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INTR0DwC'!l0N 

Tactics - fight~r~versus~bomber, fighter-versus fighter, or 
even ground attack - are develop;d cccorcing to the psrformance 
ca~abilities or limitetion3 of the weapons or weapons sy3tems 
ci~d. In other words, effect~•~ tactics r~!lect the best way to 
ecploy a givan w:aapon agair..st a given enemy with known or esti-
cate.d capab:Li.ities. Assuming this to be t :,:ue, tac ti.cs are 
fu~ctior.21 ~ that :i.s, they ref lr::ct . tne capabilities and limitations 
of the _opponsnt' s_ wec.por:s as \v3l1 _a5 our own. Therefore, in our 
discussion of a-;r:~al atfack, w~· must detennine the operating enve-··""· ··,....,, 
l~?es of our we2p~ns systems (this includes the aircraft and its 
associated a:,:-m.;m-?.nt). After having l<c!arned these env.:lope para-
tr.~ters, the cliscus.;:ton wf.11 center- on hew to best employ our 
~eapons systema in a given fightet-varsus-fighte~ or fighter­
versus•·cornbe:c s:.tuat :;_,;m~ ~n wh:'..ch w~ as.sum~ that our opponent has 
co=?arable c2pabilitiss. 

Fighte:::·-va!"sus =comb"".r tac ti.c3 wilJ. be cover::d fir.st. In this 
plrnsc, , we: a.s,::c,,1:;, that & I!:2.r,<'--~v::::::-ir. i'.. f:i .ght -2:c atta•·:!<.:' a non ~maneuver­
:ng tc,rg:".t; • wher.;,,c.s in th,:~ f:i.ghts ~·~·v,:..!:su3 ,, f:tghter ph3se, we assume 
that 6 i·~,,r:-= ·.u·;-,~.:":'~r,.g f .~~}-·.'':..e.r .-;'tt-.\1 1, ... .-_: £, 111ar~0.-..:~'"-'f.;ri r~g t ... ~~g2 t. S:iuce the 
fig b.tc:r-ve.r,:;;;,s ~':",,:a1bF.,:~ ~:!. tu&;:icn h:, s o:fi.y on'2 var:.able •· the 
□anevv F: -r.:.ng fight_,,,. ~ c; :no::'-:2 c~c•.ct ;-: .~c hr,.icd~ analysis can be ac­
co~?lished on it. In add~t ~0n, fig t t ~r-ve~~us-bomber theory is a 
frnd c1 r::i""ntcl d<.>pa i:-turc: f o:.nt fo~· f:i.g~ te.r ··vEc,sus -fighter combat. 
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BASIC LIMI':':'AT·:oNs OF THE DISTU::IBED "SIGHT AND TIIE 20MM CANrWN 

To adequately employ the disturbed sight and the 
must understand the limitations Qf this equipment in 
situation. 

I .. 
2011m1 cannon, 
any tactical 

we 

The operating range of the ASG-17 disturbed sight is _ from 600 to 
6000 feet. It will ~ompute the proper prediction angle for a target 
throughout that range, . from the ground up to 50,000 feet and from zero 
to nine G, if the pilot can track the target properly. However, it is 
improbable tha t""'a ''pilof·'would be "able to ·deliver a lethal burst 6f fire • 
at a range ·greater than J000 feet because of the difficulty in tracking 
beyond that range·. ~---. = . •. ~~---·=- ~= ~ . ·--~ _· · - --~-~·-=•' ~ . .._. ,.,o 

To accurat"ely predict the lead requirement, · any disturbed sight 
requires the following basic information: range and target: angular 
velocity. In the disturbed si.ght, · range is provided by . the ranging 
.cadar, and target angular velocity informatiotJ. is acquired by tracking 
the target aircraft. Since the pilot is forced to turn his aircraft 
at a certain rate~ this rate of turn is a representation of target 
motion and is directly proportional to target speed. The angular veloc­
:'.ty 1)f t!'.e att2.r.:i~ing aj_rcraft is set into the sight through gyro a-::tion. 
'.~he i .nf.on~•: :'..o:i :.s then ma::::cied to the. inpu;:: f:·om this racial.' 3nd the 
prope= ?=~~!ct~on 2n~le !s ccm?uted by pla=ing an elect~ic2l restraint 
(st :tff:J.i:,ss ,;.;u::c.er.t) or! the: gy::0s. At long ranges, little 1·estn,int is 
applied,- wh:i.:CP. a ·,: sho ::·t rang2s 2. g::.·.~;; t. a.mount of restraint is applied. 
At reng2s be:,oD.d 3,000 feet, little restraint is applied, thus produc­
ing a t=2cking icdex wt,ich is quite loose and difficult to control. 
Since the pilot's responses 2.re not precise enough, r2sults are usually 
poor, even though the equip:n:c:r:. t may be working properly. 

Ano::be:r:- 1im.:.tation is the ,;one of dispersion of the 20,um cannon. 
For the M-39, harmo~! zation criteria spe=ifie3 that 80% of all rounds 
fired m~st imp2ct in a 4-mil cone. As we increase fi=ing range, 
bul:'..c.;t d2l"'.Sil:y w~~ll be <lec ::e;,:sed by a function of the. square (if range 
doubles, buliet density quartcra). At 3,000 feet) bu!let tensity will 
be d1:-c:·e2sed to ~/9 that at 1,000 feet. As a result, an ac:ta.::ker raust · 
£!re ov~r a longer tine span in o~d2r to d~liver a lethal burst. At 
the same t:i.me, he mus.: tra,:k a ta:::·gE:~ smaller in persp~ctive. Since 
it is ex'.:::cemdy· dj f:fiu:lt to t:r:a~k with the d::..stu·cb2d sight: ,;it ranges 
greater: th2n 3 ,OJO feet, ar:.d the 20m:n con2 _of dispersion_ cc:uses loss 
o: effi;.r:t:..vC"c. b:..:L F.:t:. c e, ,. si.ty 2. t r.:his rar,ge, we ccnsider ou:r m:J.ximum 
r.ar,ge for th•" d:'..stu::-bE:d sighti20mm <;annon as 3,000 feet. 

V.SlC ) ,,.,{T.TA'.."~'.. O'TS 0? TPF.•'-AT!·r-9!? (GAR--8) MISSY.IE A(?AINST A NOL'l-MANEUVER­
It:G TAitGE':':' 

AIM-9B is a sup~rs on::..c infra-red-taming missi!~, laun~hed in the 
t:arge::is tc:~.:.. e:o r>.e on a pucsui.': cou·.'.'se, i.:sinz the fixed si:sht. After 
l<'.un,.:b., tr:~ m::.~:si.le l"!1E:r;.evvers t .o es-.:2l,li~h ,;i col::.i.Eion cou:rne with 

r :..-.::·---=-==-~~~;.~~-·~' 

l f;.8Cf?r!T j • ~ 
--·· "-=··--· -· . . ----· ___ _g 
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the. target. In other words, the missile determines w~ere the target 
is going and heads for :hat point i~ spac~. !o succ~isfully em?loy 
Sidewi:cder in a given tactical situation, you must be within its fir­
_ing envelope. This firing envelope is determined by: (1) The radia­
tion pattern of the target and (2) The performan,::e envelope of the 
missile. The radiation pattern of a particular target is the area in 
which yo~ can detsct its IR radiation. The performan~e envelope is 
detennined by: Range . of the missile, number of G .,~hkh the missile 
can pull and lambda (look-angle) limitations. Thus, · the basic limi.t:a­
tions of the missile, '' against a non-maneuvering target, a.::-e determined 
by: Infra-red pattern, range, G and lambda. Since tactics are devel­
oped according- to the ~performance capabilities or limitations of the •-., 
w~apons used, discussion of the limitations is in order. 

J:R . Patte:>:n 

The miss:.le gyr,?-se8ke1.· locks onto the strongest point-sour,:e of 
IR radiatio:1.. :E'or a ta::get in miJ.itary power, the st.::-ongest point:­
s01.irce is the hot metal of the jet's tailpipe. Approximately 85o/Q of 
the IR signal generated comes from this hot metal and the remaining 
J.So/., com-?.:, f:7om tl-.<?. hot j,,t e:<:h2'..1st. Fo:,:- a target opi:::-e.t.i.ng :~n aft,:r­
bu;:-ne::~ the p::·5.Tik,:-j" s .o;.:::·ce of radi<1 t: ion i3 the t,ot exi:eust £:Lame. 
Ap;,ro;cT_,:,;.! t eJ.)" om;, of the si3nal gen2r2ted comes from Came and 40% is 
5°::w•·-.-·~ed by th~ ho:: mc~t-::,l 0£ tl!-:.i ;:af.lpipe. !n th,2 disc-1ssion of 
:::-.!cii.,:.,:~aor. p::;-: ·;:,,.::"Gs, it Le P.:.'\c; ~.;:.s 2 ::-y· tc kee7 i~ :ni.nd t~1.e shape of the 
;,)c>.tt<"!.':'.TI. L:: ai. ,:~~~:ft w::.th shielded tai.lpi.pes, r.:?di.2.ti.or.. pa~;:er.ns are 
gen-;ru).ly long ari.d. :cE.l2':ively nar:co0 ,1; w:1.ere.::i.s, in ai.r,.'.!rait which do 
not hc.ve sh5.elded t:ai:.p~-?es, t:he patterns n::-e long and wide. In 
fightn~-~ype a~~c~aft, the rad~ation pattern is generally long and 
::-0.l,1t:s;e '.? n3°::~:,,., s~_n..:2 th-:: g:0O!7!,~ <:::,:y -,f thf:: airc:-2ft shields the tail­
c;>!.pe. 'J:r-..i.s 2.p~.,:~:.PB in m:.:: 0~ta,.y ptY,,.~r or:ly. In afterburner power, 
caturally, · t~e pE~te~n is loni and ~ide, since the flame of the after­
b~=ner ~s nc~ 3hie~d~d by the jet's aft fuselage. I~ both English 
ar.d S ,.);1;>\t: l:,c,,,1i.,2..:-~:::1::;0. ?.i.:c;:iJ.er:e.s, i:1 the ho·::-::.zocta] plan2, the jet 
t.::~.l?~.;,c ::.s E:r.:.,,lc.ed 'Jy the s,F;E::p··b~~c.1-: of the vi:c.gs, thus presenting 
c ~.o':'.S nc::7;7,_;,; :;>2t;-:l':Yn. In the ve:-:-tic;nl pli.rne, howe·,rer, the patte:,:n 
i.s lot1.g a::d •,1:'..cl,:c, , :;:'..::i.cP. !:h1~ wi:-.gs d.o net shield the hot meta:L and the 
j"::t sxhaus'.:. USA-1:' bo;:.1b,'.::··C;/,,=' airG ::·.:.ft, on the: other hand, present 
J.or~g ca:f1. ,.,.,-J.ck.r·! ,1~n~c·!.;7;,.;1~taJ. prttt !·:r.s, si~"'.C'-:: ::r-.~~ e~ .. 7,ir.~; n::<' :~:i. .:!~~ ure. Gt.:~­
p,2r. 1 .. 10:1.~. [.,.=.!.lO\-Y ~-.\e ·w-i.~1::;: prov·5-d .r_ag th,?. gyro-secl<.t-t' H r:;:!l .:1.~·.ivt=!i:,1 un:re­
:,:~ ·-:-i(~,":.,,c:. v::.-c:\} nf tr..': jr,+: c.:~l ,-2 ,;·,t. In tli.E overhP.;;.d vsr·~i-:21 ;.,1ar,e, the 
~.·fl-: t:.r~:•:"~. !.-=-. : .r.;:.! g at~C. r..a i: r:o·-:.-; .. sin~~ ~ .t:be. ,;,,1ir-1. g shfe ld s ~h :-. ::::t t'•=: :{ i2 t ion 
~·1:00.1 tJ-,t'! gy ?:c·· ..,se1:~c\l..-. R;,d~,,;: Lon ?a::t ,~.,ns ·.,;~ 07 with t .'tt~.pipe temp2ra­
~u~2 as wel! as w::.th 2~e4 of the uou~cG. !n otler wo~ts~ th~ g=e2ter 
the ti:-E,pec:c::u:r:r::, the g:rc2 ter t.l-:e 2.·2d:.o.tion pattern; ar;.d, logie:aily, 
the la~gl':~ the so~c:ce, t~c grea tc= the rad:.ation patte~n. To illus­
•:;:~~e: A bi:;::ib".:<: ,ii~.l: 8 cri s :'.~<::s in mil;_tc::i'."y po~,-e':', as compared to a 
fi~ht e:c ,-0 ::'.':.l-, o,J:, r::r::gi.nc. in m.:.i..itoc-:?'."y power, ,.wu1.d generai-.e a much 
li:!rger 1.-2c1-i.2tic.ri. pac·::etn 1:, ,.,.,~r.us e the uL~a of the so:c.:r•~e i.s m'-1<::h greater. 



( 

( 

( 

~~=-.,,,] 
Background IR sources are signiticant tactors affecting the .size. 

and shape of radiation patterns. Important background IR sources 
are (1) Sun, (2) Clouds, (3) Water, (4) Snow ·and (5) Terrain. 

(1) Sun: The sun is the strongest source of infra-red energy 
known. You cannot fire Sidewinder at targets flying directly between 
you and the sun, since the sun's radiation will decoy the missile 
away from the target. Therefore, do not fire at a target which is 
within 25° of the sun. Also, do ndt continuously point the missile 
directly at_ .. ;h_e_~sun f<:_>r-_moEE: !_~an_ ten s~con~s, or _ the lead sulphide 
detector r.1ay be permanently damaged. - • ••• 

• (2) ··ciouds: Ciouds-~refiect""tR -radiatfon from· the sun - par­
ticularly cumulus clouds; _- If you must fire at a target whi,:::h is 
framed against a bright cloud background, in all probability you will 
be forced to reduce your slant range to 6,000 or 8,000 feet (AFHDC ADJ 
S8-845) to obtain proper signal .discrimination. If the target is hid­
den by clouds, the clouds will confuse the target signal so that the 
missile will not home. The signal which you receive will be the back­
ground radiation reflected by the clouds. A good rule-of-thumb for 
flying in clouds or ·gainst a cloud background is: diminish range until 

_it i.s possible to discdminate between the background and the target 
signal, 

(3) Jfat~r.~: Wat:er, like clouds, reflects IR energy from the sun. 
Calm wate:::- is a tremendous b~:'.!kground radi.ator wh,sn the sun 1 s image 
can actually be seen in the water. Rough or choppy water, ,:m the 
other hand, reflects !R radiation in all directions and the attacker 
need not be in a position where he can see the image of the sun on 
the water. As when operating against a cloud background, diminish 
range until you can achieve proper signal discrimination. 

(4) SEo~: Snow, like water and clouds, reflects the S'Jr.'s IR 
energy. When firing against a snow background, as compared to a 
water o~ cloud background, :·~u will have to diminish your slent range 
much more in order to get proper signal discrimination. There is a 
good possibi1.ity that you will be forced inside the mj_ssile's minimum 
range, thereby precluding a missile attack. 

•. ·(5) Terrs ~n: Terrain background reduces maximum missile: range, 
as do clouds and other prev i o~sly mentioned backgrounds. Llght 
terrain iri particular, such as dry lakes and sand, ~rovides maximum 
background r adiation. When firing·against the three previously 
mentioEed backgrounds, und e r an oversast, max range is not diminished 
nearly as much as when fi~ir.g 1.:nder CAVU condi.tions, sinr:e the clouds 
~ct as a device for shielding o~t the sun's IR radiation. 
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Range: 

A1M-9B has both minimum and maximum !'~nge restrictions. Basic . \ 
minimum range for launching is 3,000 feet. This is determined by 
three factors: (1) Time for the influence fuze to arm, (2) Time 
for. the missile to set up a collision course, and (3) Delta Mach. 
To be assured of a kill, all three of these factors must be considered, 

. F'irst, ti.me for. tne influence fuze to arm: It has been proven through 
empirical testing, that approximately _ 85% of . the kills _achieved have . 
been through infl i.;en.:e fuze act ion. Since it takes the influence 

- ~-·· fuze about two seconds -. to .. arm ~at .rocket _motor~burn:'.out~_ a_minimum ___ ____ _ 
range must be considered! Second, time for the missile to set up a 
colli8ion course: After launching, the missile does not beg:.n to 

• guide until it clears the lat,nch aircraft. This delay lasts ·for 
about l /2 second, at the end of which time the missile receives its 
first guidance command and starts to set up a collision course. 
Thi.rd :i..J2..el ta Mai::h (rate of closure): At- rocket motor burn-out, the 
missile is tTav8ling about 1.7 Mach above the speed of the launch air­
craft. If the launch aircraft has a high rate of closure, the missile 
has a faster airspeed relative to the target. Since it takes a def-
5.n:.te t.im-~ fo:-~ tr.e 5.nflu~nc,: fuze -to arm:-- ;md a definite time for the 
missil~ to set up a collision course, the nissile must tr&ve: a greater 
di~t~n~e, re~atiye to the target, before either one of these occurs. 
M:.szt~.o fir~.ng r2n3e c:an 1:-e d8tcrp1in2d by use of the foU.owing formula: 
H:.n:.1,mn rdn~:, :i.s eqDal to 3000 ± (Del ta Mach X 3000) . To i Eus tra te: 

- If' the la,mct. aircraft is traveling at 1_.2 Hach and the target air- ___ _ 
craft at .3 Mai:h, we have a Delta Hach of .4. Applying this to the · 
fonn:.ila, we ECe that mir..::.mum range is equa1 to 3000 + (.4 x 3000), or 
4200 feet. Tht~ general "rule-of-thumb" for minimum range, :::a-airspeed, 
co-2:i.::i::t:ce, howevc:::, is 3000 feet. Maximum Ran~~: Maximum range is 
cict::e:."111:in,:,d by· th,.·ee f~ctors - guidance tim•~ , air density and delta 
Hach. M5.ssi i.e geidance time is app :::oximately 18 seconds j which i_s a 
con.stant value applied to both .air density ·and Delta Mach. Air den­
sity is en impo~~ant factor, in that the higher the air dens~ty the 
greater the aerodynanic drag, thus the shorter the ra~ge over an 18-
second ti.me ·pe:::-iorl. Del ta Mzch is important in that the fast.er the 
laur..ch airc.r&ft, the fast;.e::- ::he mi.ssile in relation to the tcirg;et; 
thus,· over. un. 18··sec.:or..d tir.ie peri.od, the g'::eat:er the distance the · 
~issile wi1: travel. Msny max -range charts have ~een developed by 
both the A,> I'o-r:ce and the Na·-,·y to depict the m2.:dmum ran~e at var-
ious a~ ti ': t:c:f;:;, airspeeds, cc '.:'..d Dc•.1:2 H1ch !·eldt.iori.s hips; hom!ver, it 
... s ,,~_r.::ual l:: iDpo .ssib:.c to ::em,C;mc,::e!:' ai.l these relationships. 

;.. 

The fol:..owing "rules··~f-thumb" may bE, used by the pilot to detcr::'.in •~ 
r;ia:-:: ra:1ge: 

(l) For co-speed attacks agains t trens-sonic bombers - one rail2 
for altitudes below 10,000 feet, adci one-half mile range for each 
additional 10,000 feet increas e ~n altit~de. 
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(2) For co-speed attacks ~gainst ·supersonic targets - one mile 

range for altitudes below 20,000 feet and add one-half mile for each 
I .. 

additional 10,000-foot increase in altitude. In applying the rules-
ofethumb we can see that Sidewinder's max-effective range against a 
sub-sonic target at 30,000 feet would be two miles, or, roughly 10,000 
feet slant range. Against a supersonic target at 30,000 feet, the max­
imum slant range would be approximately one and one-half mile, or, 
roughly 7800 feet. . __ . 

_ ... .::. -~~~~3€:!~~--P~ .. ~:;..s.:. -~~2~ .... _::~"•. - 4 •• ·, :.:,., - : _ ... :. : · ..:.... 

(3) Delta Mach "rule-of-thumb": Add one thousand feet for each 
.1 Delta- Mach ,vhen -above -30,000 feet altitude. To illustrate: ·· A .8-
Mach target, at 30,000 feet, is being attacked by a 1.2-Mach figh_ter 
at . the same al~itude. Applyi~g the sub-sonic rule-of-thumb, we find 
that the max-effective range at which we can launch the missile is 
10,000 feet, or approximately 2 miles, for a co-speed condition. 
Adding 4000 feet for .4 Delta Mach, we compute a new max-effective 
range of 14,000 feet. 

The only problem now is range estimation. When in the cockpit 
of an attacking fighter, at minimum ranges, there is no problem, since 
we may use the ASG-17 radar to determine range. At max range, how­
ever, we are beyond the capability of the radar and must use another 
means of dete-r,uining our approximate range from a given target. For 
normal missile firir:ig ra_nges, fairly accurate range estimation can be 
accomplished by comparing a knm-m aircraft wingspan with the sight 
reticle radius, or with pipper diameter. Applying the formula, 
X = WS x 1000, 

s 

where X = size of the target in mils 
WS = wingspan of the target in feet 

S = range of the attacking fighter from the target 

we can dete.nnine the size of the target, in relation to the 70-mil­
diameter reticle or 2-mil pipper. 

Examples: 

1. Size of B2dger (wingspan 116') in mils when range is 10,000: 

X = }).6 x 1000 = 11. 6 or approxima tely 12 mils 
10,000 

This means that at 10,000 feet, the Badger ,-Jings pan will subtend ill 
of a raticle r adius (35 mils). At 20,000 feet the Badger span will 
be 6 r.i1_~ and will subtend l pipper widths. At 5,000 fe et the Badge r 
sp ,:rn w.i.11 be 23 mils and will subtend 2/3 of a reticle radius. 
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2. Size of F-100 (wingspan 39 1) in mils when range is 10,000 feet 

. l 
X = 39 x 1000 = 3.9 or approximately 4 mils 

10,000 

At 10,000 feet the F-100 wingspan will subtend 1. pipper widths. At 
20,000 feet it wiil sub~end l pipper width, and at 5000 feet,~ 
pipper widths or approximately 1/5 of the radius. 

----- -- --· AI}1-9B ca·npui1 -approximately 10 G at - sea - level and approAimately _____ ----
3.5 G at 50,000 feet, -The 10 G maximum at sea level extends almost 
all the way to 30,000 feet. From that altitude upward, the, capability 
decreases until, at 50,000 feet the missile can pull approximately 
3. 5 G. In other \.lords, Sidewin<ler can pull 10 G from sea level to 
30,000 feet and approximately 3.5 G at 50,000 feet:. Maximum fighter 
G, when launching~ is app::oximately 2 G below 40,000 feet and 1. 6 G 
above 40,000 feet. The G-capabi~ity of the missile determines the 
G-limit on the fighter at launch. To illustrate: The rate of turn of 
the fighte~ in a pu;:-suit cuc:--ve -5_,;_ de'.)endent. on target speed ', angle off, 
,md rant;-e, as :!.ndir.ated b·y tb.e :::01.lc,-.-1ing formu:!.a: 

w C I!:.._x Sil':..<! 
Range 

where w = Rate of turn in radians pl!:r sec.ond 
Vt = Target velocity in feet per second 

Sin0 = Sine of the angle ··oi"f 

:Sy exam::ning -~·.he ionnuJ.c '"~ t.!2.1:. E"::e th2t the ra·;:~ of turn (W) in­
creases dn7 time target ve:ocity or ang~e -off increases, a~d decreases 
c1s :-a:1g-= increases. The n~.m1b2:-:- c-f J wh:. .:- h -::he fighter pulls, at a 
5-j.ven r .: te of t:u:,::-:,.~ .. i .s di::er.t::.y ~~,-:o ;::,o ·,~~icr-.c.l t:c fighte.r speed, and may 
he represer, ted by the fol 1.0,.;ing fonnul 2 : 

W .:: 32_._2 _ _£! 

·where N 
Vf 
w 

= 

Vf 

Number of radial G 
Figh~e:- velocity i n fe e t p~~ second 
Rate of turn in ~~ci -·bns per s econd 

We c:an ,::c:e from tr.'" fo:..--rru;a fr.at an-1 t:.r.ie figh::er vs locity increases, 
ve must also i ncre~s~ G (M), in an effort to maintain a given turn 
rate. 

Rate of turn r equired for the rnisni~e to s2t up a 
<lepei:dent upoE f;_,_r'?. fr.ci::or s : :)) target spc-2d, 

• r ;;;::~7~-,-J 
collision course is 
(2) angle-off, 
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(3) range, (4) enabling time, and, (5) the navfgatiocal constant. 
The number of C which the missile pulls, for a given rdte of turn, 
is directly proportional to missile speed i" The higher the speed, the 
higher the G. If the missile is la~nche-:i • from a Nach 1 fighter pulling 
2 G, how many G must th~ missile pull in order to maintain t~e same 
rate of turn as the launching fighted As shmm by the form1la 
(N = Vf ~ W ) , since the missile (V) is going 1. 7 Mach above the launch 

32.2 
aircraft's velocity, or 2.7 Mach, it must pull 5.4 G, in order to 
maintain the same rate of turn as the launching fighter. Why, then, 
are we committed to pull a maximum of 2 G when the missile can pull 
10 G, an am:iunt considerably greater than the 5.4 G which we just 

-····--- conputed'? ATI1-9B docs _not begin to guide _until -1/2 _second_after_Jaunch, 
at which time it receives its first guidance signal to set U? a col­
lision course. During this enabling period (1/2 second) th.e missile 
hns the characteristics of an ordinary rocket. Because of this, an 
additional rate of turn is necessary to set up its collis~on course. 
To set up the collision course Sidewinder turns 3 1/2 times the rate 
of turn of the gyro-seeker - this is a -navigational consta~t. Because 
of this, the rate of turn generated by the missile, · in the first man­
euve1:, is greater than the rate of turn of the launching fig!1ce~. 
Sin::.,'.! t:.,,~ r,:1:.1bcr of G pulled by th,~ ,ni.ssile and figher i.s eq•.1ated to 
:.·e.'-•~ oi:- ;:· . .i-.~~1 Hlld •1c,locity, it is ch·,ious that th2 2 G iiinita::ion of 
the '.::!.zi:::e:c 2t lc.1u1;ch ~, r, ti. eJ to tbc: li) G J.imitatio-:. of the missile·. 
Zi rao-~·,-~ .:hti".1 2 G is pulled, tb~ tracki.ng :.·;_;te of the gy:ro-se-::ker is 
C:!:, c:eed(~d 07 the line-of-sight :ca:~e, thus the seeker loses the target. 

Another means of exceeding the tracking rate of the gyrc-aeeker is 
to launch the missile with an angle-of-attack in excess of 12° (the 
angle be'.:~-JP.C".! the I'.!i.ssile I s long _'_tuc:inaJ. a:.:is and t _he launc~ c::ircraft' s 
f1.i:sht :;i, ,th). For the F-100, six:c!:: the mi.ssile launch-= r lln-~ is 
a!~gn8C 2° below th~ fu,;elage -ref8:'.'eZ"Lcc line, the maximum ai".~.::raft 
.:'.r.gle of attack is 11'.~0 • If launched with a 6r.eater angle cf attack, 
Sidewinde·c will jun1p towa"!."<l flight path, caus::_ng the trackin:5 rate of 
the gyro-Jeeker to be exceeded by the line-of-sight rate, co~sequ2ntly 
the gyro-seeker will lose L~e target. When this happens, tbs missile 
goes hallis':ic. 7o avoid exceeding a 14° angle of att2c~, t~e F-100 
d!oulcl not be flovm at less th2 .1 l 7C kr.ots in a 1 G conditio,:1 and 230 
knots in a 2 G condition. 

