hand, if considerable longitud:J.na.l 
separation c:diJts • and the low"'speed yocoyo may be performed ins ide the de.,; 
fender's turn, employ afterburner throughout the entire maneuver. ThiB 
will enable the; attacker to quickly reducei range an.d zoom into his oppo"' 
nent•~ angular velocity cone. 

A defender cannot effectively counter a properly-executed low.,,specd 
yo~yo by tightening his turn, initiating a reversial, or pet·:forming a 
high 0 G barrel~roll. If the defender t:tghtens his turn, he _dissipates his 
airspeed rapidly to a point where he reduces his angular velocity and in­
creatfe!l hia turn radius. The: attacker then haa no great problem in zoom0 

ing up towar.d his opponent's sixQo'clock pooitiono The attacker may even 
play th~ zoom Q out of a low=spe~d yoQyo ~ oo that he will overshoot his 

' opponent's flight path in the horizontal plane. If the defender rev rees> 
the attacker rolle off in a direction opposite the defender's turn toward 
his aix 0 o'clock position. If the defender initiataa a reversal as the 

,attacker i,tarta into hiB low0 ,;peed yo,,,yo, the defender will be turning 
away from the attack~ hence rotating hilji angular veloci.ty cone toward 'the 
attack~~ rather than away. The attacker ~imply pulls up on the i~mide of 
th~ rev.et·?nl and maneuver~ toward hi~ opponent I s six .. o 1 clock positiono 
The i:-eversal allows the attacker to reduce more G than is possible against 
a tight turno Result: The attacker il"l.creases hi.s rate of closure, and 
th.erc➔ fore ~ gains a favorable pofJ!_ition mor-e rapidly. If th~ defender ~x"" 
ecutce a high.,_,G roll » out o,f hia turn, he reduceli vector velocity and flys 
tangent to the intended turn. R~nult: The attacker zooms out of his lowm 
opeed yo 0 yo and qui<::kly c curt:t'l a dx~o 0 c!ock poa::f.tion~ The defender will 
be in :'i Foor poait1.on to count r, since the roll kills hi8 ' airapeed and 
maneuvering potential. 
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To count<!:lr a loi~~~pe,:-::l yo=yo, the defender must rotate his angular 

velocity cone away from hie opponent. In other words, he must turn into 
the plane of t.he attack. From thin explanat:Lon, an obvious counter~ 
measure appears to be a diving turn the instant an attacker begins his 
low.,,epeed yo•~yoo This rotate& the defender into the plane of the attack 
end canceh a possible low-speed yo-yo. ' "The only fly :tn the ointmant": 
The two antagon.ioti will ba £arced to the deck rather quickly. A roll 
out of the turn, by th'e defender, will place hiB opponent at six••oiclock. 
Thus the defander rec~iv~s only a reapite from a stalemated situation. 
We c&n see from thi@ illur.tration that a defender must not only rotate hie 
angular velocity cone away but al~o do it in such a manner as to completely 
nullify hia opponent'8 low~speed yowyo. A m~thod for accomplishing thio: 
the defender allowe the at:tack~r to dive b~low and inside hi9 turn until 
a pull=up io begun. At this point the defonder i~ in no immediate danger., 
sir,,ce the att:?cker. io diving away from his angular V€!locity cone. As the 
a-tta.ckr!r begins hi.lo pul1°up, fr.om a no&e=low attitude, the defonder rolls 
away from hi[:! turn and zoomal in the vertical plane, :l.n a banked ~ttitudeo 
By thh action, the deft..nder rotates hi!:! angular velocity cone toward the 
attacker 1 e line of flight. Ob~erving thia, the attacker continues his 
pullQup in an effort to move toward the defender's six~o 1 clock=low por.i­
tion$ By the time the attacker'~ nose reacheo the horizon on his pull~up, 
the defender will b'e n.oae=h:i.gh in a bank toward the attacker with con11ider~ 
ably lerea air~pead than the attacker~ At this point the defender rotateG 
his angular velocity cone aw&1y from the attacker by turning, from a nose= 
high t .o a no~e"'low poii!:l.tion, through the v~rt:tcal plane into the attack. 
Th:1.3 place a the defender in a no8~ 0 low ,, -nose 0 quarter. .attack with the de 0 

/- f~nder 0 s air~peed increasing and th® attacker'~ air~peed decrea~ing$ 'r11e 
\ .J de fonder now playlD hh acti,,n according to the attacker's intentions. If 

the attacker coutinu@8 hi$ zoom and turn~ 180° through the vertical plane, 
without cutting off, the defender relmte:s G, lights afterburner and d:tvC:G 
for ~eparationo Thi~ place3 the attacker in an overh~ad attack with a 
negative delta mach. On tho other hand, if the attacker cuts off, and 
overehoot1 hi5 opponent in the vertical plane, the clef:end~r may employ a 
clifforent. counter "' the vertical rolling ecisaora (~~e section de~cribing 
the vertical rolling §CiS$Or.~)c • 

1. Div(.'l below and in..a:!.de your opponent's turn, if you are in a cir­
culat· ttdlQ::ha8e, tmd have little or no 1.·ate of closure. ThieJ maneuver 
will in:::r •a~e ainpeod, dimil1ish your horizonte.l turning component, . end 
ullo~ you to eet up a rat~ of closur0 and maneuver inside your opponent 9 ~ 

turn. 

2. Employ afterburner in the descent and in the zoom portionl'i of, the 
maneuver. Do not employ afterburnc::n:,. du:rin.g the pull"'up from the no11e~lo".; 
to ~ no1:~ 0,leivel poo:i.tion. The ur.e of aft0rburnar in the de$cent and zoom 
portion of the manauver incrcal\i,M and helpo to maintain rate of cloiure. 
When afterburner hi employed during tha pull~up, you will describe a wider 
arc and pou:l.bly ruin the effoct1.vencH of the maneuver~ 

- 85 



-3. Do not burble the aircraft, oLherwise you inc_reaae drag, deer.ease 
airspeed, hence diminish your zoom capability. 

4. Shallow out your turn and begin a pull-up toward your opponent's 
ix~o'clock position. This should be accomplished from an insidemlow 

position before you re ch a position lin·e-abreast of your opponent. 

5. Employ afterburner as your nos comes through the horizon and 
zoom toward your opponent's silr: 0 0' clock poaition. 

6. Repeat th<!: lov~spet'ld yo ... yo O if necessary .. until a launch or 
firing position iB reach~d. , 

i\ 
~ 

l. Continue to turn and ohGerve your opponet I tJ dive below and to 
the insida until a pull..,up h begun. _ You are attempting to gain lateral 
s paration in the vertical plane before initiating your counter-maneuver~ 

2. Roll away from the turn and zoom in a banked attitude toward your 
opponent: as he begins his pull.,up. Th.ii will diminhh &inpeed and ro'"ate 
your angular velocity cone toward your opponent. He will maneuver in an 
attempt to gain position in id~ thi3 cona .t ~ixmo'clock lowo As his 
nose r~aches the horizon, in thi~ att~mpt~ maneuver ac outlined below. 

3. Turn~ from a no,eQhigh to a noseQlow attitude~ through the 
,,ert1.cal plane into the attack. Thi.~ uiU placa you in c. no~e~low, no~e­
quarter attack with your airop ed increasing. Your attacker will be in 
a z6om with airopeed d~cressing. 

4. Relax G, light aftarbLtrner nd dive for epar~1tion, if your oppo• 
nent does not cut off and overihoot your flight path. If he attempts to 
cut off and over~hoote. your flight path, employ the vertical rolling 
cia ora (eee sectionJon proc~dure1 for the vertical rolling scissor.G). 

In our di0cu~i,ion of previou&} maneuvers, we have encountered many 
situatiom, in which the dcfend~r had to dive for !leparation in an ef.fort 
to gain 1rumeuvedng airopeed and to provide the attacker the tmriJt poo 1 .. 
bl~ attack for Gfilt•8 ~ an overh ad ttGck with a negative delta mach. W 
will ou di~cuss po~3iblo counters to thic nttack. 

In an overhs.d attack, with a negativ~ delta mach, the attacker is 
in the vorBt po~iibla pooition to launch ~AR~8. The attacker must not 
only con~i<ler IR-background clutt0r, but the lambda and G limit&tiono of 
GARw8. The l&mbdc limit iE egpocially important because of the att cker'~ 
negative r te of clo iur in rsapoct; to the targ ·1t. !f the defender psr .. 
forms any defensive maneuver at all, e loY 1·elntive mis ile velocity wHl 
be combined with an increaeing angle-off. Re ult: The defender can ea!ily 
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-prevent a auccessful GAR~8 launcho G i:J aignificaat becaus.le the attack~r 
~nutit maneuver against the force of on ,,,G gravity; !hiB meang he will 
easily exceed the two~G launch Hmitation and/or the angle,.of.,.attack 
limitation against a maneuvering defendere To elude an attacker, the 
d<!fendcr need only rotate his a;.'lgnlar velocity cone away from the at­
tacker' tJ line of flight. :tn an overhead attack xyit:4 a negative delta 
mach, he may accomplish this in t,;.:o w:~iyw: (1) Pull up from a nose-low 
attitude and zo<'m in thr! vert!.cal pllme, or (2) full .up tq the horizon, 
wings level, and perfo;:-m o. defen iv~ turn left or right .(the. direction 

• dependent upon whether the ~tt.ackor h high to. the .left or high. to the 
right). Let's di~cu@~ each altern~tive in detail~ F~ret the pull•up 
and zoom in thG v~rtic~l plan©* . 

The moment the dofend~r ob~crva@. hi~ oppon~nt lining up for a posai~ 
. }.)le GAR,~8 shot, he pul h up and zc,omg in the vert:ical plane. During the 

pul1~0 up Q from ,101H~ 0 low to noc~ .. J.eYel ... he doas not employ afterburnero 
Aa hh notse hit~ the horizon~ he Hght1.1 afterburner and zocms in the va~.,. 
tical planco Tht:! attaclv:ir, faced wi.th th.if; count~r, ha.s one of two 
alternatives: (1) Cut off, in au attempt to i:iecure a cdx=o' clock-low 

-position a~ the d~fende~ zoom0 th~uugh th~ vertical plane, or, (2) Do uot 
cut off .. instead, fly tha :".ilnnert r~lD.tt re flight pnth ae th.e de fonder. Ia 
all probabili.ty, the atte.cker will be rm.t:ic~d into a cu t=off, because h.2 

thinks· the cut"'off will q1:dckly podt:ion h:t.:i for 81 GAR=8 launcho Thi= s 

how(sv@r, h what tho dcf.::nder :t~ 1:1ctunUy hop'i.ng and waiting for o If tho 
attacker cutw off, he ~ill not tnko advantBgo of the force of gravity. to 
build up hie airspeed; the:r~f,ire, on th@ bottom of hi.o pulJ. .. out, he will 
generate a lower airs:ipe~d than did the d~fcmd~r, whon the defendar. uasi 
at the bottom of llh pullc,cmt. The cut 0 off and lower airt:;pced forco3 the 
attacker to r~duce hh rotat:l.on &ngle in the v@rticel plane in rMpe:ct to 
the defender. 'f.hio meim0 tbat ho will bG uns;ble to cr.e.c-.ure ~ sb:~o'clock 
positiono Inist$ad s he will be fc:.n:ccd to accept a e~,'lller rotnt ion ngl{a·» 
h~nce a flight path ovct>ahoot in thG ven~t:i.cnl plane (!l!ee figure· 32). 

_M$anwhile, the defe~der. 0 with hi~ airipo~d margin= can pull toward or 
pai,t the vertical lilnd e:xecute a .:-0U 0 off "' not a loop O down toward the 
attsckei:·' Ill six~o O clc>ck posttiono The attack r, to counter, will. ettmnpt 
to compl~te hh zoom .nnd roll~o:H; however, the e.ttacker will loge out 
b~c~u~o of hi~ initiol lower airBpeed ou hi~ firot cut 0 off and hii 3mallmr 

·rotation angle._ t·ernult: !he d0fend~~ wUl quickly gain ·s.n ndvant&ge 1utd 
move toward the attac:kar.'e ~i:v. ... o'clock poaition. If the attaclan: h,g,d not 
cut off on the initial pul1°up and ~oomr. but had pull(!;d up and zoomed 

-through the name arc M the dGifand~,r, he \,,ould not hav12 loot his advimtage e 

Alli th~ defender reechod the near 1arti(!11l, they, attacker would be noar f3iX."' 
o'clock. Thh mean&J th.0 daf"ndt!ir would be unablo to i,uccessfutly roll 
off and gain a tlix'"o'clock advantago 1 dnce ho do~e not have.an over~hoot 
in tho vertical plane. 'If he did~ the attacker would simply follow and 
gain• a more favorablo po~ition. To prev~nt thia, tha defcnd~r must turn 
180° through the vertical,plane and onco again relax G and dive for o~pQ 
a.ration. The atts.ckur, noting t::hi(j, wUl be facod with the choice of 
attomptin.g a cut ... off or zooming paiat th~ d~fonder th.rough the irnme turning 
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( -point to complete a 180° change of direction toward the defonder'e six-
o'clock position. If' th~ attack t· attempt.t to cut off and overshoots 
hia opponent in the vertical plane, the de fonder mc.1.y employ the vertical 
rolling sciooors as a counter (see oection deacribing the vertical roll= 
ing aciosors). On the other hand, if tiia attacker does not cut off, the 
overhead attack with a negative d~lta mach will be repeated once again. 
To count~r this second at tempt, the detc.:1de:r may execute the aecond alter"' 
native "' a. pull-up to the horizon and a c~fendve turn, left or right. 

• If the attacker io to the reur ud off to the left, the defend~r will 
turn left, and vie~ versa. If the attacker pre~~ea th~ attRck. in a 
curved plane interc pting the defender's turn, he will deocribe a nosem 
low ~piral. Ai1 range diminhhea, the attacke'!." 0 s airsp~ed and G will 
build up. Th~ def<.mder, observing hi~ opp'ment' ~ .z::tack, ·1.1ill tightc:m 
up his defendve tm:n ei the attackcr 0 a r~nge oim:f_,;:l.::h!'S ~ lf the at-
tack is continued, thm attacker i~ forced• by his no~a-low opiral • into 

• an over~,hoot below the d~fender. The ro:!ml t is obviout1: ;t~e defender 
imply rollo. off and rnancuv<?U tmmrd the attacker !I! 61.x--o'clock po~ition9 

If the .attacker attemptg to yo~yo out of this nose-low apiral ~ b~for~ 
• . over!Jhoot,ing below hie. opponene s f.1.:tgh.t path .. he muat roll wing~ 0 level 

in ordex- to pull p and zoom in the v rtical planee Th.io maneuver prow 
·vtdea nos ~tail a parntion for the attacker; however, it 1 o provides 
lateral .61cpar.·at:ion :for the 1fof .nder. l,,. thh instance , the defender 
haa the advantage~ ·The ntt~ckt".r hs.a a no!'e .. low attitude ~~ after rolling 

• wingo'."level "" ·while t ·1ie clef~nde:r hat n 11ose 0 1P.vel att:!.tud .. Thi" maan1 
that the attacker 1nuc:t pull h·om thh attitude to nomewlievd before he 
can zoom in the verti.cul plane. During the proce1u.i1 i the attacker in ... 

,. • cren ~eti. his horizontal velocity c.omponcr:nto Thia cau29~ him to overahoot 
the dofendet,v o flight path before ha can e:ge.cute hi;, zoom. If the de.,. 
fender cpuntcr with a n.00e~·hf.gh rever.iJal = during t.h~ pull .,.up nnd ~oom 
by the attacker "'· he will diminiGh hh ·hori zontal ccmponcmt. l'he rc 0 

~ult i~ obviouo: The attnck~r is forced out front by hi~ pull 0 up and 
zoom. The defender will be in po~ition, st six~o 9clock 0 lcw , for a GAR~S 
attack (or poMibly & 20nim cannon attack). 

~§urea fo~:..~~'\[_,..!!tt?:aLJt:~~ wi.th a Ne~tfye D .. 1ta MJi~. 

L · D<?te.rmine if &n attacker i.13 in podtion to e::r.ecutQ an overhead 
, • attack with a negative dolta mac:b.. Thh can be accomplished by obtH:!:r 0 

v:l.ng tho attacker 0 s previou© msnt.uverti! .d hie preient relmtive po8ition. 
• If he i in a proper po~ition, e!i!ploy tht; follo~ing procedure&1. 

2o Pull up from no~eQlow attitude and zoom in the vertical plana 
(winge lev~l). Thi ~hould b~ accomplieh~d the moment the defQnder obg 
• G!'Ve&\ b.b opponent fl yins up for a pouibl0 GAR""8 &11hot. 

i' 
3. mploy ft~rburnor dur.:tng th<! dive and zoom port:ion11 of the 

I 

maneuver.. Do not -employ fterburuer during the pull '."up from no e.,low 'to 
noee~lovel. Ua~ of thn aftcrburn~r durinq tha dive a~d zoom portione of· 
the man-uver nd not dur:i.&,g the pull~up allow th~ def nder to ge:n"rate 
ufficient cngular v locity and~ l\t th EJw:ne time: mai.ntcdn a tubs;it ntia.l 

ioom c pability;. 

- . , 
•. •· 
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( -12. Roll off and maneuver toward the attacker's six ... o'clock-low 
position, if the attacker continues the attack, and is for:ced into an 
ovcfrshoot below you. If he yo 0 yo 1 s out to the side , employ the folJow .. 
ing proce'dures. 

13. Reverse nose ... high to force the attac~er belo-w and out fr< 
Since the attacker must pull up before he can uoom ~ his horizontal l " 
ocity will c.atcy ,him below and forward., 

14. Roll off and maneuve r toward the attacker's six .. 0 1 clock-low 
position as he completes his pull•up and proceeds in the zoom portion 
of his maneuvero 

You will recall, fl.·om our previous discussions on th~ overhead at• 
tack with a negative delta mach, that an attacker may expect two possie 
b,le alternatives to counter hi.el attack: (1) A pul1,1 up from a nosec.low 
attitude, followed bye zoom in the vertical plane, or (2) A pull•up 
to the horizon , wings level, follo~ed by a defensive turn left or right. 
Our.purpose in discussing the overhead attack with a negative delta roach: 
To point out maneuvers against either one of these alternative countere, 

To _wuxeuver againat the first alten1ative ... A pull.,,up from a nose"' 
low atti tude with a zoom in the vertical plane"' we stated that the 
attacker should not cut off the pull~up and zoom. Instead, he should 
fly the same relative flight path as the defender. By doing this, ,,the 
attacker would force the defender to turn 180° in the vertical plane 
in an attempt to gain longitudinal separation. Ue can see, by geomet­
ricqlly examining this situation, that the attacker has an apparent 
choice of either cutting off his. opponent in the vert:1.ca.l plane, or 
zooming past the defender through the same turning polnt to complete a 
180° change of direction toward the defender's siJt ... 0 1 clock position. 
If the attacker attempts to cut off and over~shoots his opponent's de­
~cending flight path in the vettical plane, he can expect the defender 
to counter· with the vertical rolling 1.icissors ~ Th:l.G w:tll cost him his 
offensive advantage. On the other hand, if he does not cut off, the , 
overhead attack with a negative delta mach will be repeated once agai'n, 
and he will gain little additional advantage. To prevent either sit~ 
us.t.ion from occurring, the attacker need only employ a barrel~roll (roll"' 
awsy) in the vertical plane, aa he starts to move past the descending 
d~fc.nder. Thia wiU reduce the apex of his zoom, becauee his vector ' 
v0lo~ity 0 along the axis of the roll - in, the vertical plane is dimin~ 
1 .hed. Reuult: The attacker wUl roll awa.y through a 1800 change of 
direction to position himself at .his opponent's sf.x .. o ' clock .. low. posit'i,on .. 
i~ the vertical plane 0 witp much i~aa longitudinal ueparation. If the 
defender. repeats the pull~up and zoom, followed by a 180° turn in the 
vertical plane , the attacker need only repeat the process to gain an even 
more favorable __ position. He may then set up for a GA'g .. 3 ,or 20mm eartnon 
attack. 
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To counter this roll-away, the~ need only add back-pressure 
and roll toward the-roll-away, or dive for whate er longitudinal sep• 
aration he can get to employ his aec~nd alternative. If the defender 
rolls toward the roll-away, this will place the attact er at a high angle 0 

off in the vertical plane, ae ahown i.n figure 330 To maneuver out of 
this position, the attacker must roll 1800 toward the defender's flight 
path. Mean-white, the defender can relax G, dive for separation and go 
into his second alternative. 