L,!n~x'.a lir-1:i.t is simply Lbe max }ook-an:;; le bet.\·1esn the a.xi3 of the 
z:1:..·u-~1ceJ:f::' ar.G the longitL:clir~al c1~ i;.:; of t l1e n1i.ssile - a 2S-Ccgr~e cone 
with its center along thi long i tudinal axi~ of the missile. Why are 
w~ interested in this la~bda limitation? It is ?Ossibie for a pilot 
t0 sat~sfy che cond itions of IR, "!."ange, and G, yet b~ outside the 
lcr.1bda ccpcbility of the missi:;.e. J~,rn:x'r. 1.imit msy be .:x!ceeded by a 
cc,r.il,ir.a:~j on of two fac ':ors: l ,;-1 ,:.1i.ssile 7 ;lo:::ity and high 2;1gle-of£. 

~~~~~=:-] · L . ===--~= 
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(1) Low Missile Velocity: ·one-half second after launch, Side­
winder turns to establish a collision course with the target. Two 
seconds after launch, it has a velocity 1.7 Mach greater than that of 
the launch aircraft. To establish a collision course, Sidewinder 
turns 3 1/i times the rate of the gyro-seeker axis to reduce the line 
of sight rate to zero, or establish a constant angular relationship 
between the missile and the target. After rocket motor burn-out, 
the missile begins to slow down. In order to maintain a collision 
course after deceleration, the gyro~seeker must look farther and 
farther to the side as it nears the target. In other wordi, as 
illustrated by figures 1 and 2, as the missile slows down, the lambda 
angle increases until collision occurs. 

FAST MISSILE 

Yiguru 1 

SLO\'/ MISSILE 
Figu.:a 2 

[
= .. ~~~,~=::~-";·===~~~~,l 

.,..a,:£.C"Ol':«::',;O+ ...... ~ ... ~~c...-.::r._.j 
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(2) High Angle-Off, the other basic cause of lambda-limiting is 
understood by considering a missile ·which, immediately upon launching, 
could turn onto the collision course. The ,line-of-sight angle would 
remain constant and the gyro-seeker would ihus remain with its axis 
along the initial pursuit heading. It can be seen in figures 3 and 4 
that the collision course for launching well off the tail differs in 
direction from the initial heading much more thari does the collision 
course for launching slightly off the tail. · 

~~ ·-~-· .:....~~ -.. -::·-_ _ ..;~ ,•·~ 
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OFF 
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Consequently, the higher the angle-off, the greater the lambda angle. 
At long range (within max missile range;'lambda limitation occurs at 
smaller angles-off, because of the effect of lambda-limitation on 
decreasing missile velocity. At short range, lambda limitation is 
caused by the sharp turn which the missile must perform. You will 

· recall that if an attacker fir~s wit~ any appreciable angle-off at 
short range, he will be very near his 2 G limitation, or near the . 10 G 
limitation of . the misaile itself. This means that the missile is turn­
ing sharply to set up its collision course. The sharper the turn, the 
higher the missile angle of attack, .As shown in figure 5, the angle 
of attack adds to the lambda angle so that lambda limit is reached. 
When "lambda limit is exceeded, the gyro-seeker bumps against a mechan- -. 
ical stop, slmvs ·the gyro to a halt and the .missile go=s ballistic. 
Since we have no instrumentation available to measure lambda limit, 
we provide an artificial means to represent this lambda limitation -
do not fire at angles-off greater than 30°. At 40,000 feet and above, 
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Figu.:-e 5 _., Sl!OR'.r Rfu~GE LAHEDA L_1J-1ITATION 
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do not exceed 10° angle-off - this is primarily because of servo­
bias . (poo,:- b'..lrning of powder). This wiU preclude the possibility 
of an a.ttacking pilot exceeding the lambda limitation of his missile. 

In ord_er to kill .with Sidewinder, you must be within the firing -
envelope as defined by the infra~red, range, G and lambda limitations. 
If a pilot ex,.::eeds any one of these limits, kill-probability drops • 
drastically. For practical purposes, we can define the missile fir­
ing envelope as a 60° cone emanating from the tail of the target air­
craft, with its length dependent upon altitude and rate of closure 
(Delta Mach). For future use, We will describe this cone as an 

----angular velocity cone or a cone of maximum performance. 

MEC!-l.Ai.11(:S OF TEE PURSUIT CURVE 

To fully ~o:nprehend the limitations of our weapons system, so 
that we may develop · effective tactics, we need to know som•:!thing of 

-the nature of the attar.:k in which we will be employing Sidewi_nder -
the pursuit curve attack, A pursuit curve attack is basically an 
attack in which the flight path of the attacking fighter is continu­
ously pointed 2.t a movi.ng target. To provide an insight into this 
type of atta,.::k, we will eT.ploy the forlowing formula . . 

S ~ ~f x Vt x Sin@ 
32,2N 

;,he.re S ·- Range 
Vf u F1.gr.te:-: velo::ity in foet per second 
Vt ::: 'I:a?.:ge.t: ve}.c-c:ity ic: f2et per second 

SinG - Sf~~ of the angle-off of the attacking fighter 
N ::., r-71.:.1:1::·-?.:'.' of ::.·u<iia:i. Gs pu.l:.ed by the attacker 

With th.::: ~to·.ce formulc=: , We can i:o~pute the range for a gi.ven G and 
ans:.:.e-o.ff fo:c ;my cor:i'.:,ination of target. and fighter speeds. It 
shOi.:ld be notE:d to,;,12v(=:;:-, tL2t th-3 f01·i1ulc:,. does not cor,side:c lead for 
targ~t motio~, nar does it represent the flight path of the attacking 
air~raft. Ins~e2d it repressn~s distance/bearing relationships for a 
givec s ~t of Vd l ues at a speciiic poinc in space. 

DC?.sri~e. the-. c-1bo<.1 e lim:!.t:2.,~ions , t':,e fo:-:iiiila is s t ill valid, in that it 
provides an ins ~ghc in t o the prob l ens a s so~iated with the pursuit 
-::m:-·:_1 fo. St'..1cy of th P. fo-;._-im<!.a ::-e·.r1c:;i1!3: 

1. Th.1: s :~c-:,;.:: c,f 1;-ulne.,rab~.]:i.ty is a na::,:ow cone emanating frora the 
t2il of the ~a ~ge t a!rc ~lft. Tt~s car be amply illustrated in the 
formula .ribove by c.r.aly z. ;.ng f:'.:.gur. .~ 6. 
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Vf 

Vt 

= 

= 

1.2M 

.8M 

CT~~ 
= 693 KTAS = 1,170' /S > · 

. • 35,000' 
= 463 KTAS = 782 1 /S -

S = Vf Vt Sin9 = 
32.2N 

28 ,lf50 (SinG) 
N 

s = 
N = 

S C 

N = 

9-,480 Sine 
3 

8,130 Sin8 
3.5 

,:- _.:;,.~ _ ... _ 

Figure 6 

8 
15° 
20° 
25° 
30° 

= 
= 
= 
= 

s 
2,460 1 

3,240 1 

4,010' 
4,740 1 

-

2,llO' 
2,780 1 

3,440' 
4,060 1 

As shown in figure 6, the cone becomes narrower at firing ranges if 
the fighter velocity ard/or target velocity is increased, In other 
words, the attacking· fighte~will be forced to fire at smaller angles­
off if he does not wish to increase his firing range. Reducing angle­
off against bombe:.--type ta;:-gets places. the attacking fighter in the 
bomber's effective cone of fire. Therefore, if the v2locities of the 
target and fighte~ increase, and ve do not reduce angle-off, the range 
must, of necessity, increase. The increase in range will be in pro­
portion to the velocity increase of the fighter or the target. If 
both targ8t and fighter velocities ar.e increased, the increase in 
range will be a multiple of the i.nc·reases of the fighter and target 
velocit:.es (for example - if Vf ~md Vt are doub:!.ed, the range will be 
quadrupled). 

2. The cone becomes narrower with an increctse in altitude (the 
fo::-rnula is a function of fighter velo::ity, G, and angle-off). It is 
a recognized fact that the available G of the fighter decreases with 
an increase in altitude and, an shown in the formula, any such de­
crease in G will be acc~mpanied by an incr~ase in range, 

In a curve of pursuit, the rate of turn necessary to track a 
given ta:-:get is determined by rangE:, angle-off c'.nd target velocity. 
This rate of tt,.rn may be exp:cesse~ by the following formula: 

w = Vt x SinO 
Rang~ 

;.. 
t 

\.1here W = Radi2ns per second 
Vt = Ta~gct velocity in f2et per second 

SinO = Sine of the an6 le-off 

f
-~~;:-r~~===-··v·=--7, 

'...;'-'-' . .,,, ··--- f 1 2 - . 
ti:..:.-:::r~~~-----:::s.-~~-::...:;::::J 
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On the b?sis of th~ formula, if angle.-offdiminishes more rapidly 
than the range, the rate of turn will decrease (this will occur in 
some part of the pursuit curve when the fighter velocity is less 
than twice the velocity of the target). · If range cU,_minishes more 
rapidly than angle-off, throughout the curve, the rate of· turn or G 
will incre2.se (this will occur when the fighter velocity is more 
than twice as great as the vel6city of the target), To find the 
parts of the curve where we will achieve these increases Ot' decreases 
in rates of turn, we cnn use the following formula: • 

/· .. . 
_ CoSin of the angle-off where maximum G occurs= _J_J_ 

2xVt 

where Vf = Fighter velocity 
Vt= Target velocity 

NOTE: These two valocities may be expressed in knots, miles per· 
ho~r, feet per second, or any other appropriate unit, as long as Vf 
and Vt are expressed in like values. 

This formula will enable us to determine the point on the pursuit 
curve where maxiI!lUm G ,.,ill be er:.countered. For example: If we have 
a · fighter with a velocity of 1. 2 ~'1f!ch atta.::king a target with a veloc- • 
:tty of .8 Mach, th,: po:!.:it of rr.£.:{-G will be about 41.4° ang:e:-off. 
1'harefore, in effe.~t, we a'.":e say:!.r'.g that at angles greater than 41.4°, 
t~e rdte of tum (or G) is ::.r.•::;:::;~si.n3, At angles of less than 41.4° 
tho;: rai:e of tu::.:n is decreasing. To further illustrate '."' if we have a 
fighter traveling at twice or greater than twice the speed of the tar­
get, the max-G point will occu~ at zero-degrees angle-off. In other 
words, there will be a G build-up or an increase in the rate of turn 
throughout the entire pass. 

In pu=suit attacks with today's fighter-bomber velocities, a 
fighti!r is forced to fire uncle:: conditions where its velocity is less 
than t~ice that of the target. In this typa of attack , the fighter 
is not only forced to fire ut longer ranges, but alsc to fire where 
h~s rate of turn is decreasi~g. We can see f r om studying figure 7 
that the attacker 1 s rate of turn is not only decreasing, but it is 
de~~easing at an increasing rat e . In other words, the attacker is 
being "sucked" or forced in-trail. As i \ :J-µstr ,. ted in figure 7, the 
at~acke~ loses .19 G/se~ at 30° ang!e-off. At 25° angle-off he loses 
.27 G/sec and so on until c:t 10° c.ngl c. .. off he loses .45 G/f:e-::.. 
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Vf = 

Vt a 

1.2 Mach 
·. >35-80,000 1 

.8 Mach 
I 

A 1 f ~ 41 . 4° / . ng e () dax-G = 

Nr = 4@ 41.4° 

8 N & s 

--=Al .4~~~. . iL •. __ - TT"• ... ~., _o ., 4620 .. 

30° 3.83 .19 3660 

25° 3. 64 .'1.7 
- . 

3260 

20° 3.36 .35 2850 • ' 

15° 2. 97 • .41 2440 

100 2.49 .46 1960 

Figure 7 

If the attacker decreases his G i1t the max-G point (with the same 
fighter velocities ,as shown in figure 8, he will be able to diminish 
his rate of G bleed-off. Hqwever, this will force him to fire at 
longer ranges, Naturally an attacker does net want to do this, because, 
as range increases, his bullet density decreases by a function of the 
square (if range doubres, bullet density quarters). As a result, an 
attacker must fire over a longer time span to deliver a lethal burst. 
At the same time, he must track a target smaller in perspective. Under 
these conditions, it becomes quite difficult to deliver an effective 
burst, 

Vf 

Vt 

= 1.2 Mach > 35-80, 000 I 
= ( , ·- .8 Mach 

Angle of Ma~-G ~ 41.4° 

Nr 



. . 
t 

( 

( 

. . -- · •· 

8 N N s. 
41.4° 3 0 6180 

30° 2.88 .11 4870 

25° 2.74 .16 4330 

20° 2.53 . 20 3790 

15° 2.23 ---- .23 _ 3250 
~~.::-- ..-:.~, ·-:- ~· -- - - ..... ~. .. . ,- . 

• 10° 1.87 .26 2600 
- -

Figure 8 

If the attacker· increases his G ·at the max-G point, · as shown in 
figure 9, he will be able to fire at shorter ranges. However, if he 
does this, his G bleed-off will become even more rapid than originally 
shown. • 

e 
41.4° 

30° 

25° 

20° 
.. . 

15° 

100 

Vf = 

Vt = 

1.2 Mach • . > 35-80,000 1 

.8 Mach 

Angle of ~uix G = 41.4° 

Nr = 5 @ 41.4° 

N = Rate of change of G/sec 2 

N ~ s 
5 0 3710 

4.80 .30 2920 

4.56 .43 2600 

4.21 .55 2280 

3.72 . 63 1950 

3.12 .72 1560 

Figure 9 
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LIHITATIONS OF OUR WEAPONS SYSTEM IN A PURSUIT CURVE ATTACK 

To accurately predict the lead requirerr.ent (prediction angle) any 
sight requires the following basic infonnation: range and target 
angular velocity. In the disturbed sight, range is provided by the 
ranging radar and target angular velocity information is acquired by 
_tracking the· target aircraft. Since the pilot is forced to turn his 
aircraft at a certain.rate, this rate of turn is a representation of 
target motion and is directly proportional to target speed. The angu­
lar velocity of _, the attacking aircraft is fed into the sight through 
gyro action. This information is then married to the input from the 
radar and __ ~he _proper ~predicti~n a_ngle _ is_ co~puted by placing an elec-_•·=~·. ___ _ 
trical restraint (stiffness current) on the gyros._ At long ranges, 
little restraint is applied, while at short ranges, great restraint 
is applied. In other words, the disturbed sight is directly tied to 
the responses of the pilot and to the dynamics of the aircraft when 
computing for target motion. 

In an attack where the fighter velocity is less than twice that 
of the target, the following occurs: 

l. The rate of turn ne~cssary to track the target diminishes as · 
~he r.ange _decreases. 

2. The stiffn,~ss current to tb,! gT:os in the sight increases as 
the range decreases. 

Because of these t't·10 conditions, a pilot closing for the attack ex­
.pedences a sensation that the pipper is drifting in front of the . 
t2r3et. To cor~e~t fo= this, he ~~laxes beck-pressure to reduce his 
~.~,:.1 :-:at,~. This, in tu:.--n, c:rG:~1,~e;, a ~-o~-,er rate input to the s_ight 
gyros, which causes the pipper to be repositioned to match the new 
t:.;rn rate. So, or,ce again, the pilot Hust change his turn rate to 
:criposit:.on his tracking inde;~, wh:'.,.:h a.gains repositions his pipper 
nnd so on. Yet, for the attacker to have the proper prediction 
anr;le, he must continuc.1lly ~,ake tb";se cor.-::ec!:ions and also track the 
target o~e-half to two-thirds tte time of flight of the bullet, to 
a:low for sight solution time, As w~ ~J~ uee, a pilot may nullify 
tl:is effect of _. chasing the pi?r<"r oy firing at lower G. However, if 
h~ do~s, he wilI be ·fo~ced to fire 2t long~r iange. His si2ht will 
r-ave even less restraint and his ::ar-get Hiil be smalle.:- in perspectiva. 
:r Le f:'.res at hi;;her G (shor:E:r rar..g .. -i) t:'..s sizl:t will have more 
~~~~~ain~, but th~ prefi~tion ~n~:i will ~on!:inuously change in greater 
rnagnitcde. As a res~:~, ~he att2cke= has very little choice as to the 
type of pass he Qay execuec. He is forced into a -narrow attack cone 
~o avoi~ either extreme. 

To solve this problen of G bleed-off, we must refer back to the 
mechanics of the pursuit curv~. You w~l~ recall that if an attacke~'s 
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vel.ocity is twice or more than tT_.ice that of a target, there will be 
an increase in rate of turn. In attacks of this nature, a different 
situation exists, 

1. The rate of turn necessary to track a target increases· as the 
range _decreases. 

2. The stiffness current to the sight gyros increases as the 
range decreases~ 

In an attack where these conditions e~dst, the pipper tends to remain 
on the target because the forward drift of the pipper is cancelled by 
the demand for greater Gas range diminishes. In this attack, as the 
prediction angle is changing less in magnitude, the pilot has a more 
stable tracking index, and consequently, is more able to track for the 
required time to achieve sight solution. Naturally, this would be the 
ideal attack for us to perform; howev·er, this is- impossible, because 
the disproportionate increase in fighter and target velocities has not 
only pushed the firing range out, but has also created conditions . 
where the sight prediction angle is continuously changing in consider­
able ma3nitude. These conditions seriously impair·our ability to 
destroy a non-maneuvering target with a gun attack. 

Side,-1inde~: '::.s not affected 1:iy the limitatior..s of a computing sight 
because, in a missile attack, the pilot use s a 70-mil tracking cone 
wl::h a fixed sight. This ailows him to track the target quite success­
fui1.y. The G bleed-off characte:dstics of today 1 s. pursuit attacks 
actual!y he:p the attacker to positio~ hinself within the 60° launch 
con~ bet::.~d the target aircraft, since ~he actacker is being forced 

• into th8 trail position - behicd his respective target - with a G 
bleed-off. 

':::'YPES OF Pi.JRSU!T C:S'RVE A':LT."-.CKS 

Until nou, we have made a gene~al analysis of the type of attack 
we will be i,e:'.'.'fo~.7iling agains:: high··:.:pe8G ts.rg,:cts. Now, we wili dis­
C':sr; ~p,:;c~.f :i.c types of pl,rs11it c ,·.:7v..-:: attc:cks and see if one or more 
c:: ::l:cse a.::~at:ks offers advant a6E:3 over the others. There are four 
bas ~c typ~s of pursuit attack: 

J.. The P.igh-side or Level Att,:'.:k 
,.. 

2. 
t 

The Ove.:che2d Attack 

3. 'Ihe tir-.ders::..de Attack 

4. The ~fose-qunrtei: Attack 
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The High-Side Attack 

In any attack, the rate of turn which an attacker needs to track 
a target may be expressed as radial G, and can be shown by the fol­
lowing _formula: 

N = Vf x Vt x Sin9 
32,2S _ 

. The radial G expressed here represents the lateral acceleration of 
the fighter in the horizontal plane. · It does not represent the total 

•-v•-· _ _ ___ , __ G on _the _aircraft, _since it neglects the pull_of gravity _ (lG) , __ Total_ ______ _ 

( 

( 

G is the resultant of radial G and 1 G pull of gravity acting through 
the vertical axis of the aircraft, This total G detennines angle of 
attack - the angle between the mean chord line and the relative wind, 
Since total G determines angle of attack, the aircraft stalls on total 
G. In view of this fact, and because our previous formula considered 
only radial G, we must determine the exact relationship-between total 
and radial G. It may be expressed as follows: 

Gt2 = Gr2 + 1 

,-,here Gt = Total G 

Gr = Radial G 

1 = 1 G gravity -

We can see, by the formula, that total G will always be greater than 
rc:dial C. This is a dis.2.dv2ntage, because tl:e rate of tun1 which an 
attacker needs to track a t2~3et, or the range to which an attacker 
can approach a target is dependent upon radial G, not total G. This 
disadvnntage becomes less at higher G values because the difference 
between total and radial G is less. Example: 

If Gt = 4 

Gr .. Vee - 1 ;: Vi6 -1 = 3.87 

If Gt = 2 

Gr :, Vet - 1 = V,4 - 1 = 1. 73 

'i'hc difference between 2 ,__and : . 73 = . 27 whereas the difference be­
tween 4 and 3,87 = .13, • 

Since a greater difference exists between Gt and Gr at lower G values, 
the rate of turn is reduced not only because less total G is available, 
but also because an even greater loss of radial G is experienceq. 
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The Overhead Attack 

The overhead attack, -as compared to the high-side or level attack, 
has the apparent advantage of maintaining airspeed and G because the 
thrust vector and gravity act together to provide a greater total 
force. However, to determine ·.whether or not there is a real advantage, 
let's examine the difference between rate of turn _(GR) and total G. To 
digress, let's assume that an aircraft is in straight-and-level flight. 
How many G will sho·.-1 on the G-meter? One G. Now, let's assume that an 
aircraft is in straight-and-level flight, but upside down, How many G will 
show on the G-meter? ,One negative G_.. .-Now remembering these relation­
sn1ps, let's note the total a~d radial G relationships at four points 
around a -loop __ the pullup, the 90° . point, the 180° point, and the 270° _ .c...~- _ 

point, For example: let's assume that the aircraft is pulling 4 total 
G at the pul:!.up as illustrated in figure 10. How many radial G is it 
pulling? Three. Then, in effe·c t, we have added 3 G to the 1 G needed 
for straight-and-level flight, to give us 4 total G at pullup. At the 
90° point, when pulling 4 total G, ~e will also be pulling 4 radial G. 
At this poin!:, gravity is 90° from our vertical axis; thereby exerting 
no pull along this axis - instead, it is a drag factor action 180° from 
the aircraft line of flight. At the 180° point, when we are pulling 4 
total G, we will have 5 redial G, thereby giving us a turn rate - at 
a given airspeed - greater than tt any other point on the loop. In 
o~her words, · ~3 compared to the pullu?, gravity (1 G) acts in the 
opposite direction, therefore g~avity must add to, rather than sub-
tract f.:-o:c1 total G, to provic:1.e: a. gr;;ater radial G. At the 270° point, 
once again, total G eq~als radial G except that gravity acts in the 
same direction as the a{rcraft line of flight, From the 270° point 
on, radial G diminishes in reJation ~o total G until the pullup point 
is reached. Lt this point we again have 1 G difference between total 
and radial G. 

In an ovcrheacl 2ttnck, to detcnuine ~he difference bet1,1een total 
and racEal G, we may use the follm-1:,_ng formula: 

where 

Gt = Gr+ CosQ 

Gt 
Gr 

Co30 

Totcl G 
Radial G 
CoSine of the anzle-off 

It is ob\;ious, frocn the formula, that the relationship bet,:een total 
and r2cli2l G is considerably diff~rent. from that experienced in a high-
s icle p2ss. Example: 

;.. 

In a LJc:ve l Pass 1.:here • Gt = 4, 

G:::- = V16 - 1 = 3.87 
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In an Overhead Pass at 30° angle-off where Gt = 4, 

Gr = Gt - Cos9 or Gr = 4 - .866 = 3.14 

As shown in the example above, if an attacker is forced to fire 
inside an opponent's maximum performance cone - at angles of less 
than 30° - this means that from ,866 to 1 more G, above radial G, is 
necessary to track a given target. Thus, as compared to a high_-side· 
attack, even though an attacker may have an apparent advantage in .~ 

_.,3:.;,,.-,..,,·.,;:." :,· __ --: •• -·· maintaining higher G, it is largely wiped out by the greater differ-
ence between radial and total G. The important thing to keep in 

-~----- mind here is that the -overhead attack offers -no significant -advantages -·-- - •· 
over the high~side attack. 
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Underside Attack 

•• The Under~·ide Attack provides an effect just opposite that illus­
trated in the overhead pass. Here, an attacker generates a radial G 
higher than total G upon his aircraft (you will recall that in the 
top half of the loop, radial G is greater than total G) and may be 
expressed by the £ollo:,ing formula: 

Gt = Gr - Cos9 

If we ass1..1me tbe same attack conditions as illustrated in the over­
head pass - 30° angle-off, . 4 total G - we get the following result_s _: 

Gr = 4 + .866 or 

Gr l~.866 

In terms of G, this .att~ck seefils to provide an apparent advantage, 
however this coes not always hold true. For example: If an attacker 
performed an underside attack in an F-100, he would experience a 
rapid speed decay, because of gravity as well as induced drag. As a 
result, since speed de::e::.u1ines G available, the attacker would have 
much less total G. In addition, because of airspeed decay, the at­
tacker would diminish th2 fighter-ta~gct ratio, As a consequence, 
the att~cker' s rr.a~~-G point would be forced farther out - in angle-
off, and r~nge - czusing a fu~ther reduction in both total and radial 
G. As a result, the F-100 would not gain appreciably by this attack, 
since total G 2vail~ble is r educed .sufficiently to cancel out the 
advz.nt2.ge of a higher r acEz.l G. Ho·,•1c:vcr, if this same attack were 
executed in an aircrsft w\th a very hith power-to-weight ratio and a 
lo•,1 -d_rag profile - such a s the F-104 - the attack could be invaluable, 
si~ce h~gh speed decoy z.nd G blcec-off would not occur. 
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Nose-Quarter Attack 

A nose-quarter attack is ineffective for the following two rea­
sons: 

1. We cannot launch the AIM-9B missile from this position, 
because of the miss'ile 1 s IR limitations. 

2. In a gun attack from a nose-quarter position, we can avoid 
the defensive-fire coverage of a given bomber. However, in this 
type attack, the rate of closure becomes so high that an attacker 
cannot deliver ' an· effective burst ·and- avoid a collision with a 
target, For these two reasons, we will not conside~ this attack 
further:= ---~-=-~---~=: ~ ~ = -----,·-·. -~ ~=--=· _, __ ·: 

THE BEST TYPE ATTACK AGAINST A NON-MANEUVERING TARGET WITH AIM-9B 

To determine the best type attack to employ with the missile, 
let's first examine the possible attacks which we may employ with 
this equipment. There are four basic sidewinder attacks which we 
may employ. 

1. Overhead Attack 

2. The High-side Attack 

3. The Six-O'clock Attack 

4. The Underside Attack 

Overhec:1d Attack 

The Overhead Attack has two basic disadvantages - IR and G. As 
you will recall, IR tone contrast against sunlight-reflective back­
grounds - clouds, end ground - forces us to diminish our effective 
sla~t range, until we are a~~roximately 6000 1 to 8000 1 frcm our tar­
get. This IR limitation, combinec! with the 2G limitation, allows an 
attacker to fire only et low angles off. To illustrate, by figure 
11, if an attacker pulls 2 G in3ide an opponent 1 s cone of ~Bx per­
forraznce - angular velocity cone - he will generate a radial G con­
siderably different-than the total G on the G meter, For example, 
at 30° engle of£ 1 applying the formula Gt - Gr+ CosO, we find 
that the attacker is only able to generate 1.134 Gr. 
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Vf a ~9 Mach · = 873 1 /S > 35 
Vt = .9 1'!.ach = 873 1 /S 
Gt a 2 

8 Cl 10°, 20°, 30° 

Gr@ 10° = 2 - .985 = 1.015 
Gr@ 20° = 2 - .94 = 1.06 

. Gr@ 30° = 2 .866 = 1.134 
:. 

S = Vf Vt Sin9 = 23700 Sin9 

-..;,; .. :. T:,·;;;.,.~.,;_,d_-2-2 • ,~!l, - ~-- .... •·. • ~r 

. . .. 

s C: 23,700 .. .174 = 4.060 
, LOIS 

.. -.. . , -·•- - '·--

8 = 100 

s Cl • 23 
1 
100 x . 342 = 7.650 

1.06 

8 C: 20° 

S a 23,700 :! .5 = 10.450 
1.134 

Figure 11 

- 80 -000' , 

At 20° angle-off, applying the same formula, we find that the attacker 
can generate 1.06· Gr . . • At· 10° ,,mgle ,oU; he :can :generate-only 1.015 :er. 
Now let's nssum~ that the fighter mnking this attack is going .9 Mach 
against a .9 Mach target at 35,000'. Applying the formul:i: 

s = Vf Vt X Si.n8 
32.2N 

where Vf a .9 E3ch or 873'/S 
Vt = .9 Mach or 873'/S 

Sin of :30° Cl .s 
N C l.134 

w~ find that, at 30° angle-off, an attacker can get no closer thnn 
10,LfSO', At 20° nngle-off - where Sin8 • "' · .342 nnd N = 1.06 - ue 
find that an attacker can get no closer than 7,650'. At 10° anzle~ 
off, ~sing the sam3 proci<lure, we firid that an attacker can get rio 
closer than 4,060 1

• Since an attacker cannot receive proper IR dis­
crir..in:iticn a t r.:1ngcs gre:nter than GOOO ' to 8000'. feet, he will be 
forced to launch his missile in3ide 20 <lc~rees .riri3le~off in order to 
secure a kill. Certainly this pos~s no gTcat problem, as the 

' ,.,- ~.-.?.YT·l-·--;; -~J -- · ' 
-c-~n.::; t. . . • 

.. ' 
._.,.._~----..--F;,,U:.~~ 
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attacker will be forced in-trail since the fighter/target ratiq is 
much less than 2 to 1. However, despite this aid from a low fighter/ 
target ratio, the overhead attack is the poorest possible for employ­
ment of AIH-9B. (This will become especially apparent when we discuss 
fighter-versus-fighter tactics.) 

High-Side Attack 

In a High-side Attack, IR tone contrast will not be adequate at 
longer missile ranges because of background reflections; however, 
when compared to an overhead attack, IR range is somewhat better. 
G presents no significant li~itation,- as illustrated by figure 12 . 

Gt = 2 Gr = 1. 73 
Gt = 1. 6 Gr = 1.25 

s C Vf Vt Sin8 = n.~ 700 SinG 
32.2 Gr Gr 

s = 13,700 Sine 10° = 2380 
Gr"" 1.73 20° = 4680 

30° = 6840 

s = 19,000 Sin9 100 = 3300 
Gr = 1.25 20° :::, 6L,90 

30° = %80 

Figure 12 

This figure discloses that when below 40,000 feet and pu_lling 2 G, 
we will be generating 1.73 radial G. Applying this figure to our 
cone of max performance (our angular velocity cone) we find that at 
30° angle-off, we can close to a range of 6,840 feet and at 10° 
angle-off, 2,380 feet, but the import2nt thing to remember is that 
we cannot get inside the ranges specified at 30°, 20° and 10° angle­
off without exceeding the 2-G limitation. At 40,000 feet, when we 
are pulling 1.6 total G, we will be generating 1.25 radial G. In 
terms of distunce, we. wili be et the range specified in the figure 
above. Once again, if we atte~pt lo get inside the specified rQnge 
at a given angle-off, we will exceed our 1. 6-G lir:iitation. 

We can see, by compe::-i!;g the high-side attack with the overhead 
attack, th3t the high-side is better, bec2use of less limitations 
in IR and G. In other words, we have greater freedom of r.i.aneuver 
to successfully launch Sidewinder. 
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Six-O'clock Attack 

In a six-o'clock attack, IR tone contrast occurs ·at greater 
ranges because the horizon does not reflect as much background IR 
radia.tion. Since we are at o0 angle-off, there will be no G or 
lambda limitation, therefore we can fire Sidewinder from any range 
between maximum and minimum. In view of these facts, the six­
o'clock attack is -the best so far, because AIM-9B is not forced to 
operate near its limiting parameters. In addition, because of ciur 
position in relation to the target, we achieve an element of sur­
prise. 

-,-:--,-a·~-~.;:~ Und~-rsid~.c:.At-t2-~k ~:;;:.-_:;,:;..c:: ~-:.,.,::.,;,.-;;;:o:j-~.::-'-'/~ ---'C'c:._-.,,;_. ,._ '~ _:·;::;,:::~=--; ~.·-:c-_,_-,,:.:;-~ _ 
.::. .... -- ·- · ~--.. ·.-,· • !'.:.·:.. 
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~ --The-undersic!e- or- six-o' clock-low attack, .. is _,tb_e_J?~s_t:_ _ __posslble 
attack we can execute, as we acquire advantages in: : -~- --~ - -~--

1. IR 

2. G 

3. Surprise 

4. A:i.r~raft Performance 

IR Tone contrast is maximum against a blue-sky background. Here, 
the lead sulphide cell ·can discriminate between the hot metal of 
the j~t•s tailpipe and the blue sky. At ranges of 20,000 feet and 
greater, the IR pattern becomes longer than the range of the missile. 
The G limitation, in relation to missile range and IR tone_contrast, 
is almost non-e:dstent . (see figure 13). • ----

Vf = 

Vt = 

Gt = 
0 ,:::: 

Gr @ 

Gr @ 

Gr @ 

s = 

s = 

e -· 

.9 Hach "' 

. 9 ~fach = 

2 
10°, 20°, 

10° = 2+ 
20° = 2+ 
30° = 2 + 

Vf Vt Sin8 
32.2 Gr 

873' is.....___ 
__.-35 - 80,000 1 

873 1 /S.,.,--

30° 
.985:::, 2.985 
.94 - 2.94 
.866 - 2.366 

- 1.h?_QQ_S in 0 
Gr 

23,700 X .174 = 1 380 1 _,. __ s = 
2.~85 

10~ e = 

23,700 

20° 

S = 23,700 X ,5 = 4 1 130 1 

2.866 
0 = 30° 

.. .. 

X .342 -- l.,760' 
2.94 

r 
f 
t 
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This figure shows that, as we approach our cone of maximum perform­
ance, we find that we can generate 2.866 radial G while pulling 2 
total G. Applying this value to the figure above, we find that we 
can laun~h Sidewinder at a range as near as 4,130 feet at 30° angle­
off without ~xceeding our 2-G limitation. At 20° angle-off, while 
generating 2.94 radial G, we find that we cai launch as near as 
2,760 feet without exceeding the 2-total-G limitation. _At . 10° 
angle-off, we can launch at a range as close as 1,380 feet. To put 
it another way, when we launch our missile against a target from an 
underside attack, the missile must turn in the direction of gravity 
to set up its collision course - thus, gravity,-acting in the direc-

. tion of_ the missile's turn, actually causes the missile to fall 
to-ivard the taq~et. In other .words, the . miss·ue ·has a maneuvering · 

·---~- - _ _ _ advantage, . since it generates a radial G greater than its total G. 
. . . This advantag·e we have al ready cons":i.dere,r in---tfu! previous- illustra-- --------

-- tion. Surprise-, the ._third major advantage·, -is greatest when attack-

( 

( 

ing a target from underneath, or from six-o'clock-low, since this is 
the target's blind area. Aircraft Performance, the fourth major ad­
vantage, can be understood by referring to figure 14. 

40000' 

65001 

355001 

Figure 14 
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Here, we are an attacker rendy to launch ATI1-9B against a target trav­
elling • 9 Hach at l~O ,000 feet. Applying a rule-of-thu:::b for co-.'.lirspeed, 
we see that the fighter can launch fro~ a m..:ix range of about 13,000 1

• 

Now, if the attacker sets himself up to launch from 30° angle-off, this 
means that he can launch from a position 6,500 feet below the target, 
To achieve this launch position, an attacker may start his attack at 
even a lower altitude• the distance below dependent upon his airspeed. 
For e..~ample: ,An F-100 at 1.1 }1ach may start his attack with an alti-
tude differential of at least 10,000 feet - in this case, at 30,000 
feet altitude . • -Fron this illustration,- we can see that AJ}I-913 gives 
an attncker an additional perfo:cm3nce cap3bility, in th~t the attacker 
is not requirea - to attain the target's altitude. 

In SU'l:!Ilary, since the underside attack provides the greatest advan­
tages - IR, G, surprise and performance - we should employ this attack 
whenever possibl~. ·As you will see later, this holds true for both 
fighter-versus-bomber and fighter-versus-fighter. When compared with 
a gun attack, AD1-9B is far superior, since the r.;.nge of the missile 
al101-1s us to get into an effective cone of fire. 

BEST T.YPE OF ATIAC.JLAr;.H:t-IST A NOi.·!-!s.'\l';EU'ilEJ:'.J.NG TARGET H:i:TE TrlE 20:!H 
ChlfXOX • 

As you will recall, bec~use o~ the characteristics of the pursuit 
curve, our fi:e control system licitations, and the capabilities of 
our opponent's de:enzive fire, we consider the pursuit curve a poor 
attack at best, when using the 20mm cannon. It does not matter whethe;: 
we are in an overhead, a high-side or an underside attack. The prob­
len now is, how are we going to att2.ck c1 non-m.:meuve;:ing targ2t if .ie 

do not choose to cse the pursuit cu,.ve as illustrated prP.viously. 
The solution we propose: Plan an attric!< in which we combine the charac­
teristics of the pursuit curve and the collision course. To explain: 
On a collision course c1ttnck, the target will be allowed to fly right 
through om:- bullet st:cem:i. The bullet st:ce.::im itself will have no 
angular velocity as generated in a pursuit curve type attack. A 100-
foot target with a speed of 800 feet per second, at 30,000 feet will 
require approximately 1/8 of a second to fly through our bullet strenm. 
Assu."!ling that we c3n fL:e 6,000 rou:ids per minute - the combined rate 
of fire of 4 H-39 c:m:1.on - this m-?!.:ms we f'ire at a rate of appro:d­
matcly 100 rounds per second. If the tnrgct requires 1/8 of a second 
to p2ss thr.-ou[;h our bullet st;:.;2.:i, we c~n e:<pcct about 12 hits if we 
set up a perfect att.:ick. This is not 2ci:eptablc. In a pursuit curve 
attack, ue do not hc.1ve this. proolc,:n, bec2use the c1ngul2r velocity of 
our bullet strec.1;n rrutchcs th2 .:ingular velocity o[ our t.:;rg,~t. In 
other words, our b~llet stream is constnntly sup~rioposcd against 
the t2rget \ihich is being t;:2cked. Th-3 cnly dis.:1.dvanta~e of this 
att~ck is that it forces us into our O?PO~cnt's defensive cone of fire. 
To cou:itc!" the dir::2.iv;::nt ~1 6cs of th.:; pt.::::.:;ui.t c:.:rve and the colli:::ion 
cou:-::;c, ·we cssl!I..'1~ c1ttcick conditi.0:-;.s ~g~J_n3t a:: i :~agin3ry t~rgct ~nd 
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apply them against a. real target. To illustrate: We set up an attack 
so that the angular velocity of our bullet stream matches that of a 
target going slower than .8 Mach O say .5 Hach. This allows us to 
fire at a higher angle 0 off, at a given range, because of the slower 
target. Then we apply this imaginary attack - against a .S-Mach tar• 
get• to the .8-Mach target. To do this, we place our reticle in 
front of the .8-Mach target, generating the G necessary to track a 
.5-}1ach target which maans our real · target (.8) closes upon our bul• 
let stream (.5) with a delta Mach of .3 which, at 30,000 feet, is 
300 feet per sec~nd . .... Firing 100 rounds per second, this allows us 
to put app:coximately· 33 holes in the target with a perfect pass, as 
compared to 12 in a c9J].isj,9.n __ cou~se.________ __ -----~--- -----· 

_....,.__,,,,__ _____ ,... -

( 

. Our only requirement is to figure the amount of lead necessary, 
when firing. To determine lead, we need to know three components: 

1. Lead for targat motion. 

2. Lead for gravity drop. 

If w,~ ur:;e c1 f:1.:r:ed s::.ght, we win .. hava to determine all three coin­
pon~nts. I.: we us1-; rad;_~~, o-:: ke3p tb..e sight pegged at the range from 
which ,-:e p1. .s.n t:o .-.::1.::,,~, g;:avi.ty <i::op and tr.sjec tory shift ,;.;ri.11 be 
completely co;;iputed 2nd lead fo.: ta:::-g,:t motion partially computed. 
We'll use p~2ged sight, to simplify our lead problem, Radar is not -
applicable bec2Dse the overlead n~~ded to set up the attack takes us .. 
01..!t of O'!...'.r. rr:1Jn27 trc1ck:tng cone. To de-:ermi ne the additional lead we 
need to er.rn1:>J .. ,~ O'JL" pegged sight to ind:!.c2.t -~ the bt:illet impE.ct area, 
we ~se th2 foJ.!.o~,;~.ng £0::-~.11.::.2.~: 

Lead 

where 

Vt x Sin9 X 1000 __ 
Vp 

Vt r£te c~ closu~e of the target, in feet per second 
to,-;2rd th8 h1llBt st:ceam 

SinQ = Sine of th~ angle-off. 
;.,· ,•. 

Vp = ave=~ge projectile velocity (dynamic gravity drop 
tables) 

c c~C:f_t i one l 1'2~c-! i~ m:.1s 
t 

Tne le~: ci in □:-.ls wh:'..ch we c::cqi~:'.. ::-~ L:om th~ above formula is pl.::ced in 
the s :'.6'.1t r 8t::.cle, so tb~t fr.~ oc:t.e::- dic:,r.o:.d indic-:?tes the. bullet im­
pa'.: t 2 :c-2 3 as the t 2 :-:-g,:! t p 3,;:.;e .; th:-:-m23h the reticle. To co;r,pute the 
lc~d fo::- :-.n~;2.rt;:'..'.),, i.ri.!:-::1 m::.: ::;iz;hi:: n~t:·.cle •,1e us2 the following foruula: 
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ws = 
Firing Range 

2 x lead in mils 
1000 

J 
In order to solve for both additional lead and reticle size, we need 
to know the firing range and the angle-off at ~hich we'll be firing. 
Assume that we attack a target which is traveling .8 Mach (at 35,000 
feet) at . 9 Mach with 3 Gr. • • 

Step I 

To find the firing range and angle-off, we assume a .5-~..ach target 
and solve in the following mann~r: • •• , ••• s· 

S = Vf Vt S5.n0 = 873' x 485 (Sin9.l = 4380 (SinO) 
32 .-2N 96-. 6 

S = 4380 (.5) = .?}9Q' 

25° 

S = "4380 (.423) = 1850 1 

Step II 

To find the addiiio~al lead (in mile) n~edcd against a .8-}bch 
t arget we solve in the foJ.le,wing :;uanner: 

1 = ~ ~it::O) WOO 
Vp 

1 == 29). 1 .li- 2~) !080 = _3~ ,-.1:. ls 

38St~~~:'.§.~=-.. ,=1 
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20° 

1 = 291 {.342) 1_00Q. = 25.S mils 
3920 

Step III 

To determine the additional lead to be incorporated into .th~ sight 
reticle we solve in the following manner: 

At 30° angle-off 
~ - . -· . .• 

•• M•-·••• •"""!!"- -,• •' - .• 1-..:.:£·· · 

- --- WS - --- =- ·2 {lead in milsl 
Firing P.znge _ 1000 

ws 
2190 = 

_J_§_ 
1000 

WS = 1.£2 

'HS -
1850 

ws ... J.1~ 

At.20° angla•off 

ws 
lSOJ 

= 

ws = 1.!i 

From Step 1:;::i: w-: c.sm see that it will be impossible to set up the 
ac.dit:.om.il J.e2d by pl2cing the wingsp<'.ln lever on 166 since JJ..Q. is the 
m-:1ximun setting. This m~~ns th.et we can e:i.ther fire at 1850 1

, 25° 
angle-off (stei;,;;; I 2nd. 1:C with the wingspan lev2.r at 118 or at 1500 1 , 

20° angle-off wJ.th the wings!.Jctn _]_ever at J.i.. Since we want to fire 
at max ang\~-off, w.=J 1 11 set the wingspan lever at 118 a~d fire at 
1850 1

, 25° ~hgl~-off. 

Noc·7 to p,;;:£c::;n the att.::ck. \-le do n~t use the conv8ntional pur;;uit 
curve aplJ:.:-o.sch, .:.s thi3 do'i:'.s n'J!: allo,·7 us to determir.e target speed 
and di.!:ect :'.on, and w~ ne;~ these £:icto:cs to apply the attack we h.:ive 

~ 

just cc.;~p1.1t·~d. To c1.p;)ly this attack coc:cctly, we use a b<.1rrel-roll 
tyr1~ of ,?::t,,d;. To s,i:.-. it ..;::, , ,;.;e fly in the S::in~~ d:t:·cction ~s the 
target 2~d 2~ou t 3,000 t'J 4,00) £~at above it. Fro~ there w~ turn 
eb·::iut 10° i:.::x:t hi. :-; lir.e of f!.i.ght, ba::·::s:::.-roll - in the dir.sction of 
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the turn - down to a key point, trying to maintain an almost constant 
angular relationship between us and the target. - See figure 15. From 
here, we place the sight reticle well out in front of the target, in 
line with his flight path, and pull the G necessory to track the imagin­
ary target. As we close to our firing range and angle-off, the target 
will move toward our sight reticle. As the target starts to cross the 
outer diamond, we depress the gun trigger and hold it down until the 
tail of the target passes through the outer diamond. From there we 
recover and set up another attack by kicking in afterburner and roll-
ing back to the same position on top of th.e target .. • 

~~,~~~~~~~~ ·~§£c'?ff5"il~~~~ ... ~~~-----~-·~---~-~-:o-. _,-. 

This attack has _definite advantages: It allows the attacker to fire 
-~----_,at_a _higher_anglc~off_thatLin __ a __ pure_purscit_c_urve.._a,ttaclc.-.l.t~allows~--­

.~ ::; ; :·_:,·- the attacker to fly through the target 0 s defensive cone of f:tre at a 
--·-- ··- - - -. faster rate than is possible in a normal pur·suit cuive llttack. • s::..nce -
--~-,.,_-~~,- = ,~-"=,~: _ he is flying u combination of a -pursuit curve and a · collision course, 

... _ another and probably the most important advantage is that the attacker 
_ ,,,_ .. , ___ , firu!s. it ear;y tg .:::-epodtion himself for_ consecutive attacks. '...,This.- is 

---------- possible because the attacker is always-- close enough to the targe·t to 
judge relative positioning. The big disadvantage of the barrel-roll 
attack - as we employ it - is that it provides the attacker less tirna 
for lethal f:.:-e. Eowever, in view of the fact that a f1.ghte:c can per-

( form more con.:,ecutive attacks than in e. normal pursuit curve,· .this 
disadv.:mtage c:.oas not e1>p~ar to ba too !'.\:ostr.ictive. 

In su.--c!llc1ry, we do not advoc.ate th8 barrcl~roll attack as a cure-.'.111 
for fi~e cont~ol probl233 er.co~ntered whsn firing against bo:nber-type 
aircraft. lnste~d, we consid.er it somewhat .oLa . ..!~_Rube -Golo.b;;lrg'!...affair ---- -
denigned to su:rmout the problems associated with today'_s -normal ::pu.:suit --­
curve attcc:~, when using gens a3 th-e me.ins for ordnance delivery. • Al-
though it appc.'.lrs diff:.cult to perform, pilots a-:-e able, wi.th , just a 
minl,m.,n of p::2c~i.r.:,.:i, to set th~ms.slves u.p quite successfully. -

MANE"J"";i:SRING FOR TH!;; ATT.ACX 

Success, i.n ai~-to=~i.r co~bat, depends on the ability of a pilot · to ­
place himself in a pc,sition fr:ozn which hG can d~liver his fire power. 
In f1.ghte:c~vernus~b0i::1bcr co::lbat, • ti□-e is b1po~tant also and can be con­
sidered a m~nsurer,1ent of succ,3ss. To iJ.lustrate: If we hc:ve a bo,.1ber 
attempting to destroy a. g:'..ven target, we must not only po-3ition our­
selves to deliver 01.1::· £ire pow2.r, bt:t must .;lso e:{pe.dite 01:-.r position­
inz befo:::·e th~ bo:::.:bs::· ::,.=..:ches "bo;:nbs away" point. Sine'"! timing is so 
cr.!.tic;.:l, we must use th.:o v2r1 be.st methoc! by which we c~n p::isition 
oursGlv2s fo~ tnis 2tt~ck. As we h~ve shown, the best weapon in terills 
of per.fo::-.rnnce and ease ~f Gc::livt!ry, is AI~·1-9B. The best ntt.::ck with 
this weapon mid ..:>H::- aircraft, i"s the underside attuck . • Po3itioning -
for this att~ck d~p~~ds upon the space relationship between you and 
the ta.::zet. Cons i. c1.fa :'::'ing th:'.s reLitionshi.p, GCI c=iy provide .l set-up 
froD three po2siblc po3itions. 
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1. Nose-quarter 

2, Abeam, or 90° 

3. Tail-quarter 
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Assuming VFR conditions, it will bathe responsibility of each att~cker -
upon visually acquiring the target - to maneuver from any one of these 
set-ups to the firing envelope behind the target, To get into this 

.,., ..,...,,;;;-~,,,.i;;; position quickly, _an attacker __ .must maneuve_r ._ in _a th_re•=.:5l_imens~9~al field 
to acquire the maximum benefits from ·airspeed and turn, If the attacker 

-~-does not unders t.!nd_th~ee~dim:iv.sional _maneµv_~_ting, _h_e _ _fil.l l _ b_e_ Ut t;l~----
----: ___ __ _ more effective than GCI in _maneuvering from a setup or approach, to a 

( 

( 

final firing position (GCI will place him in·_ the firing envelope through 
the use of two-dimensional maneuvers). -

The NoseuQuarter Att~ck: In performing the r.ose-qu~rter att~ck, we 
do not choose to approach our target fro~ a direct head 0 on position. 
If we do, we will be for-~ed to pE:rfonn a 180° change of direction by 
executing a level or a climbing turn (high=speed yo-yo) to approach 
our target ::com a six 0 oecloc.k po,~:.!. t:!.t."m. The tim~ consurn~d. in a level 
turn allows the tar:get ~o gen2:t"ato?. a g:ea:at am,:,unt of longitudinal sep­
aration. This allows the te.!:get a:.rcraft to make con:siderable penetra­
tion of a defense area before the att~cker can set up~ missile attack. 
The· cli.robir,g turn or high 0 sp<;;ed yo~yo al lows the attacker to complete 
his change of d:L:,-:,ction in less tim<;:.; howeve:..", ·at the end of this man­
euver, the attacker will find himaelf with considerabl~ _longitudinal _ .. __ • 
-separation in relat:!.on to the target, since his airspeed has -decayed __ __ -__ 
considerably belo~-, that of the t8rg~t. Once again, the targaf air-· - - • 
craft will effect cons~derable pen2tration before the att~cker can 
position hi.':IS:~lf to ::.aunch A:1:H-~9B. If the attacker is directed by 
GCI for a nosc~qua:,:-ter 2ttack, he shm1ld request GCI to set him up on 
an anti 0 parellel course to an offset point 15,000 feet to one side 
of the target's line of flight. When the attacker visually acquires 
the targ2t, or whc\n GCI inc' .c.ati;;s that h-:: :.s ten miles from the target, -
the attc1cker should apply full aft2rbu::r:. 2. -r power. _At the sar:1a time, 
he should dive to an aititude &.baut 5,00J feet below the target, so he 
will be offs-=t in both the ve::ticc.l and ho .:-izo:itc1l pl.::ines, This pro­
vid,::s the attacker with man2uvsring ;,:iirsp.c:ed and a position from which 
to execute a Cb.an~f:lle fol10i1ed by a low speE.d yo .. yo (a dive behind 
and below the ta:cg:c-.t) to the att.:,ck cone b-=hind the target. See fig­
ure 16. Compa:cc::d to a level turn, th::.s maneuver: allo·,,s the attacker 
to co~pl9te his 180° chang-= of di=~ct!on mo~e rapidly. In addition, 
since the attacker i.; tuz.:ning th::-oc~gh both the vertical and horizontal . . -
planes, his horizontal turning co~ponent is reduced, As a result of 
these two factors= fa$t turn rate ar.d .;mall turn radius - the attacker 
will be in o pos ition much nearer the target's att&ck con~. To pre­
vent the targ~t f:::cm penetrating the defense area e..'<.ces:,ively, the 
attacker 1uust div~ behind anc. below the tm:get at the· cc;:1pletion of 90° 

I -s:©i,z-;: 7 . . . 
,.: -4 ~~w:::rao--rt , -a:;·.,.,,...,u 
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of turn. This will aid the attacker in recouping the spaed lost in the­
chandelle. Also, it allows him to turn inside the target's line of 
flight, because he is able to reduce his horizontal turning component 
by maneuvering through both the vertical and horizontal planes. Result: 
The attacker quickly positions hi.rnself - at slx-o'clock-low- to launch 
Sidewinder. 

The Beam or 90° App~oach: In a beam approach, our problem remains 
essentially the same as _that in a nose-quarter attack. That is, we 

. must quickly place the attacker in a launch position, to reduce pene- . 
~ -=-rs -~..;;::_, ~ration_~ im~ ! ~ ~~~--~!;~t ,_.~~'-an~ . .,__by which, __ t<;> ~C:~omplish_ th_i~ 1 _ _ upon_ :Yisuall_;(__ .c..: _ • 

acquiring the Eariet ·;1s to use afterburne·r and perform· a· diving turn, ·--·" ••• • ·- .-•• 
below and behind the t.2rget I s line of flight. Once again, · afterburner, 

:.:..:... _ ---~ coupled -with a descendlng-turn,-w·i11- focre·asera1:e- of-closure; b·ec·auEle~~ - ~-
-:: -··_-- ·_:_·of rapid acceleration. -~ At the same· ·time; since the turn is through both 
•• _-·_. ··.~.- the vertical and horizontal planes, a cutoff is easily effected. Result: -­

the attacker is quickly set up for a missile attack from six-~'clock-low. 

( 

( 

-- If the beam attack starts from a high position, the sam~ p~ocedures 
should still be usad. • Rem~mb~r, the attacker wants to reduce the target's 
penetration ti.me. At the sam~ time, he wants to set up for the best • ·- - -
possible attack. A diving turn or low-speed yo-yo will satisfy both of 
these conditions. If a be~m attack is initiated from a low position, the 
previou,;, p.:o,:E:cb::~,;; still ar,ply, sir.ce the attacker is trying to reduce 
target pEnE:tration time by rapid closure and a cutoff inside the target's 
line of flight. 

II!_L!_~il-qu~rter attack, the problE,m of defE=ns2 area penetration 
is m:,st critical. lo reduce this pene:tration time and to allow the 
attacker to pcsition him.self for the best possible missile attack, - he 
must accomplish a dive below and inside his opponent's line of - flight; 
up to an attsck position (ins:.de yo-yo). Since penetration t~~e is so 
critical, th& procedure will remain ths sam~ whether the attack starts 
f::-o:n a high or lcw po;;ition. 