To maneuver against the second alternative ma pull~up to the hori­
zon, wings level, with a defenaive turn left or right .. the attacker 
must not launch an overhead ttack in a cu1.""l.red pl ne against the rim of 
the defender's horizontal turn. Thia means that if the attack io ~res~­
ed, the attacker has the option of de3canding outsi.de his opponents turn• 
ing circle or descending inside the turning circle. If the attacker 
deoccnda outside his opponent's turning circle, hls rate of· turn will be 
less than the defender's. This means the defender will be turning away 
from the attacker'a noae, toward his tail, as the attacker appro~chea 
the defender's l.ine of fUeht,, Re;n!lt: The def'en<ic.r will ~neuver to:-
ard the attacker's 0ixa0 1 clock position. On the other hand, if the 

attacker descends inside the turning circle, he is no~ com:nitted to 
generate a turn rata less and a turn r~diuo greater than his opponent, 
as would be the case if he initiated a pursuit curve attack, in a curved 
plane (either intercepting the defender's horizontal turn oi: deacendina 
outside hia turning circle)e By descending inside the horizontal circlei 
the attacker deocribea a nose~low spiral, in which his rate £ turn, 
along the horizontal axis, is goveraed by his epiral or roll rate along 
the vertical axia. Hia rsd:l.ua of turn along the llodzontal axis iG 

governed by the alope of his descending spiral. If the attacker in• 
creases his roll rate min the spiral• and steepens the spiral, h~ in• 
creases hiG horizontal turn rate and decreases his horizontal turn 
radius. In effect, the attacker will be pirouetting down the axle of 
the defender's horizontal tui-n • . This, of course, will cause the ate 
tacker to build up excessive velocity for his forthcoming maneuver 
unless he reduces power. As the attacke1: pulls well inside and below 
the defender's turning circle, he rollo out of the spiral and executes 
a pull~up and zoom toward the defandcr 1 s si2t-o'clock position. (In 
other words, he employ a variation of the low-spscd yo-yoo) If the 
attacker's airspeed is excessive and it appears the reaulting zoom 
may force him too high nd/or to tho outside of the defender's turning 
circle, the attacker simply mploys the barra!Mroll attack, in an 
effort to oecure a launch or firing poaition. 

To counter the inside-low maneuver Q the low-speed yo 0 yo or the 
barrel roll attack - out of ·the overh0ad attack with a negative delta_ 
mach, the defender need only mploy the count@rs suggested for a lown 
opeed yo ... yo and/or for the barre .. roll attack. 
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-Procedures for Mane™ing. from an,OV;;~a~ Attack with a NeEtative 
~,l.ta ~il!ch 

1. Observe your 
l • a pull 0 up from a 
or alter.Aative 2 ... a 
turn l ef t or righ t . 
ing procedures . 

opponent and determine if he mploys alternative 
nosealO'!,J attitude and a zoom in tb.e vertical plane -
pull.,u1» to th~ hcn:iicm, winge=l~vel, and a defensive 
If he employs th~ firat alternative, use the follow-

2. Do not cut off as your opponent begin~ hia pullQup for a zoom i n 
t he vertical plane. A cut=off now will provide you a lower airspeed and 
a smaller ro tation angle for your forthcoming zoom. 

3. 
a-re the 
a high 
shoot , 

Dive~ A/Bon~ and initiate a pull~up and zocm tbrough the same 
defender described. This technique w:!.11 enabJ.e you to generate 

rotation angle in you:t zo m, heriic0, pr..sv~nt e Hight..,pa.th over .. 
in the vertical plane. 

_ 4 . Determine if yo r opponent c:outltiiJ!rs with a roll ... off or a 180° 
t urn through the vertical plane in an ffort to manem,er you out of his 
s'ix ... o'clock position. If he employs the 'O llo0ff, oimply roll with him 
and manauver toward hi§ aixQo'clock po~ition. If he employs a 180° ~urn 
through the vertical plane in an effort to gain separation, employ the 
.following procedures. 

5. Initiate a barrelQroll (roll~away) as you begin to zoom paet 
your deocending opponent. A ro~lQaway will reduce your vector-velocity 
in the vertical plane; hence~ provide your opponent less longitudinal 
separat:1.on o 

. 6 , Complete the barrel 0 roll {roll<>away) and maneuver. toward your­
opponent's six-o'clock position in the vertical plane . Your opponent 
will now either repeat the pullnup and zoom or proceed to his second 
alternative. If he repeats his previous maneuver$ simply repeat your , 
r oll-off and gain position for a GARQ8 or 20mm cannon shot . If he em~ 
ploya the second alternative, ueie the follow'ing procedure. 

7. Do not press the attack in a curved plane interce.pting the rim 
o_f the defender.' s turn. This will force you to either overshoot below 
your. opponent or to yo 0 yo out to the aid~ in a nose~low attitude. In 
either case ·, he will gain an advantage (aee section on countering the 
overhead attack with a negative delta macb.). • 

8. Spiral inside your opponent's horizontal turn to match his turn 
and to cut him off. This may be accomplt hed by adjusting your rate of , 
s piral and t he slope of t he apiralo . 
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( -9. Continue the spiral, inside your opponent'e turn , until you 
start to move below and inside his line of flight. 

10. Roll wingaQlevel, pull up inside your opponent 0 s turn and zoom 
toward his six~o'clock position.. 1.£ you have excess airspeed or are not 
spiraling well inside your opponent's horizontal turn, you may be forced 
to pull up and zoom outside his turning circle. In this case, employ the 
fol lowlng procedur0s ~ .• 

11. Zoom outside your. opponent ' s horizontal turning circle Q if you 
ere unable to complete your pullpup inside hia horizontal turn radius• 
th0n turn back toward him if' h~ continues to turn or attempts to dive­
away~ 

12. Zoom to the outs~de and barrel 0 roll (roll-away) toward your 
opponent's six~o'clock position, if h attempts a reversal to counter 
your zoom to the outsideo 

The Vertical Rol!J:!tS...§£..~ 

The vertical rolling s~iosors is what the name implies a a defensiv~ , 
d·escending, rolling maneuver in the vertical plane. The purpose of thio 
maneuver: To gain an offanGive advantage if an opponent overshoots a 
defender's flight path Q and slides through his angular velocity cone~ 
while doscending in the vertical plane. See figure 34. The stage, for 
empl ying th~ m.nneuv rs., may be oet by tho following oituations : (1) 
At high altitude, when the ciefender has a high mach number wi.th a low 
indicated airspeod. In thia case, the defender will be forced to per­
form a deac -nding d fensive turn to maintain future maneuvering potential, 
If the attacker, with' a fair rate of closure, thinks his opponent is 
attempting to gain separation, he may cut off in an.effort to prevent him 
from doing so. With his higher airopeed, his radius of turn during tha 
cut .. off will be greater than the defend~r's. Result : Ile can be easily 
forced to overshoot the d_fendor'6 d~8cending flight path. (2) In a 
zoom .. maneuver in which the attacker h attempting to approach a zoom"' 
ing def nder's six~o 0clock poaition9 The defender, observing the atQ 
tacker's position, uoao the force of gravity and executes a 180° turn 
through the ver•tical plane, i.n an £fort to gain separation, nd place 
the attacker in an ov<1::t'h~ad attack .with a negat-ive delta roach. In an 
effort to preven.t thia, the attacker cutai offo His radiui!l of turn, 
during the cut .. off, is grGater than tho dohud0r' s because: of thiG hisher 
airopeed. Result: lie overnhoots th!:! defender's dcec<!nding flight path. 
'(3) A sixQo'clock~low GARa8 attack, in which an attacker is approaching 
hh pull 0 up point for a GARP8 launch., The defender, observing the -
attacke'!r, may execute -one of two ut;in.euvars : An immadiat0 defeneive 
turn don into the attack, or a pullQup nnd zoom foll wed by a 1800 

• •turn - in the verticd plane .. down into the zooming at tackor (thia is 
~ha same prcx: duro used as a counter to the lowQapeed yo-yo). In 
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either of these cases, if the 
he can be forced to·overshoot 

atta~ empta a substantial cut-off, 
his opponent's descending flight path. 

With the stage set, we can now discuss th~ mechanics of the vertical 
rolling scissors. Let's assume w~ hav~ a defender zooming in the verti­
cal plane, with an attacker initiating a pull-up in an effort to maneu~ 
ver toward the zooming defender's six~o'clock position. The d~fender, 
observing his opponent's position, turns 180° through the vertical plane, 
down into the attack, in an apparent attempt to gain separation. Ob 0 

serving this maneuver, the attacker decides he can either cut off, or 
zoom and turn 180° through the defender's turning circle. Since he knows 
a turn through the defender's turning circle will place him in an over­
head attack w:i.th a negative delta mach, he elects to c• t-off. Observing 
the cutmoff, the defender knows th~ attacker will be performing his 180° 
turn through the vertical plane at a higher airsp\'::ed. ""here:forc, the 
attacker's turn radius will be greater; hence, he will avwrehoot the 
defender.'s descending flight path. UnderBtanding thia, the defender 
reduces power, to elow his rate of desc~nt 01e may dec~ive the attacker 
in thia power reduction by lighting afterburner, then coming out, with 
a powar reduction. This deception will make it: appear even more that 
the defender is trying to diva for separation) then waits until the 
attacker ovcrehoots his flight path and is committed to a nose~low atti~ 
tude. At thia instant, the defender comes in with back pressure and 
reverse ... rolls into the overshooting attacker. This will place the de­
fender below the attacker and 180° out of phas~, with lasa nose-low 
atlitude; h~nce~ a lower vector velocity along the vertical axis. The 
attacker, noting he is out of phaae, and is deocending more rapidly than 
the defender, will attempt to roll 180° toward the defender's descending 
flight path. Observing the attacker's action, the dcf~nder rolls in the 
same direction. This prevents the attacker from flying into his oppo 00 

n~nt I s silt~o' clock position. At the same time, it p::-cvents him from • 
reducing his noB~ 0 low attitude. Result: Th~ attacker, w_ith his higher 
vertical vector velocity, has rolled 180° out of phase, dow. and b~low 
the defender. The defender now has the advantage and he ne~d only roll 
into the attacker's aix~o'clock poaition. 

To couuter the "ertical rolling aciaeor~, a zooming attacker should 
not attempt to cut off a deacending defGnder when he has a ~ubstantial 
airspeed dvantageo Int ad, he should roll a~ny or barrel~roll (oee 
~ction deocribin5 th~ barrel~roll att~ck) to reduce hi0 aocer.ding ver• 

tical vector velocity, hence his yo~yo apex. In Pu effort to pr~vent 
tha dafender from gaining longitudtaal oeparation, th attacker need only 
i itiate is roll 0 w y ao he atarto to aceend past th- diving defender~ 
Thio will allow hi~ to complete hia 180° ch&nge of diroction Jith leaa 
vertical displacermsnt and podtion him at the diving defender' · oix""0 1 

clock pooition 1th l 10 longitudinal separation and leeo negative rate 
of clo~ur~o To ma"~uver for a launch or firing pomition, the attack©r 
ne~d only numeuvQ\r asaiuat any forthcoming countl!r~ by the defender. _ i J;f 
the defertder hac one, the attack l' moves· in for the. l·Ul, with eU:ber 
GAJ! .. 8 or 20man c: Mon. 
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-Procedures for the Veitical Rollin,.s,. Scissor~ 

1. Observe the attacker's poGition. If he is in a low aix .. o'clock 
pocition, perform the following proccdu~eo. 

. 2o Pull up aud zoom, • in the vertical plane, or perforr.1 an immediate 
d oc~udiag defe1u,iv'-' tun,o • If you1: opponent haa ot set up a zoom i:or a 
launch or firing pocition, you IMY mploy the pull•up and zoom. !f he 
has, immediately employ the deecending def naive turn. 

3. Turn 180° through the vertical plane, if you zoom, or continu~ 
the di 10 if forced to piu:fot'ffl a deacending d;..fensi·.,~ turn. 

/h Obaerva your oppon nt to determine if b<? will cut off or not. 
If he cuto off, employ the following proe dureo. 

5. Reduce power to alow rate·o.f de cent. 

6. ReverBe~roll, toward your opponent, when you ob6cr-va his over~ 
hQot and no e .. low comm:1.ttmcnto A reverce-roll b.ould b@ e.ccomplished 

with back•preoaure and rudder (highqangle 0 of~attack maneuver) to reduce 
your uo9e-low attitude and your vertical ve~to& yelocity. 

7. Do not allow your opponent to roll toward your flight path .. 
keep him 180° out of pha1a. To accompliGh this, roll in the sam~ 
direction ao your opp·oi-ae. t if he attempts to acqui~0 your. b:.,,o'clock 

. pooition. 

80 Co· tinue. thic rolling·maaouver, witu your opponen~ out of pb~ a, 
until e rolls down and bolow you. Re will bo forced into this po iU.on 
bec1:1use his vertical vector velocity ii, gr~atar than youro. 

9. Roll i to your opponent' 
the kill. 

l. Do not tt mpt to cut off aa a zooro~ng attack~r against a dem 
c~nding defender 1f you have a 1ubstant1•1 &irspeed advantage. A cut~ 

. ff under these conditions. ,,tll for~e you to ov~rahoot your opponent 1 

dcec~"~ing flight paih. • 

2. Roll way orb rrel~roll you move vortic&lly pat your d•-
ccndtns oppon nt. Thie caneuvar will reduce your zooming veetGr v lo• 

city, ence v rtical di@plac~nt i your zoom. 

3. Continua the roll• w y to cquira a 180° hange of direction 
~nd n ix 0 o'clock0 low pos't1o~ asatnat your diving opponent- Thio r • 
v at0 your opponent fro~ aining con0id r bl& longitudinal ~epnr~tion 

ud ~t tte i ~time~ ducao your negativ r te'of closure. 
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. • ... 
4. Maneuver. against any fotthcoming count0r thrown ct you by your 

opponent,. 

.Th~re may come a time, in a tactical siroatioi~,- 1n which you find 
th~t you can ullify a GAR=8 attack. but hav~ leo0 aucceao in counter-

. ing a follow 0 up 20mm c{lnnon attack. You will recall ·that a defender 
ca1:1 frustrate' a l?.••8 attack by exceeding the mi si e I e lambda and/or G• •. 
c pabilitieea The manouvera n ed~d to accomplioh thin era not toe 
demanding, providing , the def0nder has visual co~tact with ~ny GAR5 8 
tt ck r. Ott th othar hand, a much hi her degro of skill v in r~ pct 

to Ml! euve~in~ o ie. neadad to counter n ag3reeaiv0 5 @killfully•G~~c.uted 
fol!ov ... ·p gun attilek., Under th.~00 circ~gi.:ances ~ven tile raor.,t prof.f.c:iot t 
defend r may fiud himoelf in a seriou$ defen~ivo po~ieion, with on tQ 

tac .f:t' at i:!t o'clock i1oido gun firing range. To ot out: of thi- -~t ... 
. . uat~ n, ~ny defend r know ·he must forco the a ta,:~er to ovcrchoot hi 

flig t p th. In other ords, he muat rotate hie neular v lccity cone 
in uch a man,er·ee ·to ncquire 1 tortll :lepa.rat:Lon., Turn and velocity. 
~rried to the ro~:c. of gra,1ity, determine b.te field of t'Mlueuvar .. 1\d 
hio eibility to rotat<li hb angular vc:locity cone. • Ho, mu11t mplcy thc&H.i 

factors in proper pergpective tog i an over~hoot9 In •hi situation, 
thh means . the d~f ndar w.1ot reduce hio turn nd volocity more quickly 
than hia opponent, if he is to fore hia oppo-r. &t out of hio a:bt·""O' cl.eek 
po itiOBo From our previou~ di~cua~icm 'it i~-obvioue that nrr l• 
roll t · Pf! _tmu,~uvcr offeu:!l the betilt opportunity to q_uickly ch.mag di°r c 0 

ti-0n d reduce vector v~locity. I~ thiG ca a• ~inc@ the ~ttacha i 
at ix~o'clcck iuaide guu firing r , ngc • t, i m3an0 a defend r muot 
pe~f.o-rm a ,xAperform~nco or high~--G b rrel~~oll to prevent hio opponent 
rrom witching his chengc of diroctio ad reduction of vector velocity. 
Hi· only remaining probl m, before initiating the.- neuver, -ia to dota-r"' 

ine in whieh dir~ctton the high=G borr laroll should be ~acuted. To 
anewer thim, 1Gt 1 B a eume thot th d f@~der 1 in d f nmi~e turn itb 
an attacker at ix otclock under the conditiona opeci·fi d above. 

I II a tt mpt .to force tha ttack r to ov reb.p~t, -the def ruler cnn·· 
it er xecutc a barrel 0 roll over the top or .a barrclaroll ¥nderneeth, 

out of hio dafon ivo tum e If tha attacker ilil at- high opeed • 300 lmota 
or more in tho 1 ... 100 .,. ~nd b~ pe-rfor.u hi h .. G barrel-roll .undernead1, 
the: force of gravity will act iri the saN4l directio aa hb t ruat vector. 
Thi na that be wHl exp-rieinco ep etdertibl difficulty in r duc1 .. g 

.?ti· v ctor velocity more quickly th n hitiS oppoftent~ On the other l.ind, 
if h • p~x-foma II high.. barre:l .. roll ovGr the top, hh thruct vector cto 
in dirf!ct:Lo1 oppo ite the force of ftl't:tvity . Th1!'3 mean that he uiU 
~oduc ~ hiB vector velocity· much more. r pidly 1.!.1 rocp.oct: to hi ppoaent . 
To Ulustrata both ldtuac;.ons: lf th.a defend~r rol.J.6 undeme th, he 
. uat ~#.ltt the mauouver firo.t, r,i. ca tho ttack0r is aneuveri1 g in 
1:0. ... i)~ct to him. · 'rhL i:.1san0 th.c t tho fo.rc@ of gravity uill &ct ia the 
sa; dirmctton a th fo d r's thru t and eloc!ty, b forll it ct ou 
tho attacka-r. R.er,,:ult: '('he ,d ,fender wUl. ~parf.cl:le .... diffculty _in reduc: .. 
tnrs ~ •• vector v loci y more rnpid_ly t,h. n o op9onent. On the otL r 
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-hand, if t he de f ender rol h ovei:: t.h~ top~ once again he }!IU~t cx~cute the 
maneuver fi.r$t, since the attackt19Z' i@ m..,n~u,r~rivg in reape(:t to h im. 
ReBult: Ihe defend.er c:,w~ redtJ.c-:: hi~ v~ct:ot v~locity more rapidly than 
hio opponent ain.~e the forr:.:e of gravi .y •,i;tli againa!t h:f.2 tbirust and vel­
ocity, bef re it actm again~t thc. ~tta~k~T 0 s t~r.u~t a~d welo~ity. It is 
obvious f r001 thh dL~cu>Jhl..Cm thlat if a e'.t;ftmder. at high Bpeed in a de ... 
fen s ive turn, ha4'· an att3cker at ah~ o 0 ~1o(;k :t.r.o ide gun firing rl.lnge h0 
hould e:itacute tine !migh 0 G barrel =roll OV®t' tthe top 0 rather than one 

underneath ~ iu ord~r to ~ain an ove~~ho~t o 

. If a defender dc~ai not fuili~.re the u~~ei@~ary epe\,.d to eixecut~ th~ 
high .. G roll over the to , he et,outd fil:~t &itt<empt to do soti The r.e&o;on: 
The force of gravity ,md th'!'.' r:.ig!u ei:igl® of atta~k .. nec~.,i;;;&~-y to rmcce· 3.,. 