FLIGET J.AQICS 

Tactical fo:cm!l':.ion, h~nce flight tactics, are designed primarily to 
provide mct:<i:num mutual suppo:-t and visual cross cover and retain maximum 
m:an~uverab:.lity for any air - to-a-tr operation. In other words, tactical 
formations must provide both defenslv<:: and offensive capab:.lities. To 
provide these capabilities, a compromise betw~en maximum mutu.:il support 
and maxi.mum maneuverability must be accompli.shed. 'J:he extent of the 
cornp?:"o:nise will depend upon .tr.e typ2 of mission flown. Thoc1gh our mis­
sion - fighter-vet~us ~bornber - emana tes from a defensive situation, it is 
offensive in nature, in that the fi&ht-c:r is trying to de.stroy the bo;;ibcr 
aircraft and i6 not prioarily int~r~stcd in providing security for him-
self. - ~ 

The· present concept of w2apons e:nploycncnt (nuclea?:" weapons) in­
dicates that a giv~n enemy will employ saturation-type tactics rather 
th~n a concentration of his fore~ over a given target ar~a. In other 
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words, we may e.xpect ar. attack fore<:; composed of single bombers dis­
pc:-sE:d ove-.c a wi:.1,'l a:::-2.@ to s<::::tke at many targeti,. To counter this 
at all points, with four~ship acr2.cible:3, .L:1 not the answar, for we 
need a defense fo-rca nur.ib:zrlng fou.r t!.m3s that of the strike force . 
We will b.a providing unn~ce:;sary sec~rity for the attacking fighters, 
as well as viol~ting the dictum, "economy of fo-:c~: 11 The problem re­
mains ~ how shall w~ tar.:-.tically deploy oc.1r fighters? A eingle fighter 
against a single bo,n':,~·c may ·.appear- the obvious answer, howE,v,ar, this 

,. is not. so • . Wh~n _amploy1.ng single .f:!.ght<;\:tS aga:.n:;t _a Saturati.0.1-type .... . . . 
-'-"''""""'':.,..~_·, ra:td, .we Wo'!.!ld · be '=-ass'..lnir..g th~t-'ceach f:!..ghter would tnt~r:::ept its re 0 '· ·,,=.:;,· •• ·-

spective targ~t w:i.tho1.;.t ~1sc8ption. The.re would be no ground aborts, 
~=-=· air aborts ,= and/o~:· possib:Le~fir~ ·control malfunctions. --- Result: some · = 0---= 0

•-- -­

attacking bcmb;er.s would g"'t through our defenses. To p!\~.cluc.e this 

( 
\ 

( 

posz:'..bility, 'WG :!."6COtrilllt:!c!tl a two~3hlp flight, E:S the 1:,.;!s:1.c unH, in a 
ginn fighter 0 --1e:::i3'1..1s-b.:m1b-?.r intei,:ept. The twv~ahip fli.ght will be 
composed of a leade~ and his wingman. • 

In patrol ,.r_::".):i~,:~.cn ° p~::!.o:;: to vis u-slly ac.q~idng the bomber -
the wingman sh;,mJ.d fly app::-o:dmately 10 to 20 degre.es back· and approxi­
roztely 1500 feet o:.zt. If he flies in much close.r, too m1.1ch time will 
1:e .::pa~t ~.r::. :~1..y:1.r•.i:; -f:.:i::';:,!:: '· :'. i)T.: ; :.:-, 1 n,,t e,;_,')~~h ~.:n c i,ve:ring the l e.:ider and 
aid::.::i.g h::u ;t!', ·,,:'. t-'. ' l ::: :,~ ~-Y ;;;<•-'.c ;:~ :: ::.Lg ::::h~ i:a:cget. Flyi..ng too : ,:-.1: out re- ·· 
duces n1,,:r:.e·:v-:,::i0:i::".:'.:y 2 ,J,: . :a.?.y ,-;;;;: .;. ~12. ;"::he w:.'.r:.g:nan to b8co:n•.; separated 
f ::o;n his lr:.,.::=:c.•:\·.--:. ir-i~'.,s:r~ 1.:.l'.!::'~•2,!:;·:7,;: :-::.r.:g ,, r:-.h,~ ,;d.I'.g;nan will play th~: outside 
2.s weJl ari t:b~ :'..rc~::\,2·.'" ,, :: ,'.".!:: ,~: :·.~:,::;.:. ~ '·':~~ z. ::n:;? ~na of m~:.nta:!.ning position. 
To do th:!.s e;:fr,,,:'!:':: :~··:--,-;i.y , :,~? ,1~'\ i f;i: n2L-S'..W8'!:'' through both the t.oi·izontal 
·and vert:!.c;;!l -r:,J.:;::-:-,_,,;_:;. ':'..'h:":.;~ w~.11 a).low him to re1uce his hor!2;0;:1tal 
tu::-ning co:.n?v:,~,~i::c:: ~n.j. t.h: ~.a u:r.::'..,;!:.'2i n h:'.s !'c:lative. pos:!.ti.01.1 mo1·e easily. 
Proce,d;;::~,?.: Wh,::m o-::r . .:1.,.,:i ,,12:'::1,::'!..-li:=-. )f :l tu:'.'U, the. w:'..ngman shoulc. lower 
h:l.s t:. ,);'l•.'o! c:~.d c~:•:,,,1,3 t o t:h.:;, :1."·.," :'.i.s. 1:: 0,1. th.a i.ns id~ of the tur:1, and 
sl :1.c.~_;.lg f )'::;;.~!.t/ :~ L:: wh,.,-,:.-.:~::: ::: :• . .k'.,,: t ,:1 =L " •.:>"..! :::;,: ;;. c. ,=<, ::;l!.c.e t.::.gh and fly 
in the pl."r.~' 0 :T: <:1:,.,··i l ~:c~-: •";·:. !.r., ot::-::~· wo:r~.B, a wingman will fly a 
pa::'t:i.al exten d ::-:d 0 l0w poo;::'.t:::.0:.1 ,. cc1 th,s i.nsi.c2. of th.~ t~1rn, .snc. an extended­
high po;:-::iti.on ~ :!.v. tb;, ~1a::-c! o': th;;: 1. ~-?.c.e.r 0 s wing - on the oct.5:;.de of 
the tu::--.!. o,~(:! t h~.)~·-'s :[ r. ,.: tr!:.: W~cn.2;,.1~ n t,) re::a~.mbe r : H,c; ffi\'.St r;_c,t cross in 
fro,,t o-£ tl-ce lr.e2c:,_:i :.~. :::::-.-.;t ;:2d~ h,'" ~hi:,u ·:. a a1;ways ms.int,,:1.n nos1:,=t ail sen-
d :a ti.o~., t!:-:.:.s p :rcc '.:~ v.C: ::n.g t:hc pcss ~:: .. ::. :!. :1.ty of ;se:: i.: i r.Lg ~ ~ .. n th4; ,\1 c..y of his 
1 e: 2cl f: r.·. 

To ::-e:~u.:::e tLe b,,:~};:< :Q 3 Q;-:f.- f\ .,-:;=~0 ·:' .-:: c: r ·~L'::!t z:at:~ •~n, the fl:'..g.ht must 
~t.! ~·_ (:k ly mar·-8:..~-;,1~?.~ f~~·,::~£1 t i.: ,7: c:p :.:-: .:•:...;.:~.-:~.:. t ... ; t G....:• t 2 .. 3t att ack r•o ·; :!.ticn. To do 
th:. ., J th':! ::~ i.gh:: :·: :·.::~ r.: ,:::r::,·c·:.;,:::·:: .; ,:.; ::'.'::.:-~ ;::•:<· ::r.:·~:c.2.E(; 'C' tn:•:,;:gh b.)th the 
• ., ~--= ~~-•::c:1 2::.rl l: J: .. ::J. ::~-J :.1~ t:-:. -;.~~-.l t."? . .-::·~ . - : r .! r";;:' :.~.-~:~e C~!'.:. ·.;.:-n:3tar•.(! ~?. ·3, lt would 
b:: c;:.!: t e o :. f:~~.,-;u:;_t £D~: r.:-_ e ,f.rig,c1.;1'1 t .') m2j_n,:2:'..n the pz cro! .position 
~'c :' ', , .c;d 2 :,:,-,;- 2. '::.',-, er .. i?.b ".-, th ,_c ,-, "_q;::u r·. to r:i,,::nt "":..r~ a 1·cl2tiv,-= pos ition 
c' ::- :.r, ~ t hc-.2 2 E :'.! t:: ~t:s:-. 7.'2 ,. 0M·• ~ ..- ·:.2::-. .;: :> :'..m :'..n a r:e ·:•7 po::, ic:!.on = th2J~ 

-· ~:_'._-::n._. ? -r:·'.t::" :,-; T::~ w!.r..g-.1,::.r:. w:.::.l :'~.y w.l.thi.r: a 60° cor;3 b~hind the 
' - •.1c-~"'"- - '""- ·· 

.. >er <'. t: ~ cL~,.~.;:r:. ::: ,-, ,:, :;; .0200°.:t : •JOO ft->.,-: t, 3-?.•.~ figu~e 17. While flying 
•• ~r1 :'.c. c:o r-.c,, t'te. w::7.r,.2;,:00.-=-.n w~_l. ::.. :J1 . .;.r..0,•;~1.:,·7 th :::oc.:g;, botl: th-:: hor:'.zontal and 
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vertical planes to maintain position. He will slide high when over- . 
shooting, and drop low to the inside when falling back. In other 
words, the maneuvering technique is basically the same as that . of the 
patrol position. 

If the leader is unable to deliver a si,ccessf-:.:1 attack · against a 
bomber aircraft, the wingman will t3ke over the lead po5ition and initi­
ate the attack. If ne::ithcrt the wingman nor the leader. can deliver a 
successful missile attack, they will press in - with afterbu,:ner - and 
zoom · above the targe·t aircraft. From this position, they can execute 

.-. ···- .. ·. ·. coordinated barrel-roll attacks_ against , the bomber a ire.raft. When ... . _____ ·,: 
• ........,,.~~.~=• the leader ·cow~2s'""~ '.i:?~ "-hf3~-ro1f;"' and '-into· the firing position; th:?= ,~--=- ~•-

wingman may start down. Wh,an the leader slides to a new high position 
--•-~-~~--=~on the ·target;-=rne·\Hnginan~w-!.11 ' he ~ri .thT' firing cone/ and the cycle ·~-----· - -·• ,. 

( 

( 

just repeats itself. . .. --·· ---=-=-~- ---:-;-- - •• -- -

If the bomber is too high to permit successful employmant of the 
barrel-roll attack, the fighters have no recourse. They will be forced 
to approach the target fro:n below and from the six-o'clock position . 

. If this .. tactic must be employed, it behooves the fighters to fire at 
the extre!!!a :::ange of tba £:1:r.a cont:-:-ol system. Since the bomber is 
mu~h larger, as compared to the fighter, =heir opportunity to secure 
a lethal burst is certainly as good - if nDt better - than that of 
the defending bombe,:-. Tl:.,.:! irrti)ortant thing to remsmber: the bomber 
must be dest::oyed, reg2rciles's'··of the tactics used, or the weapon 
employed. 

SUHY.ARY 

In our discu,:;sion of. Aar:~al Att2.ck, we stated that tc1ct.ics -were 
developed accordicg to the p2.rfo~~ance capabilities or limitations of 
the wec:po11:3 ,:i;'(;'~:::i:-i-,: T,<?d ~ . om~ weai:ioe:1s 2.s well as the o-_:>pommt's. 
Recognizing this, -~8 set about to d~terilline the performance parameters 
of ourweaporrs systems O the ? 0 100 equipped with AIH~9B and the 20mm 
cannon. Study rev2.:c:!.ed: To successfully employ AIH~9B, it nust be 
launch<:!d within .c! 6i,1:;;n fi:;::!. .; envelope. The firing envelope is ·de 0 

te::.nined by the r.::!6.i.at:'..o!!. pc::ttern of the tc.rget and the performance 
envel.ope of the mi.c:;sf-18. The pa-csv:2t8 rs of th5.s envelope are deter­
mined · by, (!) the s:1.z~ of. tr..e tc:::~gEit I s inf::a~rE:d pattc::rn, (2) the 
range of the missile, (3) G-capebility of the mi$si1e, and, (4) AIM-9B 
lambda 1 iI1:1:!.t~tion. To s:.:.c,~assfclly e.mploy the 20rr.m cannon, t1ie pilot 
mu3t be withj_n the th.ao:r,<:, ticc1l c-2:Jability of thC! fire control system, 
~nd have cont~Jl rE.spon~~s pr~c:ae ~nough to control this equ{p~~nt. 

We th--n "'"'P 1 ~,,,,d ~h 0 ~r,"'o-r " .. ~ "n p"?"o,,·i<led '-y th-' s st,,,..1y · - t·he • ·-- .....,t'°'w..:.. __ -... •• '-• -~ ~-.J.. - ,~e,.,._ \ ..,l - -· LI .a.. ~-

lh1itc1tiOUS of Al~·l:-93 an·i '~he 2C,rm c2nnon ° to the pursuit curve, to 
find the be3t att~~k enve:ope for asch system. Wi found that the best 
att2ck envc,lope f:y:: .a.:i::-r-93 ls 2n undersic'..e or a six-o 1 clock 0 low attzck. 
For 20i:.>7n c ~m-:i-:m, WE:; fo'.!Fc. th::it the b:.!st .::ttack would h2ve to be a 
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barrel-roll attack, combining the characteristics of the pursuit 
curve and the collision course. Comparing this infor:r.ation revealed 
that AIH-9B is a for superior weapon for a fighter-versus-bomber inter­
cept, since its firing envelope and resultant .it tack cone is· much 
greater than is possible when employing the 20rr:rn cannon, Sidewinder's 
main disadvantage, in a fighter-veFsus-bomber intercept, is its inability 
to discrimin-1te target IR i·adiation froin background IR clutter·, This 
disadvantage can easily result in the attac·ker being forced to use the 

-~ _________ 20mm cannon attack. NOTE: Keep in mind that the advantage which AIH-9B :... ___ _ 
~='- '~-=--~•·- enjoys ov.er · 6rdiniry'° ari.i~m6nt;""' in~··a · fighter.:.v ersus-bou1ber attack, is not ----- • 

I • 

• near as great in a fightcr-versu:::-fighter situation. _ (We will elaborate . 
----- --cin this ··in·P~tt: _I~~of this=ma~~ l._?:---:=·~-~ : -_ -· _ : -~ ---""-----· -- - -•-~= ~-~,~,.~-•07-M>.....__ 

( 

( 

-- .. . - - -- _:..._ 

Since AIM-9B provides a larger attack cone and a greater capability, 
tactics . will be predicated upon this advantage. Whether ~n -·attacke~ . 
approaches the · target from the no~e~quarter, bea~ or tail-quarter posi­
tion, he will set up to deliver AJJ,1u9B • . If conditions preclude missile 
delivery, he will press in and employ 2·0mm cannon. Before the attacker 
reaches this weapon delivery point, he must caneuver through both the 
vertical and horizontal _plnnes . as : it is his responsibility to provide 
positive gunrantee that individual bombers in a saturation-type strike 
will be intercepted, Two-ship scrambles will be employed. If more 
than two aircraft are used, the fighter defense is spread too thin. 
Sir:iply stated, th·e dictum, "economy of force" · would be violated with 
little gain in effective cc:nbat potentia_l. 
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INTRODUCTION 

In our discussion of fighter~versus-bomber tactics, you will 
recall, we dete_rmined the capabilities and limitations of our weapons 
systems. On having learned these ·parameters, we then developed our 
fighter-versus-bo.nber 'tactical doctrine. In our discussion of fighter­
versus-fighter tact:i.cs, we will employ this same procedure. The order 
of discussion will be as £ollm-1s: 

3. Tactical Formation 

J 

4. Fl~ght Tac~ics 

When analyzing fighte.:--·11ersus 0 fighter tactics, by way of the four 
major phases above, we will empioy the case system - a plan whereby 

• we examine possible hypothatical situations which the pilot ·may en­
co~nter :!.n fighter~versus-:::.'..go.'.; •.::;:• combat. 
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BASIC LIMITATIONS OF AIM-9B AGAINST A MANETivZIL"CNG TATIGET 

In discussing the employment of AIM-9B against a non-maneuvering 
target, we indicated that· the missile has four basic limitations -
IR, range, G, and lambda · • and that these limitations forced us to 
del_iver the missile in a cone 60° wide, emanating from the tail of 

.,1 . . the target aircraft. . It was also shown that the length of this cone • . 
• .;.,._,h.,:~.:...a.;~-s;: would vary,;;-acc'ording7 to· altitude ·''i1nd ,delta ·Mach·. --: ·At high altitude; ,-;:~;;,;,_,= - • • : · 

with a positive delta Mach, the cone (envelope) will be -considerably 
-~_ -_- -----=-~·1onger·-than·-at- 1ow ~·a1titude;-- 1n -:-our··dtscussi"on-·of - fighter-veYsus--~ ---'-- - -

( 

( 
' 

- - - bomber tactics·, we defined this· cone in terms of angular velocity (max 
- performance cone). • By angular velocity, ·cone, we mean an envelope in 

which the attacking fighter may deliver AIM-9B without exceeding its 
maneuvering limitations. We can see; by applying this angular velocity 

.. __ cone to any fighteruversus-bomber or fighter 0 versus-fighter ~ituation, 
that the purpose of any tactics which we develop will be to place us 
in.this cone. On the other hand, when in a defensive situation, we 
will attempt to rotate this cone away from a given opponent. By doing 
this, we pr.event hi.m from securi.ng a firing position. 

/ 

When employing A:0·1°9B against a maneuvering target, the cone not 
only diminis:,es in size, it also changes in shap.s. In other words, 
the _geo:netric shape of the marreuve:dng envelope will be considerably 
different than a nonnmaneuvering envelope. To illustrate: When dis-
cussing the nori-maneuvaring ·envelOpe, .we found that - itS -baS1c·~hape •.--~---­
was detennincd by four factors - IR, range, G and lambda. ·-. ,ve ··no-ted ------ ·-- • 
that these envelopes we:re rather symmetr:i.cal in shape. Maneuvering 
envelopes, on the other hand, are not so symmetrical. The lambda and 
Gulimitacions are p~~marily responsible for this change in shape. The 
reason foi this: Lambda limitation may be exceeded because of a co8b­
ination of low missile velocity and high angle off. If we ·1aunch AIH-9B 
from long range - within the effective range of the miss~le - at a man­
euvering target, we can expect the target to turn into the attack. His 
objective is, of course, to rotate his angular velocity cone away fro~ 
the launch aircraft. By doing this, the cefend~r can force the missile 
to cxcesd its lambda limit, beczuse the missile is not only slowing down 
as it approaches the ,targ8t, but the angle~off is increasing, since the 
defen~er is turning into the missile's lin~ of flight. In other words, 
the angular velocity ge.n.e:cated by the defE'.nder forces AD-f .. 9B to turn 
farther and farther in front 0£ th~ target to maintain its collision 
cou:::-se. 1"nis, of course, incre2.ses the resultant laml)da angle. In 
adclitioQ, th8 missile is forced to tLrn ev,2n fa1.·thar in .front of the 
target, b2c2use of its contincous decrease in velocity aft~r rocket 
coto;:- burn~oat, prcducing 2n cxtr2cn3ly large lnmb<la angle. If AHl-93 
is launched near its max-effective ranga and the target turns into the 
att2ck, the co:·Jbination of it,c:t•r;nsJ.ns angle off and missile deccler.:i-
tion can e2sily cause thi'; rr:i.ssile to ,;:xceed its la@bda limitation. If 
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$~~QR~ _I 
·this occurs, the gyro seeker rubs against its mechanical stops, which_ 
stops the gyro and the missile loses guidance, 

The attacker can do twd things to avoid exceeding lambda limitation: 
(1) Red_u~e his range before launch, which results in a higher missile 
velocity in relation to the target, and therefore, a smaller resultant 
1.ambda angle, and (2) reduce angle off. : The smaller the angle off, the 
lower the resulting_lambda angle. It is now obivous that the best at­
tack can be .initiated from the six-o'clock position at a reduced range. 
It is also obvious that lambda · is the greatest missile limitation against 

-~ -. _ a maneuvering target. _,To illustrate the magnitude of this limitation, " 
,~ ........ -:--= .............. .. _ . - ._ ...... __ --""" .... .a- • - .-:..~_ • .-;;, .. ..a.,;..._ -·- • -_c_;;:,_ "'."· - - _ ....... .,__... ... _~:,;. -- • .,. •• ~.- . •• . . • - ..... ~ -· ._;..~--c.:.c.:.:· - - -~ .. 

( 

lets examine figures 18 and 19. - _ •• 
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When AD1-9ll is launched from a .8 Mach attacker against a .8 Mach 
maneuvering target \•1hich is performing a 3-G turn into the attack, we 
note (from figure 18) that effective missile range is somewhat less 
than that available again s~ a non-maneuvering t.'.l.rget. We also note 
that m.::1x angle off from which AIH-9B mc:y be lnunched is less than 20°. 
The reduction in range is necessary because of the 25° lambda limit, 
~hile the reduced angle off is caused by a combination of lambda and 
C-li r.1 itations (G-limitations will be discussed later). If the target 
pulls more than 3 G, the maneuvering envelope will beco.ne even smaller. 
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At 6 G, the:-e will be ~o po!r;.t from wh:tch the attacker . can fire the 
missile and -2r;h~e.ve .a ki1~. !n ot:l"•--~:".' wo.".';~z; the:::;:! w:!.11 be no· maneu­
vering env;~).ope at e::..~. . J.£ L:a::,1~0B ~.s ~aun.:hed £:!:"om c1 M~ch-1 "ttacker 
agaimt a Ma.::h<. t~1:tga!:, a~ 35~:JJO fr.at, •N:;:, no;:,; the following: When 
the target perfo!'l!l.3 a 3.;r,; turn into the attec.k, at missile·, lai.:nch, the 
attacker must redtt:::P. h::s .i'.'2:-J.g,~ :,y B;ip;~ox::m2tc1y one 0 th:!.::·d wh.:n firing 
from a s5.x~0••~lo;k p-."'si.t:lo'1 ,(-3,:e £:~gu:::-8 19). 1£ the attacker launches 
at 30° ~ngfo-o::f, h:a m:.:st _!\?.d ·.::ce h.~s ·'l:'ang,:: by ·appr.ox!.matdy one=half 0 

as compared to a nori~::izn,~uv1::ri.ng ts.rg<::t O if he e.."<.p~cts to g~t a kill, 

-~..;~~~Once . a~ai1:1 ~.;,,~t~____,~::a;->~~~2.ct'r£~!~t~,,..1:e<l.~5 ~ i_on ~in :£ ~!:_ga - -~$ ;l::~bda l ,imi. ta- :_,~·_--;.,, --:.;;: .. . ;-:-, _ 
tion. Th8 at::2::l,£:· mu.3!: ~:ed·:1ce his rang~, by a greater magn.itude, at 
30° angle~:i::f be:'~·.:::1c=:: B.-:1.,3s:f.::z la:I!bd-:.: angle is inc:-:!a,3.~d by both high • 

---.. - ----------- angle off anci inc::.a2.s..:d ra.r;.g,'°' • When _the ar.gl ,a off is incr~a3ed, ra_n_g~e-~--
-.:-_ ---=--=:_ :.:..::- must be re<i1.1r:~-:d to Preclu~.e :?X•:~-~O.itl.g .· l-2mbaa liillit, ·-hence .. th -~ difference 

( 

-- - · - in range redu,:t~.on betw,:;,~tl. a zr:2.~o-d1;:g:-:-ee angle· off and a high-angle~off 
shot aga:!.~s t a mam-c1.::.ve:c:~ng t,;i:::gc,t. Onc..a c.gciiP. 9 if the target increases 
G th.,, -"ne"'""'l'•:rg 0 n"7 '"'~ r r ,.:> d·h ~-~.r ·••'h,., - f n -.Jze· • At 6-r.. tr•<=>!"'e ul.'11 be ' - lit';'". -,'f ,.., ,, _ . ..., - '-• 4 . 1 ..... , _ 1.,t" _. ,.._...L ,, .... .,,, , . - · ~ ..._ 0"'"'! • - :;) • .1.IC- , \-V 

no maneuv:ar:.ng envel ,;>,..;e, t:-.,:r:·::::;;o::::'.!~ tt . .a -atte.ckir c:annot ach:i.-eve a suc­
cessful launch and kiU c:gf::~.r.o.st e. t.;r:r:get pulling 6 G. ·" 

r~J. o ~-! ~: \.:'.:',, ;,: ·~::.:-:: .. ::··.1 •. J::.4 ." ) ~ ~ ·~!-· .. •: :.:. q~:-._ <" <1~:1 ~".:°'. v ":,.,:~ i!8 81.:..'Dr:- that th~re has 
been !~o § ::.:-l.-'.J.:.'!.t.:1.o:: of.: le. t:8@,t speed :~.:::1 e.ny of h i :;i man<?.uv•~!S ._ lf speed 
cec:2.y c;,;,:·.~--:,.; :, t'~ .. :1 ,_; :: '~,::;, _·.:,;, ,:,,,.:·.-' /. ::·. :,1.. , ; vj.-.::. r~h,,q~e ar:·.d th,: att-3·:-.k will no 
long,~r be ~~·~ ,:'. ~J•d ,· :'3 .• / ,3 s r ,-e.St1H-, m:•,,~ ;:;: :-' i::. ·;r,.ci l o.::::ttywi.11 b~ htgher in 
~~P..fr:::~.0''..1 t: c- ·.':L·0, t :;;1:~•:'::«:l'· ~ :-,:c:.,:'. 'i '.-_ ,, :'<-· ;; .:\·:,;· · :-: J.c1.m&:!2 f:r..g1F. wlll b~i smaller, 
:s::i'lc!::! -.1::..~:.,~J.:;:~. f::~_. ·•.--~=..:: ::·.l ~::; :,~_.:··/::::.::::-• ·: :_ ··,· ---.-=-:L ·:~L- l-=.:. .-i') ;:12 2.r~; 1. ,:.: (at a g:!.ve·n range 
c!r..d ar:.g:J.e c?:;:). ~·::-.:·,.c,: i:r1,£7~:'; :~h;:':-._ .'..f tb0~ et<:a--:: ke7:" ~h.a3 ~- po.siti~ delta 
:Mach, :.'E:1:1:ic:?. ~.1-.r:-::.-: ,,.1 - '! ,u;c;-.) '-:E:Cl .,:·-; '.i.,: V.o::-.sh-:.p, f '.t~ Ci-1n launch _at a-_greater 
r,.nge wJ.tr:.,:r'.;~ ::::::: .. -:! :.:,c•.(::.::,.f; :· :.:r,?,,:! ;,~ 7:'.~f .-: •t ~:•.•:)':1... On t':,;;, cth.~r han:l, lf the 
attack.:i:r ].::; .?.o:r.·~2./ . t.: la:,·-: c~ ;: 5c,:~:.dt a man2i.:.•1..,::::i~:.g tE:r6~t which is 
t:,:c=r~, ... ~~~.:i.~·-·.f~ f . .: .. ::::·· _ .. i::' t :~~i.:.tr~. :'.·~~-d ·: : : ' :·· ·- ·' ;· ·: ~J. :J:·:1.:. ::: v -;~} .. :).:-.:' .ty!) :? .. r:. r 1=:l~t1.0!1 to 

th·a ta ::-g,:.: '::, ~.:•: ;J!:1-~:·.:.,,.,r. ::1.:: :' ~,::_ :. : 'i'hs 2 :: 1:ci•-:: : ,,2r m:.:':3 t la:.m~h at j shorter 
r2nge to ~:~.;:.::~.l..:';.2 :. -~n ib.:. ,';, :.. :~n~.::: .::.-s ::.0:::. 