fully acco.nplieh tb.~ ~ .~:.,"~"=l' 0 w!H ~:?U'tl® hd.!il ~p,~~d to det:ay very _, pidly. 
•If th.a defender attempta to ·wH o ·~r th~ t,~p, 9 thh tr.flanm that he will 
stall out and be unable to comnlete th~ 11mneuver. Re~ult: Th~ attackar 
vill set pat a ~L~Qo 0clock p~~itio~ for~~ ea~y kill. To prev~nt this, 
the d~fender, with in~uffici~~t ~P~~a t,o QZ®ute a roll ov~r t he top, 
hould perform a highoG roll uad~rn ... ~tfu-i ((in the F 0 lOO, t!:hie maneuver 

should be initiated with n1 airnp~cd of 250 knots or less). In this sit .. 
uat~on, defender need~ the for~e of g~avity to 9ucc~~~fully complete 
t he m&ncuvero He will b man~u",ti!dng with a h:f gh angle of attack. 1'he 
induced drag gcml!rated by thic anglei of ~tta~~k v1i.1 r provide a deceleration 
greater thsa tha accelcr&tion g~n@rated hy tha fore~ of gravity. H~nc , 
if the defon.der e:Jr~cut();~ hi.gJ:n .. G roll ur.d<!?ln eiiltb , he can El till ch&nge 
directio~ MJd reduce welacity m~r.e ~~piclly than hi~ opponent. Why? Be• 
cauue t e attacker muit till m1.t1.Ct':.V~1t· tr, rerp~rr:;t t;o the de.d:ei.1.ciar. Th~ 
attacker• a rata of turn &rt.cl ve(C:tor vol.o~i.ty l,n:e d.~p~!lldeint upon his angle 
of attackG . uich , in turn ll· i~ de:p~ndent upom hi" rate of turn) which :f..1 
dependent upon the defeGder. 0 1 velocity P aEBgJ.c .. off and :r.auge ('W G! Vt 2t Sln.8) o -\ Raggo 

tio,:-1 that we und~rcitm.,d time need for th~ M.ghQG bax:rel"'roll ~ both 
over the top and undemeath O and w~en it ~hould b~ ®mployed , let 1 a 
diacusa t he mechanici of ~a~h KMUctwer 0 

The Rig 0 G :8z.rre1 ~RoH OV}1.;~ the 'X.'.£J?) A~ i~d:l.~ate<l above» the high.,.G 
barrel ... roll over t:he top :bi ci\e;;ti,i,g,1:wd to b® uaied gailist an s.t:tai::ker 

t eix o'clock indde gun firing r~nge ~ wl'u,t=m tbe d®fonder io in a de-- ·­
fe . ive turn, and ig un~bl~ to ~hake th~ att&~ke~ o More 0p eifically, 
the attacker ahculd be iu r. irly clolile "' a rnuge: or' around 1500 fcaet or· 
lee. If the ttQcke~ i~ at a r&nge much gr~ater th~n thiall the higb--0 ' 
barrel 0 roll, becau&ie of Hill rapid redu~tiorr.. of: the d11?.fiander1J' "vJeloc ity, 
will only ~erve to b:d.u~ l!tm cfo~®r to'\.'at'd the defender'$, 8ix 0 0~ clock 
pooicion. !n other wo~:~, thio ~~~~ver ~hould ~ot be employed st the 
longe r gun firing rang~~ or H a defett&i~ agmingiit a mieaUe attack. If 
ao, the attacker will aimply play the ma~euv~r. to r®du~o longitudiu~l 
separation to move in po~icio~ for a kill 0 Tb~ &er.ender will be in a 
po~r position to counter, mice he will hav~ kill~d all bi~ L1r2n~uvering 
v0locity. -100 



-With thage conditio3 in mind, tho mom!!nt the defender realizes: ~ ~ 
i uns.bl to shoke hie opponent , he ahould stort _..t.o execue0 th0 roll 
(oe0 figure 35). lie should not delay , oth~rwiae the attacker m11y mak~ 
bi~ his victimo To execute the mancaver properly , o defender ohould 
ina i ntain buck~presgure aad atart hie roll over the t op without releasing 
any G-forces . Thie means that he must exercise prop~r rudder and ailaron 
cont rol . Otherwise adverse ys.w will prevent him from performing tb.e -w.an ... 
euver (some aileron m.ay be required during the a tart of the roll, -howa·1Jer s 
as t he r ol l progresses hi9 angle of -~ttack incre~sea.• due t o· ilerona w 

-,n:id more rudder will be needed) . As the defender comes t hrough. the in­
ver ted pocitioa, he 3hould continue to maintsin baek~pressure nd incre~e~ 
his roll r~te. If he faili to ~int ain b~ck~preaeure , .e will not raduc~ 
vec~~r velocity rnpidly enough, and will ,ot. forea "hi~ opponent aroued 
the outoida of the roll. If he feiJ a _'to i ?lcreae~ his roll rnte. he wiU 
not uccea fully coraplet~ it, ainc~ rapid ~irop~ftd d~c8i iG reducing hi@ 
maaeuvcr.ing potential. Ao the defender re~chea the 270 point a the, cppa• 
aite ide of the roll O h0 ohould play top rudd~r , to prevent dish-out, 

, and viouelly a certain the attacker 'a position. If the attack~r, in· en 
effort to !!!!CU!'<'! I! kill, ht!~ f~Lloued the d0fondo!' @!'OliTid the roll, h.~ 

·wil l ba forcad out ll.de th~ defand~1::•a roll., Thio m.aaaG that 11t: the 270° 
poiat he will be high, toward the rear and out~ide the roll (if the at~ 
tacker h~a aot r®duced very much of hio vialoeit:y during the roll, b.a! 
will imply be uigh and to the out~ide). With th@ attacker in this ooi 9 

t ioa , if he co~tinues his roll~out • holdiug top rudder to mai~tain ~ 
nooaphigh ttitude • it forces the att cker t o ~lido below and for-dard 
i n m 0b·iou0 ev0rehoot o The defender thea simply inc~eaoe0 hio no,~•up 
at t itude imd rolls or s• ® touard the attack~r' & eu ... o' clock p08:f.tio,1·. 

To countar the higb--G rol l , the attacke~ may att~mpt to yoQyo out 
t he top of the roll or reveroe .. roll out of the top i n an ef.fozt to : 
acure a si:tmo 1clock position. If the attacker yo•yo'o out the top, : th@ 

i mt~nt i o obvious O he i s attempting to redue~ him vector -velocity along 
t he rutis of the roll by yo~yoing ia the vertical pl~n~. In t his w&y be 
c&a mai~tai~ a oix'-'0 1clock~high po~ition after the defender completes thQ 
roll e If the attacker rev@rae .,.rolh, he will r oll , through a ·_ wider arc i 
the opposit~ direction ., If he mnintt1i e back prearaure while doing t wi.tll, 

he can reduce v~ctor v~locity along the axio of the d~fender 0a rol l more 
r apidly than th~ defender. Result : At the compl etion of the roll by ·, 
t he defender, th.a attacker wUl be at ou -;,' c lock G To m!lneuver aga:l.ost 
e i ther of theoe count ers, the defend@r muot aaeert iu the attacker 0 s 
position a~ he approa,ehea the 270° point bl hia roll o Ue w:tll bo unable _ 
t o determine the attacker's poaitiom prior t9 thie, oiuce the y~~yo out, 
or the reverse .. roll P placea the att11cker i.-1 tllt! defender' o bU.nd· , apot ... • 
t ow~rd th~ un.dersid~ of his ~ircraft. At _the 270° point, if the defendc~ 
motes the ttacker's poeition sa beag toward t he rearp at the top of hie 

-eaaopy (by top of the?. canopy 1 we maon the· attacker ,ail l b~ bi -th~ hori.. , 
G!oo.; ~l plana 1hen t h.a dGfendc1: h ut t he 270° po'lnt of hio ;:oU) the a\!:~•. 
t ckcr lr s per f ormed~ :r:e.r.,~t'S - roll. If tha - ttacker · i~ in this po6 1.ti0Ga.: 
tho de fonder does uot colaiplete the roll. -Ia ta3d, , h0. perform.0 a hor:l q • 

zo~tal tum into th~ tt'4cka.r and forces Jaim·to overshoot, and diva@ for 
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eeparotion to gain airspeed and place the attacker in an overhead attack 
itll a ... (!gative delta mac.h (the de:cender do~a not attempt a scissors, as 

he does not have the &ir~pced after performing tb.e high-G roll). At the 
270° poi~t~ if th~ d~fender obae?Vee the attacker to be high and to the 
rear (by.being hfgh nd to the rear. we ll!l?'<an the atta.cke!' would be off 
the left 3ide of the ~aiopy iu a bi.ighoG xoU t o th~ lleft , .and off the 
right eide of t~e canopy in a high<-0 roll to th~ right by the defender) e 
The defende,~ tut'n.[i 18Ci' throug.~ th.e vet'ti(Cal plallle O under the stte.cker " 
reltmes G and div~&. for. sep&rationo To follow~ the attack~r must run out 
of hira nor:w 0 high yo 0 yo townx'd t:be diwitig d4!fander 0 s 1'i1..:lis 0 oa clock position. 
This allowrni ·he deifonder to gai.a laterd i:i.epsrat.ion amid placas the et• 
toek~r in an over~oad attack with~ negative delta mch . 

I.bi~ fil.&h:£L~~u t!~-"~~~~~!!!.: For 11i1:l~.:uHi11g th~ bighoG roll underneath, 
1 t ~ a .i.;~ .• um~ we hair~ a d::£,::n1;.'l.:i:::· :1.fi n dl!i!.:~r.iaiiwa turn with a11 attacker at 
sixcoo 1 clock il:l0:f.tle gun firing rm11go,. If the defender doe~ not have the 
nece~oary i~8pe~d to ~ec.uta a mighaG roll ow~r tbe top , he will be 
committed to high.c-0 roll u"'.'tderu1t tf.l •. Ia tb1o F 0 1.00 9 thi&l m~ana that if 
the defendcrae air~p~~d h&B dropp d below 300 knot~, he · enould. ot attempt 
the highqG roll owe~ the top. How~v~r! befo~~ ~e~uting tha roll und r~ 
n tH:h p he should 1M.int2in G, a.id allow M.£l wpt~~d to cU.osi.pate to 250 knot: 
or le1J~. W:f. th th~nM, condition.is pr vailh1a p the defender 1.:ihould imnGdiatoly 
a"'a:-t the htgh .. G zoll tM!.(".;Jr~entl'u 11'.:i am effort to riiha!te hie attacker., - Re 
Ghould not delay 9 o~herwi~e he will ~~p~ricnc~ con~iderable 5peed decny, 

enee en~omrd:er coll'!.si<lers.ble difficulty in e2t~cuting the uH.aneuverc To 
exocute ihe roll underneathp tfm~ defender ~i!;l!.t:aiwJ back prea~ur~ 11 tamploy 
rudd~t' in tlie dirt~c.;Uon of the t'oll .,. bottom rooder O all the iay around 
t e :roll O Ii: O!!~ .pi.."C'p~dy J th.e E' neuwE.?:r ur aeBcr.ibe a bar .. el--roll 
nd rne~tho To the et~acker, ju~t after the Ul:in®\.Wer he.8 ®tarted, it ill 

appear M a spB.t s. Thi.116 h thei re@ult of th@ high angle of Qttack 
geaeic&ted iu p4!r:fo-roing t~e maneuver (t!\\irJ d4\!tc:eption will cau~e the t.;. 
tacker to cut off iu am effort to comlt~t' '/mi@ oppol:llient 0 s apparent divs 
fo~ ~eparation. 1te cuto0ff will pl~ce th® ~tta~kar in a mteep uo~ec 
do-.m i:ttei.tude) e AFJ the def@?adcr 0118 pafJt -th~ ir.verte.d, nesruw~rticml ·• 
pofJi.tion, to thai co-;ipletion of tl'ne m.-;meuver Q l.i wiiigo ... lev@l sud a near• 
nctsa .. ievel attitude ,,. the atta~ke't'.' wUl @var.mho@t below th~ defender' a: 
lbic of flight a~ a fuiig!.llCK' 1"~1.mtive a:lr§pe~dl. • See· figure 36. Th~ ~t .... 
tacker ie :forced into dnigs cw~rt.1\w1J>t because l'uici eitieep nog,ie.,.down ttitude·­
combin~d with hi~ r~t® of roll snd/or tum O w~!c~ le depend~ t upoa the 
defcnder 0 8 rnt~ of roll e~d tum Q fo~~cg ~1m below•his opponent with a · 
hishe:r vect· r vnl{l'.1:fty ~long the eai~ of t'lme tifgmca-0 roil e . Result : 
At: the compl~tic~ of th~man~uver, th~ defo 1d~ir wiU b® above and ome• 
what toward tb.e remr of J1i13 opponemt.. To g!liill _ fiic:hig po~it::1.on, the 
d~fe.ider .ec.d roly rc:111 oiff or S dowii to tbie att&cker 1 !.il st.~ 0 0 -0 clock 
poaiUon. 

.. 
To crJW!f.:'!r the hiiBh.--0 roll umlen:llileath, it · is obvioue the attnckar 

CT:..' .. not e.e ,.er .t:!.! t:. illt~:Eip !-!oee .. low ~te:!.tude, tlmcin attempt to follo the 
~euvar. I~ ot~e~ worcla ha nu~t ~ot be d~~ei~ed-in recogni~ing the 

r.o1 'J. underneath e~ t..~ PLJU€l i: di ·e for. ~epnratia:lll. • To determine whether 
the ..,~meuv r. :l.a a roll m•.tlertneat:h or & dive for 12~pQ.r tio , the tt cker 
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-need ouly obs rve the dr,um1ico of the defender's initial move dowu aind 
out of the def'ensive turn. If the defander appe&ra to fly through his 
longitudinal rods, he is in a. di ,re for sep.tJ.rationo If he appears to 
pivot or rotote around his longitudinal axis, he is performing the high 0 

G,,roll underneath. The attacker muct observe the defeud~r ve.cy carefully 
to c&tch thic <lifferenceo If he do~s u~d uotes the defend~r ia rot&ting 
around hh lcmgit.udinel axh, he tIJhould not cut· off, inste d be can pull 
up, del:Ay ll'.omeutarily, tlll?!n foU.o,, the defemder u·out:d the roll . Thia 
will provide the att~cker th~ opportunity to play the ma~euver, hence 
prevent- .in ovt-nhoot bt!low the dcfen.der~ A11, a second alte1:native, the 
t;.ttacker ecin pull el:£ aad roll iu the opposite dfr~ction. By doing th.ia, 
he is not dependent upon~ G nnd ~ate of roll governed by d~fend~r vel• 
ocH:y, augl© off &,ld t"mige9 Inetead, the attackll!r can pull· er.a G ·nee.., · 
eiaary to play hie r~te of roll to r ~dw:_~ ~ector velocity ~nd prevent an 
overfihoot below the do.fende1:. If dc~e pt'operly, the reverse 0 roll \;°ill 
place the at:tackar at the d..,fender 0 ~ ,u;--oiclock position. At the com"" 
pletion of the defender's roll undcriAeath, the defend~r can move ag it:wt 
either. one of theae countera, by obs~r.ving the attacker's actionso If 
the attacker pullo o1:f to :l.nitiate either counJ:~r, tb.e defen.der does i.lOt 

cowplete the maneuvero In~tead, he r.elaxe$ G and diY~S for aeparationo 
If the attacker h pulling oH and up in either caoe, this will place 
him in an overhead attack uith a 11egative delta mach. However p the sep-­
aration gained in thio ~ituation. i~ aot as great a~ in the other over~ 
head attacks with & neg&tive delta ma.ch. Therefore a great deal more 
pressure ia exerted on the defend~r 1 unles$ he can deceive the att cker 
into following hio high<-0 barrel .. roll underneath. On the other hand, 
the highQG r.oll urderncath has advantag~ over tha high--G roll over th~ 
top bocause the defender C/;\ll obs~rve the attacker throughout moat of 
the maneuver, whereaa in 2 ~oll over the top, he cannot o .. Th1s means that 
if the ttacker cou~tera with a roll underneath, the d~fender c~n take 
immediate action~ wher~e.s in a roil ever the top, heh forced to the 
270° p~int before he can observ~ the nttacker 0 o countero 

lo Perfonn a defensive turn, in an 0ffort to force your attacker 
to overchooto If h~ does not, and ia within gun firing range at six 
o'clock (out 1.500 feet or leas) use the following procedure@,. 

2. BarreJ. ... roll over the top wi•hout: re:lcx:i.ng any G forceao Thill} 
requir~s extreme rudder control and very littl~ aileron mov~ment (see 
i:ectiou describing adverse ya't:Y)~ Thio maneuver will give you a rapid 
reduction in vector velocity nd provide a deceleration advantage b~m 
cause your line of flight will describe an arc obov~ the horizon, prior 
to your ...,ppon1:mt~sc Your opporHmt will be forced to bsrrel ... i:oll arcm:nd 
the outaide of your roll. Remember, you must have the n~ceo ary ~ir• 
peed (300 knotG or more in the FqlO~) before atnrting the maneuvaro 

3. Oboerve yo1..u: oppo•1cat Os poaition., When coming through the 
270° po1ut or down t.hc oppoaite @ide of the roll, keep coming in with 
top rudder nd get hi 1 Clf.$!1ittecl fo.to a no:3e~low ettitud~o - 105 
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4. Continue rolling end keep adding top rudder to increase 

your nosedu ~ttitudeo Ih~~ will forae your opponent to alide below 
and in front of you. 

5. CorsUnus menel~?ering to s~in tbira .sidwantag® ae your opponent 
slides below and forward. Bit.her roll off or S cloml into hi~ ai~• 
o 1clo~k poaitionG 

60 Try to keep your opponent in 0ight th~oughout the msneuvero 
Be sure·you hGve him in aight.aa you r~e.~h the 2100 point. "£ he io 
at the top of your canopy» and to the rear» maneuver o.oJtij i!Mi4 
b~low. • 

7~ Dis~ontinue your roll out ir.t the 210° point E.n.d tut·n through 
t e horizontal plsna into the ~it~ck. You~ opponent, having acco m 

liohed a reverse roll..,off will be ~~t m angle-off i :i'..n th£:: b.orizontul 
plane , when you are at the 2i~o pclinto 'to count11;r the revet'Be roll ... 
off, you must turn into the attack at tnia point. 

80 Force your opponent into n overortoot g it. the horizontal 
plane O then relwt G, light -fterburner ~o dive for separ~tiono If 
the attr.\Cker ~ttempts,to tum in behind yous you uill be placed in 
n overhead attack with a negatived lta ru~cho Do not attempt a 

scissor msnel.W r after your oppousut overshoots,, You~~ bove 
enough maneuvering airspeed to suci:;:eoafu ly ~mploy it.o • 

9. If ym,•t· opponent ia nose ... high 1.n a youyo .m neuvat' (with 
noae .. tail sepir -tion) at the 2700 point 0 ~urn 180° through the verti"' 
cal plsne, rela G, light afterburner &nd diva for separation. If 
the at_t,..cker c.ttempte to fo11ou, he m.11 be pl~ccd in .sn overhaad 
attack with a n<agative delta mf.l~h"' 

. 10. Continue your rollD at thia 270° point~ if your opponent 
does not yo~yo out into an ~treme no0e 0 hiGh attitude~ Since he 
has ailed to zoom aufficiently i_n th-a vertical 'pl~ne, hie vaetor 
veloc1.ty ~ along the CJtia of the ioll 8 w111 be gr.ei~ter thi:.m. yours., 
Thia will force b1.m forward and &i~e you to the reeilt' snd b~low biD.10 

11 o li&neuver (low-opeed yo 0 yo) for ~ firing pos_itiono 

1., Perfotm a dafensive turn 9 iu w effor:t to foicce your sttscker 
into an overshoot. If you elX'i!':! unable to do t.io, and you ar• within 
the speed reqoit>ement for the hi.gboG roll ndern-2 tb {250 knots or· , 
les in the F~lOO) employ the following prix:edureao 

2,. Roll l.tndern-ath nithout refoasing any G forc~o This will 
prevent any subsequ~mt :tncICeal'Je in airepr ed e'i."!d tend to deceive your 
oppo ~nt into thinking you ure ttempting a dive for sepsrationo 
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3. Rold t·l.ll~d~r in t.b<a d.il'$~\tiir.;,'ril !OJ .. th.a r.oU .mll · the -way around 
the !:'oll ~ni;j\ ph,·1· --c~-8~ to. d;;~<e'i~,~ yo~lt' 1C>ppon11:;nt . By holding rudder, 
you wil 1 !olu-r:<s:e~,,;,i;;~J;.JL, i;ic~:fo:rm '.t~J® lbd..g'.fre 0 G 1r-0H \lJJ~,dlemtS~&:h without 
f0Hireg C'l.llt i:rintoi .i;l $ltil!l®p ~%{()11-SJ •. 0 ],(Cl\W ~P,lLltoJt1 ~rJ\\11 12 !S!l!Jll'l&l@~\!Jl!l=nt: l"!JflfJ;f track .. 
iug 1;;101utic~'1lo Xf yc·ui-n: op,rf,.Q)'..'!;~m;t w~~ d~~~d.s;;,;&;d ilffit,;ii ~lllltting of£» he 
'iri.1 l b,:1?; J:oir,iif!d 112:J: .Q.,~· yvi·\ll irm &'ill tiJlbwivuiltl ow~nho©f!: o If this occurs, 
maniauweir s.:ei :o;'l,:/J.1;inc.d \b&lLio, 10 

4e {C!uW1])Jl1~!t;~ tlhie t'CCPU &:oi ® Willllg~ 0 ].~wie:Il. ~ !1\0>:sli!'; 0 l~\\jl~ll. ~ttU:udeo 
The aU.s:t©k~t' ,dll b~ it'll ~.-nia;ai@..,ll.iLJiW stitif;\!.Bt© 1b,~l~~ yo'Olr line of flig~t 
wU:1m &il hligl\ii~r '{,918@tol.'C' W®lo,t;iltyo 

5. '.l:'iimg o/O!'l'alr Siilr·~t'8°f1t ;€:OJ .s 1iJC~® 0 1llig\,l £:1tC.i&:1llid1?.I) th/Sn roll off 
to\'\l&Jr.d tfru~ li!lt\ts;\\;;ket·0 W !!ii:t;.,~~, 0~1oc:k pioiai!tti~Lrio 

60 If the .;ittcii~k®r :ti.~ rmot de~ ,i·w-~(d1 ilnlt.:J cv.lltidrag; {~ff and follow-­
ing yo'Ulv -,dtsr Y,IO:~ inUb11t@ tlb1@ n,U O ~MJP,fo:ir tfui~ foll.lowing procedure.: 

7 e Diait1:.~nti.nU1& tlme roU O :t'®l&'i!,, G 9 Hilmt ®ft®rtlliil1l!ti!M:lr !'i!n.d dive 
fo~ &ll~XlJS!.l'ii>U.00 0 ·~!.ru?n ;{Qtn IQ\W0Cfll!:'W® f©llll' op)Pl(!J}r~~nt lf!l%J!Uing up to delay, 
oir t~ ~1::vie:riB®=lftniU a Thb wU.l p:il.£~111; th~ t:1U$l©kiei· tin &in owerhead 
sit tock ltlit:lbi im Xll\'!,g.9lUvm ci'.®1t.s1 W,'.l:il~lmo !llowwisr v W©p1idll!.'~Uoii will not ba 
gretBt 1) t:m~rr~f:~:r~ pr.','B);ll.sllt'~ t<a> l(';(!J)UJJ!ll&:®!' aziy &iuiktsi~r.;i~ein\t .si~ t ion. 