In v-;_.:c,· .• 0 ~ ·::"::.r:•. ~:·.: ,:.,·:-,:, ::.·," ,:-:.: '. .. :.,-_;. r:.~: i' f·. ~ '\or,5- ~cm s ,~s that the be .st attack -
::.s or:c-,, ~-~- 'AP. :-::i: .. : .~;_ ·,: 2t :-:,, .·•. :·-'.',: ··: ~~_,3 a p"'.'lf ·1.~:1.'7'~ de}!:>- ~ch ar:ctl a low angle­
off on hi.s ~.':".~. '."~_ ;.;-: ::. ~ii';p:·:o,:.:1:-. r. ,::: t~.~, 1- ,·:.::g~f:. '-1:h:i. ::1 wi l l p :~,v::.d~ greater 
f:.e.'c•.r.1.0'Jl of rr,,2, .. ,e ·:·J:~:·· .,:;.r_,'1. t)·.,-, -:rp,:. 1,:· ..:>·,.~':.), ;: .; :' . .:::. :.1,-,,;.11 ,,t long,~r.- rang2.s. 
On th'i:, 0th~, ~: h.::;n,:i 0 tl:.~ ~•:o :·:3 ·.~ ?'1=,:<.-~>~ .sttack is .:m.e in ~-1h ::'..ch the attack­
er h 2..:, a nC; ~.st:::.;·2 --L~:tt~: ~·1 .. c: .. c b. a. ~! •~~ -=.._ ti.gh c.nE~•.e ca ,·):~::. Th::.s ,,r!.ll restrict 
r>is L~e,=.,.;_ xn o!: UY.!::. '.:.·!--, ,~ . .::- -,.::::5. c .-., ~·· 0 , ::. ~rr. :1.r ; ':o ~ po.:, ,:.t::.:m h .'o:n w\i.ch th2 
:c.:·g-=-~ (.,'..-;'.11 -2 .. :· .. ~:~_~

1

4y C.r:-. ·.:l~'. ~.d ::t ::<.:-.,_;;:: ~i:. ~.:: 2. t c;.:~~. 

-::£ J,:;::.--<:~;JB :..; J.c:u~ -: :-,,;, ~,J :~.:r,'1 ceI~ .,·--·,,i' 2:r.,0;:::~•~;.:' . .'..c :h:;; v:.;; .: t::.c;,,11 pbne -
0°1c::.-h2acl 0:: ·.:, .•.c',~!,:::3:.~ -s c..r. ';.=~ k ~ t:-:.:. :n~'. C6<2"J~~-:::_n.g .:c~z-g-~t w:'.::~2 b-: forced to 
tu::-r: :.:-:to tr. -:! a:::t .s-~! k., C;; .>, c:g;c':.·:., by L.1:.-:-:.::.'..ng -:tu-::0 the p:,;.an~ of the 
c. t :;1c·K, ·t:i · ::· t 2::·g~t. \.l' :_3. ·~. g~ :::~:-;~::·. ~-.-: rr:.~:( ang-..:.l n.":" ·,,2.:1)•:.:~:--.y .::ini fo..:-.: .e the 
r.-! ;.s.~~:_ ·;4 e t') v ;· .=;::.:: t -:: n ~.e1: ·~ ... :: .:: -~ ·....'.:l~~::::·~::-~.g ;2. :·?;.;".:.:1:: ~--~~--:-3 . J:!".i. Bn OV·~.:h-2.ad 

2tt 0. :' 1.<.~ ;;_:.-.: .;; ru .'-..',. , •.;_;: '-:h:,: i-~ ':::. ·c: .:.'.: ·'.·-~: ·:·:,.~,:·: w:!_ l ~~ :-: :1t o-:.:..y cc:' ~o r.c~:::-.:ied wi..th 



· -- - - - - --

( 

lambda limitation, but . also with the sam; limitations encountered in 
an attack against a non•manouverin~ ta~get - IR and G. These linitn• 
tions force the attacker to diminish his r~ngc until he con discriminate 
bet,·:ecn IR bcickground clutter .:ind target signal and/or avoid e:{cecding 
the lnmbda limitation. This means that in a .9 Hach co-sp.lcd attack 
against a man~uvering target, the attacker will be forced to fire at 
less than 20° angle-off, otherwise, he will exceed his 2G limitaticn . 
(see ·figure 20). · Rem~mber, in an overhead attack, the difference 

. between total and radial G is considerably less than in the high•3ide 
~~,.,;.,,.~~~..r- or _the underside attack (Gt "' Gr + Cos8), therefore, to s·tay within 

the 2G linitntion, the attckcer r,~ust launch from lon3er rnn~cs (at a 
---~-- given angle 0 0£f) • . For- ezamplc, _if an attackcr .pcrformo an. overhead 

( 

·• 9-H.ach co-speed attack - to prevent himself from exceeding the 2G launch 
limitation at 30° angle•off •.he must launch from a range of at least 
10,t~so feet. Under the s.:im~ conditions, he can launch from a r.:in~e of 
§~ft4Q feet at 30° angle off in a high-side or level attack. In an 
underside· at t nck, he can launch as near as 4,130 feet at 30° an3lo•off _ 
and ·still be within the 2G launch lili'litat"ion. 

From the above analysis, it is· apparent thnt the overhead attnck 
ia the wornt p~ssiblc bccnuse·of the lirnitationn impos3d by IR, G end 
lambda. -Unlike an ovcrh~nd ·attock·egainnt ~ non~illnncuveririB tnrcct, 
the attacker will find it difficult to acquire the lo,,, an::;le•off 
necessary fo~ launch.·· Instead; since the target is turnin::; into the 
attack, the . ansle off will tncre.:is.e and the opportunity to lnunch ,~111 
be lo3t. On tho other hnnd, there is a slight advantR~c sin~c th~ tJr 0 

got is forced to turn into the att~ck • he will be forced to ·pull up 
and ,-1ill conscqu-:!ntly c::per:l.enco cpeed dccny. The attr.ckcr wiJ.l have 
a po:itive delta M1ch and .a higher nisnilc velocity in r~laticn to the 
target, ·and, therdoL'e, a gL"eatcr range from which he c::n l.lunch A:t!1~9D 
befo2:e lr.nbda limit is reached, This adv~nt.:igo is not a t'enl ndvnnt~::.;c 
hc·.-,cvcr, been use the attacker cnn still b3 forced to exceed the IR ond 
G parm::ictcrs, We know, fro:n our study of AIH-9D, that if we force the 
missile to exceed any on~ of the four ~aramaters - IR, rnn3c, G or 
l.:mbd.::i - a kill i1ill b'.:! tmli1,ely. Frc:u a tc1ctics st<!n<lpo:1.nt, ,-1hilc -;on 
the dcfcnsiv'.:! 1 the attwck raost cnsy to do.fend nsainJt in en ov~rhc.::id 
att~ck with n nc~ativc · dclt.::i Nl ch. In thin situ~tion, uo force the 
attr:c1,cr to c}:cccd a greater nur.,bJr of his linitin3 p,:n.·:r,,:::!tors th:m 
in nny othcr~ttack. 

The cnrlc.r3idc 1 or si::.,o'clccl~ulow ntt .:\ck is th':! best po:Jsibl0. 
att 2ck u:,ich \-l'J cr: n c:;:~cutc n[pin:;t _a r:1.:m·:mvcrin:3 t.:ir::;nt, It ,.,_--:3 
noted in cur an.::il;· .:: is of thi:. at:t;:ick D[; ,'.lin s t a ncnr2:m:uv:::;:in3 t .1 rsct 

· th~t vc acquired advantc. z~~ in I~, G, surprise, and p~rZor21ncc, 
When attc.ckin3 a r Jn~uvcri~3 target, YJ rctJin th~se edvJntC8JS, but 
ccqulre a cli:;:-:dv,:mt,. :; :~ £re.:, 1:ir.ibd~ lir:iit::tio:.1, Tr.~ k ~:'.;;l:i c1is :.c1vi'.nt n::;'.) 
b, hc :~<!v c: :-, cv ~:.·;;·i<l<l::n by t ho dv::mti'.:;::,, TM.:. i:; t~·, '.:::i b '.' ~ ,\\~;~ th'.) 
lldv.::nt .:i nc:; of I P, cr.d G .:illc1 t ho a tt; ~c!·. '1 ;.' to l .i 1..::1•~h ot • i•,:i l ,1 tivoly 

short er r·n5c3 ot r~;;i;:S,.~ 1;~2~~lc:;cc8tl:f.t~3 th) 1.G l n1:nch 

!,f., 
~ - - . ..... ""3-tQS,,.jt :..;;z;.::;::;. ·..a-: 
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limitation. (Remember, in an unGerside attack, radial G is greater 
than total-G.) In other words, th-e attacker receives the benefit of 
lG gravity; thus allowing him to position himself closer to the tar-

. get at a. higher angle off without exceeding his 2G limitation _(total 
G). This means that the attacker can reduce his range to stay within 
the lambda limitation and still be within .. his 2G launch limitation. 
In .~£feet, the attacker is provided greater freedom of maneuver to 
successfully launch AIM-9B, In an underside attack, this freedom of 

; maneuver .is greater than in any othe= attack. _From the defender's 
"';.;: • ....,..,._...,..-c-~-i...-.viewpoint, ·it is certainly the most difficult attack to defend against. / 

In su:r.mary we may say: The best attack for AL~·9B is the underside 
- --attack -and the wo:.:st att..sck is- the overhead attack -- - especially if ----- ---····· 

the attack~r has a negative delta Mach. -- .. -

( 
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FIGHTER HAl-illUVERS 

To acquire an understanding of the sci~nce of fighter-versus 0 

fighter combat, a complete knowledge of the spatial relationships in­
volved in this form of ac~ial ccmbat, is necessary. Before he can 
achieve this- understanding, any tactician must be able to define or 
i~~gine a frame of reference, within which he must operate. In addi­
tion, he must know the basic tools w_hich he may employ in this frame °'"" 
of reference. Simply stated, this m=ans that the pilot must under­
stand the geomatric -space relationships· and how to apply this insight __ , 
to a given fighter-versus-fighter situation. Our purpose, in fighter 
maneuvers, will be two-fold: (1) To define and present geom~tric re­
lationsh:i.ps needed for fighter-versus-fighter combat, and (2) to show 
how to properly apply these relationships iry fighter maneuvers. 

In discus;,;ing tighter~versus-fighter combat, it is evic.ent that 
many pilots believe there are an infinite number of situations and 
solutions in a given tactical encounter, Such is not the ca3e! 
The fi~ld in wn::ch a fi -_hte:: ilot · must operate is three-dim::,nsional 
and Enite. The size and shc:ve of the field is determine byte pull 
of lG gravity ar:d the perform~nce limitatior1s of the aircr.;.ft and it-s 
pilot. We can im~gine this field to be spherical in shape, with a 
fiettened 'northe,:n he~isphere and an elongated southern h~misphere. 
See figure 21. The ·spherical shape is gen•?.rated by a manei:.vedng 
fighter's tu:rn and ·velocity operating through three dimensio-:ts. The 
elongati0n results from the effect of lG gravity on the fighter in 
thi::: th:ree=,i::.r:,~nsi.on.sl field of oan2uver. Turn, speE:d and the· force 
of gravity der.en;;ir..e the opera ting envelopes and we need e,r.,.ly under­
stc:nd sp.sti.-<tl rt:::'.-:.tionsh:'.ps pres2nted by these factors to d.evelo·p 
effective fight2:r m.,me.1.r-:,:,rs. To kn::iw how to secure an adventage over 
an opponent, an attacker P..eed only visualize turn, velocity and Gpro­
je::ted onto th::.s sp,?.!:oid shape. Ee has no control ow~r the force of 
gravity, of course, b.,t he cc.n e.x:~rcise complete control over aircraft 
tu:::-n and velo::.ity, As a result, he can maneuver in a manner to effec­
tively us?. the pull of g:::-2.vity in a gi.·,1cn tactic.:il situat::.on. Thus, 
in a fightex-versus-£ights~ si~u~~icn, the pilot car. do two things to 
gain an c:idvant<>ge over ar?. op,.0~2,1t: Ch2ng-:, turn ar.d/or velocity, in. 
respact to his opponsnt. He can accomplish either or both by maneuver­
ing thro~gh both the v~rtical anci horizontal planes by employing either 
a two-dirn~naional maneuv2r thro~~t three - dimensional space, or a three­
dim~nsional mane~v~r (barrel roll). 
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FIELD OF MANEUVcR 

·Fizure 21 
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To 2pply thJa~ princi.plea corr,::ctly, we n,3~d only recall what we 
determined p:-ev:!.ously in regard to weapons capability. We determined 
that to St!i:cessfully employ AIM-9B or the 20.nm cannon, we must attain 
a launch or firing position in the angular, velocity cone emanating 
from the tail of our opponent. Applying the three-dimensional con­
cept of turn and velocity, this means· that we must reduce one or both 
of these factors in order to secure an advantage. Employing these 
spatial relationships against a given opponent will provide insight 
as to the type of maneuver which we must employ to defeat him . 

.. _~.•-~:...... --~• •• ~,;..~;........,~~~ -- -~"":r'Jc•l i::°. · -."; • 

In our discussion of fighter maneuvers, we will keep in mind this "'---
=- -concept--·of turn -and ~velocity with_in a three-dimensional field, -- -As -~~- ,,_ -, ,., •-·-

stated earlier, we will use the case system to determine not only what 
maneuver to employ, but also how to employ it to acquire maximum bene-
fit. In discussing fighter=versus~fighter tactics, our first maneuver 
for discussion will b~ the d~{ensive turn. We choose to start with this 
maneuver because it is the basic maneuver by which the defender tries 
to nullify an attack~= 1 s advantage. This may cause our approach to I 
appear to be defensive in nature, however, we feel that this is neces- ve( 
sary since any offensive action is directly dependent on the precise ~peU ~~( 
m~neuuer. which the defenc1.ant choos:::s to .8-~ecute. If th:2 defender's r<' ~~e,>J 
knowledge_ is i:i..rnHE:d in scope, the attaci<er 1 s corresponding maneuvers r;:.\f5. ('( 
will refle-:t th:i.s limitation. cc-.J to"ceY 

The pu:!:'p•:i.se of the <lefePsivc turn is to prevent an opponent from 
achieving. a launch or firing position. As stated earlier, the objective 
of this man~1:ver is to rotate our angular velocity cone away from the 
attacke:::. _The b;:st way to achieve this is to tu:::n into the plane of 
the attack. This means that in an overhec.d attack, WE. will pull up 
into the attack; in an underside attack, we will dive into the attack; 
and if the attack :!.s frcm s::.:<-o'cloc!c, w2 will turn in whichever direc­
tion pro~ides the g~eet~~t t 1ctical advantage. Assuming tha t an 
attacker an.18<l with an IR '.tlissile is approaching our c:ngular velocity 
cone from s::~-o'clo,:k, ho0.-1 would we defend agai12st this attc1ck? First, 
perform a h2r.d t:.2;:-n w:i.th a 3light dive. This turn should not be a J 
break or maximum pf.;::-fo::uc1nce mc1neuv2r. If so, we wil 1 experience high 
specd-dec2y and loss of ma12euv~r::.ng potentiel, ev~ritually diminishing 
our angular ,,-e loc:.'.ty. As a result we ""ill prob.'.'!bly successfully 
defer..d agai12st the missile attack, but our attacke = will be in posi-
tl?r: fo-:- __ d follmJ~t:p gun att.;ck. :u_we ;:,mplo·( the hard turn and the ,ie 

sl1. 0 ht· d-,-e \r g"'~G" ·-~e er: ·v-c-h -., ,,.u a -· v · loc,~-- to p-·.,,-1.,de a miss1.'le tern_1'" . g l - .!_I , , • ...:: \: . l. .. ,..C:::1,, . _._ .._O c. :.u,..L- C -t...J J, ,_._~ - \o . ,,,-
lc.Unch at long rc1nc;e, ar..d'~.2t the s 2m.3 tim~, we reta:.'.n futu:-e m3neuvcr- 1, bQld tl'Jfl' 
ir.g pot e P.t.:.'. 8 1, ?.3 :r2ng:2 dii:;,!.r: :.'. .;h-35, the 2tt<Scker will be looking for ) 111'-a'i-'.-,r 1 

- l)ll1;;' t 
2n opportt:n:.'.::y to l 2unch a- r.1:t s slls; however; since hE: is in a pursuit Kl~n~

00
ce\' 

curve .1tt;:;ck, hl.3 r a te of t.u::r, is a furction of target speed, an3le-
off .::nd range. P.t -long r2n2e the rnte of turn required for the attnckcr 
to treck is con2ide:-2bly l 23 s th~n ours. ConsequE:ntly; the attacker's 

~~~---"~] 
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angle-off and rate of closure will increase, The inc~ease . in angle­
off demands a furt"ter reduction in range before the atta·cker can 
successfuliy launch without exceeding the lambda limitation, This 
forces the attacker to .get closer and, since he is . on a curve of 
pursuit, his angle-off is continuing to increase as his ranga de­
creases. • The rate of turn form'.lla (W= Vt x Sin9) indicates that 

Range 
rate of turn will increase if angle--off increases (Sin€)) and range 
decreases on an attack against a maneuveriug target, Both of these 
conditions occur. -This means _that th~ attacker generates a rapid ·-= .. ,=~ 

build-up in his ~ate of · turn, and by the time he reaches the point 
at which he can _launch without exceeding lambda limit, he exceeds the . ~-, ~ . .,- . 
2G launch limitation. With a .9-M&ch co-speed attack at 35,000 feet, 
this will occur at a rdnge of about 7,000 feet from the target. If 
the attacker gets closer, he must forego a missile attack ·and attempt 
to set up a 20mm cannon attack, This is necessary because when attack­
ing a maneuvering target, once the G-limit is exceeded, G cannot be 
reduced - it will continue to build up as range dimini3hes, 

As a defender, we are now forced to nullify our opponent's subse­
quent gu:-:i att <'tck. To accomplish this, l~t us once again an;;lyze our 
relative positio~s: The attacker, noting that he has lost the oppor­
tunity to deliver a missile, will atte!l1pt to reduce h:.s angle:-off and 
slide into ou:r: si.x-o' clock position, To prevent this, we must · increase 
G and rotate our angula~ velocity cone away from our opponent, Our 
concern no:, is to acqui::-e a smaller tu:::-n radius than the attacker. This 
will force him outs5.d.e our turn and prevent him from achieving. a track­
ing solv.tion. To c!Cco::nplish this objective, we must play the turn in 
respect to tha att2cker. The moment we notice his attempt to diminish 
angle-off, we ir:.cre2se our G, to prevent him £rem dimi.ni.shing his 

. angle~off and sE<l:i.ng tow'lrd our sixa:og clock pos ition. If he continues 
to press the attack, tighten the turn to prevent him from staying on 
the inside of the turn. In effect, we are trying to place him on the 
other sici~ of our angular velocity cone, If we play this maneuver 
correctly, he will be ur:able to match our turn radius, The formula 
for tu·,~n rc.d:'.t,s: 

R = Vf 2 
·-- -32.2N 

;.,here R = Tu:.:r! :cad i .u~1 in f eet 
Vf. - Fighte;:· velocity in fe,e t/c.:=:cond 

N :: Nu:d;e:· of radial G 
., 

i ~d icate3 that the fightef with the lower velocity and/or greater G 
l·" c; a sr,1aller tt:. ::-n radius. In this situa tion, the att<Jcker's speed 
,-,: : G a,:e <l ::. r e-:: tly depend ent upon ths de f '='coer 1s action and if we 
:~ :1 a c~rt ain numbe r of G, the att2cker c~nnot pull the same amount. 
• .- ·· , r • <.'. ,)':3, h:!.s rate of turn will eqt.: 2. l ours, and, at the end of a 
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180° turn, the attacker becomes the defender and we the attacker. Of 
course this will not occur, because the attacker will be forced to 
play his turn in respect to our position. This means that his G will 
be less, and as a result, his speed decay will not be as rapid.as ours. 
As is shown by the above formula, the attacker will have a greater turn 
radius for two reasons: (1) higher speed, and (2) -lower G. As a ,' 
result, if the attacker continues to · press the attack in the plane of 
our turn, he must overshoot. This provides the attacker little oppor­
tunity to trac~ the target and places him, geometrically, on the other 
side of our flight path. Of course, xhis presupposes that we, as the 
defender, are .turning near or at maximum rate. If not, the attacker 
would be -able to slide toward 6-o'clock, pull a higher G, diminish air­
speed and avoid an overshoot. As we will see later, the lateral sep­
aration pro:,.rided by this overshoot is a "must" for the defender's sub­
sequent actions. 

Procedures for the Defensive Turn 

1. Estimate range and angle-off of the attacking aircraft. 

2. 
range. 
launch·. 

Perform a hard turn. if the attacker is near AI.H~9B launch 
This is a planned maneuver to preclude a successful missile 

3. Do not make an inst2ntaneous max-performance turn. This will 
kill off airspeed ·very rapidly and reduce future angular velocity as 
well as maneuvering potential. 

4. Play the turn to maintain the attacker at a high angle-off. 
This will force h:i.m to dir:iinish his range and exceed the 2-G launch 
limit, at about the time when he is within lambda limit. 

5. Increase rate of turn steadily to maximum performance as the 
attacker approaches gun-firing r2nge. This will prevent him from 
acquiring a tracking soluti00. and sliding toward your six-o'clock 
position. 

Adverse Yaw 

Adverse yaw is defined as th~ tendency of the aircraft to yaw or 
roll away from the intend~d turn. In the F-100, this condition is 
present in the sub-3onic S?e3d ran~e, and i3 esFecially noticeable in 
high-angle-or-attack maneuvering. If proper technique is not employed 
·to counteract adverse ya,~ in high-angle-of-attack m3neuvers, aircraft 
maneuverability is seriously co~pro□ised. In fighter-versus-fightet 
co~bat, since □aneuverability is a key to success, inability to handle 
adverse y2u will proeuce disastrous results. We can see this upon ex­
amining the defensive turn. In defc~ding against an Ail~9B attack, 
th8 si:,eed <1~d G wh:'.ch we. were pulling produced a low angle of attack. 
Defending against a fol10~1-up gun att.:ick, ho·,;ever, produced a high 

' ~=;;;~~=--] 
L___ ~J1 __ -. -
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angle of attack. If conventional technique is attempted when max per­
formance is necessary, the result will not be maxicum performance. To 
preclude performance degradation, the pilot must develop two entirely 
different techniquas to control the F-100 under low-angle-of-attack 
and high-angle-of-attack conditions. 

In low~angle-of-attack maneuvars, conventional technique will be 
employed. That is, ailerons will be primary control for directional 
change, in eithe·r a turn or a roll, and rudder will be secondary. It 

.... ~.:;,;-"~;...,,2 . ..;:.,,~" wUl be used to counter the small amount of adverse yaw to keep the 
turn or roll coo!.'dinated, Back pressure will be employed to control 

.---• --- ---- the rate .. of tu...-n or the int_ensity .of the .. roll.----------~--- ----

ln high-angle~of-attack maneuvers, the following t~chniques will 
be employed: Ruddiar l-Jill be used to control directional change. 
Ailerons will be moved to the neutral position and back pressure will 
be employed to control the rate of turn or intensity of the roll. In 
a high-angle-of-attack ~ituation, if thi piiot employ~ aileron as pri­
mary for directiorial change, he will induce a roll-off in the dir~c~ 
tion away from the. intended turn.· The more aileron he applies, the 
faster the roll-away. This is true because, in a turn, the induced 
drag on the inboard wing is less t'han that on the outboard wing. If 
aileron is e:nployed, the inboa::d aileron is deflected up and the out- . 
board aile~on is deflected down. This condition imposes an additional 
increment of drag upon the outboard wing. A~ . a result, the aircraft 
yaws toward the high-drag area, or in a direction ai1ay from the intended 
turn. In low-angle-of-attack maneuvers,. this yaw can -be corrected by . - -· 
applying rudder untf.l the ball· is centered. In a high-angle-of-attack 
maneuver with the F'-100, this technique is not satisfactory. As the 
angle of attack increases, the amount of adverse yaw generated by the 
induced drag and de.Elected ailerons increases. The yaw increase cnuses 
the outboar_d wing to meet the relative wind at a velocity ·less than 
the inboard wing. The decrease in velocity, plus the downward deflec­
tion of the outboard aileron, ·ca'.!sas the aileron to stall out, conse­
quently, there will be less lift ovar the outboard wing. The .aircraft 
will roll in the d~rection of the yaw. If additional aileron is 
appli~d to corr2ct this roll-off, the rate of roll will increase ahd 
the adverse yaw and stell conditions will be magnified. If rudder 
is employed - along with a;Ueron - the ·adverse yz.w g2nerated may be 
cc1ncellcd by th·:: f.svorable·· yaw induced by the rudder. E.0~•1ever, as the 
angle of attack builds up, the adverse yaw gen2rat2d by induced dr.:ig 
and deflected aileron becom~ s gr~2 ter than the fevorable yaw gen­
erated by the rudder. Thus, a roll-off will still occur, however, at 
a slightly higher angle o~attack. On the other hand, if wa neutralize 
aileron and employ rcdde= ~s p~imary for dire~~io~a l control, we can 
gcncr.:! te a maximum p8:cfomance turn without a subs equent roll-off. 

To deten::1.ne whether we should use conventional techniques or the 
rudder te:::l:n.'..cp..: ~, v:e need only r ecogniz2. the "feel" of the aircraft. 
The r:;o::n0. nt tl-.c: ou.tb ~:.::: ,.,,,. -"-~--:-.::..,.,.::.,-:..::-,""·~,: •_.+-~2-a:::':-~-~eavy, the pilot should I .{;lee iaff,4 ____ _1 
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neutralize aileron and apply rutder to control the tum or roll. Full 
rud<le-:: should not be employed, otherwise the pilot w:!.ll experience a 
loss of directional control. Instead, apply rudder smoothly and as 
needed to maintain directional control. If this is accomplished, the 
ball will be centered and a max-performance maneuver is possible. ~ 
not arbitrar:i.l~ull rudder and ___ opposite a:!.ler.on to achi.eve a max-
pe~forrnanc~ tu~n. If this is accomplished, a large amount of favorable 
yaw will be genez-ated and a snap-roll or spin will probably occur. 

The Scissors Maneuver 

_ _ The sc:i.sso::s is a _defer...sive .maneuver ... in-which a series of - turn - - -­
reversals is executed in an attempt to achieve offensive potential 
after an ove-::shoot by an attacker. To successfully _ernploy the scis-
sors, the . defer.oder needs an initial turn overshoot. In a defensive 
tur.2, if an attacker attempts to position him.self in his opponent's 
angular velocity cone by rew3ining irr the plane of his turn, the de-
fender is provided the op?ortunity to generate an overshoot. The 
overshoot places the attacker on the opposite side of the defender's 
angular velocity eerie. If the defender continues to turn in the same 
di::ection aftc-~;: tb~ o·-1ei~shoot, the att-cic!::er will be p~esented the 
opportunity to mane:iver towa;:d his opponent I s six-o'clock position, 
si□ply be,~ans,~ th~ def:ende,.· w::.11 '0e t'..L--ning c:.wf:l.y from the attack. To 
p·.:-event th:.s, the defender m~st ~I~:!.tiate a turn reversal as. the 
attc1cke:i:; :>3S8•~s tc.::ough his flight path. The deci.sion as .to when to 
execute this ,:e·-12::c:al will depe,:d upon the attacker's rate of over-
shoot and his an3le-0££. A good "rule-of-thumb" is: rapid turn over­
shoot, ~a-cly rf;Ve~sal; slow tutu overshoot, late · reversal • . The turn 
revers.11 w:El J:otc1te the defencer 1 s angular velocity cone away from 
the attackw:. '.!1!:;.r. W~.11 place the att2.'..:ker at a high angle~o.ff and 
will causlc, h~.m, onL:e agc:ir1, to c:;:-0~:s the defer:.<ler 1 s flight path. See 
figure 22. The defender he.s now forced the attacker into a scissors 
maneuver. 

We c.2.n see - by gear::~tri..: insp~ction - that the aircraft which 
has the shorter tu;:n rad:~us and the low0:c velocity, will force the 
other to the 12-o'clock pos:tion. In this maneuver, the defender has 
the advantage. By virtue of forcing the attacker to overshoot, he 
has lower velocity ari.d if he er:1?loys the prop-2r techniqne, he can 
easily pl.:ce tc~' attacker at 12.-o' clock. To accrnnplish this, each 
tum reve::.·sal sho:.1ld b-3 a rtcd,:1.e r r,::versal, at max-perfo::."Elnnce, If 
aileron is 2pplied, the defenfe r vi~l roll off in the wrong direction, 
or be fo:.-:-ceri to -::el ease b2.ck-p:.-~:;~,ure to executE: the reversal. This, 
of course, w:!.11 ir.crease t..u;:-n r20.:.-..,s. A nose-high attitude accomplishes 
two th:".ngs: (l) It re<luce's the d(c:fen<lcr 1 s ho1:izontal turning conponent, 
and (2) It reduces the defenci2r 1 s vector velocity in the horizontal 
pl ~ne . TI~e rerluct:.on in the torizoctal turning co~ponent and vector 
vclo:::ity is a resui.t of Iil:!i,euve:c:'..ng th-:-.::iugh both the vertical and 
ho:-izontal pL::ne3. Ir: other wor-J~, we a~e employing the pull of 
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one-G gr2vity to pro·,dde a ·g-r,~at.e:: r:adi.el G and a lower velocity. 
1'!..axiroum pO'.,er should bE: 1-:::.:::<!d :Ln this mane:.1va::, bec2.1.1se its force 
ve::to:: opposes the one=G gravity an:l is di.r.ected toward the inside 
of the turning c:i.:rcle. Thf.s p:-ov::-::.e.s the defender the oppo::tunity to 
maneuver through the ve~ticel plar.e, and thereby diminish his hori­
zontal turning compon2nt. In adc.:l.t::.orl, since power provides a lower 
stall speed, it allows t'ri.e def-=e~,d:;r to tighten his turn radius at a 
given airspee.d as w,;;11 • as r.::duce ai:-.:ipecd to the lowest poss:~ble point. 
This means that if the defender p8:-forms a nose-h:.gh !"Udder reversal 

--~..;.,,.,;,,_c_,;_;~,;;..e.-=-2: ,-,. with power_. pn, he will _reduce his tu~n and velocity components to their 
sinalle3t stste and~ ~ . .f ·tt.e attflcker doesn't coanter in like manner, he 

-~--"· -~ __ ___ w:.11 _b?. _qu~_, .. .._k_ly __ foT.'_C;~_; _ to __ th_e_ U .'.:o.:..clock_ pos_i,tion ,_ The, __ defender.. .. now __ _ _____ .. 

' ' f 
\ 

becom~s · the att.a.:::,.er. • 

1£ the attacker counter.-,:; e.ffectively, and forces the defender be-
low him, the defcr.ci,er shouU. ma:.1-af(l'l8::' in phase with the attacker. This 
provide.:; the £ttacke:c a visu.;.l dis2r2vantage since the defe.nder will be 
directly benea!:r. him. ln an ~tt-2mpt to· m.an:~uver, - in relation to the 
defender, the attacker ·will be fo~ced to roll excessively in one direc­
tion or · the o'.:te~. Th:!.s ini::reases his stall speed and forces him for~. 
wa-::,': 2.r.d. d.-,:,Ti! '.:o,;,1;'.:.:f. ~;'. :- : ·'-°':?':":>:::.•'! :~:- 0$ ;~ 1-~.ght ?.St.h. T..-te mo:n·,mt the attack­
e::- .:o,:i.c,::~ th:'. ,::, !!~ p:;·,,02"i:1:Ly ·,.-1;. -;__ 1 :.c,2.t'.uce h.i.s bank and maneuver as 
S!:loot!iJ_y a:3 ~.b.:>. d.,,.: f ,·)c!• ''. ... , ·.;•, ,.7:1_ t:1 a r,.J-:;,_:J. te.n t G tandof f. If, and when,. 
t~.:! .. :; cu~:!::;.::.-3 , f:h,.-3 t ,'l.:8:1,:~ .. ~~: ,J;-.,.:::t ,:.,,,i_:J~.(:,y .;;ft .,::.:o'.::rner, r2l;,x G and dive 
180" ;.r,:-my i:::)m h::. ,_: .:.r,.:i;,0:,~'.,:,::-:. :i::..,. . . ,,b:,,.:ld ir..~_ti -?.t-e this mansuver im::nad­
:!.c::t8ly t!f': •."!:~· tr:.-:! .?. ·t.':.;;,!:<•,c t .,s;J i1e.fl . .-~ :· .:'..s 1.=n:': ob3 .?.:.."'V2t:ion, when the 
a.ttecke:'.' Sli:::t lJ;:~~ b~v•1. v:.:,ru .. =.•1 cont,:1.c':. This affo~:ds the defender the -
oppo:~ti.m::'.:y ::o g.~:~n co:::=; ~.C:~::,::fr:le loncitudinal s ;=::pa!"atton and places 
tree c:ttr:cl::;-::7 ~•:~ .. 1 c:.r!. !.n,,,:7i,,.:if10. :o'.t'.~ ... =v.:k ,-,::th a n::o.ga ti,:e delta Hach. The 
d ~fen(l':.' ,7 ~;.'.].\ 1:.-,'! oDt 0'.': g1.:.:1 -~':l,,gs 2nd the attecker will be !)l:ovicled 
t.1-:~.! "i·iG:7~: : p -J~ ::.:; ·'!:::i:: t:. E-=-~·: u.:-::: ~:.1) :: • . /.u:~· f:1• !itlt. :..~-:.<!..:e lc:~-~.n~t.. (~~::.TE: '!'actical 

Wh,::'l! 6s1;)~.0>"'·r..g tl.~., ,1 S,"::'..::::s:i;:3 ~=!r,<2uver, a p:L lot sho·:.ild attempt to 
securrs a; E:~~-:2,.1t:C:[;<:'; 2 :, -iu:'.c;kly 2.s p,:,:;;:;;ibl8 = ce.;~talnly by th~ second 
turn ::c,~!:: ,_; ;;.~. I·: , : :>~; : he w:'. i. l lo:.::,:., 2:'.::-.sp,~-sd :-:ci p:i.dly, therefore T.an­
E:'.Jve:c;:'.J~.1~_;:y, .sr.d wJ.l l b,::: ; ,-;: . .,.:-.1(,.:.t'; ·=-d. ::;:o:n e•..- e:,:- ~2.q-u::;:::.:1.g c1n advantage. 
ln3te2d , t,,3 w::.J.:!. ii.Hd. h~.m;:;; 2.li itt 2 s~~ndoL!, ·;,::.th mE:~:g:.ne.l c.ontrol -
an 12.a:c'J se-::~ ,_..p fo::: 1'!.:!<)t!:e ·,: 2tt:.-;:.:lc-:e ~ (o:.- his immed i ate oppon:2nt, if the 
opponicrt~ h -.:!=..:.: d. St.~:-.' •~r-:~.o:r c.:!. r.r. ~-:1i":t,) • 

1 .' :,:;,.c.:·:,::2.'.: ,:: ::~:t:s:: o'.: ,t;;.,·.:: ,!. :~r.to th,., ~-,:<;:,:ick 1Jnt:: l the at::~:::!<er over­
s hoo ~.3 or. 1:to-:;·c-;,'3 o:_: t s ::~"-:~.2 t~.c f:iJ::-r.:.. 

2. Ex-:-.ci: '.:e 2 ·,:,):-:--,- ~~.gh _ ~: ~--~:-::--:::: ·:,::c1e:7s"~- w:'.th pow~::- on a:; the 
atc: ~~:~e.:,:· <' '='···•3·,:s yet.: '.: t2 ~.l . P.;::rn3·::r:."i:.1e:-: the '':~ui::?~:>f~thG-nb" fo::: turn­
Z:-':.'ff.:•::=.::.!l: . f;:.f .'.ri t.:.,::-ri o·-:·-'!:.~=,:l:.o,1t _, 0.:::~ly :r?.ve:.·;:, .11; slow t :.:!·::n ove::rshoot, 
l a ts :": 3ve:.~·;·;~:.. 
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3. Repeit a nose-high reversal each time your opponent slides 
through your flight path to the outside of the turn. If you pass nose­
high above your opponent, he will begin to slide forward. 

4. Perform a roll-off or "S" down to the six-o'clock position, 
after you· obtain a position above and behind your opponent, 

5, Place yourself in phase with your opponent if you are under-
.. neath him·; then, at the earliest possible moment, perform the 180° 
~-n,_~-.'i ... dive-a1,1ay :~~-n.i.-: ,~~~:.: ::- '--::-:.:.:.: .... -:.~=-·=~<- .... :: ~-- -.!' ~"-~~~~ ~"L-'-•-t=- - ~-----z._.:.. -----·!.•----~- --~ .... ·,.--~-.,,,; ":'" 

In our discussion .of the scissors maneuver, we stated that it is 

t ( 

a defensive maneuver desi.gned to take advantage of an attacker's over­
·shoot. We then proceeded to show how the defender would . react to gain 
this advantage, The implication is clear - an attacker places himself 
in a very serious position if .he misjudges the defender's turn and 
overshoots. To prevent this, it is suggested that the attacker employ 
the high-sp8ed yo-yo any time-he believes his rate of closure may be 
s 1.1ff:i.cient to caus2 a tt~:::n ov~rsr..00t. In this manner, the attacker 
can retain his offensive advantage, however, we will still have the 
problem: What can. an attacker do i.n the event he misjudges his oppo·­
nent Is turn and is forced into an overshoot1 11le purpose in discussing 
maneuvers aftsr a turn overshoot is to point out an effective counter 
to the scissors and, by means of this counter, show that the scissors _ d_.re, _ 
is· highly over-r2ted as an easy method by which to achieve an offensive 7b ~C'ftoh 
advantage. - ., e'f.11,-,t:-, S, 

If) rr::t-, . 
0,, ef)ce 

To know how· to co,,.nte.r a scissors maneuver, we must first _determine 111ti!1, 
the at t2c"ke:: 1 S ma::::t~·~;vei~:.:r:.g ·potential in respect to the defender: The t' 

attacker ha.3 a signific:cmt d;~sa<lvantage in terms of velocity; however, 
this dis2dvantage can b~ converted to en advantage if the attacker knows 
how to employ it props:rly. :Maneuvering into a nose-high scissors is 
not proper cr'!plojr:nent, as this will place him forward or above his oppo­
nent in a stalemate c·ondit5.on. On the other hand, if the attacker em­
pl9ys this velocity in tha vertical plane, in~ zoom maneuver, he can 
generate a signif:i.cc:nt 2.dvantage. liow can this advantage be gained? 
As the attacker notes that he is overshooting his oppo~ent's turn, he 
should relax G and c.elibsra tely slide a-r:-ound the outside of the turn. 
Rel2:dng G se~ves a two~fold purpose: (1) It reduces induced drag, 
thereby allowing the attacker to m~intain an airspeed advantage, and 
(2) It increases lateral separation on the overshoot, This reduces 
th • I l • •• • , • • ,= , • I c. attac ,~-;·.;- s ve~o::).ty compo::1!2.nt along tne a'CJ.S 0.1. n:!.S opp::ment s 
flight path, thus allowing the atiacker to mainta!n nose-t~il separa­
tion. The cl2fonde;:-, observing the ove::-shoot, \;ill be enticed to e:-;e­
cute a nose-high =ever;sl in an atte~pt to gain offensive advantage. 
If the dcferr:e:>.: contin-c;es the turn, the attacker c.sn play the maneuver 

d • l"d • • ••• 1 1 1· • • I an, o~ce 2ga~~, s ~ e into tne aerenaer s ~ngu a~ ve ocity cone. n 
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view of this, a reversal is almost a sure thing. As the defender 
reverses, the attacker rolls wings-level and· zooms, at a max .. rotation­
angle, through the vertical plane. See figure 23. The defender -will 
be . unable to match the attacker's rotation angle and subsequent. zoom 
because of_ his airspe-ad disadvantage . . This maans that the attacker, 
even though he has a higher airspeed, may · reduce his horizontal vector 
velocity to a smaller value than that of 'his opponent. As· a result, 
the attacker will be on top with nose-tail separation, and the de.fender 
will have dissipated his airspeed, with a consequent loss of rnaneu~er­
ing potential. _The attacker need oniy roll off to the defender's six-, . . 

' -- • - .:,;._- ~- - ,1_ - · • .!... • • -.- -----,,...-~_ •·-· ': .- -, ... : •• 

o clock position." •• • • 

•• rTthe-defender- pulfs ·up foto ' a ~banked attitude, -toward the ··attacker'.s 
rotation, the height of his pull-up will be even less. This is · the re~ · 
sult of t~io factors: (1) The defender's pull-up is only a component of 
a straight pull-up - his rotation angle is through both the vertical ·and 
horizontal planas. Since he is in a banked attitude, this means that 
his r ·otation angle in the vertical plane must be less _than a · straight 
pull-up. (2) · The defender's stall speed is higher. In a banked atti­
tude, stall speed increases because less lifting surface is available 
to counter the pull of gravity. ~igher stall sp~ed causes the rotation 
co:nponent in the vertical plane to be even less. As a result of these 
two factors, the c.efender' s rotation angle is reduced. This means that 
the height of the zocm in the vertical plane is less and vei:tor velo­
city in the b.o:dzontal plane· is ir,creased. TM.s forces the. defender 
to turn below, ih front of and across the attacker's line of flight. 
The attacke:::- need only roll off in a direction opposite his opponent's 
turn and move to~•1a;:d the six-o'clock position. · The roll-off increases 
nosi~tail sepa~ation and prevents a possible overshoot by the attacker. 

To mane::,,2:.: 2.ga~.-:10:t the attc::cke:'.'..' 1 s ~ounter, the d~f~nd2.r simply canu 
not refuse to reverse and continue .his defensive turn. If he does, the 
attacker will not be obligated to roll wings-level ~nd zoom in the 
vertical. plane. The defender will turn a;t2y and place his angular 
velocity cone in front of the attacker,s flight path. As a consequence, 
the attacker will simply play his opponent I s turn and rn.?.neuver tmrnrd 
the si:-::~o' clcd: pos:I.t::.on. If the defender canP..ot pull up and turn into, 
or away, ho~ then wtll he meneuver against the attacker:s counter? As 
the attacker overshoots his turn, the defender will execute a nose-high 
reversal. Tnis will force the att2.cker to roll wings-level, rotate 
th::ough a lar.ga angle in the v2rtic&l plane ar,d zoo:n fo:: altitude. This 
actio~ is des~gned t~ reduce vector velocity in the horizontal plane to 
a value less then th~ d~f2~de='s Vclccity. If the attacker fails to 
generate th~s l arss rotation, his vactor velocity will be greater, and 
he will be fo ~ced t o~ard~the <le~ender 1 s tw~lve-o 1clcck-hi.3h position. 
So we see, the attack2r has no choice, he must rotate through a large 
v'3rt:i.c.;1l angle wl:i::n th~ defender ezec.utes nis no3e-high cttitt.:dc c1nd 
provides conside~ahle vertical displac ~raent in r espect to the def ende r. 
Eavi.ng pL:iced th;;: a ttc:cker. in tni.s positi-:i:1, the defender turns 180° 

[~;~~ 59 - -1 ,. 
~----=--~~ 
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in the vertical plane, relaxes G, lights afterburner and dives for 
separation. (The defender must accomplish his turn before dissipat­
ing too much airspeed and acquiring an e.~treme nose-hi3h condition.) 
Noting the dive for separation, the attacker must turn.:. from an 
extreme nose-high position - 180° in the vertical plane to regain an 
offensive position at six-o'clock. The pull of one-G gravity causes 
the att?cker to dissipat~ considerable airspeed, thus · placing him in 
an overhead attack with a negative delta Hach outside of gun range. 

Remember: · The counter to the sicssor maneuver is nothing more than 
·""'-'-=-_,,· ,=;~ - •••• a high:-speed yo-yo initiat€!d after a ~ turn overshoot. The only difference 

is that the attacker relaxes G, rblls wings-l~vel and zooms in the. 
··•·-~--- vertical plane, · so that -~e ·may regain nose-tail- separation. ---- --

( 

!!:9cedures f~r Countering the Scissors Ma~euver 

1. Re?lize that you are overshooting your opponent's turn and can 
no longer effect a yo-yo maneuver. 

2. Do not attempt to pull into the target's radius of turn. This 
will impose high G-loads, and possible buffet or stall will occur. All 
airspeed advantage will be lost. 

3. Relax G, slide aTound the outside of the turn, and thereby 
maintain an airspeed advantage. 

4. Roll level, and zoom up (wings~level) as your opponent reverses 
into you. When your opponent reverses, he will be unable to mntch your -

: zoom, because he will have killed some of his airspe~d on the reversal, 
besides having less airspeed to begin with. 

5. 'Continue to pull up, .,wings~lcvel, and force your opponent for- · 
ward and below your 'line of flight. If he pulls up into a bank';d atti­
tude, he cannot counter your maneuver, since: (c:) His stall speed is 
higher, ~nd (b) His puil-up is only a component of a straight ·pull-up. 
If your opponent pulls up wings-level, he cannot mstch our rotation, 
because of your airspeed advant2.ge. In any case, your rotation in the 
vertical pliw.e wi.11 be greater th[m your opponent I s. This will . place 
him below and forward of your line of flight. You \1ill have nose-tail 
separation. 

6. Roll off - roll in a direct i on away from your opponent's turn 
if r,c i!:: in a bcnked attitude ~ ,:md :.,ove into his si::..:-o'clcx:k pos ition. 
The roll-off will provide additional -nose-tail separation and will pre­
vent a possible overshoot. { 

1. Play th~ defensive turn in an attempt to fo rce the _attac~er to 
ove rs hoot your flisht path. 

~7~,'~~=J 
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2. • ·Reverse nose-high, as you obse_rve your opponent , overshooting • 
your turn radius. Remember: A decision as to when to reverse will 
depend upon how rapidly the attackBr is ciliding to th(;l outside - r.:2pid 
turn ove"rshoot, early reversal; slow turn overshoot, late reversal. 

3. Determine .if your opponent rolls wings-level, rotates and zooms 
in the vertical plane or commits himself to the scissors maneuver. If 
he zooms in the vertical plane, follow the procedures below; otherwise 
employ the procedures specified for the scissors maneuver, 

4. -" Force your :opponent into an 'extr.eme nose-high attitude ·and ~ 
high resulting zoom, by pulling nose-high toHard his line of flight,. 

·-, The attncker must · rotate nose-high arid zoom for considerable altitude 
to counter your nose-high pull-up. His purpose is, of course, to · 
reduce his vector velocity in the horizontal plane in ·order to maintain 
nose-tail separation. 

5. Turn 180° in a vertical plane, relax G, light afterburner and 
dive for separation. This maneuver shocld be initiated prior to dic3i­
pating too much airspeed - otherwise, it will be difficult to gain sep­
arati.on. If done propedy, the c1ttackr~:r will be placed in an overhead 
attack with a negative delta Mach outside gun range. 

The Att2.ck 

The pu::cpcse of the attack is to position ourselves in the defender's 
angular velocity cone,, so that we m...qy delive::c our ordnance and effect , · 
a kill. Since . the angular velocity cone of AIH~9B is considerably , 
greater than the 20:nm cone, we will first try for a set-.up to launch 
a missile. I.7...nowing AIH-9Es capabilities, we will try to attack our 
target from six•;'clcck low, If the defender not~s our position, we 
can expect him to perform a defensive turn into the attack so as to 
rotate his angular velocity cone away from us. If he accomplishes this, 
we will be un~ble to successfully launch a missile because of its lambda 
limitation. , Iristec"\d, we wil, be forced to diminish range until we 
reach a point ,,ihere lambda lirait will not be exceeded. ;u we atter::ipt 
to fly a pursuit cu;:ve attack - track the target with our fixed sight 
to this point, our angle-off will increas8 and a further reduction in 
range will be required befo1·e lc1ur,ch. By the time m~ reach the rancie 
at which we can launch without e:~ce;'.!ding lambda limit, we will have 
exceeded the □issile's 2G launch limitation, As we get closer, G will 
continue to build up and the opportun~ty to enploy ATI1-9B will be iost. 
We are now forced to initiate a gu~ attack, 

Our position is not s~tisfactory for a gun attack; In -0ur purauit 
curve c1pproach, we built up a substantial angle-off, but now i1c are 
faced with the prospect of diminishing this 2ngle-off in o~dcr to 
reduce our angular velocity to enable us to tr~ck the target. As we 
atterr:pt to accc::iplish this, we cnn expect the defender to tighten his 

• c~~~~~s~~==i 
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turn to prevent us from doing so. We, in turn, will be forced to 
counter. Result: If we continue the attack, in the plane of our oppo­
nent's turn, we will slide through his flight path and to the opposite 
side of the angular velocity cone. Under the circumstances, we can 
expect the defender to counter with a scissors maneuver. To prevent 
this, we have to employ~ different technique in the initial attack. 

In the initial missile attack, the worst error which we can cormnit 
is to fly a pursuit curve attack - in other words, continuously track 
the target wfth our fixed sight in an attempt to launch AD!-9B. •• This 

_-..,.,;~>--~~ =:-.-- forces~- us -to continuously increase' our angle.-off and prevents·" us from 
ever launching. It also prevents us from salvaging the situation by 

- _--:-· - - ~- - initfot.ing a -gun- ai:tack~----At the same· tim2; - the· pursuitcufve-causes--a -- ------ · 

( 
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turn overshoot and sets up the defender for a successful scissors.man-
euver. To prevent the defender from generating these favorable rela­
tionships, we should not fly our gunsight (pursuit cuI."Ve) after the • 
defender initiates--his defensive turn. Instead, we should attempt to 
generate a rate of turn almost equal to that of _the defender. ~1e must 
not match his rate of turn, for if we <lo, he will have rotated into the 
position of attacker at the end of 180° of ~urn,) By doing this, we 
keep our flight path or fuselaie in the same relative direction as the 
defende~. In other wo~ds, we prevent the large increase in angle-off, 
This prevents us from launching AIH-9B; ho•;1-:.:var, as we approach gun 
range, this positions us at a smaller angle-off and much nearer our 
opponent's zngular velocity cone. To counter, the def1:nder is forced 
to tighten up his turn much sooner than in ,a pursuit curve attack. 
This means th~t the defender is forced to maintain a max-performance 
turn for a longer t:i.me period, in an attempt to genera-te an -overshoot. 
This causes a greater speed decay, a loss ·of angular velocity ~nd a 
loss of future maneuvering potential as we enter gun firin3 ranee,. As 
a result, the defender h2$ a oore difficult time generating an . over­
shoot and a subsequent scissors. If he _exercises poo:: judgment and is 

,lacking in stick and rudder technique, he raay never effect the over-· 
shoot. The result. is obvious: We simply shoot him down. On the other 
hand, if his judgm3nt and~ ~~ck and rudder technique ar~ excellent, we 
will still be forced to overshoot if we continue to press the attack 
in the plane of his turn. 

To preve::1t an overhsoot, we should zoom or yo-yo off the defender 
if we are unable to stay in::;ide his tun1 radius. , , 

froccdur2s for tha In~tial Attack 

1. Stalk you:: target in 2n atte!Jpt to position yol1.rself for a 
six-o'cloci<-low m:'..ssile a·tt2ck. 

2. Do not attempt to track or la~nch Aill-9~ at ~3x-effective 
range, if the defender turns into the attack. Instead, position the 
gunsight reticle ahead of the target. 
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3. • Check that your fuselage is pointing in the sam~ relative 
·direction as the ·defender's fuselage. This will help prevent over• 
shoot. 

4. Continue . the cutoff to close upon the target . . Ho,,tever, attempt 
to gradually reduce angle-off as range diminishes, in an effort to 
launch a missile • . If this is impossible; disregard the missile and 
continue . the cutoff to set up for a gun attack. 

_. . 5. Play the cutoff, in an effort __ to reduce angle~off and slide 
~..:--'-= '·0 ~ =;;:,_,,: inside ' the defender's 20niin angular velocity cone. ·- "~:~-::::.... :;_--:_-:._.,,~-;,.~-=·.--- • 

________ ,, ______ -· 6.---Press - the ·attack -until -you realize it --wiH be irnpossible -:-to 

( 

stay inside the defendervs turn radius. At this point, zoom or .yo-yo 
off the target to prevent overshoot and a subsequent scissors maneuver. 

·The high 0 speed yo 0 yo is an offensive tactic in which the attacker 
maneuvers through both the vertical and horizontal planes to prevent 
an overshoot in tbe plane of the defender's turn. See figure 24. From 
this definition, the purp.ose of the maneuver is obvious: . To maiuta:i.n ~n 
offensive advantage by keeping nose-tail separation between the attacker 
and defender. In other words, the high 0 speed yo~yo is a counter for the 
deferrsiv~ turn and the scissors m3neuver. As an attacker, when it be­
co::nes appm::ent that it will be impossible to stay inside the defender's 
turn radius, employ the high~speed yo 0 yo. 

- ·-· - . - --.- -- • .• 

To perfo:-m the maneuver correctly, tiMing is essential. · To ill­
ustrate: If an attacker is conservative and yo~yo 1 s high early, he 
can e;-:pect the d1;f.eE<ler to lower h:i.s nose and dive for separation . 
The defender, not::.ng the early yo-yo, realizes it will be foolhardy 
to contin12e his turn or to pull up into the attack. 'If he continues 
the turn, the defor..cler will dissipate his airs peed and his angular 
velccity., Consequently, the ~ttncker will be permitted to reduce range 
and slide ·dm,m into the defender's angular velocity cone. If the 
defender pulls up into the attack, he dissipates airspeed and angular 
velo~ity e~en more rap~dly. Again, the attacker is provided the 
opportunity to dimin~.sh range and roll or slide into his opponent's 
aneular velocity cone. The defender cannot counter, bcca~e he has no 
further m&neuvering potential. 

In view of the above, the defer,der' s best maneuver. is to dive away 
and gain separat ion. By doing this, he places the attacker out of gun 
rani3e and in an ov-3rhead ~tack with a negative delta H.::ich ~ the worst 
possible 2tt ack with AU1~9B. 

If the att~cker yo-yo's late, it will be difficult fo~ him to m3in­
tain nose-tail separation. He will either be directly on top of the 

~ GRm: ~;----7 
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HIGH-SPEED YO-YO 
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defender or will slide to the defender's twelve-o'clock-high posi­
tion. If this occurs, we can expect the defender to reverse and 
pull up .into the attacker. By doing this, he will dissipate his air­
speed and reduce-his vector velocity- along the horizontal axis, thus 
giving the defender the opportunity to maneuver toward the attacker's 
six-o'clock-low position. The attacker now becomes the defender. 

We can iee th~t .to maintain offensive adv~ntage, the attacker must 
not be too conservative and yo-yo early nor too aggressive and yo-yo 
late. Rather, he must play the yo~yo for a middle position in order 

~ -=·, ... ,.:, .. -~, to prevent the defender , froni diving aw_ay or pulling up into the attack.·-:;,: -• · 
Excellent timing and skillful stick and rudder technique a::e required 

_ ----=-- _____ to attain this_position. ~~~------~c~-=-~~,~~-~----,·,. _. ~- --=-~,.,--=~~.,,___,.,,.,_ __ _ 
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The moment the attacker realizes that he will be unable to stay 
inside ·his opponent's turn radius, he should rop away from the 
defender's turn and pull his nose _through the vertical plane. The 
purpose of this action is to diminish his turning component and vector 
velocity in the plane of the defender's turn. To acquire max effective­
ness, the attacker must maintain back pressure and employ rudder as 
primary control for d:L:ectional change in the ve:::-tical plane. For 
proper perspective, this means that the attacker rolls toward the 
vertical plane just enough to proy"ide hi!n an angle of bank smaller 
than that of his opponent. This forces the attack2r's flight path to 
describe an arc through both the vertical and horizontal planes (we 
assume that the defender is turni~g, more or less, through the horizontal 
plane). As a result, the attacker's turning component and vector vela~ 
city are diminished in respect to the defender's turning and velocity -
ccmpon:mts in the plane of the defender's turn. T'nis allows _the attacker 
to maintain nose-tail separation while turning inside his opponent. At 
the same time, the control technique employed - back pressure and rudder 
as primary control for th2 maneuver - riot only allows the attacker to 
reduce his turn and velocity components to their smallest value, but 
also reduces his yo-yo apex. This provides the defend2r very little 
maneuvering freedom Yith which to counter the high-speed yo-yo. If the 
attacker does not use rudder as primary control for the roll into the 
yo-yo he will be forced to relax back pressure. ilis turn radius and 
velocity will inc=ease and his induced d~ag will decrease. So, to 
maintain nose-tail separation and prevent a turn overshoot, the attacker 
will be forced to yo-yo to a higher apex point. This provides the 
defender the option of diving away tc g~in separation and, of course, 
places the attacker in an over-hsad attack with a nega tive delta irach. 
If the attacker atterap ts to e~ploy ailerons and m~intain b2ck pressure, 
advcrs~ ~aw will preclude the yo-yo ~ancuver. As a result, the attacker 
will prcbably be forced to __ overshoot his opponent and will be caught in 
a scissors n2neuvcr. 

If the attacker cDploys th~ hibh - speed yo-yo cc~=ectly, the effect 
of onc-C gravity on turn and veloc~ty will provide nose-tail sep~ration 
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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 position. The 
attacker should employ roll if he has little nose-tail separation. 
The roll reduces his vector velocity along the axis of the rol.l, '.Chis 
provides the attacker separation and thus prevent~ a possible over­
shoot. To perform the roll successfully, the attacker should contin­
uously release back pressure as he rolls from 90° up to the inverted 
position - i8o0 - then gradually increase back-pressure as he approaches 
the 270° point and continue the increase of back pressure until the 360° 
point. From the 180° throtigh to the 360° point, the attacker should 
employ top rudder. ~-If ~he attacker fails to employ this stick and 
rudder technique, he will roll underneath his _o_ppon'c;nt · in an obvious 

- over-shoot - his offensive advantage seriously compromised. From our .....,,,...~~--­
discussion of the high-speed yo-yo, we may have implied that this man-
euver is the ultimate in countering a perfectly~executed defensive turn 
with a follow-up scissors. This is not the case. If the attacker yo-
yo's too far behind or too high, the defendei can relax G, light after- . 
burner and dive away for separation. This places the attacker in an 
overhead attack with a negative delta Mach. If the attacker yo-yo's 
high and 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 executes the high-speed yo-yo, the defender still 
has an out if he exercises excellEint judgment and skillful technique. 

To counter the high-speed yo-yo, the defender must first play the 
attack in an attempt to force an overshoot. Naturally, we can expect 
the attacker to yo-yo-high to maintain his advantage. The defender 
must now determine the attacker's relative position and attitude be­
fore making the next ~ove. If the attacker generates extrema vertical 
separation, the defender must irwne<liately relax G, light afterburner, 
and dive 180° away. If the attacker executes the high-speed yo-yo 
properly, the defender has little opportunity to dive away. If the 
defender pulls up, he will only position himself at 12-o'clock, and if 
he maintains his turn, he will dissipate his airspeed and angular 
velocity. The attacker will then IT<erely slide down to his six-o'clock 
position and finish him off. To understand t~e counter which the 
defender must employ, let's examine the spatial relationship of the 
attacker in resp2ct to the defender. · The att acker, although in a most 
favorc1ble position with his nose-tail separation and low yo~yo c1pex, 
is not set up i.n the de fe nder's an6ular velocity COD:; to dd iver his 
weapons at thii, inst ant. Ho\:1ever, if the defender takes 1:0 action, 
the attac~er w!ll assume the proper position for weapons delivery . 
The defend er, r £a lizing this, kr_o~.Js. his sa lv.Jtio:1 lies in ma neuver­
ability - a~rs p2ed and angular velo~ity. Therefore, ths defender must 
relax G when t he att2cker- yo-yo's off and, at the same tim2, he should 

• maint a in his sngle of bank. A3 a result, his nose will drop slightly 
below the horizon, thus he lping hira to keep his msn~uvering airspeed. 
Also, as we shall see, it forces the att.:.cke:r to co:.:.J1it hir.iself. Upon 
obse::ving the g:-eatcr tu:-n r "' dius and th-= no32-do,m conditio::1, the 
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attacker has the option of n1aintaining his yo-y_o apex or committing • 
himself to an attack against the descending defender, It· is obvious 
that the attacker is ccl!!!Uitted to press his advantage, If not, the 
defender will increase separation and place the attacker in an un­
desirable overhead position with a negative delta Mach, Knowing this, 
the attacker drops his nose and attempts to set up for a missile launch . 
or 20mm attack. The def~nder, observing this committoent, employs top 
rudder and back pressure to pull up into the attack, He has approxi­
mately two seconds to start this maneuver - the amount of time which 
the attacker needs to suc.cessfully delivery an IR missile or to initi• 

- · ate a 20mm cannon · attack; 0 -If the defender waits . for the conunittm3nt • 
and counters correctly, the attacl-:er will be plc!ced in a no3e-lo~-, condi-

·=··'" tion, while the defender has a nose-high attitude. - The attacker's _.,..,,----0 ~=--~. -
airspeed, in respect to the defender, will be increased and his rate of 
turn will be less. (If the attacker's rate of turn were the same or 
greater than that of the defender, he would block out the defender and . 
slide in front,) At the same time, since the attacker is approaching 
the horizontal position and the defender the v~rtical position, the 
attacker's radial G, in respect to his total G, is less as compared to 
the defender's radial Gin respect to his total G. Since the attacker's 
airspeed is greater, his rate of turn is less, and because he has i 
lower radial G relationship, his radius of tur.1 must be greater (rc1dius 
of turn_= Fighter velocity squa:c-:;d divided by rate of turn). The 
result 1.s .cbvious: The attacker will be forced into an overshoot, 
belo~v and forward of the defender's line of flight. See figure 25. 
To gain the offensive, the defender need only roll or slide do~m to the 

· attacker's six-o'clock position. Once again, if" the defender has little 
nose-tail separation, and enough vertical displc.cement, he should employ 
the roll in order to achieve an advantage. 

To successfully maneuver against a defender's countering pull-up, 
the attackt-~;: uit2.st keep in mind th~ relatior,ships involved: • The pull 
of one-G gravity ca~ses the attacker's airspeed and turn radius to 
increase in respect to the defend2r. Therefore, the attacker's advan­
tage lies not in turn, but in airspeed in respect tci the defender. We 
stated that the purpose of the high-speed yo-yo was to maintain nose-
tail separ.:iU.on and that it was acqni.r~d by turning through the vertical 
plane as the defender turns through a plane intersecting the plane of 
the defender's turn. Result: The attacker's line of flight provides 
nose-tail separatipn, alor.g with so□e later2l separ2tion in the v·ertical 
plane. Nose-t~il s eparation prevents a possible reverse by the defender. 

In our present situation, the ~tt ack~~ has the sa~e proble@s of try­
ing to maint a~n nose-tail separation, h~1ever, he can mai ntain this sep­
aration by turnins in a p~c1ne away from th8 defer.-:l er's tu-:n. The 
attacker msrciy rolls one qu e=ter away fro~ the defender's line of 
fli ght at the instant he obse rves tbe defender's rolling pull-up. At 
the s2M2 tirne, he bc~ins 2 s~ooth pull-up behind t~e defender's line 
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of flight. See figure 26. The attacker plays his p·ull-up so that he 
does not over·shoot the defender's original altitude. (An overshoot 
here would be the same as an overshoot in the horizontal plane before 
executing a high-speed yo~yo). Since the attacker starts from a high 
position, his airspeed at tha bottom of the pull-up will be greater 
tha.n his opponent's at that· same lever;· with a consequent advantage. 
If the defender continues his pull-~p, the attacker zoo~s above and 
rolls behind the defender - the attacker's airspeed advantage pays 
off. If the defender ·attempts to diye away, the attacker cuts off 
through the horizontal · plane arid moves -i.nto the defender's six-o'clock 
position. 

The defender can counter the attacker Is -.one-quarter roll-away. 
When the attacke::- is near the bottom of his pull-up, his airspeed is 
max; while the defender, near the top .of the zoom, has minimum airspeed. 
The attacker has not only generated nose-tail separation but: also lat­
eral separ~tion in the vertical plane. To counter this situation, th~ 
defender . must rotate his angular velocity cone away from the attacker. 
In other words, he turns frc!ll a: nose-high to a nose-low position, 

. through the ·vertical plane, into the attack. This places the defender 
in a nose-low, no,3e.-q-::arte:;:- attack,. with the defender's airspeed in­
creasing and the attc:cker 1 s ai:.cspeed decreasing. The defender now 
relc::xes G, lights afterburner and dives for separation. M•;:anwhile, 
the attacker must turn 180° through the vertical piane, to acquire a 
six-o'clock position. Durj_ng this·mc1neuver, the attacker continues 
to dissipate airspeed. By the tim"3 he completes the maneuver, he is 
placed in an overhead attack wlth a negative delta Hach, well outside 
20m:n cannon range. The defeuder c~n easily frustrate a possible mis­
sile launch. 

1. Attempt to reduce ang},e-off and stay on the insi.de· of the turn 
as r2.nge dimin:'...shes. 

2. Hzintain bc.ck-p,:,2ss11re, employ top rudder and roll away from 
the turn, up through the vertical plane, when you can no longer stay 
inside your opponent's t~rn r&dius. As the pipper slides behind the 
t~rget - you are no longer c3tching your opponent's turn~ you must 
zoo~ off to . prevent an over2iloot. In other words, any time it bccc~es 
impo: s ible to na intain par2llel-fus elage with xour oppo~ent, your angle­
off \-:ill be too great and you oust zoou1 into -a hir;h~speed yo-yo. 

3. Play the zoo~ so a~ t-0 maintain nose~tail separation end yet 
ret ain a lo~ yo-yo apex. If pro~er stick and rudder technique is em­
ployed, th~s is easily acc o=plishcd. 

( 4. Roll, o~ slide do~n to your opponent's six-o'cl6ck position. 
Esploy the =ol!, if you have no3e-tail sep~ration, to Ecqui~e a six­
o' clock ~dv.;nt;age. •= --=,==~- • . 

l -SECRET 
-..:· ,roe: - --~~~7-...?~~~ 
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5. Use extreme caution ·when dropping down to your opponent's 
six-o'clock position, Do not acquire a steep nosa-dovm attitude, 
otherwise your opponent may reverse up into you. This is a diffi­
cult situation to recover from. How~ver, if it does occur, employ 
the following procedures. 

6. Roll one-quarter turn away from your opponent's line of flight, 
the instant your opponent begins a pull-up, and you recognize a steep 
nose-low attitude as you approach tracking range. This maneuver will 
provide nose-tail separation and lateral separation in the vertical . __ , .. 
plane, -

- ----· ~·"'-"=· -;--;,,.---:-•.~·-:::,;:-··.-::----:."'-=" ----·· -~-=-7....-~..:,--~- .... ._ ,::,•.- ': -.,_. -•--=-·· - -~ ~ -;.~.,--- •• 

7, Initiate a smooth pull-up - after the quarter-roll - without 
overshooting your opponent's original altitude, continue the pull-up, 
turn and zoom toward his six-o'clock position. If your opponent at­
tempts . to dive away, cut off in the horizontal plane and slide toward 
his six-o'clock position. 

Procedures for Countering the Hj_gh-Speed Yo~Yo 

1. Play the attack in an atte41pt to force your opponent to· over­
shoot. This will force him to counter with a yo-yo maneuver, in order 
to maintain his offensive advantage. 

2. Dete::-mine whether or not the attacker is going high and to the 
rear. If he has an extremely high r~.te of closure, he may be forced 
into extrem~ altitude separation. If so, employ the dive-away for sep­
aration and place the attacker in an overhead attack with a negative. 
delta Hach, If the attacker maintains nose-tail scpa:caticn, and a low 

'yo-yo apex, employ the procedures outlined below: 

3. Haintain angle of bank and relax G, as your opponent .slides 
high. This will place you in a slight descent and will allow you to 
maintain airspeed for futur"! maneuvering potential. At the same time, 
it . will fo:cce your opponent to con:mit himself to a no3c-low attack. 
Continue to maneuve~ until he does s6. 

4. Perforo a hard~rclling reversal - with rudder and beck pres­
sure - up into the attack. Tnis will cause your opponent to overshoot 
below and forward of you!' lin-= of flight, or force him to employ the 
quarter roll-away. If he ove::shoots below, sir.iply roll or "S" down 
toward his six-o'clock position. If he employs the quarter roll-a~ay, 
e.uploy the procedures below . 

.. 
S. Contin~e to zoom: and turn through the vertical plane dovm 

toward your opponent as he crosses your flight path and begins his 
zoom to,13rd your angular velccity cone. 
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6. Relax G, light afterburner and dive for separation. This . 
forces the _attacker to perform a 180° turn through the vertical plane 
to get· back into your six-o'clock position. By the time this is 
accomplished, you will have placed him out of 20:llill cannon. range and 
in an overhead attack with a negative delta Mach. 

Bsrrel-Roll Attack 

The high-speed y~ 0 yo appears to be an excellent offensive maneuver 
to use any time an attacker has a rate of closure and cannot match an 
opponent's defensive turn. Generally, this is tru-~; however, in a sit­
uation .. in which an attacker approaches a defender at high angle-off .--~~ -~ ... - r-­

(40° or more) and long range _ (10,000 feet or more) the high speed yo-yo 
has questionable value.· Under these circumstances an attacker would .. 
have to yo-yo· to an extremely high apex to maintain nosc 0 tail separa-
tion and stay inside his opponent's turn radius. Naturally, if this , , 
occ~rs, we can expect the defender to immediately dive for separation 
and airspeed. The attacker is. placed in an overhead attack with a 
negative delta H.ach. This means that he must initiate a new attack. 
Noting this, the cefender turns into the attack and generates a high 
angle-off at long range, and forces the attacker into another yo-yo 
with high vertical displacement. Once again, the attacker performs a 
new attack and the process repeats itself . . The result is obvious: If 
the defender counters each attack successfully, the attacker gains 
little additional advantage and a stalemate exists. The purpose of 
th~ barrel-roll attack is to prevent this stalema~~ from developing. 

Geometric ex2mination of this s°ituation - high angle-off, long­
range attack - reve3ls that the 2tt~cker would not prefer to e::ecute 
the yo-yo in this manner. Instead, he would appreciate the opportunity 
to reduce his anele~off and siide into the defender's angular velocity 
cone, without the defender being able to gain longitudinal separation. 
In other words, the attacker would like to reduce his velocity, cut 
off, and turn inside his opo0nent, then regain his velocity after he 
diminishes his ang~.c.:-off, a.,d slide toward his opponent's six-o'clock 
position. Is this possible? Yes, if we know how to correctly apply . 
the three-dirr:wsional concept of turn and velocity. As previously 
stated in the introduction to fighter maneuvers, it is possible to 
reduce · turn and velocity by two methods: (1) Through both the verti­
cal and horizontal planes by e□ploying a two~dirr:ension~l maneuver 
(yo-yo) or (2) Nar1euver thro:1gh both the vertical and horizontal 
plenE:s by employing a threc-dim2I'.3ional maneuver (barrel-roll). Thus 
far, our emphasis has been on the iirst method. No~, we will employ 
both rr;;;thods to solve our present dilemma· - to reduce airspeed and 
angle-off, then regain afrspeed to prevent longitudinal separation. 

How do we apply this three-din:ensional concept? If the att?.ckcr 
atte~pts to barrel~roll, in the plane of the opponent's turn, he will 
reduce his vect~T. velocity along the axis of the roll. However, the 
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roll will provid_e a line of flight tangent to his intende:d turn, 
which will · incr~c:se hi3 angle 0 off and improve the p-:iss~._b:;.lity of an 
overshoot. If the roll is conducted :!.n the vert::.cal plane - combined 
with a high~speed yo~yo - there is a different result: (1) There is 
less .verti~al displacement than in an ordinary yo 0 yo, b-=cause vector 
velocity along the axis of the :;:-oll, in tha vertical plane, is dimin­
ished, (2) Component velocity, in the plane of the defende:rvs turn, . 
is diminished as a result of the yo~yo and the roll, (3) Aircraft 
velocity is greater, as a result of the lower yo 0 yo apex aLd the 
shortening eff~ct y;hich the _rpll has _on the velocity vecto!' in the _ = 
plane of the defende::.·a .s turr1. The shortening effect allows the attacker 
to diminish his _ rota ti.on 2ngle" thr:.)uzh th~ vert:...c.;l pl.2,n~. This pro- ··-. 
vides less speed de;::ay, hence g::sat~;:- aircraft velodty, and (4) There 
will be no ov1~r.shoot, as ~ result of the roll, s:!.nce the roll is not 
conducted in the plar,a of the dGfendar 0 s turn. Upon further examina 0 

t:ton, w.a can- -see th2t if the attacker fa able to initiate this yo=yo 
with a roll, from b.alowh::..s opponent, he increasss his opportunity to 
gain a favorable po::l.tion. Ey in:.tiating the maneuver from an inside­
low position, the attacker lowers the apex of the maneuver. This pro­
vides the defende~ less opportunity to ga~n separation. The only prob­
le!ll now is that +:b~ gf:':ackG?:' D'.'. ·::-;i:: ½_,, r--,H.G ':,~ app~.J tl:!.,~ c -')r..cept of turn 
and vel~i:y _again.st his oppon~.nt. 

To set up the m2n2u•1er, th•~ ;9.:;t;'i:'...!K'='!' m:.,.st dive below and inside 
his oppone.nt q s <lefe.usi"ie t,.-;m. Ws:! ':l,:;;:: 1..:.in3 that the attacker has the 
rang(;Jangle~oif ;;-i1.2tionshlp speci. i'i2d 2boT~, and a dive bslow Hill 
provide th,2, attackr.:,r som= additional ai:r.sp,?.ed. However, thi:3 will not 
incr,~2.si;: h~.s w~·::tfc;;.l c1:.q::lai:en:2nt above his oppo::1ent, s::..nce he can 
e2Ji.ly k5.E -9.:'..'.::'&p•::•·:.d ,_,_pon. h::.s for~.hcomirc.g rotat.:.on thr.ough the vertic.nl 
plane. !f thB attc1ck8 .>: ~pp!'.'cEch~,s th: target fro□ h~loT.v and at a high 
ar...gle 0 •0££, L·,\ .::oni::t;:·.-:c>:?;.;: to ;; ·Lt o;:f, i.r, en att.smpt to r.sdu:::e. angle=off, 

. until he reaches h::.s pdluup po:'..nt. 'lne attacker . pulls up on the in~ 
side of hi.s oppo!1ent as defemd.ve tu:-7Il., th9.n bar:-~l~rolls :.n. a dire~tion 
aHay f~cm h:'..3 op:,o:"J:>.nt: s tu'"'--n. If his o~pon1::nt ~ s defo.nsi ve turn is 
toward the L::ft, h.ci :i:cll8 :,;·_6ht; if th'2. tt,~"Il is to~.;rard the dght; he 
rolls left. Th':! roll ::s not a hi.glc='.J b2 .r-:.-.~ l 0 r.cll (the attacker is try 0 

ir..g to k:'.ll ;;-;o_~'.t::o::: v~:~_cc:..r:y, not .,_:;.:::-,:ra::t velo~ity). As the attncker 
rolls no,3e, 0 l:.~.gh t.'.'.Tou.,13;h tr..'o :.n.v8·,.;:,..::ci po~::2.tion, h-3 plays b2.ck=prcssurc 
and kic!c.s b-:>t;:om 7:l~dcer to obt,:1in E: n .')3e~l0,, 270° char1ge of di!"ection. 
See figu::e 27. D":."::'_ng ~his po:-t::'..on o: the maneuver ~ from th~ inverted 
po:iticn to the 2?0° p~~~t of c~8 roll - the att acker receives the 
benefit of lG g-.:2-,~.':y wh:'.ch a.S -3~ . .::1:~ h:.m in g2.in~_7.:.g a r2pid chang,3 of 
dL:ec t :2. on to~-,~=:i tl:.<?. ci'::::;°'b·,.c::;:;:-' .3 s:;:_.(~o= c.].o:::k ?O-c::.tion; :f th3 c1ttacker 
has played th'3 ent.::.:::'•':: !'~">r-,:;.i.N-2r O frow pull~t.:p th:::ough tb2 roll ~ on 
the insicie of th-2. o;;pc,; to.,cl; 1 3 cl-::!fE:i::s:'.va tt,7-'!!, ha wl.:Ll f:.nd hi.rnself above, 
at a l:' :!ciuced a!:g1.1:;~off aEci in a p,-,s~.cion to div,2 b2::.ow hL3 opponent I s 
line of flight fo,.: e s:.~v·o'c! ,-,~k.,10,-1 p:,.~:·_"::'..or... Longi.ttdinal separ;ition 
will not be great, for tHo r ~asona: (l) Ve~tor velocity i3 reduced, 
but a highe:- 2:.!·.::r-£0.ft ve:_o:: ::.ty :..s ::,=;~2:.n·::c:, and: (2) Th.8 ent :~::-e r:1ancuver 
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is performed inside the defender's turn radius! The offensive roll•·. •• 
away places ,the attacker outside of gun r.,mge, but inside AIM-9B range 
at six-o'clock lo~-,. Whether the attacker c~n launch or not, depends 
on how his opponent plays the defensive turn. If the defender tightens 
his turn and attempts to counter the maneuver, he will experience high 
speed decay, his angular velocity will be reduced and the attacker will 
find it easy to set up for a missile launch. On the other hand, if the 
defender does not tighten his turn, his airspeed and angular velocity 
will be greater and the attacker will have to maneuver further, if the 

_. defender tightens his turn as the attacker attempts to launch. r in any 
~ -£.;_ case, ·"7e ·can see that - the ·roll:-2',)'ay provides an effective method by 

which to ·reduce angle-off, prevent separation and get into an opponent's 
--~---· - - -·· angular velocity cone.·- It is · tailored to the- perfonnance- of ·the· AIM-9B. 

• •• • •- • • ,r 

·To counter the barrel-roll attack there may appear to be certain 
alternatives such as a high-Groll by the defender when the attacker 
performs his 270° change · of direction, or a pull~up. (under the s·nme 
circumstances). The high-G roll is ineffective because this will . 
cause the defender's line of flight to be tangent to his defensive turn. 
In addition, his vector velocity will be reduced. As~ result, the 
attacker can easily play hi.s maneuver to slide toward his opponent's 
six~o'clock position and have less longitudinal separation, since his 
opponent reduced his vector velocity. The pull~up is ineffective, since 
the attacker _is not committed to a nose~low posit~on by employing 
bottom rudder. Instead, he may employ top rudder when rolling from the 
inverted position. At the sam-:: tirn:, the defender must roll away from 
his 4efensive turn to e:tecute a pull~up. This provides the attacker 
with sufficient longitudinal separation and time to play his · top rud- --- • 
der. Result: The attacker rolls toward his opponent I s si::c~o' clock --
position, with his opponent fraEed against blue sky~ a-perfect set-up 
for a missile launch. The only effective counter for a properly ex­
ecuted roll-away is a dive fo= separation and airspaed. The moment the 
attacker initiates hi3 pull-up, the defender should turn nose~low tc·.1;ird 
the pull-tip, · relax G, light afte:::-bume.r and dive for separation. This 
forces the attacker, evcri though he may use the roll~c::way, to perforce 
a 180° change of direction in th~ vertical plan~. If the attacker pulls ­
considerable Gin acquiring this change of direction, he diminishes air­
speed considerably in respect to the defende:::-. If the attacker piays 
the maneuver with less G, h!s vartical displa~ement is greater. No 
matter which actio.1 he e□?loys, he will be placed in an overhead· attack 
with a neg2tive delta Hach. 

To manr::uver against th:1.s counter, an attacker may E":mploy sc:ne decep­
tion. Th::. purpose of the dGception is to prevent the defender from 
eTI:ploying the dive for separ2.tio::\, • In2tead of ·pulling up inside the 
dcfcndc-;:- 1 .s turn, fro:n an insic1.e .. lc.:1 position, the attacker will pull-up 
to the out s ide of his O?ponent's turn, thus maintaining nose-tc::il sep­
acation. To the defender, this will appear as an overshoot. Therefore, 
We can exp;~ct hira to reverse nose~h19h, in an effort to scissor the 