U-ae:11 new Q)~nr int~ll':'&9&: lm~$3 't..i!!tSilrn (ll:Lir.<s:«::tei,dl ll:c th~ off~naive end 
c.efeu~i.we lts,w;:U©s iruwii1>!V$1~ iira l!;'tfl&~=l'm..simisipfu11~:re 13!U.s~k6Jo Now we will 
con~et"!ft cri.lllf~®]. we~ ',.¥ift:lm T.{1JUJ@ll:'irll~lhl~i&ipfu1~lf'1ll ,'!!fl: t®<t:k$1 o fr0<m e:itperience, 
•e kno~ mrM;l~J f!g~t~r-w~r~~~~fig)'mt@r ~~g~g~~ntw ~t~~t wit~ the oppoo 0 

irig fighte:)1"~ ~PJP>XO~©'!!iing rs~,(S!b ©th,sirc ~ 'lil~ffi~<->eJ.i~-ct~t' J?itllel!tiono Sillce 
e:bli,e b fuie e;!t1!s\le 9 it lli1~fu:,r.i,0~7,IDgt 1!.ll~ 0 $1Zl fi.~~@lt' rUc&:~ 1 1to undierstand 
the tsi1c.U(:.;i Wti&~~s& \1:((l) gS:im ru1:'!l ,1,1,:dhr.,rul\Jl:.iJlf.l:;tfJ_...'frtiw. tfhli@_ p((»6llitir.;'lno E'.en~e ~ 
the ll.'IE';ll!ltffiii--..Jl@ir 6~ dcr:r dli.Ec'll\tJ:@k•:!~ i, i'.rJ IJii,;fu;f,ii'i!' u'i..£:~@,;i>.1•~~:1'i' j,; \wU l be con"' 
~er.·~ei©t w:ta:fm thir.,i imctJ!S®~\ill.ffiK't®Z' iltt-11:itko 1.l'mi~ \liliU ©0>:rupl~t@ the maneu 0 

vering sill~z~e: ~i Hgtt!:sit-V$'1'~1!J~=i~;'l.gbtiaK' cs:<e-,nltl~il: !inc& ~lt'\;lpit.g,re u~ :fo!' 
the oit:R'n<)r eJl.15.t"l,tnt~ @f Hglrut~t'-"&'6:lfIB\!.il~ -Ugfmtt~K' op~r.!!il: i1:n1:j-'Ji' ec tic al 
FoX'm9J,io,11 &!itd WI~:lg;)u&: 'it'®'~ U~tt o 

'!'o ur.irdl@l'etwd lill-o~ w...e ml.ll@&: $~1im &i:m 1.'il1illW,!Ji!l'\;tt;,mg® from ai nioa®~•J.\iig-ter 
atitoSl©k v x~e: 0 

81 ~~t:~i:: 'ibl~,ck 8:.:l> cOl'l.illf ©@l"...tlE!f!t ~il: t'illlm 1om.idl '0'elooU:y" You 
will r~ttsiU D ~".&l fn"M:is&. t'~<-Bl!'.'~ atitie ©~11' tw.i, lbls@k tlmirmgsi thsit an 
att~cket' oir .li1 cilete!ie~@r ©.!:.!XP. d<OJ irs ~ll:'.ol<er to g:iaiil'.i\ 1e1!li\ .m@w~lli\fe.lllge P change 
dils:'ecti~m. {tt:iffi) e~d/ort ~«ilt1tAg;~ w~ll(;.©itt:Jo Ap,,lly1iliilg ttlh\e~iF; principles 
!n a !O!Ol~ 0 1ll(til.Slt'\t~t' SJ.tt1£•:r;;k~ w.e klllltJ¾' itilll~&: ol1l giw~n l!l1Ulfil©k®r l!l.lUISt maneu ... 
ver- f.ri.it:~ i!:t® <£~!!,'Cl lair '%"~Jl.ia,~ U:y ~t>~'C•~ itil t&11z it®.21R' fra\i/1~spbl,erl2! of his 
oppo._ .~nt 9 to f&r\llet,%l@ftllUy !~·:,i'.in.ttTm G,.l\!i0 8 ~it' l&tfili~>fl:r o!IX'il teff.Glctive 2 rnI!l 

canri' ;:'( 'b,l.'lll'Elto l!Cii ~ lt'M:V8J-!lct:J'l;lt\llil;'\1:®l!;' lfl,(st~'il'.9 fl:.l\ilb W,J~®m)$l am c)31Q:tackar will 
n~e<l , ei~¥.i&ilte1nti&l lt't:st:~ <1))~- !t'llit"llil n ~ Bt'n~ll.Jl !t,zn. '!l;'/61,i:hui sind I'! clo@fog 
Vlillv y to g~f..r..i kt@ @P,jlll!}1!:IS:!l1t O 8l 0~.:1;~0, " ,<:il.,u~k ~(Q)~)iU!i))li:la If the attack~ 
er f to m.1:.~.!'Jll:,V ;ir: !llo itkll:o.ie lh~ lii';s•qllllliTl.!'s~ $1H fr::ftiilt'~:e of ti::llMilBe fsctore, 
he u. ,;·eir gSJin &iL'il c!llU~:tidtsg.e o w~><:r.::P~ -w~&: ~ lhe: ~Y JPlt'o1.dde hio 
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opponent an advantage. With thio in mind, let's assume an attacker 
notes he is approaching an opponent from a noae~quarter position$ 
The moment the attacker visually acquires his target, he &hould 
dive and light afterburner to gain an airapeed advantage. The disa 
tance he dives ill depend upon the aircraft's accelerat:!.on &nd zoom 
capabilities (in the p .. 100, he can dive from 5 to 10,000 foet belou 
his target). The airspeed gained from this maneuver will provide 
the attacker a greater forthcoming zoom than if he had maintained 
straightmand-level flight~ The zoom will provide h m freedom of 
maneuver in the vertical plane~ so that he may cffect.ively use the 
force of gravity to increase his rste of turn and reduce hie turn ·1 

radius along the horizontal a:.ds. Another advantage acquired by 
thiG dive maneuv.ar ia the element of surprise. The dive framer;; hia 
oppoo~nt against blue sky and frames the attacker against the ground 
(asauming the attacker's opponent d.oes not counter with a like ma .. 
neuver). From e:1-;:,perience, we know it io generally more difficult to 
maintain visuat contact with an adversary framed agairat the zrouud. 
In view of this, the attacker's opponent may fail to maintain vis-
ual contact (especially at long range before the dive 1D.&neuver is 
executed). ~he possible lack of visual contact enables the attacker 
to set up the next stage of his m3neuver ~ a turn for an offset in 
the horizontal plane. If the defender fails to maintain vieual con­
tact, the attacker will easily generate this offset. To the attacker 
this is the first indication of whether or not the defender actually 
has contact (if not, the defender vill fsil to turn, therefore fail 
to prevent the attacker from achieving his offset point). Assuming 
the defender failB to cou~ter, this places the attacker below and 
off to one.side of his opponent, on an anti~parallel course. The 
attacker, with an airspeed dvantage, is now in position to ex"'cute a 
turn through the vertical and horizontal plane towards the rear hemi• 
sphere of his opponent. Since the attacker is below his opponent, 
he may start the maneuver before the defender reaches his line-
abr ast position. See figure 37. The attacker will then execute 
.a cha~delle-type maneuver (high .. spced yoRyo) toward his opponento 
The chandelle diminishes airspeed and reduces horizontal tum radiuso 
This will prevent an overshoot, however !twill reduce his rate of turn 
and diminish his closing velocity, aa he approaches the defende.r's-
rear hemiophere. To prevent the defender from achieving considerable 
longitudinal separation, and to increaca the attacker's turn i:.ate 
toward· the defender's sixuo 1 clock position , the attacker should turn 
down through the vertical plane (low .. speed yo-yo) toward the defender's 
oix~o'clock-low position. See figure 38 9 The turn down thro gh the 
vertical plane enables the attacker to effectively use the force of 
gravity in achi~ving an increase in.airspeed and turn rate and a 
decrease in turn rad5.us. If the defender fail~ _to counter~ the 
attacker need only drive in, underneath him, and set up for a GAR•8 
attack. If the defender counters with a turn or pull 0 up, aft~r the 

·attacker hao initi ted his chandelle from hia off$et point, the 
attacker .still has the advantage, He n~cd only shallo~ cut hio 
c anJelle and _zoom more through the ver. :!.ca_ plane. This will cn° 
able him to 1>lay his opponent I s counter and di.min! '"'h hi.s horizontal turn 
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-radiua. llowe,rer, once again~ this will decrease his airspeed, 
h~nce, decrease his turn rate aa long as he remains in the zoom. 
Therefore to gain airspeed and a more rapid change of direction 
(tutn rate) than his opponent» he should u~e the force of gravity 
to tum dawn through the verti<e:&l phne irnto £1 low-speed YO"'YO 
bdow h.:ts oppon~nt O e Hn~ of flight o Thb will place him inaidia 
his opponent 0 s turn at a ~educed ~~gle=off withs higher airspeedo 
To further reduce angle~off an~ longitudinal eeparationp the 
attacker need only repe~t the ~oom and dive b~low hio oppo~ent 18 

HtMl_ of fl:!.ght» or zoom ~nd p<!!r:foi."t!l th<a barrd"'roll attack (e roll ... 
e:way maneuver) toward his oppo11ent 0e six~ovclock ... J.cw position.,. -
Ev~n if tbe defender counteir<->d in like manner, after the attacker 
st•ert:ed to zoom from below ~nd out to the side, the attacker would 
eventual1y ga n the &dv~~tillg~» e n~e his initial dive for airspeed 
&nd hie offaet giv~ bim ell rn«ll:lliau':,et'iug aclvanta.geo The dive for 
sirS1pee?d pt·ov:1.d..es ari. .d.t'8p>IB~d .u.rud U'.!.l\tce of turn advcinte.ge o The off~ 
set below providee an initial ma~eu~ering advantageo 

To effectively counter .!ll rno11e°"lluar.ter attack of this natm:~, 
~he d\i!lferad~;: mul5it de~:tde wh°t.attiica&' he is t1'.'yir.g to a·~o:td - fight er 
-to gain a killo In eiths~ ca6~» when the attacker eta~ts to diva 
for aiirspeed and a po,osible off sett, tlue defender should counter in 
like mauuero Thie will p~e.vent the attm~ker from gaining au air~ 
speed advcmtageo It ',-Yill e1leo pre·vent him from &ttempti11.g an off 0 

., ,: set, e1~e li\1-t:lt a rnsneuver under these ~onditions muld be the same 
,'.· as reducing the defenderP e smgl~-off. Thi.a wUl provide the ,fa ... 

fender some advantageo Now if ths attacker approaches and sta;:t:s 
to move paat the d,ei:'ender 9 he muet decide if he i6 t1:ying to avoid 
a fight or not9 If he ia attempting to avoid a fight, he should 
push ov~r and dive for oepar~tion 9 6ID the ettacker &ttempta to 
~oom 9 turn 8 then div~ fo~ s ai~~oijclock positiono Thii man~uv~r 
by the defender ~ill plsee th$ ~tt~ck~r in an ov~rh~ad att&ck with 
e negative d~l~a machv with ~~t'-;'.?m~ longitudinal separation. The 
~ttacker uill b~ unable to ~lo~e for a mis~ll~ attacko On the other 
handp if the defend.er decides to ~tay snd fight» he should 2:oom and 
dive in the msuner we ju~t di$cueBed 9 in an effort to esin an ad~ 
vantage. If the attacker ia a~ ~killful aa the d~fender 9 in emw 
ploying this tecbniqus 9 this might not be a wise decision. 

If th.a defender desiree to ~ounter i;in attscker xltJo has already 
offset below and to the side, for his forthcoming zoom and dive 9 the 
defender shouJld turn to"4i3lt'd tllle offaet artd div.s for sep~rs,tiono 
Sine~ the att&cker nr..tst pe·cform _a 1 lSCl0 .e~~rl.gt!:; o.f ., _\ii~"!:.ti•J;a'~. this 
~tu.' ph.C6 him in 8.U overheiad si~t~r~k with a negatiVEi delta mach • 
with ·•e1d:!'~e 1ongitudin~l eepal'~ftion" If th.a defender attempts to. 
s~sy ,.~nd Heht 9 inete&d of diviing for eeparstion~ the attacke:r • • 

• wU·l ' • ~vcntuelly gdn th~ adv~!lltage because of bio higher airspeed 
and bett~r position 'in thi.o t~itustion 9 wre aHuma the attacker will 
employ th~ proper zo~m and dive techniques to ~in an advantage)o -_, 
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1. Light fterburner &nd dive ii.mllediately belou your oppon~nt 

to gain energy for yo"ur forthcoming zoom and maneuverability in the 
vertical planea A di\re ritdow. '.'LU also provide you the olem nt of . 
surpr1.oc ne.eda1d for your ne1:t move. 

2. Turn to sn offcet point in tho hori~ontal plane. 1'hio will 
place you below and out to the uide of your opponent on an nt1• 
pnr llel couroc. If your opponent fnilo to eounte~p you ~"111 have 
a maneuvering adv nt ge in term!J of ooitiou oa ~r~ll as ir peoo. 
In tbie event mploy the rollotri.ng procedure. 

3. Start a chandella t~~ard your oppon~nt~ 00 that you ir.tll be 
naar the 90° point of the e::hnndelh hen you re appro::dmr.tely 90° 
angle~of f from y ur opponent. This m~nouvm: mll reduce you.r tum 
r.adiua. and decrease your iropeed . ' 

4. Turn through the vertical pl~ne out of the eh delle, in~ 
side and below your opponent's lin~ of fli~t, toward hia aix­
orcloc -low position. ,~.Anturn :hrough the er.t1c'11 plane nu.bl~s 
you to gain your opponent'o oix-:-0'clock-low po, ition thout trGme 
longitudinal Bcparatiou and a possible flight path ovor hoot in the 
horizontal pl£ne. since you inerc&G~ your ai pQed end tu~ rate, 
rind t the suma time, further raduce your tur~ radi~oe ?o 6Uin 
maxim.um e£f~tp a tui~ r:lu:ousb. the v x-tical pl~ne sl!ould be init:tm;ec.1 
sa you pQaB the goo point of your chandellc. 

So Acc~l@rate below your opponent for G.An.•8 ott&ck from aL~­
o'elock- ow. If your opponent counte~o ~'i.th defensive turn or a 
pullaoup agGinet your dive towards out-o'clock-low position. employ 
the foll01:~ing procedures. 

6. Pull up and zoom from your;in~ida~low position and ~epeat 
the zoom•dive technique to gain an advantsg~or barrol roll (roll~ 
auay) out of the zoom toward your opponent's suc•o' clock-lotf poai 0 

t1on. Generally, the roll cos ia)T will enable you to gain yout' oppon"' 
ent•a oix-o'clcck-low poaitio,1 more quickly. Ho.,.;averf the zoom ... 
dive technique may be more appropriote if you hori~ontally overshoot 
your opponent 0 o flight p th on· the zoom, and he di eo for cparation, 
aft~r the overGhoot. 

~~..:_!s for Countering the Nose..gua.,!ter Attack 

l. ,Dive tho instant your opponent divas~ to pr0vent him from 
gaining n ait"opeed and a pcsa1.bl_e. offoet advootage. . 

2. Do not allow your opponent to offs to If he attempts to 
do so~ tum tcmard the d:l.r0ction of the offoet. '.l'hio ~Till reduce 
your ngl •off tow rd • il'J':'sbiJ..o 'w.>et{(l ~ i~1on:i~1h.313(!o,~'t;t ,~, '1'0U:i a 
slig t a.a.vantage~· il,_ he offcets (under these ci·rcumatanc<!a ~ he moat 
likely will not attc~pt_it). -
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3o Decide if you will avoid a fighter-versus-fighter engage• 
roont,!l or tH:e,,y and f:tghtG If you wish to avoid tbe engagement, simply 
i;m.eh ovex:- and d:Lv·e for separation aa your opponent moves past you 
ou a11 anti"'p~rollel courr;eo Since your opponent must perform a 1800 
chonge of direct.ion, this will pLovide you autreme longitudinal 1epa 0 

r,tticm oirt:m.<le GAll. 0 8 r&nge., If you wish to stay and fight, employ 
tfae follc;w:i.ng procedtn:as .., 

4 .. _Pul l up ~nd reoomi in the vartical plru:iep toward your op~ 
_pouent "" afl your opponent etmrte to move pmst your Une 0 abreast 
poa!t!.on on an anti.,.pm:idlel cotn:ee ;. to reduce yougo horizontal 
t;m~·n. .iccliur·" 'ffhil , in the ~oom, your airsii'eed· and turn rate will 

act'eeri:a.. ~f1ierc:foze, to acquire s rrapid cbango of direction nd 
to r,;.eeele1e·at(:; tow~rd :0,,1,te opponeiit 0 s si~-c'elock position~ employ 
tbe procedt.n:'EH,l u Hued in t~~ :followi.ni p.,u:agraph o 

So Dive OU~ of yout'-ll'.01:)!ln J below your opponent's U.ne of 
flight, :h-1. an attempt to gain a six•o u clockcolow poaitio~o . If your 
opponent,, fails to emulate your ... oom'-'4ive techniqu~ , you <rill gain 
an aavantn!:;e by reducing angle-off and moving toward hii iji~e~loek 
poo:U:iono From thh position, yoµ need only repe!Slt the- proceH or 
employ the bo..r,..e1 .. roll attiic:k to move in for the kill., , If your 
oppo!.lent em.date~ your zoom"-'tiive t-~chnique, you m.ll 1ro e;italem.~ted. 
If th!c te. the oituatiou~ you must use your own judgmeut to det~r.~ 
mine w°.a<:;ther you ohoufir t:'ontinue· to Hsht or break off, the em.gage,~ 

; 
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-CHAP.'!E'll II 

ln ai!.'eto 0 8_t' combat ~..fl,,WY.:i.mecy purp.?~e of ta.cUcsl fot"rllation 
18 t~.:oltdo (0 'ro pro•,ride :$e~.ud.ty 2.g:a:ln!Bt afl:t&c.kGi k1y enemy 
f ighteri'1 9 and (i) To conduc:t off.~miiwe oper1!itiu11s sguinBt enemy 
bombers trrld/or· figbterso To g&t.l'.ll 'ili/<.!Jifttr:':r.:~:,,.,any fot"nla.t ·on x:rust be 
able to detect the et.t.mck and ~nsll!lvr:,r ag.\1h1st it bef.,re the 
attackers a.:.:ld.eive a leth::nl pc,f>i:!.tiitmo This mu1.no t:rwt 1:he fo~., 
tion must be eo ~on.8tru-:;to,i th.:,-:t • it ha~ a le;ck=c~t doctrine c.apsble 
of picking up ~tt&)ki g £igri'.'.l':~rn iJit:i\'I. ~i!' 0 toc.•air rui.s;!d.lee 'Ctoi."' 

they are 'Hi.thin l.;;,mct~ t'l!!ig::i., M:. tfoe ;;1t--ma t:l..me, tb:!.9 for.naticm 
must o@eeas dmr:Sl~tarfat:Le cf ro .... ne.u<:.v~rabi11.ty and mutual support 
so i:1'.ftt Ht can cc, ntq;r th:a s.tt.:::::)k ar.; W\';11 as ees it o 'Iheae smn~ 
char,1M::t~dsticb3 are !U:CGS£Jt1Ff ~9~1~01nii~t. offonaive ,dr 0 t.o .. air opera= 
tiono .. 