~~~~~] 
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attacker forward. However, if the attacker plays the maneuver prop 0 
:- _· 

erly - overshoot and zoom - this will be impossible. The attacker has 
a three-fold advantage in tcnus of air~peed, nose 0 tail separation, and 
a high rotation angle in the vertical plane. This means that the 
attacker may zoom above and behind, but outside his opponent I s turn.· 
The defender will be unable to match the attacker's zocm. If the 
defender reverses (he most likely will) this will place the . attacker 
above, behind and to the inside of his opponent's turn. The attacker 
need only roll off in a direction away from his opponent's turn, This 

··=~,;,.i,.~ ••• ;;, . :,. will reduce _y~~tor velo:::.i_ty, provi_qe nose-tail __ separation and thus . .-· 
allow the attacker to roll down -toward his opponent's _six-o'clock posi_. . 

- -··- ----~-_tion. _ The _defender wil_l be _in _a __ poor __ position to counter, since he has 
.,-- . . ___ • diminished airspeed and angular velocity as a result of his turn and • • -.· 

- • nose-high reversal. Should he attempt to . pull up into the attacker, 
the attacker need only employ top rudder on his roll-off toward the 
defender's six-o'clock position. If the defender dives away, the · 
attacker employs bot.tom rudder on his roll~off to prevent separation. : 
In either case, the attacker will be in a favorable position to fire 
the 20mm cannon or launch a missile. Nore than likely he will be set 
up for a 20mm cannon attack. If the defender: does not react with a 
reversal, to counter the ·ovarsho-'.)t and roll-off, but instec".d dives away 
for sepiration, he will place the attacker in an overhead attack with_ 
a negative delta Mach. • The separation from this barx:el~roll attack _·.:__ 
will be greater than from the one conducted on the inside of the turn. 
It is difficult · to detennine which attac.k 'is be.st, However, if the 
defender's condit:i.oned ;:-eflexes are oriented toward a scissors maneuver--­
in the event of an overshoot - th~ attacker should employ the outside 
method; if not he should employ the inside method. 