To gein mmtinrum lookor~t ~e@u&ity ®g~inet a rear-hemiophere 
attack, the flight 11ru.~t be so ~o~~tr~~t~d that visu$l cross~cover 
is the nu:mimum atil:G:lnsblie o !wo meam.i by. ~~:f.ch a formntion can in"' 
c~e~ae it@ visual cro~@ 0 ~~w~r ~r.~: (R» Iu....~~e~ss th~ number of 
air.~raft w1.th.1n. tfoie b.!l:Bi~ 'lru,:niezm,edng forn&tion)l ~nd P (2) Plece 
these t:1:i. ciraft: H-.'l.e: 0 .mbre~cit a.t definit<a i.i.tervala to :tucrease the 
field of ~t·oi~Qeeover,, lly irot1.·e:@siing f;he m.mtb3r oi: aircraft:, "tre 
provide mo• e fi:f.gb.t ma;nb~,:-e e:owring the irear. hemiaphere G If \aS 

stack the: .fH.gbt Hn~ 0 tab!'east ~ ws prov'!t.1.e greater cx.·os~"'c.over, 
thus incr~~sing ~he prob@hility oi d~te~t~ng ~ re~r~h2mi~?here 
a ttacko '1:hh means that ve im:r,ea&1e look..,ou.t eeeuri.ty s 1-JUt st 
the omne timiPt we de© l."e@&1e uw.nti,.wek'~b:O. it::y o 'ro r.untimi~e nianeuve l'q 

ab:1.lity&· a flight ID'..&Gt ~o.-.,~if!1S: oi M f~·;,1 mernbet"s as pooeible ( a 
single airer.sit is moi'® nw.iemiwe;cabl® th~n any foma.t:.lon conaif:lting 
of more than one a:lrcr~i'0 '-l!Yith thvaee m~-:G1:'tll~1·i, [j&acked in ... trnilo 
from ~:;i:periertl:!a w.a know th.st ,l.m,~1.11 the n.mru:-~er within the flight is 
reduced~ it be(;!oo.~.J .s.i.aim: for: the m'ombi-srg, to k•?tSp tre~k and a.void 
one l':&'tiothwr ch.it'ing tltKy m.,,".?n.<FJ~Jni.Sll"i.~g ~iragag~m-?.:nt e Expa:tience aho 
indicetee;1 it is mi:6h ~!lsier to Y.Ganeuwet· 1.xi"'tr,d.l a@ opposed to 
lineQ~breset formsit1ono 

In or.der to J!Jc-:~ti'li'g;~ 1H~i:tsrity and roari©~ett·abil:!.ty ~ we muat 
compromiee 'bet :eism ma&iw.JUt lonk 0 oot sc~urtty Q·~d mm!:l.tnum maneuver"' 
ability. Tlte extent of the ~omp:cO'lllise YJ.S@d6:d will determine the 
type forrrmtion flown in ~i f ighter""lreramg""fight~r engsgament o The 
in~rea~~d r~nge of GAR0 8, ~~ oppo8ed io t~e 20nm csnnon, forces us 
to construct a formmtion :i.~ ,;;-;'s:Ai~h the comp~omhe fa.vora lookcout 
security. Thia means the foK'!Mltion m.11 bg flown rery neady line• 
abr.east &ta ~pecified intexvffil t.o pi~tt ~P ~ miaaile attack at 
r anges of greater t:lum 15 POOO fo1et. To m~irrcdn ?rullr.~uverabil:U:y 
and mutusl oupport:, tb.a abs of the, fott'.stfon nrust oo re6tdcted to 
no m.ot>e than :out' eiircr~ft. . If s nhm,..ie • gt'enter du.u.i four b em• 
ployed » maneuverability · $)md m.sti.81 &i'!JP?Or'.'i: become difficult and 
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-complicated o On the other hand, if leas than t~o aircraft ore 
employed$ the look"-'Out cnpability is reduced and mutual aupport 
becomes ~npossible ~ Therefora , to provide look""Out security and 
maneuverability, a formation of two , three,ot" four ei.rcraft must 
be e_m.p l oyedo 

The three-r:hi.p flight~ with a leader and ti10 "Wingmen, has been 
evaluated many tim~s throughout the history of fighter ev:i.ation . 
I n apit.e of nu:my at.tcmpte to p,ropoe:e a threa..-ahip £11.ght "' in 
var ious conf:tgurationo ., as s combst formJ.ttion, it he.ts never beeil 

~t®no,.vely employed•.,· Reason : A thrae-ahip flight» • itu flsnkf. g 
wingmen~ provides e:rcellent look 0 out capability L1 tb.a ,:-,"!,;: L. ... :d .... 
sphere on a combat air ptttrol; ho·-:ever, .·1hen ll:hi~ :fotmatiou dt::to,:.:co 
an attaek end maneuvers agBinet it, the result 1:-.aa ah~ays :..-aen. t:hz 
arune "chaoso The wingmen con.not keep trcck and avoid one ano~hsr 

• while m neuvering in respec-c to their leader and their attackerso 
Result : One or the other of the wingmen is forced out of the formaw 
t i on and flight i ntegrity i~ brokano The attackers simply drive in 
and t ake the single, then maneuver after the element ft.er having 
dest r oyed the aingle, .or ha\!:i:ag for~·ecl ,M.m.'out of· d1e . fight•.; On the 

tt:sck $ where hard combE1t: maneuvering i& necessary, ilieht :Lt1i::e·grii::y 
disappears j ust as it did wkten maneuvering· on the defen ive o 

As i ndicated previr.;u!ily·9 th0 'two •Bhip .•fomotion :~- uld, . o ®': ma• 
neuverable than any other type wa ay employ ~ Our problem in using 
t bia type formation is to provide cxtenGive look out aecurity in 
order to detect a possible missile attscko If we stack the formaQ 
t ion l:lne ... abreaat 9 ue must provide sufficient intarval so the elc~"' 
ent can detect a rnisaile ~tt~ck at ranges of gre&tcr than 15,000 

f eet o In order thut this may be accomplished, the flight muGt 
epre~d about 2500 feet aparto A disadvv.ntage of a spread of this 
'fi1 gnitude ie quickly apparenta lniti l maneuverability 1a reduced 
sfter detecting the sttack in the rear hemisphereo When the mis~ 
s i le Ps limit ~tion is known, t.hie mnneuverability dioedvanta3e is 
not as great as it ~ppeare (remember,to defend against a mi Gile 
attack at long rsnge» we naed angui r velocity plus ai~ peea, 
not a smD.11 tut-n r~dius and a low Qirapeed)o Thia ~aani that m.Q. 0 

neuvaro~ility ia not requir~d to the sa:zne extent aa in gun tuctics . 
i th thio in mind, we can oafely ~ccept an initial maneuv~rability 

r ea t riction; how~ver, the real dieadvmitage of the two-ship flight 
concerns look<»0ut eecurityo With ouly two ships, tho 1.ead~r of 
t hia formation must: spend a gre.it deal of time lqoldug to the rearp 
rather than looking for enemy targots. In tarms of look.;,out .:.cap~ 
bil ity, this mean8 a loan in offensive pot ntiale If tis lose 

ean be accept d, along with reduced initi 1 maneµverability, tha 
t wo- ship fl i ght may 'e empl~yed aa a basic maneuv ring foL"'lill:ltion~. 

? o mpl oy the element correctly, without acrifieing man0uver 0 

bilil'::y beyond initiel maneuvarability, the uingman muat 'lmo\7 how 
to position himself during 11 caneuver. On pat~ol; prior to 
i ni t:ttll co1.,t ct P tha wingman will maintain the poaU:iomJ.' rBp .cified 
above O l ino~ hrcsot and abo~t 2500 foet o~to ~~i~i turn.o, the - u s 



-i1insman will play th~ outaidli! I.is 1.rell s the inside -of the turn, 
in order to mintain poeition (Thie ~-rill not be too difficult be• 
ca.u e the mane-uvera exeeuted~ p~ior to contact, will not be of the 
wmimum~pcrfox-mance variacy).. To llow the wingman t0 e·asily m,ni,n ... 
tain his! posi.t1.on and to pi:ovide ad~quat:e rearward covciage, the ... ,. 

int,nau ro:uat ma.n1::uvcr throu;e,h both the horizontal and vsrti.c;.-&l ( f 
plsneao If the leader pe!':folt1n3 a turn ~ay f.rom the 'i11ingman" t.Ju '., 

ingmg.n lowata hio noee and cuts to the inaide., '!'bill procedure(_ \ 
allO"wa the wingm11n to reduce hie ho~izontsl turning component mid 1 
at the s&ue ti\".lli?, provid~e him a r .t~ of ~losu'!!:'e; so he ··Ul not\ ., 
be atraggling behind hia lender. Asf the ingman moves inside, sna. 
low toward the lcader'a lina~soraant position, he should play hio 
crooc ... ov r o that he do a not eroso in front of bfo- le dar. · a. • 
hould croaa to- the outeide,., a Ude • igh and fly in the plane of 

th~ leader~ :(f th:1.1.i croBa""Ovez- te;,ehnique i employed duri s ..,,U 
turns p the ~in.groan ml 1 cl~gcribe a circular mo C:>,:(:'!nt in tl o plan@ 
of the lea&er1 s ai_er~ftp se3 fi ure.39. On the outside of th!a 
circle the ~'<ingmsn Will loca ~i4opeed ood olida to the rear. On 
the inside~ the uingxnoo ~till gain ai~epeed and move forwar':l.. In 
effoct,.the.wiu~i is employing the low-opeed snd th~ high- peed 
yo•yo me a:macno of maintaining poaitionp and providing ufficient 
vipual croa~~ov0rage •. ~t the oam~ time 5 tni~ maneuver ~ill enaole 
the leader to cover his uingman» whether he be on the out ido r on. 
the inaide of tue turno Xf the ini~ial tum, by the leader, 1a to• 
lT<'U:d the wingman, the ingman trll 1 be unable to e~oaa over behind 
and underneath his l~adero • Xn thia ait\Ult.ion, t e ~wingmc.n u t ,utl 
up, play the l<1;adar' s tum and c.ross to the outside, above and bo"" 
hind the p ene of tha leader's atrc·raft. Aft'cr eh&_ initial croo, ... 
. over, the wingman employs the techniques apeeified hove for the . 
• remsind r. of hh croso~verBo • 

. Uheu maneu.vero approach ma:dmum perfo..,:nancep the wingman rl.11 
be unable to meintein the loose position implied in patrol fonviw 
tion. tie uill 'fje forced into a H.ghting poaition,· in a ruirrow · 
cone, behind the leader's ai~cr~ft. In ord~r to r~iil t#..th the 
le d0r and, ~t the eeme time, pro~ide renruard ~overage m _ inaide 
tbis narrow cone~ he ~ill~ forced to osume a pom~tion clooer, 
to the tail of the 'leader0 o a.ircr<1ft. Aa w·e define it:, the fight"' 
ing poaition is any place within a 60° cone with the wingman ap~xoxim 
mate!y 1000 fe.et behind th~ leader. To maintain position, :ln this, 
cone, t:.he wingman amploys the sama ma!\euverh1g t:cd:mi ues ich ha 
used in patrol fo1'"lrultiono ftle maneu~er~ t~r.ough both the v~rtical 
and horb:ontal plan~s) o • During max ma.rum •er » if the m.ngm.:m . 
attempts to maneuver. V'f-rJ m'l.'ich ot,tside th2 con£ines of thi eone, 
e will find -1~ diffi~~ to nuaLt:tt~iu ~o 1t1on and alao provide 

reaNard visual c:o,,,are.go. ''!ba p;i~. duty .of the vingm..an: ffl'iile 
in Hght.ing position h to provide visual coverage to the rear, 
bile the lc·auer is concentrating o·n mAn"'luvering for an dvantage. 

•fhto . is of ··•trcna h!tportt.nce if the enemy ta equipped ith air...,to .. 
air. missiles. Considering nll f~ctoia, & t ·o...ohip ia better thatt 
o.' thx-ee-shif) far.:...tfon. Alfi .. ougb a two-ohi.p element tur.ri /ilU initial 
loo~--out disad~vsntag~, ~mile in patrol fo.. tion, it heo a distinct 
• _ 'POL'V~r:f.n~ e.1i.iv~nt1.ne, a..d a eomr:1;-~1hat 'b tt 'r look ... out t!dvautifgo Uo 
fighting ss a asi.c .. on:ation. 

116 • -



.... ,... 
-..J 

MAE!EUVe...RiNG IN T . ~. FIGHTh G POS!T!Oa 

-
-----..!.. ____ _ 

•as;:: ~ 



- ·I 

-To 3sin look ut EL -,~n , r;e ,rt ilc :f.n patll'ol and t'l.Sintein m1m~\mer0 

abilit:1 -.;,J .le dgbiting 9 we 111c.,0:d to XooI,c at ~he· four.,ohip flisht o Wh.~n 
em:ployt"!" pt'op ~x:-1:,;, th~ four~•ml!:i11p fli, h.t will' giws us a:U--axound ad"' 
'<Y&nt.agcr..i,, ·n. lcok0 cmt 9 ""n(11!.i"\l"Cfd1>U.:Lt:, &n:d mutual eiuppoi:t . To ccquire 
ther.»c ~~,,rt.tnt~ i:~~"i '"11-Jumt: ~!..edficiu,,.,, one for tha other, a fli.gbt of 
four - .?.t <ccfa0x b,:: of f:1_0 i,:.mt .1Hy=Bqrporting elem«J?nt.o ~,_ Whcr.i.i on p trol 5 

the eelem~1tr.. riKi\cizitJ.i Hy lin1E: 0 ~inti:t:iSi • _£lt'm.ir fi·'ii·e to Goven thou81snd. feet 
apart,. 'ltl~ 1;1.tngy .. ,m1 GJ'.:1,ould mmint.:.d.n ~ poi:.itic,n £rota Hne ... abrea~t to 
no more t' an 20v b.scfa: 9 et ~ppi;oo•i .... tt ... ly 1500 ft?.et oiut from tH®ir 
.-reGpective elem:mt le;;,. '.:?.t'.%0 A fomatiou fl?t'e.Rd in tbi.1:,; manne pro .. 
vides excellent lcokoeue C&c;y,;a~ility v· b ·:~au~e the win~en cain provide 
mutu&l c roiJe9'!0\I' t: aU: ll'ru'tgeo in sz,-:euuJ oi 15,000 feet. Ma.nau • er ... 
ability in thb foni.mtion i~ t?.c~ililat ir~r.1t.dct'1d. 'dhen tl e lead 
e1 .mm1t tuma [J.'!18."J £rar;. th.-;:: 1:10,--:0~,rl clE.,n:.:mt., tb.! 1 eccuo e1.t:Lc:'nt will 
aparience conBi"1ereibfo &H:f!ti:u:!.ty 1.n. reg~i,uing n i inn°s.:.1:0.n .t ord.Q 
tion ~ un:!egs the turn ~,a fucid [or f:,lt;,01:r; 18!f; o If t ~ . .: :Led elewent 
turns i to the secona. .;lr..0::ient 9 t.he ae-:::o;:-i.d e1R~nt ·-.,ill b~ f r.n-:ced co 
p-ull up nd 'l';rooe above tfl le§ld elqn-eriit. !f thio lr• not i.owa » tile 
a~~ond cl~ment will b~ fo~~®d to ~~ows in £~out of the l.ade In 
eith®r c.:wei if th® tu~n in 1~~~ than .0°, t~~ meeontl el ent will 
·ootperi.euc~ con.r.iidelc'able ciiificulty ir~ 1regafo.ittg a Une .. iibr~&Bt poai"' 
tiono To rovide IDOlt'(!IJ nsri2i!!'F(':T8bUi~y e.~d fl.c-::~dM.lity? the ccond 
elelllent nust be e:;ivt.m a gxlf.nt@rr Held of r!Wln~t:s.'V~r. Tuia field -of 
m.!!lneuver should ~~ahls the ~e~ond el ~me~t to aa~ily pooition itaelf 0 

.!'lo mstter v..m.at t}"Pe ot tum irJ p<f!r£'0ru~d biy the l<i!~d el.~ent ~ A 
-thod of pr viJ:f.ng ddsi ft'e~dom of Dli2,."'a~uweir ia eo spread the eecond 

el~mer:.t in both tha Vtl!t'tiecil and hori.2;ontial plane~. When th!o iB 
done, if th12 le"d !-llcm~nt tum@ l'ilU.ri.V~ th~ aeeond eiilc-~•mt on low~n: 
its K!OS! 9 cut ~roetil the inraide.,. ru:nel q\!liCkl rt,podtfon it elf, eve .. 
though lead elc,;·1w11:it dlo-@f'fl ;not 1.;t~K'form 90° or 180° turns.. On tu.ma into 
thl'! eecori,.d elc~ .. !llt v d ---..e ~·~~ond ~~l1_~m~nt c&n m!1n~'mi'er well ab0.ve the loud 
~k.1.n"ln.t • it~out tJ~l' of d?'1w"":;ing fdma -c1ing;ru;u t~ l'cmg· on~ :amother (re• -
L'k.""ffllb>~r Jinr,'i.!i~u will oo r.w.,X'!.eu er.tng t':'.'111r,o~gh ~th th~ vt,rfl:ietil and ho,:i .. 
-~ontel plonea to lMintaiim Jor.:.'l:li:ion. on. their ll:~erective lea<lero) $ 'Ih~ 
f ?:e~dom of tMneWJ'\'lll! p~o,vi~®d th~ li~:1:oir,;d c:l®i..'l'e~t le~ot' 11:n&bles 'l.t.im to 
devote l<nflS t:b:.~ trJ\ lying fo~tio~ &md rnp1:~ tb~ to looking for 
pi'oopective kills,, Alt the BC!.m~ timll~ Q\Ull:ing tll!ma, it alloua the 
~ingnuin to provice t)\i;tfl:1~1' r~tilt'\':J_..ro ~O'J'6'X'!ll8;~ 9 bee at.Mil the .lem2nt@ 
will not bi?. atrung out in attf:)n1i1?;ai-tiro?.1ini o '.tho only riseal objectlon 
to thio fornation i@ tlrtet in 01Laflc;:it 0 e,;vay :if light, th® econd ele"" 
ment: muat look tb.rmzgh. gr,1H2.te~ d.itt~EjCI!! to • at~tet . a mis~ile attack 
·ugainet th$ l@~.d eile..~nt o Altimough .. ti:ti~ h tr<Je » it. cn."1. be rt!ltb.e.,. 
Whtically ci .ron~tr.at4\d tllla.t-- the 11dtHt1onal .. diotenee. through . ~hich 
both elements muat lookb ia !B&~<i.{:!:;~~nt_. (i...ess th.au 300° against 
&l· f.%..,oo clock D.ttackor if t ·c;:; :a:,:tit.d io!-.it.Zl:a_nt is tacked verUcally 
leaa than 3000° &bov~ the !e~d -ele:::nnt)o lf 'the ett:~ck io di:i:'eeted 
fron eix0 oec1ock-lol1s the ,_ddtt:f.onal cliIDt&<r?.~I:... tf.!rough 'Uhich e~e ceca 
ond elexaent must look ia eorn12~~m,l!t g;l"1r)l!l.f:eJ; • . RcvGiveH:- 1 the att~i:-1tera 
must get in coreiderabJ.y ~lo~~r elong the hori:,;ontal plane before 
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-initiating a pull~up into an under ide.att ck. Thie means that the 
second clement will be afforded mora of a planned view of the attack• 
~eei, th.tw a larger targ t in perspective e<i1en though the additional 
dim:ance io aonmwhat gt'eatero Another factor cit:e, xo~ ... not .u~iµg 
thQ high clement io the xnct the ai~craft wing covers conoiderebla 
po"I"tion of he highly wlnar11ble s:f,.,i;-oicloclt-low tto.ck oreao This 
:La true fo,: both the .• igh e.l ment and the !evel.,.stlu::ked element., To 
surm~unt thia difficulty, wingmen eimply ·1.p their wing; occaoion&lly 
to en~bl0 them to cover the vul erable reat ereao 

In vitim of the bmneuvorab:Uity .e.dvunte~e e1fa~ad y e fluid• 
four type form.l!tio~ (the for1.nt:ltion in ~~icu tte GC<md element io 
~t:.!i!cke k,•· th hor:Licmt ,. H7 and ·vertically. j, ·,-i.tho;;t 1'l.~ttL!icant look ... 
out dts~dvt.tt\t gc~ w~ ecnoider it he b~ .• ~ csombn!: po}t'i!Ol ~omotioli ll 
In fluid-tour, the, t'.lecond oi. fl~Jid fllom ... nt ~h,.mJ.: ;::i lh ~.,,abra st, 
5•to 7 1,00u feet out~ nd ~pproximately 2,000 feet i;..:.t.ov2 thQ lead 
elemc,nt 11 Ao in nomal i:ectical formt1ttion, the wi.ugmen will mait1° 
..... -r.,,.. "'"'"-ft•i""'" ~ ... ,..,.,., "l{nco .,.,.,..,.n~ .,o 'JnO ~-,.,,, _,,,,__. <tcOO lfl,,., t •t .. 
w\o,4411.,r,. ii.(. ,t"VV ... ""'" vc.• ..,..u,vr..w, .,.._ - -t-1--..-.._." t.. -- U'li>'\ta.lt O&.f.l.i .Q.J A.~C OU wO 

the • ide opposit the other elsu-.ent, ece figure 40. A; indicated 
ii., the t 10-ship fHght • the wingmen will fly the v~rtical as ~u aa 
the horizon~al pl ue in o~der to maintain their respective pogitionso 
On patrol! _the. £lu:td clem•ant leader ill w.ai.n.tain poaition ou le;;.d 

lament: by flying through th@ v~.n:t:Lea! • nd hor:l.l'::ontal pl.one during 
all tux B ,~nd maneuverE;;., 1/or e. figb.Ung position, the fluid elcct1et:'4t 

uGt: opet'"'i.:O as n independent 'unit duuiag viol cm: t. man ,uvet·a .n 
flight~ver~ua-fli&ht r-ngugemanta (t e re~~ott for thio will become 
app~rant when we uiacueo flight tscticD)s 

If tha tacti al situation iadicateo that enough sire.raft ~re not 
availabl~ for ar~~ aaturation, with four ship flights~ do not employ 
the fluid 00four fonuation e Instead ,uae individual e_lements as bacd.~ 
patrol formations .swell so basic fighting formationso Although 
not a decisi ,~ GB the four ... ship flight in tet'mS cf look .. out GHtp b:i.1 .. 
U:y, m&neuvera.biU.ty and mutu41l oupport 9 tb~ t'<'to -~hip fligbt \"lill be 
much mor. affective thrm the t~ree~ebi~ flight9 }"'he only teal ad~ 

antage ttb.!ch 1 flight of four has over Gn Qlam~nt is initial look~ 
out cs.pr'bUity ud initial mutual aappoi:'t~ Af'i:.or the ngsgemeni: i.s 
entet'edp the fluid- our~ or t e fcur-obip flight ill becomqa tot.hiug 
more then :i.ndi vi..ltt8.l fighting el ... 1;1ants o If GuHabla tnil .,.ua.rning rw:fo::: 
devices ~~r~ av 1table, four-ship flights 9ould anjoy very little 
advant ge over iudividu&l fighting elemonto. in eenn~ of comb~t cap 0 

ab1.1H:yo The dictum. " cooomy of forcett toould moflit c0rtai11ly prevuilo 
'!uctkul formation in fighteie ... vel'sua-fighter engagements would prob .. 
ably e dominata· by the element or wen poseibly the ingl~ hip~ 
Without this needed rad~r gear, a four- •hip flight :le the • oat un .. 

round t ~tical foruBtion. 

Three factoro o consid~r when~ lo ing eithe~ the fluid-four 
or t:hc -1 ·!l1e1,t {_ . ~~,b .. t or n a eOTt.lbf!t ntrol N: (1) look ... ou&: 
capabil::f.ty » (2) men uverl.bi • ity. (3) futtJl , r: gement., In the er·· 0£ 

missilc~equipped super.sonic ft ht~rs ~!th ofterburnar, theoe factor 
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-dntcrmino the best nlt1.tude for patrol in order to enter a given 
fighter-ve.,:-sus-fighter cng.,.gemente !f the pat:rol ia ·eonducted at 
extrema altitudea 1 say 40~000 feet or ahove, the look~out -~roblem 
becomes e li~b~lity ~hich increecea ao ~ltitude !ncree~es o The ad~ 
vantage of fir.ing sn air 0 t:0°air r,.~cmile Cit gi-est~r range ugainat· .:>J 

given defonuet> io nullified by the posaibi.lit.y of an enmy attt:.cka;e 
enjoying the arune ad snta~ao In adl!itionp €:J!;tramr:?. altitude provides · 
a msneuverabiH.ty d:l..oedvuntage in terns of indic>.lt:.!d ~ineu",eriug tl~ .. 
speed. In oome aircraft et ~xtrcme altitude P £ua1 mr...r>..i:tgem;;.•rtt may be 
an advsntt.go mile in otherB (F"'WO) it can be c. t 1oadv.~n\:~~en lf • 
the patrol is conch,~ted et v~r:v lcY altitv. :;s, ·of).y lOi,000 £Lat e,1r 
bQloi~th~ look 0 out probl~m ia conaiderob1y ra~uccd ~~d m~ncuvet'ability, 
in tcr.m of 1 meuv~ring si r8peed, ia certainly 1.nc rfH1eed o fo't:l.-Vt.r, 
thiu mar.eu"J£rahili.ty is ulHf:1.cd Bo:ne'.tihat by t ..., ~'--ct thst raa:~ :.~"" 
vering beeom~s more restricted to the hori~ont~l plane s op~o~ed Co 
the ve~tical planeo At v~ry low ~ltitu<lco, aood fuel man~gem~nt is 
not pooaiblo rl th • resent-day jet ang:f.11120 n1d c.fterb-:.n.-ners o 1be 
optimum altitudes, co~~idering all three factora Q lookroout capability, 
mst,ouv("lrability and fuel ma.."'lagement "" for patrolling and euJ:aring a 
itghter-vercua-fighter Qngagement are the middle altitudGs betwc~n 
25 P 000 lmd 35 P 000 feet (even thie iB opi2n fox: argument if cme con .. 
iders the poaoibility of aurface 0 to 0 air missiles). The e~act sltiq 

tude11 ~ill depend upon look"'out capabiHty and t!taneu11~rability of 
the H.·,htera eraploy d o In th.e J.i' 0 lOO, the beat U"'o.rou.nd altitude; 
10uld oppear to be sppro~imately 30,000 f~et a At ~hiB ~1titud9 p 

maneuverability .snd fuel wmagemeat are xcellent o At t he sam@ t ime 
the lookcsotit proble:;n c.&1 he caoily handl<:ad by ;1 flicllt of :foi!%' and 
handled adequately y m1 elemento If the tactical _situation die.., 
tate~ that 1ements et be Gmployed, n altitude somewhere bot\reQn 
25,000 and 30 p000 feet might e mo~e appropriate to reduce the look~ 
out problemo In any ~ase, the madium altitud~s pxov:tde & position. ­
from .hid:a sn attack may be louucbe~ .ai;si1.u1t aircraft at veey hi__;h 
or -,•ery low alt:it des o 

Pro~edtir~s ~or Flying Eleme~~ Fometion 

lo Flying "th~' Pos:t'Cion of° Hingmi-il\ in Pat:iol oirmation . 

a~ Maintain a patrol position off the leader's wing by 
flying_ line=ubreast at t1pproxi ,,ately 2500 feet out when in at1:tti[;ht ... 
and-level flight. If you fly cloeer, lookQout capability will bs 
sacrifi.ced. If you fly further out, initial maneu,•era"bil.:U:y ~6 well 
as fiual maneuverability will be sacrificed after initial contact 
with the enemy. 

b. Play the outside ae ~ell as the i~oide of the turn foz 
mutual coverage . If an attempt ism.ado 1;o stay 011 t he inside of the . 
turn witLout f ·-;s a ... over, you 'CJ:!.11 only fall back when the lecd•..,r 
rolls out of I ..trn. - 121 ·• 



-co Mane:uv~r thir.o·ugh b,ot::Lr. tb\e w,.:i:ti~al .and! hod:tontal pl sines 
in order to fly u relative podtfon off the hl!!de:r:·o W:itllile on the 
ind de o1 the turn, you will be in &n e:l¢.ter.td6d-lo-w po~ition o On the 
oute:i.de of th,~ t.m:n you will b~ in !l\"l. e:i!'.t<tztd~?-·1-dg;h po!Elition in the 
plane of the. leadet~s aircrsfto 

d o Lower your no!'le o.nd crot!!I, to the in£Jide if you are on t he 
out~ i de of the tuxn . If you &re on the in~ide, oliuing fo~,ard , 
cross to tl:te outdde then rilide high an& Uy in the plane oi the 
le tlet: . H the initial turn h in.to yo~i pull up, cross over and 
beh1.nd your les:der, ther. cross from outside to :lnsida and vke versa 
i n the manner just di E> c:tt.:J~edo £l1iill te~.l!:.ni~J,rn will camae you to 
dea.:::d.be a cit'<:ula:c m-.,•.y.z,·JllEmt in t:lte pl ia,HJ of the le~dcr' r air,zr:;ift. 
Yc.m 'Will be movi\ g fo1:~1s r.cl in 1:::\~ bl1tf;.c.;n bie;Jli c,f the c:l.rcl<e fltid back"' 
•ard in the top rw.l f o 'r'bih wil 7 Ul"b1.e. you to ~~l:l:Uy mainta,'dn poi<,d., 
ti.on and provide mut:uel coverage, &wring tt'lie: ~ntirii:! turno 

Co Do not croafil in fron.t of your lead<Br ~-- -Alwaya maintafo 
no~e 0 tail $~paretion o 

2. Flying t he Fig~ting lositic,n a~ a Wi1ti\gl;M,m. in Element: Formation 

eo Fly in a 61()0 cone~ in .s f:!_g~llt:ing po~:ltio!ip a bout l tOOO 
feet backo 

bo M.anetIV®r fduirouglm bot!m th& hori::;;or.t6l a.red ·:;ertica1 planes 
to ma. nt,'!in positiouo Sl:!.&s 1lsJig:1 ·wfuen ci'ier!Ell:'toot.hilg and drop low 
wl'nf.11 falling bsck iu order to ;:'itSb.tain po~itici:tt on the l(!ader o 

c:. Attiaompt to ti:,<:.:~p, yo:i:ir !1!:J.i!(Sl.~ge 1:r.Hgn~d with your lead.er gs 
dµrmg all 121!!2KM~.n·;ren o Tlhd.~ wiH iensi.M~ you 'tei, ru,ntcinl your leader0 a 
maximum pc.:n:formence ar!.d ~.,rill pre:ven~l: you fro::n beeu.iniThg eeps1'.'ated o 

Att~mpt to tilt'::.isy ~ut of t/m~ in°-t1C"ai1 powU:ion .!lS much as 
By doing thig~ the le~d~r ~ay cower you mor~ adequatelyo 

a o • ?o~it ion tlm~ ~llEl~1l!lll'l.lt 9 li1r.® 0 str.ir~eic!lt, about S, 000 to 7,000 
feet out .and sppr~:dm!lteiy 2 P OuO f .e:~\l: a.~ow~ the lee.d element o 

b. Maintain a r~la\l:i.wJ:>. p,o~U:ion t© your l~ac<!!ir &iirh;g tt.,rno. 
Xf you are on the: out~M.1!: of 'tiru<el tt:1ra, dwp yourr i:aou;e end cro®s to 
the other !Ii.de ~ ... ti~n you £ind yours.elf lod.in.g out a;,1.d falling back . 
When be:i.ng turu _d :t!i.to ~ !in·.i o'i.l1 find yo'll.t~~l: c re~ping for..-1~rd s 

slide high an !/or c:x:c;;:~ to t::.~ Oallte.lili.&.•..:i oi ttca turn to maintain posi~ 
t,j.one In oti:1;6'.i: w._.t'Of.1,, pi.i,,y the \\,>'~.Ct!.c&l QC~ n.eH &£ii t'l:Ml! illlorizontal 
plane in ord.e:!' to mnir..taiza e:upportb,g pof!litiono 
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-c. l.o•"wer your noae to gain .ai ropeed and poeition when you 
fiud your&:elf too far back ttfter rolling out. of a turn. Uhen you 
regain your for:J1ard poi!>it:.ion ycn1 may puU back to the original fluid 
poait1.on. 

d. Pull your nosa ~~ &~cl kill ~ff ~ir$peed if you find your 0 

1Jdf too fer fonml'd e,t't~:r roU:!ng out of a turn. You may also 1:e 0 

tard throttl~~ ful~w~v~r ttfmh iai nc,t a~l/,:yi~ed w~en at ~-ltitude. ~hen 
you t·eg~in your corr.(!e;t relat:l.'1,~ positioni, lo,;.er the nooc to mnin<a 
tain proper vert:tc.al. f:l~.pe:i:·atd:on. Al!.1 mariiuev-&ra muet be omooth to 
pr&v-nt over 0 corr~~tion. 

e. Bank frc;m f:lide to f:'.ide and look bc:low 't>.~en cr.oeoinc f ~.om 
tha in.Ji:!8 1d~fu to tiuw out!9i0® of tb,:,, l<::$d el-zt:t-l!!nt,, Thia will px~ .. 
vent you from lNJin.g t!<~e !,(?..,:.e c.dem~nt &uring cros~ 0 overe~ 

f o Co,wer the foxwtllr.r~ bie·mi~phe!'@. ».along with the flight lei:.derv 
as primary re.sponsibi!ity 9 in ~n effo~t to vi~ually acquire a target · 
ao th tan attack mBy b~ laLnched &gainst it. As eecondary resp6nsw 
:f.b:f.lity, teo1J10r th~ !'~Fi!' hemiepbere be.bin.cl the lead element in crtl~r 
to detect a po~8io!e mi~9ile sttack. 

ao tisintain a podti.o;;n £·mm line=abre:asif: to 20° back nd 
1500 feet o~t on t~$ ~ide opposite t.~e ~l~mento 

b. Maneu.w~r tblrnugh hott1m tk\1® hori:ecmtal and verticd pl. n~ 
to maintain po$ltion .:it~r::'h'tg tcrnsio Fly high when o,r nhooting and 
drop low to tCile in&;icla Vtfiru~iru fa.Hing backo 

c. • Cov-?r tbe r.ear ki:8:mfa;;,b1e::ri&, b-!ihiir,d the other ('!lc~ment, at 
. all timee o Thi~ b yo~r ral-)p>ons;:libility .&.l'l!d your coverage ie necco ... 
sary to d~t~ct eny ~~8Bi~te miB~ire ett~~kso Your opposite numb~r, 
in the ot~er ~1$m~~ts Yill b~ p~~~i&i~g yau th~ ~ame coverage. 
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-CBAP'rER IV 

FLIG TACTICS 

To ~ploy a flight of four or on lemant of ··o in fighter­
v •rm10-£ighter engagement, only a feu n~u baaic maneuvers must be 
roaoterecl. The prevfous 1111.meuven we hove l~arned E,till apply 'in 
flight tactics,. With this in mind, l•e ·'C#H_l now concern ourselve 
- itn tact:lci, "<men ope1:ating aa a -flight of: four and/or ~€J &n l5m~nt 
of reo.. Wa -will objP.:ctivcly analy~~ o-ff...,o.si VG and def en ive 6:1.tuil .. -~ 
tionn in lhich ~ ht.ve elem.ant-ve:raus- ·i'lm~nt (two.-ve~eu ~two) elo• 
ment, versus( a flight of four (t,~o .. vereus:four) and a flight of fm:r/ 
ve:i:a a Hight of four (four-verm.ia-four) 6. For our firot en3 gGmene, 
le!t'a assurre thnt w huve an element of t\:o attacking another cl ment 
of tWOo 

'l'wo At t ~ ~4.,_!!2, 

To attll:ck an element with an eilement, the maneuver" and proce:..-. 
dureo learned in, the .ction. on Fighter Maneuv~S:-r;i mxd. .:.nctke1 
Ponuation ,ill be employed to gain an ·a.'vantngeo • The s.tt&cking 
element ,. ill attemi,t to Get up for e GAS.~8 t.:.tttacko The defending 
element uill counter uit:h & dafoncive turn in an effort to preclude 
th.1.s attack. The ·ut:t:ackera will maneuver for a follow .. up gun • ttack 
by cutting off or yo 0 yoing to the cfofep.dor B anf,,ular vcloc ity cone 9 

or ~ill attempt to deliv' :1.· GAR .. 8 in e,condacy eittack by employing 
. the roll off or tho bari:cl .. roll attacko If the att~ckera in:·e unable 

to eet up for a GAR~8 lauuch but are Qble tp oet up for a 20!mtt c~nnon 
attack, th@ defonder ·w-1.11 be placed in a prm:ar:Louo poBitiono If the 
def nd!ng ~l .ment conti;nues to maneuver afJ a singl~ element - dr.bout 

ing- able to shake the attacking eletnen.t ~ the attecld.ng element w:Ul 
8imply move in and shoot down the ~ingman 1 than the leader. To r,rem 
vent thia possibility, the defending ~leiMnt may att~m?t a defen~ive 
split. Thio 8plit mey be executea so that the leader and the uingm3n 
turn in opposita direction§ through-the vertical and horizontal plane 
or in the s.rune direction with h.orizontel or verticsl a~paration. 

If the defensive split is rui:.ect.1tcd ·,ith the defending lc&der ·and 
i1ingman turning aw y from one another, the -tt:ecking el~t. ea.n ~pU.t 
snd continue the attack o individual fight.tug unita, or maintain ele .. 
ment integrity und eontinue the attack ou one. m~mbar of the splitting 
cle~nte If the attnckcro oplit~ thoy retain offensive advsnt g~ 
aga.inat the splitting defo .. n4era. Mo·wever, they ineur a defensive ad"' 
vnntage • in te of looKnout c~pobility O againat an attack from 

nother enemy al~mento ~o maintain an off~naivc capability, in tems 
of maneuve:cab1.lityp nd a dafcmaive capability, in term of looko0ut, 
the att.:ickars should mai.ntain element: intagrity. To continue. the 
ttnck agniust one m mber of this 3plitting element, the attackers 

may o.oleetJ•either mamber if the split iG in th.e hqrizontal planee 'The 
defender not select d lljUet than conti11ue the turn Ol' reverse in an· 
offort to provide hie te!m!!Mte mut.ual support. If the free defender 
continue,:; tile turn, uill meet hiG teammate 11nd the· attacking oh~ .. 
raent from a nos ~quarter pos,itiono Re ~Hl ba in n poor pooition to 
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-provide effective t tpp6rt. If the. free defender reverses he will be 
in a better position. However, he • -Ul ctill be unable to provide 
effective mutual support. The divtance generated by splitting in 
opposite directicno, plus the tim~ needed to l!Xecut~ the r~versal, 
will place the free defender at too high a~ angle-off to launch GAR-8 
and beyond effectiva range to d~liver a 20mm cannon attack. The at" c 
tacking ~lem~nt should select the high trai.1:l;_ng dcfonder if the c.plit 
in oppor.ite directions ie conducted th::-c,ugh b_o,th tha Vt!rtica1 .and • 
horizontal planes. If the low, forward d~fend~r were eelected, the 
free high defonde:r would be able to roll of.f''',md move inside the ~at .. 
tacking elem~ntvs angular velocity con~·for a 20ll"n cannon attacko On 
the otiv~r hand 9 if th~ high trailing d,£>fendr r i& selected, the low, 
fr~e defender hao the nam'!! prob1.cnr in suppo~:iu·; hia t..;;f'') .n.~ .. ~ a:: did 
the free defender fr. tie hod:.:on!:al P-plHo.- Sy geom~tTic inr.-pectiun, 
we can s~e that a defrmoi,,e :-:pl:i.t in opposit:?! di'r.-ctions :ts .ct jffec­
tive, because a permanent r,1epcr.ation of th'.! def ;ndar..s is achieved <1:i.th 
the free defender unabfo to ·rive the attacking elr.:m1~nt off bia teawate., 

If the defensive split is conducted with on'! defendcr·executing a 
ma.x .. performance turn in the hol'izon.tal ple.ne (or slightly noeemdown 
in the vertical plane) an.d th.e other defender ·t-urning in the same 
relative direction, nose=high at 11::ss than Rill i'l.tt\m perio~mance, tae 
attacking lement is faced with a defonsive split difficult to contend 
with. See figure b,l o In this @plit "' with the dcfondere turning in 
the same relative dir~ction, but separated in ·the horizontal and vertical 
planes ~ the free d~fender c&n more eaaily mane:uvex· to support. his team-­
mate, as he will not be out of range, nor out of phaae, in te~ of 
angular. velocity" To man~uver aguinot a split of this natur@, the at­
tackin3 element may employ one of five poasible optfona: (1) Dive in 
and attack th.~ low .... :':.nside defender? (2) Attack the high outside defo11.der, 
(3) Split and contirm~ th.e attack again.et each ir dividual defender, 
(4) In:ttiate an attack againet the low d~fendarp e.nd switch the attack 
to the hlgh defencic,r, after the low di!!fonder is well committed in a 
defensive turn, (5) Perform a fluid separation to drive the low defender 
out of the fight, th.::n re.gain normal element integrity and continue the 
attack against the high defender. 

If the attacking element driv~[l in after. the low""inside·defender 
(opti.on 1) the high defender will be in position to launch.an attack 
against the attacking elem~n~ 0 s si.x~o 0clock position. The attacking 
element will be aar~dwiched between the two d~fende:r.i:; with an obvious 
loss of offens:!.ve potential 9 and a poasi· le sacrifice of a wingman 
in an effort to d<.?1.i,troy th6i low defendero If the attacking element 
attacks the high de:i:ender, the high defender can rC!verse"•roll or 
roll underneath, down and away fr·;m his teammate. The free defender 
can then simply re:vcrscf.,roli and sandwich the att&cking element be 0 

tween the two defende'rs. Once again, the attacking elem nt'o wingman 
wlll be placed at a $ever.a di {;tdvantagc, if thie attack ie contin.uede 
If the atta~king elem~nt splits and continues the attack against each 
individual def nder, the attackers have an immediate advantage, &incc 
the defending clec nt will b~ unable to effect mu~ al support. ITc1• 
ever,"thi~ advant, can be ~hort~liv~d if the split attacking elc 0 

ment is, in turn, -:kt.:d by af ot ·•er cncm:,•. The "tt:ac!dng alcm:mt - 125 
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-will heve sacrificecl l!.ooko0ut ©apability and mutual cupportp thus 
becom? an eaiB::, @st 0 up fol' tihle n~w ewem:,o lF'or thiili irte&i&lOllp w~ do 
ot adwoc&&:e an offien.:;;ivie apl!.it Bl$~ mesn~ of countering the de= 

fendve gp:Ut. If the attacking ~1.em-1:J"Ut initiati2ei an att.sck ~gainat 
the low defender 9 "-ra si. def~!lti.li•1e apUt 9 tt'l)~n i.lWf.tdiie~ the ~tt~k to 
thi•'l high d~f...er.uialC' 9 'tmll:l attacld.ng ~x.~im~i'llt Cil:i)Jn msintain ite off tensive 
a~llwc.ntage 1Wit:h1i,ut n~®-U<E!msily Sill~i:tfi(\;!i@g a id.!(!)gman. Sell! Y!igure 42. 
To employ tbiB eo~~~a oi ~tion ~o~~~~t!yp the ~tte~k!ng ®l~ment 
~hould drive :tu .snd ,1-;,~lli:~t tlli1s low dl.af~ndter. Uibven th~ lo.-1 etender 
ob~ert,®S thif':l &lil!tion9 ltlca ".tliU bif. fo1l.'1s!edl to tig!mt~n rmiB turn to picec. 
e~- hi ~~lf fr.om ~~oming £n ~~~y tffi~getl:. Thia ~~tion by th~ low 

defandclt' ~ill cau.;;e :hi:.a to ~ driw,;m .£1.~:rtthe.:- from lab teairmate~ ,zith 
u""1ti:..'!;f~ n£rnnv.1.>1,·.;:d~g f?0\1:ef:llti.:;-,1 {H tl\l\lS &"Jttecking el(::m:;:nt h~ndla?&i thio 
:!.]):.~i·1 i..it::ili:•~ct!.' CO,.'X"i;C\tly 9 • CRM:1 lo'.? disf~n3m: may be &:d."<l',,m compl1it ·,J.y 

out of the f.i.€;~it) o ·£h~ ett.eiddn.g el,0:mtiT<tl:. ~:13oull!i SJ<;;Ji!tc.h tble attactc 
to the high wm after tlbl$ lo":J cl,~::~\1d!1::r is. w;aH com:uif!:ted in M.si 
d~fen$ive tu~n. Thi&. ~~it~h 9hould be r..>erfonn~d b~fore re~~~ing the 
high def~nde~ 0 e lin~ 0 ~b~®~rntl: po~ition and b~f9re ~oom potential is 
~ac~ifi~ado If ths sttm~k agsinBt t~~ low cl~f@~der i@ p~olonged~ 
the attscking elem~nt will e:c;tp@rl~~ce air~p~ed de~sy 9 h~~~e a lo~s 
in zoom pot~mt :tsl ~ w~en t'hs f>lwitch h ~c1e -eig!llin~t theJ l'l1ligt:n defender . 
If airspeed ~~~ay r~du~~~ ~oom t ot~~ ~~t~nt:: ~>!:ile~e th~ ~igh defender 
can counte~ withs ~oom fc~lt'o~g~ ~ g~~ate~ ~nglle 9 th~ attacking ele~ 

nt t•iU b,:!: for~~d out front .mw_j @~llo~ tlhe high P.fanidielt' . A noae 0 

blgln reven6lll by ths ll.ow ©l@fondl!'lr at tbii~ pof.nt '{401 msndwiclil the 
attc:u:kio.3 slt?.m:aut in ttfhle weird~~ll plli-:;.n~. To prl!l«:lMde tfrAiF-i possibili 0 

ty ~ tb@1 lillttfJcking ~JltE'.mer.t:: &ilbiou!'D1 &iw:U:<&'!llil EJnd :zoom 000-.-i <£nough \;O 

for<s!te fcllii~ h,igh d®fe11~dl~~ to t~ir:n i.X'ilt.o -£:lbe ell:ts k o . li}u:d.ng tbie switch~ 
the Ci\CC\t~king w:tt.gmsm &11ffioulidl ~llo$eily ob,g~nlf.l the low def1g;n,-d!(!'lri ~ i:mb ... • 
~equ®nt ~~tion~~ to d@t::~i"mi~e ~bstb~r ~~ i~ o~t o f.t~~ fight or ia 
t'l?.W\l?lX'~®=rolling in &mi ceff'oirt to m~ra.10\l!W(fl'll.' i~to th® s:tiC$lc!dng elem?n&: i e 
eix 0 0°clo~k pOSli.tionto If (tfow:i 11.ow clisf\l:!ndter isi Otllll: of tfrue figb!: p. the 
attc':\cU.ng <::1ea::nient c:e.1l"~ ~omti!ll1!.lle to ei:mgSLge tl'mliil lhli.gYm defiand..er . If t:he 
low dli,lfendl!lir i~ ~till ,~ thr~at &"ll.1 irewet'@ie 0 iroU.@ p tl'm@ ~ttacking el~ ... 
m~nt &ihoulr.:l .cli:iJ~r1g.stg~ ttllt®- l'mig:br cllim.fa1."i\<!llte·i- » l!.'Olll wfagw 0 l ewel m d zoom 
in the we~ti~cl ~lum®» ~il@ it ~till ~njoy~ ~n ai~~)?®iai& ~dvantageo 

• A2 erhoun il!'il O\\lllt' eiti@~\l.l\lll~iorm of r'tg:'.llitell:' M!lin.~:\liWl!ll.°$ » ai :E06m umfor th<ai,e 
conditioiral!l €nab)L<e~ tlh.® ~tfi.t.s:G:kir1,g ll!'ll<1.m.!2n!I: !to ir~tdl~~® • iU lnorhmntal 
velo.eity c.om~n~nll: irn ire)la;itfon to tlhl,~ ©l~f:~n~.®lf'o M ~ 1rteeiull.t p the 
d~fender ia fore~~ b<.~low ~~d for~~~d &n& t~s ~ll:te~ki~g ~l~m~nt need 
only 1:011 off w!lld m1-.i1:t,f:UW\l'.:lr ft:o'~l'Stlt'cl fi:illl~ tira:Uill'i\g cli:;f~Xttdlcslt' 0 a ~b,"'o" clock 
pooition. i!'ut>b'ilg thd! ~0U 0 0H 1, orn~~ mg,fili!Il\p the ~ttacki111g wingman 
mu .... t o~~t:t1."~ th<B ~~tiort&1 of C:lrLz cil~lf~x~©l.®l' 'lilo tt 11m..d'.@r ~ttsick to detc.=r .. 
min~ wethH~r htl!l wU 1 • b~ & ttk'uirteilt ot> nolt . 

Another tactic ttlat e~n lb~ cs~d to siucc.sHfull:, counter the 
defenaive wr,,Ht ia t~"'l fll.uid ~ .. ~pars;don. S~i:: Hgur~ 43. In a 
fhd.d :?<Spari:it-on~ th~ s.t:::a:c:k1.ng ele.m=:nt ird ti.slly drives after the 
lo-;.,uingid~ <l.:;:!li:.na"'r. Afteit tbiai initie:.1 feint/ 1.t::rue leader then 
selccta snd ~ont:iL1u~0 ttte etll:&ck aguin~,t the high defende:r. l~an 00 

•;11u • • tt~e e:~tt.ckh,g wingmim jl)~t'X:01."'U\$ lll fi.Uli<lli l'l~p~tlt'l:11:.:ion to for~~ 
"'he low defence:r clo·_;,-n snd out of It~<:! figmt o 'X'h® a.ttack:lng wf,J\gmfm 

, . do2:o not GpHt frc-;n !mi@ l\So<lllciler tto iniU.dltdl si O"<m®=wei-~'IJ\~-on® iangnge"' 
~nt. I~i~~ad~ he rnimply ~~~~lorullt~a ~ pos~ible counterQmovo by tbe 
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-low defender , while providing tte attacking le~der visual cross .-. 
coverage during the i,ntire man:.e\uV,=,!'. Yrfutm tbe low dsfender has been 
definitely committed out of th~ tight, the attacking wingmsn rem 
joins the leader et normd irtt~v-;,d ({F' lguT1e.1 .f4.l~) o At the same time, 
he visually observes tlrns dom;j =a:'.!",ciooufl' &~t.elr.\der fore a.. pos~ible threat. 
After rejoin, the attacking sl~m6nt ~re~e~s the att8ck with a two~ 
agains t.-.one advantage over the b:ig;--_ iiefondi.!!I'o 'I'o make the fluid 
separation a successful ta:::ti-:j tbi=> ait:t:6.c.king wir.i~tian muet play 
the separation so that h.t!l iii a.bl!!!! tt:u; r<eijc,bn tta':! l~iider after forcing 
the low defender out of th,s H,!J.,t:o U: tf1.e ~Jtta~king ledder has an 
experienced wingman, and one vkcm h~ c~~ ltru~t not to Bplit, the 
fluid. separation is tts ~e~t ccunter for~ J~fe~~ive split o If the 
leader does not have ,a te'.1,'¼nti::d ·v,;ingm;.!Zl or .h.aiSl .'!..tff.J~ith/ .._ ' lo~t~., . ..;.w• 
experience level , the be~t tactic wc~li ~e, to maintain element 
integrity , atteck thie low deft'-ndeir (in ~n ,e:ffort to drive him out 
of the fight) then switch and continu;e the a:l.':t.ack against the high 
defendero 

• 1. Attempt to force th:e low d:,:;f-9':'.d,c::r ih,r~il smd out of the fight. 
You are trying to fo:i:~ei tb~ w.s.ak~<E'it'. tt.5.i.1'. )~t of tL'll.e fight to give you 
a two=to"'one ad'i>'$'l'Atag~o Nor~1llJ tal':: 'ifi.Xig'Jl~i.'t ·will be the low de ... 
-fender with the least experien~~ o 

2. Do not prolong your Sltt<l1!dc on ttfrutS low d,'!feimder. this may 
kill off too much airspaad .ar.d t'ebtlli..!t in &. l·Mt::1 ,:i,f offeneive ad .. 
vantage when you at tempt to 1ii~Clffl b.eJ11inldl tlbe !aiglm d<5:fander . 

3. Switch the atta(C;k to tft~ ~iligfu &t'2frrm,d'..~r o This nul!neuver 
should be performed befo-r~ you l~lil.S: t ,o._, n..tnl'.::w :&i2'8p<S.S!d and before 
the high defi!ndier re~cl'\\~81 your Hn.e 0 .s~1'(:!S~tt )?OSi.t_ic::Uo 

4o Perform s Hr.uid s&p.Br~Uo~ l!ll'.'J<<l sl fo,.t yc;uir ·wingman to force 
the low de fendi!r down 4l!:r.id, ~n:iit c,J tb,r: t:Lglhlt o 11mi~ m,l>lneuvier should 
be perform2d only if th.a wingm&ll'J iai f:ddy ,~:jqp,eri~mirci!~L He should 
not attempt to dee troy th~ lcw d!lf.-er,dl!;r 9 :biuit ::Jlh\~u].d foir<1:e him down 
and out of the fight as G['!li~kly $JJ,'lj pci~:;iibl-:. 9-. wb\U. ,:e maintaining -a 
visual look"'out on the le!~rl!>.ro If yo~r wingci~tm h ri!!'.ls1l:ively in"' 
expe-rienced, (anrd/or un~t'm:;;t'looll:tb.ly) you s:mm.nlil maintain cloee ele~ 
ment integrity and ~i mply fFN·U::,dm !rem lo'~ to hig:m &~fender. 

S. Rejoin the le.sder as t11roc1n a~ tt~'lle 1\.cw de1:f.:en.d,~n: halSI be'en defi 0 

nitely committed ~ut of th~ Hght . ID)r~ :rt.:i>it foH©'N tlhl-e low def ender 
too far or element integrity ~1Dl<tll dll iT,:JJt:a~ll ~'.Ulpp>ot't willl. be eacri • 
ficed. 

6. Complete the ,attack witl::h ~ t:~~=.ffig1=1in'5Jtt-on.s ~dvaintage . The 
wingman ehoul d continal!! to ~111:n'll~ly obi:"H~'t'\'1\!l trini !ow d~fender to 
prevent any counter-a~ta~k. -, 130 
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Defending Two when Attacked by Two 

The defending element should maneuver as a single unit to counter 
a GAR•8 and a follow-up 20mm cannon attack. The tactics illustrated 
in fighter maneuvers apply equally as well with an element as ,with a·· 
single aircraft. The defensive split should not be employed to coun­
ter the GAR-8 attacko To deliver GAR•8,against a maneuvering • de­
fending element,forces the attackers to launch at ranges in excess of 
5,000 feeto A launch under these conditions can be easily nullified 
by generating angular velocity. ~- A split is not necessary. If em• 
ployed , the defending element w:itf be forced into a permanent separa­
tionp without the necessary mutual support to counter the follo.w-up 
gun attack. The attacking element, at its leisure, may move in for 
the kill against one defender without interf~rence from his teammate. 
As an effective counter, the defensive split should be employed when 
there is no possibility of shaking the attackers as they approach gun 
firing range (3,000 feet). To set it up, the defending leader should 
declare the split . On signal, the inside defender (usually the wing 0 

man) should tighten up his tum in the plane of the attack. The 
"other defender (usually the leader) should maintain .his turn and 
. spread out,as well as up,to effect the split . If the spli t is con• 

ducted in the horizontal plane, this means that the inside defender 
will be turning level or in a slight nose-down attitude , whi le his 
t eemmate will be turning in the horizontal plane and also up through 
the vertical plane , see figure 44. At the time the split is declared, 
·certain responsibilities exist between the inside and outside defenders. 
The inside defender no longer provides visual cross~coverage to hi~ 
t eamviate . I~stead,he devotes his entire attention t o the ~ttackers 
in order that he may play the attack and determine the attacker' s 
subsequent ection. The high-outside defender, on;he other hand, 
<Mtermines the magnitude of the split by playing his position in 
respect to his teammate , as well as to the attacking element. Con• 
fronted with the split, the attQcki.ng element must now make a de& 
~J.sion. as to whether to attack the low-inside defender, attack the 
lW.gh .. outside defender, or split and continue the attack. against each 
defender. ln considering these three possibilities, the attacking 
element can initiate one of five possible courses of action : (1) 
Attack the low defender, (2) Attack the high defender , (3) Split 
and attack each individual defender, (4) Initiate or feint an 
attack against the low ... inside defender_, then ' ,switch and continue 
the attack against his high-outside teammate, (5) Initiate an 
attack against the low defender and pitrfom '.: a~ f lutd s•~•t t.fon 'ilf !which 
the attacking leader selects the high defender 1 . the . • 'ing 
wingman drives the lo~ defender out of the f ight, ~hen rejoins the 
lead~r on the attack against the high defender. • 

If the attacking element drives in after the low def0nder 
(figure 45), the low defender fights as single ircraft in an 
effort to. gain an offeneive advantage. At the same time,the high 
defender dr,iveofn after the attacking element in an effort to force 
them to ~reak off the attack. During this process, the low defender 
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SANDWICHING THE ATTACKERS IF THEY 'SELEC.T A . 
LOW DEFENDER 
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-does not compromise hie position to set up his teammate in the - •• 
attacking element'H six 0 0 1clock position. It i the high de• 
f~nder•a reeponeibility to gain an offensive advant.a.ga without a 
compromioing aseiot from the low defender. If the low defender 
can dchieve an immediate offensive advantage against the attacking 
element, the high defender should im:nediately clear hie teammate 
and allow hi to set up for the kill. Mutual support of this 
nature enables the defending element to exploit any advantage with 
dispatch. 

If t e attacking element att-cks the high-outtJida ··defende~ 1 the 
high-outside defender should immediately play the at~ack in an effort 
to acquire an offensive advantage. Once n~~•~the'def-auder unde~:acti'lck 
(high defender) should not compromise his position to set up his team• 
mate to gain an advantage. This means that the high defender must 
force the attackers to overahoot. The overshoot may be generated 
by executing a max-perfonnance turn into the attack or by employing 
~he higb,oG roll underneath, see figure 46. Considering the geometric 
position of the tw defenders, the high 0 G roll underneath would be 
the better maneuver. The roll underneath w!U not compromise the 
high defender's po6ition, yet it will make it easier for the low 
d~fender to move into the attacking element's vulnerable six~o•clock 
position, because tbe final portion of the roll will be away from 
the low defendero The moment the ins1.de..,low defender observes the 
attacking element driving after hie high teammate, he should pull 
out of his defensive turn and drive toward the attacker's six• 
o'clock position. If the high defender performs a high~ roll 
underneath, the low defender can achieve a lethal positiot by 
e~ecuting a simple reversal or a roll 0 off maneuver. (Figure 46) 
If the.high defender turna down into the attack, toward the low 
defend$~, the low defender will be forced to execute a nose-high 
reversal followed bye rollGoff to move into the attacking element's 
six-o'clock posit~on within 20mm cannon range. In this position , 
the low defender &ithe~ forces the attackers to break off or clears 
hie leader,in the event his leader gains an offensive position. 

If the attecking element eplits (each attacker taking a defender) 
to counter a defensive., split, the defenders must break element in° 
tegrity and fight as single aircraft in an effort to elude the 

-:a.tt~k~fy§ ~ During this portion of the engagement, each defender 
·m•sl:-di.e:•.t-gchrJ$ his teammate's actions until he is able to· success­
fully evade his. opponent. The purpoee of this action is to prevent 
the defenders from.,compromis111g their ~espective de.fensive position. 
The first d~fender·able to elude his attacker should' maneuver to 
support bis ·t: emmate as soon as possible, if circumstances permit. 
If the ~t~cker is an especially asgreesive typa, thia may be im• 
poSGi.ijle until the defender destroys him. rae one-ve rsus-one fight 
cauaeo by the atteckers 0 split is the only engagement which causes 
a penns.n~nt split of the defenoive element. However, this is neces• 
sary to preclude loss of both members of the defending element. 
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GAINING THE ADVANTAGE IF THE ATTACKER SELECTS.THE 
HIGH DEFENDER 
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-If the attacking element initiates or feints an attack againe~ 
the low defende.r (in an effort to drive him out of the fight) then 
switches the attack to the high defender, (figure 47) the defending 
element mu~t maneuver initially as though the dttack weTe directed 
against the low defender. D1Jring the initial portion of this en­
gagement - before the switch is attempted - the high defender should 
note whether or not the attacking element attempts to prolon~ the 
attack against the lcw defender. To stay with the low defendsr too 
long means the attnckfng element will experience considerable air• 
speed deceyo If the higi.1 defender o:,serves this sort of aci;ion by 
the attacking element, ile should net turn or roll down into tbe 
attack when the switch occuro. brrtead, he should roll wings-lovel 
and zoom in the v~rticcl plane. $ince the attac~ers have 4issipated 
their maneuvering siropeed they will be unablo to m.atch the high 
defender' a rot·atio::i angle and subsequent zoom (aee ~ction on 
Maneuvering after~ Turn Overshoot, in Fighter Maneuvers). The 
attacking element will be forced below and ia front of the high 
defender. During the switch, if the low defe!fider hQS rolled nose­
high out of his defansive turn, he will movie tow~~d t~ att1JLCke~ 1 s 
six•o' clock-low -poa:i'ti<on itnd the atitacking element will ·be .c.aught, 
with little or no m;itieuvering .airspeed, in a ivercical •andwich ui 
front of both the hlgh and low defendeirs. ~f·thoy remain in tbi..a 
position, the high clefender need only execute a roll-off tQWard 
the attacker' a oix-o ~ clock position. If the flt:,tackero att0tt,pt to 
dive away, they will ?O&ition thetl13elves in frQnt of the low de­
fender. In either c&se, the defending element -now has the advan• 
tage. If the att~cking element doe& not bleed off eir3peed • ,by 
prolonging the attack against the low defender - prior to executing 
a switch, the high defend,~.: must turn do·.m i~to the attack or \per• 
form a high•G roll underneath, to counter the switch. See figure 48. 
Although the high defender is provided less opportunity to gmin an 
ad~antage by this action, the low defender is provided a g~eoter 
opportunity~ 'The reason for the low defenders greater opportunity : 
He will not be forced to stay in his max-performance turn as long. 
This means he will have more maneuvering airs~eed, hence a greater 
opportunity to maneuver into the attacker's six-o'clock poaition 
after they perform the switch. Result: The low defender can clear 
hie tem.amate, in the event he gains an advantage, or quickly pro~ide 
mutual support and force the attackttnto break off his attack on the 
high defender or be santh1iched ·between · the defending airc1:aft. 

, · If the attackers perform a "fluid separationu as a means of 
countering the defensive split, the defenders will he hardcpressed . 
To them, a: fluid separation will •appear ae an offensive op lit . . 
Thereforar tJ.\ey will be forced to initi l~y treat this t~ctic as a 
splitr and maneuver accordingly. The first indication that the tac-
tic is a fluie aepa,ration, rather than a split, will be when the attack­
ing wingu:an breaks off the inside defender and raj~ins the leader in an 
attack ogainat the high defender. The moment the attacking wingman 
breaks off and attempts to regain normal element integrity with his 
leader. th~·low defender discontinues the defensive turn. 
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-
He will reveroe 0 roll, noseQhigh and maneuver toward the attacking 
wingman~ ~i.x 0 0 1clock position. Meanwhile, the high defender ohould 

.be turning down through the vertical plane into the attacking leader. 
A higboG roll underneath m&y or may not be performed depending ·upon 
the circumstanceso If there is con8iderable separation, between the 
attacking lead~r and his wingman, a roll underneath may force the ' 
attacking leader to ovarshoot. However• because of the separation• 
it can easily place the attacking wingman at the high defender's 
aix0 oacloek poeition. To prieclud~ this:posaibility, the high de• 
fender ~hould turn down through the vertical plane to counter the 
attacking leader and let his te{Ullillate provide mutual support by 
driving in after the attacking wingman. If there ia not considerable 
separation, h~twe$n the attacking leader and his wingman, the high 
defender tru1y employ· ·.::he highoG roll underneath in an effort to drive 
the attacker~ forwerd4 At the eame time, thiB will enable the low 
d~fender to more easily cle~r or provide mutual support. If the 
fluid aeparation is perfo~d corr~ctly, a great deal of pressure 
i o exerted against the defensive oplito The defending ~lement must 
exercise ekillfull m&neuvering te~hnique along with axcellent judgment 
and timing to counter the attacking element's advantage . It can be 
accomplished, but it d~mand~ a maximum in team coordin&tiono 

• ~or Employing the Def~nztiv~...§plit 

1~ Performing the Defensiv~ Split o 

a o Perform a d~elwe aplit if unaucceasful in eluding an 
opponent by all other m&neuv$rs . This aplit ohould be initiated when 
the attackere are approximstely 3000 feet to the raar . 

b. Declare the ~plit to the wingman so that be may tum t o 
the inside &nd play the attack o 

C o Slid~ high snd to the outside when manell'N'ering as a 
leadero You ~hould play the pullQup to maintain a supporting posi ~ 

. t~ upon the wingman . 

do Do not kill off airspeed by abrupt or violent maneuvers. 
You ore attempting to for~e the attackers to concentrate their efforts 
on one defe.nde-r, therefore 1ou· muist -i!nain&;am sufficient airspeed for 
future m.srneuvedngo 

2. E.'rteir.::udng the Defensive Split -uh.en the Attacker Selects the 
Low Defendero 

a. Continue a level qf tii j ~tly nose 0 low maximum turn when 
m.sneuvering as the low defender (wingm&1). A low d~fender ehould • 
not loii<?ir hie nose e:itceeeively &$ the attacking element is trying 
to foree him down and out of the fight. 
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-1>o Att~mpt to sandwich the attacking element when maneu• 
vering as the high defender. While you are performing this maneu• 
ver, the low defender will attempt to generate an overshoot and 
gain offensive potential o 

Co Play the low defender 0 s evasive maneuvering to achieve 
a firing poaitiono If the low defender maneuvers onto the offense, 
you should support the att~cko 

3, Executing the Def~nsive Split when the Attacking Element 
Selects the High Defender. 

ao Fe~form a hard turn into the attack or a high--G roll 
underneath when maneuvering as the high defender. This will pre• 
vent your attncker from being able to position for a kill. 

bo 
attackers. 
venal the 
will force 

Call the low defender to reverae and pull up after the 
The low defender should be alert and execute the re• 

instant the attackers select the high defender. This 
the attacking element in.to a sandwich. 

Co Continue evasive action in an effort to gain an offensive 
advantageo If 1 as high defender, you gain this advantage, the low 
defend~r·will support your att&cko 

do Play the high defender's Evasive action (when maneuver• 
ing aa low defender) to achieve a firing position, it he is unable 
to elude the attackerso 

4o Playing the Defensive Split when the Attacking Element Splits 

I ·:> So Split into a onis~versus"'One situationo 

bo Maneuver as necessary to elude your op~onent (See section 
covering Fighter Maneuvers)o 

Co Diereg~rd your temmJUi)te's actions until you are able to 
succl!asfully c&VOO.i! your opponento By doing this, you w111· not com• 
promise your defensive positiono 

do , Attempt to rejoin and support one another aa soon as 
po&sible. You may be forced to destroy your opponent befor effecting 
a rejoin. 

5. Executing tha Defensive Split when the Attack Switches from 
Low Defender to High Defandero 

ao Maneuver initially ae outlined in the Section describing 
the attack on the low defender. 
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-bo Observe to determine whether or not the ~ttackera pro• 
long their attack on the low defendero If the attackers attempt 
to stay with the low defender too long, they will loae airspeed 
very rapidlyo If this condition prevails,' the high defender should. 
roll winge 0 level when the attackers execute their awitch. If _the 
attacking element hs.s killed its airispeed, they will be unable to 
match the high defender's rotation angleo Renee, they will be 
forced below and forwardo During t he ewitch the low defender ohould 
perform a noseQhigh reversal to catch the attackers in a vertical 
1andwicho 

Co Turn down into the attack or executes highaG roll und~r­
neath when maneu~ering as a high defender, if the attackers do not 
decr$&Se airspeed, prior to executing the switeho · 

. 
do Execute an immediate rolla0ut when maneuvering as a low 

defendero Thi@ maneuver should be initiated after the switch to the 
high defendero ) , 

eo Play the high defender's subsequent action in order to 
gain a firing position or to support any offensive action taken by 
the high defendero 

!E_taeking your with Two 

To gain maximum advantage~ an attacking element should strike 
at eu,:,ovclo~k~low in an effort to deliver GAR0 80 If the flight 
of four failB to d~tect the attack , the attacking element should 
pick out the nearest target and launch GAla8. If the flight of 
four wheels around in en effort to nullify GAR0 8 attack, the 
attacking element should ~eQposition be.hind· the defending trailing 
e?l~m.anto Frp;ffl hieI'e~the att"acking element should drive in and set 
up form e~cond~ey GAR.0 8 att~ck O by employing the barrelmroll attack a 

or a follow0 up 20mm csmnon attack 9 in the event it io impoasible to· 
reposition for Gilg8o If the flight of four epl~ts into tvo e~parate 
fighting 2le~ntsp the attacking el~ment 1hould switch to _the outside-~ 
t railing el~nt and continue ito attacko During the switch, the 
att&eking wi u~ ~hould closely observe the defending el~ t~ 

. &@tGrm1.mt if it will provide mutual support to the el®m9nt under 
'' attaeko lf the free el~nt can provide mutual .aupportt the att~kiug · 
· e:lieu1@int ahould roll winga..,lievel, zoom in the vertical plane, and' once • 

again r~poaition behind the tTailin$ elem~nt. See figure 490 When 
the defending elements are no longer able to provide mutual support, 
the attci!eking element ~hould move 1~ for the kill behind the trailing 
defending elamento • 

Attsckittg -a Flight of Four with Four 

To attack a flight of four» GARQ8Qequipped attacking elements 
ahould tMn~uver into the defend~r9 a blind ~ea in a.n effort to set 
up for a mi~eile attack without being dGtectedo If o~~ceesful in . . ... . 
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-this endeavor, each atte~king element should line-up behind a 
. respective def nding el~ment 1n the fli t of four. On signal, 
tha ttackin ol£mnt lead~ra should launch GAJl•8o If.the de­
fsnders f&il to tce'.neuver, thay vtll looe two ircraft (one out !of 

• each el m0nt) and be set; un au individual defenders with • tvo• 
tocoone diaadvantaga against their respective attacking elementa . 
In describing tbi$ type of ettaek, a better method may appear oba 
vions : To havo each ind~vid~~l attacker launch GAB.•8 g inst the 
individual defe!iders. '!hi ~Y be e.ccompliohecl, however·,1 .. the co ... 
ordination and ti.ming needed before the defenders e:lU:leuta a 
counteromaneuver, make it appear unlikelyo In addition » this 
tactic dGstroys the attacking lementb look~ut capability. 

If t he defending elsmante detect the att$:k and IDllnewer 
against it, tbe attscking ~lemsnta will bq wi~ble·to maneuver 
line-abreast and l&unch their J:1igsilae aimultaneouely. ln1te£d , 
t ho attacking el~nts Yirl.11 be forced in°train (~lal'!l:OUt behind 
ei mant) to mttsck aa a fli~t of four against one of th d fon1in3 
'lemente, or to ttack as individual alomants gatnst tha roepc~tive 

def nd1ug lemsntso If t a att "'king elements maneuver aa s flight · 
of four, agQinst one of the defending ole1Muts , th fr e defending 
eleaent will be·provid d an o~portunit~ to mansuver behind tba flight 
of, four. If esch attscking al, nt selects a defonc.in3 eleirant, 
mutual support 'becomes ·almost impoaaibla, since each defend.ins el• 

nt m-~at !IM!nsuv~r against it$ rs pectiv . attacker to counter a . 
poallible GAB."'8 l5wacho Conddaring GAila8 , thia ~an• t\at th de• 
f&ndins el~nte can no longer srumeuver in respect to one another, 
but ~,t manawalL' in· respect to thsir individual attackera •. B.esult: i .• 
'fhe four 0 ver1N~ 0 four .eng gem~nt b$comaa two indi•idual twoQvsrawi­
tuo en e1nnt~ , witb ~ att~king ilement atter.pting to et up. 
fo,: a Qilw8 attack or a follOWcoUD 20mm cannon attu. If th 4kttacltars 

-..a~e forced in~trai~ and tbm a.--so d$fmbyJ: e~ _at~~t to,geparato 
• tor ;•~tMl • a&. port:~ th~ i~~- attm_~~iug ··~~11m1t ~-o\!ld • ~ta:~t to , drive 

t be i neide def anding el~ :bitri ·a -p ~nQ!nt ee~aticim~. • , llefore. th 
lead attacki.ng al~ut compromi ss biig poai"t1on dimini1h o hie 
airepeao,· hs should tnlitch- tbs a&:ta:k to th~ · b:Lghcoouteid ·traU1na' 
d~ftmdi~g ~lmnent o Se~ figure 500 At the ·eu1ma ·ttme • . t , cconcl­
atiscking elemsnt should drive after ' the ins!d def di~g · l61Dan~. 
This double ovitoh by the atta~kin ,olamant count-~, tbe .det<&.nder•o 
po1sibility of eetting up an eff~etive ss.ndwicb oo the. 1eu· elem3nt 
and tbs fight ends up in an elEr.1Sntovorsueoeloment engagement ith 
the attacking ele!~nta allljoyin'"" th vanta·e o See figur 510 if 
the defand$rS maneuver as a fiig t of four,tb attacking elcmonta 
simply drive in after . trsiling defending lemnt p deati'Oy it• 
then continue the action against the lead dafend.ingel nt o 
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-Procedures for Attacking Fqur wit~ '!'Wo 

lo Begin your attack on the high element. If po11ibls, at 
sixco~clock low. This will position you in your opponent'• 
blind area. 

2. Switch your attack to the lead element after the hiah 
element is well ~ommittcd in a defensive maneuver. If the high 
element should reverse, pull high and position yourself b hind 
the trailing element while you still have an airapoed advantage. 

3. Drive in again and attack the trailing element. If the 
defenders attempt (and are able} to provide mutual ~upport, slide 
high once again behind the trailing element. 

4. Continue this procedure until the defendins elements are 
unable to provide mutual support, then drive in and attain a 
firing position behind the trailing elem~~t. Your wingman hould. 
keep you informed on the whereab0"Jts of the free element, to pre• 
vent any possible counter~attack. 

,Procedures for At;_!.f:li:ing Four with Four 

1. Attempt to maneuver your flight into the defender's blind 
area without being detected. If successful in this endeavor, 
line up each attacking element behind a defending ele1118nt. On 
aignel, the attacking element leaders will launch CAB.•8 to elimi• 
nate two of the defenders . If the defending elements observe 
this attack and maneuver to counter it, employ the following 
procedurea o 

2. Continue the att£ck 9 element again t element, in an effort 
to prevent the defending clements from setting up a mutual 0 aupport 
situation. If the defending elementa 1 maneuvers force you to 
attack inQtr.sin, they may separate the elements nd attempt mutual 
support.. To counter this tactic 0 employ the following procedures. 

3. Drive in (aa lead attacking element) after the inside de• 
fending elem.ent p in an effort to force., the defending elements 
into a perm~nent separation. 

4~ Switch your attack to the high outside defending element 
before ycu compromise your position and diminish your airepeed . , 
At the same time, switch your fluid element (second element) bea; 
hin~ the defender's free element. This double switch prevent• 
the defenders from Jetting 9 mutual support in order to eanda 
wich the lead. sttccking element. 

5o Prees the attack aa separate elements. Thi, allows each 
'element to take advantage of its auperior position. Aleo, it pre• 
venta the defenders frOill effecting a re 0 join and subsequent mutual 
support. -
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-6. Maneuver behind the trailing element if you have the 
whol$ flight breaking in the same direction6 

Defen·ding Four wh~n Att eked J?:y ~;a. '- • 

To eucc~asfully defend a flight of four, the defenders must 
.detect the &ttack and determine the number executing the attack. 
If tts def~nden ara certain thare is only one el0ment performing 
the sttsck, their cours~ of action ie simple. The moment they 
pick up the attacking element, they must determine againat which 
defending el6ment the attack ia being executed. The element being 
attacked turns away from iti supporting element. Thie meana that 
if th~ sttack is directad againrat the high element, it tum• dQ,m 
and •way from the lead ~lement. If the attacking element continues 
t o prea$ its sttack against the fluid element, the load element 
simply rolla in behind the attackers. If the attacking element 
owitches its attack to the lead element, lead element turns into 
the stt-a!1kt nci'ttl&fme defending element reverses noae•high, th~n 
follows through with a roll~off to move into the attacking ale9 
mentga td.x .. oaclock position. See figure 5~-• The attacking element , 
caught in a sano~ich, will now be forced to maneuv$r against the 
att~ckin~ defending element or face the possibility of being de 0 

stroyed. 

Defending Four ,-men Att~cked by Four 

If tho attacking elements drive in and l ine up behind e eh 
defending elem~mt, the d1tf ending elements must fight cepara?:e 
element 0 veriuSQ®lem~nt engagements. If mutual support is ettempted, 
one of th® defon·Hng al<'mants will be forced to ms.neuv~r in re"' 
~pect to th$ other defending el~mento Such a tactic, with an , 
ett~i.cking elie,mi:nt in leth~l position, would be d'f:}f.s't.mua. If the 
att~cking ~lemEnte maintain flight integrity, mutual support may 
be initiated. The elem~nt under' attack turns away from ita svp• 
porting Bl®z.ient. 1£ the attackera continue thia attack, the 
~upport.ing or fluid element, drive, in and eandwichea the flight 
of fou~. During the attempt for mutual support," if the attacking 
lead elem~nt switches ths att~ck to the outeide def nding element, 
and the attacking fluid elemet'i\t dri~s in after the inoide dofend• 
ins element, the defending ~lementa must maneuver a1 separate 
~lemante, o 

Procedures for Defen~ing Four -wmi~n Attecked by Two 

lo Ch~~k to be eure there is only one element performing th~ 
attacko 

2. Turn the element under attack away from the supporting 
elem-ento 
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3. Turn the supporting elem nt in on the attackers. You will 
aow have them sandwiched and on the defe~aive if they press their 
attack on the inside element. 

4. Call the free element to reverae oato the attackers, if 
the attack owitches to the ~upporting element. The attackere are 
sandwiched once again, but in rever~e order. 

Procedure~ for D~fen£iftg Four when Attacked by Four 

1. Fight a~ aeparate elements, if the attacki g elements 
initiate aimult5neou1 attack againat each defending element. 
Mutual support, attempted againet this tactic, will only com 0 

promise the position of one of the defending elemeRts. 

2. If the attackers maintain flight integrity and att ck 
~ither one of the defending elements, employ mutual support and 
aaadwich the flight of four. 

3. If the attacking lead element owitchea the attack to the 
eupporting element, snd the attacking fluid ele~nt drives in 
after the inside defending element, maneuver as separate elemeatao 

SUNV.iARY 

Ia discussing fighter 0 versus=fighter combat we have emphasized 
the importance of ~ and ye 1.oc Hy during all maneuvers. A pilot 
u~der &ttack will not be able to iimply outrun hi opponeat ~ he 
mu1t generate sufficient angular velocity to prevl!nt a auccessful 
tnhlile l&unch and/or tt 20mm cannon attack. T'nh m.eant1 that "high-
1peed tactica" cannot be di~tinguiiEhed from "low=.Jpeed tactic 11 

1iace the entire field of maneuver and capability must be coueidered. 
Aa loag as fighter pilot$ are committed to rear 0 ~emisphere attackc, 
the concept depicted in thi$ atudy will hold true. New weapon, uch 
as the F=104 and F~lOS aircraft and the GAR .. 8B miuile may change 
the maneuver~ per ~e, however the principles involved will .remain 
the same. 
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