The barrel-roll attack, or roll-off maneuver, need not be limited 
to the conditions specified 2bove. It may be employed at shorter 
ranges and lowct· angle:~goff. The purpose is to reduce rate of closure 
and angl~gof£ and provide the defender little opportunity to gain sep­
aration. As stated earlier, this is ·an esp~clally good maneuver by 
which to slide into an oppc .:!nt 1 s AH1-9B angular velocity cone, since 
it provides the attacker a better opportunity to launch against a man­
euvering t2:rget. 

Procedu~es for the Ba~?elgRo!l Attack 

1. Stalk your ti~get and attempt to reduce anglegoff as much ~s 
possiole. If this is impo3si.bh,, employ the pro.::edures outlined belo·,r: 

2. Dive be low and inside your opponent's turn redius, m::iiri.taining 
nose~taU SE:p.:iration th~~ghout the man2uvers. The dive below should 
be init:c.ted far enough out so the fo~thcoming zoom may be played in­
side or outside the defender 9 s turn. 
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3. Pull up and zoo~ inside your opponent's t~rn radius if you feel 

he is not strongly oriented toward the scissors maneuver (sometimes 
this is difficult to dete:emine). 

4. Barrel-roll, nose-high, in a direction away from your opponent's 
turn. If he turns right, barrel-roll left, and Vice versa. The roll 

._ will reduce vector velocity and the height of the yo-yo apex, while 
maintaining a higher aircraft velocity • 

-._.. ___ . ___ _ . 5. _Continue the roll _and _employ bottom rudder as the aircraft ~ , 
comes through the nose~high inverted position, This will p;;ovide a 

-~--~=-- _ _ 270° change _of direction · and _place~ you _with longitudinal · separation,, _--.--,-~=•~--­
at a reduced angle-off above your opponent, diving toward a six-o 1clock-

( 

low position. The longitudinal separation will be less than that acquired 
from an ordinary yo-yo. • 

6. Do not employ bottom rudder if your opponent rolls away from · 
the turn and pulls up into the attack. Instead, employ top rudder and 
continue the roll from the inverted position. This will place you in 
a nose-high attitude at six-o'clock-low - a perfect set-up for a missile 
launch, 

7. Pull up and zoom to the outside of your opponent's turn radius 
if you fe.el you can sucker him. into a turn-reversal. If he ·reverses> 
continue _with the follm1ing proced~rres. 

8. Roll in a direction opposite your opponent's turn-reversal. 
This will reduce your vector velocity and help maintain longitudinal 
.separation . 

. 9. Play top or botto~ rudcer, according to whether your opponent 
p·ulls up or dives away after the· reversal. If he pulls up, employ top 
rudder. This will aliow you to roll nose-high toward a six-o 1clock-lcw 
position. If he dives away, employ bottom rudder. This will allo~-; you 
to roll nose-low and prevent your opponent from obtaining extreme lon~i­
tudinal separation. 

Procedures for Counterin~ the B::1rr2l-Roll Mcm~uvcr 

. : 1. Play the attack in an attemp_t to gcn-:;raee angJ.e-off and prevent 
yo~r opponent from setting up for a missile launch. If your opponent 
counters with a dive below and to the inside of your turn radius, con­
tinue with the procedur2s outlined b;low. 

, .. 
2. Turn, nose-low tm.;.,frd the att.sck, 

his pull-up frc,~1 an in_side-low position. 
off, since you nre turning into the plane 

as your opponent initiates 
This will increase his anzle­
of attack. 

,._ 
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3. Relax G, _light afterburner and dive for separation. This will 
force the attacker to turn 180° in the verti~al plane toward your .line 
of flight. · During this maneuver, he will be dissipating airspeed while 
you will be increasing airspeed, As a result, at the end. of this 1C0° 
turn, he will be placed in an overhead attack with a negative- delta 
Mach, beyound gunfire range and in a poor position to launch a missile. 

The Low-Speed Yo-Yo 

··~~:;;,:_-_;;,;._.~,,- .. Until now, _our ·central theme in discussing _ tactics has . been the 
problem of overshoot. The defender's maneuvers have been predict!ted 

( 

( 

__ upon_ra te_oL_closure , _ He _needs _ rate _of _s; los_ur_e_to_ genera te_an_Qv_er_-_ _ __ _ 
shoot in order to nullify an attack and gain an offensive advantage, 
On the other hand, the attacker _attempts to counter _rate of closure, 
by maneuvering through both the vertical and horizontal planes, Dis-
cussing these maneuvers - by the attacker and defender - we assumed 
that the attacker has a definite rate of closure. Now let us investi-

•• gate an area in tactics in which an attacker does -not have an· initial 
rate of closure. Assume an attacker is at six-o'clock, outside missile 
range. How would he gain position to launch a missile or deliver a 20.:r;m 
cannon attack? 

To gain position qu:!.ckly, the att2.ckar Ill'.!St light afterburner and 
dive below his opponent's fHght pc1th. In other words, trade altitude 
for airspeed, After reaching an alt~tude of no nore than 10,000 feet 
below his opponent, he should level out and press the attack from a . 
six-o'clock-low position. The airspeed gained in this maneuver will _____ _ 
allow the attacker to quickly clo.:;e upon his opponent. _- In addition, . -- -·- -­
it places him in the defender's blind spot, with the possibility that 
the defender will not maneuver to protect himself, If he <loes not, 
the attacker iimply closes the dis~ance, executes a pull-up inside 
missile· range · and launches. • 

If he has no missile, the attacker moves in closer and executes a 
gradual pull-up and positio_.s him3elf for a gun attack. The entire 
nianeuver de1)icted here - a dive for airspeed and a pull-up for p·osi­
tion - we define as a yo-yo. It may be employed in a running battle 
or in a turning fight any time an attacker has insufficient rat~ of 
closure. 

In a turning fight, 2n attacker m~y find himself in a circular tail­
chase unable to close upon an opponent. If he tightens his turn, his 
op;)On,(nt countorc: in like manner and the attacke1·' s position i-err..3ins 
unch.:J.nged. The result is .. a lufbery maneuver - a stalemate in '1hich 
the a~tacker an~ defende~• bleed off airspeed and altitude. If the 
attacker attempts a high-speed yo-yo in an attco~t to break the stalc­
ru<'.ltc and g.'.!in a more favorable position, h<! will break thefstale:.iate 
but will lo~c rather than gain a more favorable position. To employ 
the high-speed yo-yo, the attacker n,ust roll away fro"11 the circular 
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tail-chase and zoom in the vertical plane • . The rollwaway decr~ases II ----·-· . 
turn rate and increases turn radius, whereas the zoo~ dissipates air• 
speed and· also decreases turn rate. The defender no-::.1 has an airspeed 
and rate-of-tum advantage. Result: He moves around the lufbery circle 
away fr~ the .attacker's nose, 'toward his tail. 

To gain a more favorable position, the attacker must be able to cut 
off and close upon his opponent. · The purpose of ' a low-speed yo•yo is 
to provide cut-off and rate of closure. To.employ the low-speed yo-yo 

•• - ~.7~.,;,__ ,, when in a J:urnl~g fight, . the at_tacker_ .simply maintains his bank and . ·-~::;..; ... . 
~~--··- -· lowers his -noie- to- ·the --inside-·jof tli:e'-furn (see -figure 28) .• He is noi~- ·- -- --

( 

turning through both the vertical and horizontal pl,mes. The pull of __ . . 
"-·gravity -inc-reases aircra·ft- veloc':Cry~ thus'' increasing" turii- radius ••• throllgh.,,,..,~~-~·--· 

the vertical~ horizontal planes; however; in the horizontal plane - • 
the plane of the defender's turn - his turn radius is decreased (in : 
this plane, turn radius is only a component of actual turn). As a re-· 
sul t,. the attacker turns below and inside his opponent. The attacker'·s · ~­
angle-off and airspeed increase and his distance - in respect to his 
opponent• decreases along the horizontal plane, To prevent an over• 
shoot, the attacker must roil wings-level, pull up and zoom toward'the 
defender's six-o'clock posit5.on, T'ne E:ntire mane1.1.ver must be accomplished 
prior to reaching the defender's linemabreast position, If done cor• 
rectly, the attacker will find himself at a reduced anglemoff and .at a 
diminis~ed range, If he is still not in a lethal position, he need only 
repeat the process. The attacke.r gains an advanta3e in employing this 
maneuver, because airspeed loss is ·1ess than the airspeed lost by the· · 
defender, When the attac~er dives to the inside, he increases airspeed 
and reduces a~gle of attack. The incre~sed airspeed provides greater 
airflow mass to the engine, hence the engine generates more thrust, 
The decrease in angle of attack reduces induced drag and as a result, 
in the dive portion of the maneuve~, the attacker not only has an air­
speed advantage, but also a thrust advantage, On the pull~up to the 
horizon, angle of attack and induced drag increase. This prevents 
any further increase in airspeed. Eo,·:ever, at this point, the at-· 
tacker still has a considerable airspeed advantage. In the zoom por­
tion of the maneuver, the pull of one~G gravity starts to diminish 
airspeed, the loss of airspeed starts to increase angle of attack; 
however, angle of attack is l2ss tha;:1 • th2 defender: s because of the 
greater radial G available in the vertical an.d horizontal plane as 
compared to the horizontal pl~ne alone~ Because of this, the loss of 
airsp2ed in a low-speed yo-yo is less than the loss of airspeed in a 
horizontal turn through the sas2 Gistance, Therefore, the attacker 
gains a oore favorable po3ition even'though he go~s through a greater 
distance, 

If the at tacker er;iploys af terbu:::n8r, he will fi:.'ld the m,:meuvcr 
even more effective, even though his oppon~nt cay ccunter in like 
manner. The afterburner is ess2rttLally a r.:11:ijet t:::.::dc;,:i to c1 turbo 
engine; therefore, its thrust, like a ramjet, multiplies enormously 

[
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_. 
as speed increases. Because of the additional speed . thus generated, 
the attacker need only employ the yo-yo one tim~ in order ' to gain • •• 
a favorable position. The afterburner can best be used during the· 
descent and zoom portion of the yo-yo~ not during the pull-up to the 
horizon. If afterburner is used from pull-up to the horizon, the com­
ponent of afterburner thrust acts in the same direction as the pull • 
of gravity. Unlik~ max power in a horizontal turn, this causes the 
attacker to describe a wider arc during the pullaup. This may reduce 
the effectiveness of the maneuver. On the other hand, if considerable · 

... _ -·-· __ _ __ longitud"inal separation exists, and the low-speed yo-:-yo may be performed 
"~.,_..,.,. ,;:.,,..>-;L inside the· defender's -turn; employ :afterburner · throughout the ·entire man­

euver. This will enable the attacker to quickly reduce range and zoom 
------.. ----- . into his -·opponent' s ··angular velocity cone;-----~- -------~--~-
~-~~z:::--__ ;.:/~_; -==-·-- .:-; .;:_-:;- -:-.-_-:· ::=;: f-_·;~~-~-·:;._;'.·, _.;. _-:;: -:: _:_ ·=-:·.- -~-:- -- -- :· - ---_ -:;.:: ___ · .: ~~~ ..,_-_· __ -~--- ·>-_, _- - ·-_ - • - - -·:'· :· : -- , ---:~:~. - - -----
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A defender cann~t ·effectively. counter a p°i:·operly-executed low-speed 
yo-yo by tightening his turn, initiating a reversal, or performing a 
high-G barrel-roll. If the defender tightens his turn, he dissipates 
his airspeed rapidly to a point where he _reduces his angular velocity 
and increases his turn·· radius." The atta'cker then has no great problem 
in zooming up toward his opponent's six-o'clock position. The attacker 
may even play the zoom - out of a low-speed yo-yo - so that he will 
overshoot his opponent's flight path in the horizontal plane. If the 
defender -reverses, the attacker rolls off in a direction opposite the 
defender's turn toward his six-o 1clcck position. If the defender ini­
tiates a revers.al as the attacker starts into his low~speed yo-yo,.the 
defendei will be turning away fro~ the attack, hence rotating his angu­
lar velocity cone toward the attacker. The attacker simply pulls up 
on the ins·ide of the reversal and maneuvers toward his opponent's six- ·• 
o'clock position. The reversal allows the -attacker to re.duce more · G 
than is possible against a tight turn, and as a result, his rate of 
closure increases to enzble hin1 to gain a favorable position more rapid­
ly. If the defender executes a high-Groll, out of his turn, he reduces 
vector velocity and flys tangent to the intended turn, thus permitting 
the attacker to zoom out of his low-speed yo-yo and quickly secure a 
six-o'clock position. The defender will be in a poor position to 
counter, since the roll kills his airspeed and maneuvering potential. 

To counter a lm-1-spe-2d yo-yo, the de:fender must rotate his angular 
velocity cone away from his opponent. In other ,-1ords, he must turn 
into the,..,plane of the attack. From this explanation, 2n obvious 
counter-measure appears to be a diving turn the instant an attacker 
begins his low-speed yo-yo. This rotates the defender into the plane 
of the attack and c~ncels a possible low- speed yo-yo. Of course the 
two antagonists will be for~ed to the deck rather quickly. If the 
defender rolls out ~f th~ ~urn his oppon~nt will b3 positionid at ~ix­
o'clock. Th1..!s the· defende;:- receiv<!s only a respite from a stalemate 
situntion. We; can see fro:.TI this illustrat:;.oa thnt a defender must not 
only rotate his angular velocity cone &way but also do it in such a 
manner as to ccmp l e tely nullify his opponent's low- speed yo-yo. He • 
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can accomplish this in the following manner: • the defender al10;1s the 
attacker to dive below and inside ~is turn until a pull-up is begun. • 
At this point the defender is in no immediate danger, ·since the attacker -­
is diving away from his angular velocity cone. As the attacker begins 

. his pull-up, from a nose-low attitude, the defende.r rolls away from his 
turn and zooms _in the vertical plane in a bank~d attitude,· By this 

• action, the defender ·rotates his angular velocity cone toward the_ at­
tacker's line of flight. Observing this, the attacker continues -his 

_ . . . • pull-up in an effort .. to move t;owa.~d t\le qefender' s six•o' clock-low posi-
-- ,.::;:·;.;- • ~:- tion, _By the time _the attacker's nose reaches the horizon· on his ·pull­

•<k--...-~~;;...;up, the . defender will be nose-high in a bank toward th.e attacker with 
considerably less air.sp-:!ed than the attacker ~-" "At -this~p-oint the ·- dcfender 

-,:·,··-- __ rotates ·his -angular--velocity c_oQe_____i!~,.?Y _from the attacker by turning, from 
~--=-7c:..c-~...,.c:::=--'~a nose-high to a nose-low position, through the vertica"1. - pl·ane-tnto ··the --~ -"' 

attack_. This places the defender in a nose~low, nose-quarter attack with 

( 

·the defender's airspeed increasing-· and the attacker's airspeed decreas- • 
ing, · The defender now plays his action according to the attacker's in­
tentions, If the attacker continues his zoom and turns 180° through 
the vertical plane, without cutting off~ the defender relaxes G, lights 
afterburner and dj_ves for separation, This places the attacker in an 
overhead att_ack with a negat:.ve delta Mach, On the other hand, if the 
attacker cuts off and overshoots his opponent in the vertical plane, 
the defender may employ a different counter - the vertical rolling 
scissors, 

Proce<lures for the Low-Speed Yo~Yo 

1. Dive below and inside your .opponent's turn, if you are in a 
circular tail-chase, and have little or no rate of closure. ~-This man­
euver will increase airspeed, diminish your horizontal turning compo­
nent, and allow you to set up a rate of closure and ma:-ieuver inside 
your opponsnt I s turn. 

2. Employ nfte:-bu:rn2r in the descent and in the zoom portions of 
the maneuver. Do not employ afterburnz:r during the pull~up from the 
nose-low ~o a ·nose-level P-•~·:it5.on; The use of afterburner in the des­
cent and zoom po~tion of the m1neuver increases and helps to maintain 
rate of closure. When afte:-bun,er is employed during the pull-up, a 
wider arc is describ2d, possibly ruining the effectiveness of the man­
euver. 

3. Do not bL'.:;..·blc the aircrc:ft, otherwise drag is inc!"e2scd, air­
speed is decreased and consequen~ly, zo~m capability is diminished. 

4. Shallow ou.t yom:- turn and begin a p-ull-up to· .• ard your opponent's 
six-o'clock po3ition. Th:'..s should be accomplished fro;n an i:-iside-low 
po~itio:1 before you reach a po3ition line-abreast of your opponent. 
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5. Employ afterburner as your nose comes through the horizon and 
zoom toward your opponent's six-o'clock position. 

6. Repeat the low-speed yo-yo - if necessary - until a launch or 
firing _position is reached. • 

Procedures for Counter~ng the LownSpeed Yo-Yo 

1. _Continue to turn and observe_your opponent's dive below and to 
.. . __ . _ the inside until a pull-;.ip is begun. You are attempting to gain lat- ____ . _ _ 

~~~~-•-= ~,-~ eral separa0tion-fo the verticnl plane ·before initiating yocr counter- -•· ""'·· • • •• • 

( 

maneuver. 

2. Roll away from the turn and zoom in· a . banked attitude toward 
your opponent ache begins his pull-up. This will diminish airspeed 
and rotate your angular velocity cone toward your opponent. He will 
maneuver in an attempt to ga!n position inside this cone at six-o'clock 
low. As his.nose reaches the horizon, in this attempt, maneuver as 
outlined below. · • • 

3. Turn, f4om a nosenhigh to a nose-low attitude, through the 
vertical plane into the attack. This will place you in a nose-low, 
nose-quarter attack w:l.th your ai:l.'s;_,eed increasing. Your attacker will 
be in a zoom with airspe.ed decr3~sing. 

4. Relax G, light afterburner and d°:!.ve for separation if your 
opponent does not cut off and overshoot your flight path. If he at­
tempts to cut off and overshoots your flight path, employ the verticnl. 
rolling scissors. 

Counterin1< the Overh1=a<l Att.£ck w-i th a Ne~ati.ve Del ta l!Rch 

In our discussion of previous maneuvers, we have encountered mnny 
situations in which the defender had to d~ve for Separation in an 
effort to gain ~aneuvering airsp3<.:!d and to provide th·e attacker the 
-worst possible po3ition for a mL,sil_e attack a an ov2.rh•:!ad attack with 
a negative delta H.!!ch, We will now discuss possible counters to this 
attack. 

In an overhead att~ck, with a negative delta Mac_h, the attacker is 
in the worst possible position to launch and IR missile. The attacker 
must not only conside:r· IR b2ckgrct.:r.d clutter, but the lanibda and G 
limitatj_ons of his missile. Thr2 12;:nbc.a limit is esp2ci.11ly irnportc\nt 
because of the attacker's negative rate of closure in respect to the 
target. If the defendc-: pcrfo:ns any def<:..nsive maneuver · nt all, a lo•,1 
rdctive rnissil,?. velocity \Jill be coc!!bineci with an increcsing angle.­
off. As a result, the defendQr can easily prevent a successful missile 
lau~ch. G is s~gnificant because the attacker must maneuver against 
on~-G gravity. This ~eans he wil! easily exceed the two-G launch 
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limitatior. and/er the: ang:!.a••~f•~a::·:aclc 1~.mltation agair' . .st a maneuvering 
defender. To elude an attacksr, the defender ne~d only rotate his angu­
lar velocity conE: away from the &t:tacke=is line of flight. In an over­
head attack with a negativa delta Hach, he m~y accomplish th:.s in two 
ways: {:'-.) Pull up to the hor::..zon, wings level, and p~rform a defensive 
turn left or right (the direct:'..on dsp.':!nde.nt upon wh~ther the attacker 
is high to the left or high to the right). Let's discuss each alterna­
tive in detail. · · F:!.!'st the pul:>•up and zcom in the vertical plane. 

The mom~nt the defender ob3e:rve3 h::s opponent lining up for a possi­
•• -·-- -·- ·· _ -.... ble missile shot, he pulls up and zooms in the vertical plane. _ During 
Mtr½#-e-~~~ the pUll~Uif .. ;_::~ frci~Tlcs .S-:1mv ·-to nO.se:.1eV~ l -:·-·ne= does·-··not --eoploy- after-

bu::-ner. As hi;, nos3 M.ta th-=- hor.:.zon, he lights afterburner and zooms 
-"-------in •·the- vi::rt:tc-,n--p1,fne:-:-Ths- attacksr;-facE:d-with :-this- c-ounter;--h·as - one 

·- - ·-- - .• · of two alternatives: ···-"'" (1) Cut off, in an attismpt to .s-ecure a six-o'clock- . 
low pos!.t!.on as the defon,:'.~r ZOO!D'i th:.ough the vertical plane, or, . (2) 

( 

Do not cut off but fly t:he same relative C5.gr.:t path as the defender. 
In aU ·probabili.ty:, the attacke!" will be: enticed into a cut=off, because 
he thinks the cut~off will quickly position him for a missile launch. 
This, however, !.s 'What the defonder is a·ctually hoping and waiting for. 
If the attacker cuts off, he will not take advantage of the pull of 
gravity to b·J2.:<; Ui.:' r: '..:, c~.::sr,~~:,.;!: •:: ·:.e :.!'.'.:.for..'!, at the b,:it tom of his pull -
out, he w:!.ll g.:-n~r'=<te a lower ai:~o;p;;ed than d l.tl the d~fe.nder when the 
defender. was et th,s b,tto:a of h ,. ;; pu::.::.=out. The cut-off and lower air­
spe2d fo:tce tho:. attac-.~e:r to ::-eci·-:,c,~ h::..:; :::·ot2tion angle in the vertical 
plan.a fo. r<?.sp,:.~t to th,'! <lei2nci.:.:..r, . !h 'l.3 :mcsms that he w.!.11 be unable to 
secure~ a six~o' d.,r.:1'-. p,,.:.: i.V:.or_. I::i.'°: ::: e.;:1.:l, he wr~1 h: forced to accept a 
smaller rotatior. angle, h1:n•;.:.: a f:.i.ght path ovz:r.ahoot in the vertica 1 
plane (st?.e fig-i.:.rs 29). M'::onwh:'..le, th;;: def enc er with his airspeed margin, 
can pull towar:cl o:!'.' pa.3t thr-. v -2.rt .!.c1::l aric. exE:cute a rol1.~off ;; not -a loop -
- down tcw .. ::n: the att2ck•?.::· 1 s s ~:x=o 1 clo,:,k p,nit::.on. To counter, the 
attc.<::kic,:r: w: .... }. a-:-:te,11pt ~c ccr::1;::: ,:, ':'~, \:_ :,, zo·:>m and r::i::~oEf; ho,-1aver, the 
at ta,:k<:.~ u.L1.1. ~c;.:;.:, out b ~,!~'.:'.,J,±~ o:: r.::ta :.r.-t t :t~ 1 !cw:;:r a L:-,~pb,d on his 
first c1.1t=.:,£f end i~:~.s S!.1aL.er rocat:.,:,n angl~.. As a result, the defonder 
will qtli.ck:y gain an ad.vante.ge and mov~ tm-1ard the attacker's six-o'clock 
posit~on. I~ the att~cker ~ad no~ cut off on the in!tial pull-up and 
zoom, but h.:..c.l pul}.'E!d up i :I'.cl zo)T.~::1 th:-.:·ough the· same arc as the defender, 
he would not t~~~ lost h~s a~vact2g!. A! th~ defender reached the nenr 
verti.cal, th~ ctt2c.k;:.C Ho::·.!r.'. ·:::s neat· s:.x-~o1clo-::k. 'This m~ans the de = 
fender would be, 1.:.:1.~b::.e to s~c~~issfuUy :-o-~:. cff .,.nd g.nn a s;.x-o'clcck 
advantage, sine-~ hS! -wo,f~;i uot r·avE'. -an ov.=. ·.'.':'sl:-:oot in the verti.c:al plane?. 
J.f he d:'..d, tr:c, at ,~.::r..ks1: w0u·~a s:i.mply fa .~.:'..cw and gain a ~.:ire favorable po­
siti.:.n. 'T;c, prsvc.r,t th:i .:3 , tr- •~ .:'. t2 f~r...1c~: m•..:3t t u·::1 13/P througr! the -
ve:rt ::.c&.: i:, 1.c.L~ and enc.<;, "· tai.::.•. ·r• c; :: . .;~ G c.r.d d.:.. v~ for scp:. r:a t ioE. The 
att acker, QC~~ng ttls, -wi ;I b~ iac2d with the cho!~~ of att aotping to 
cut•·off o-= zoo:::i pc..3t thE, ·;c.::: f <:,n:l= ·.t -.tlu:o;..:gh th2 sa!r..= tu::r:i.ng point to 
co~?l~,te: a 1_80'.J chc.ng2 of dir·3~t i,:·n to~,•;;r.·3. th2 -i e fe:nde ·'.." 1 s six=o'clock 
po:;::tion. If the atca;:'.cs ·.~ att=or!lpt~ t0 cut off and 0~1r.:::shcots his 
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opponent.in the vertical plane, the defender may employ the v.ertical 
rolling scissors as a counter. On the other hand, if the attacke~ ­
docs not cut off, the overhead attack with a negative delta Mach wlll 
be repeated once again. To counter this second attempt, . the defender 
may execute the second alternative - a pull-up to the horizon and a 
defensive turn, left or. right. If the attacker is to the rear and 
off to the left, the defender will turn left, and vice versa. If the 
attacker presses the attack, in a curved plane intercepting the de-

.- fender's turn, he will describe a nose-low spiral. As range 
-~;.,,.,.:.;,,.;;; .. ::~: _dimi~~sh~-~, She_c~ttac;ker~ s __ airspeed _and G will_ build up. __ The defender, 

observing his oppon8nt's attack, will tighten up his defensive turn as 
-~-,.._..._t!i~ attacl:<er' s range diminishes. If the attack_is co_ni;Jn_u_e_d_, _ t_be_~---~­

nose-low _spiral _forces the _attacker. into an overshoot below the de-

( 

fender. - The result is ·obvious: · The defender _ simpb~._- rolls off and 
• maneuvers toward the attacker's six-o'clock position: If the attacker 
attempt~ to yo-yo out 0~ this nose-low spi'ral ~--. ?ef6rr- ov~r~!i~P~:,~ 
below his opponent's fh.ght path- . he must roll wings-leve ' 1.n ·' a -er 
to pull up and zoom in the vertical plane. Th''is Iiian'euver provides -
nose-tail separation for the attacker; however, ' i~ .·. a,lso prqvic:Wsj ' 
lateral separation for the defender. In this instan.c:·e, the defo'r{d~r 
has taken the advantage. After rolling wings-level the .a'tt'ffk_eif~Jlps 
a nose-:..Iow attitude while the defender has a nose~le:vel -attJ:t~d~::~r':. 
This means that the att2cker must pul-1_ from / this at;_titude ;·tp -n~ 
level before he can zo:om in · the VeJitica;l plane. Dur.ip,g, the7• pro~e$'S, . 
the attacker increases his horizontal velocity component:~:. ·Tbis ' f}uses 
him' to overshoot the defender 1 s flight path before nE/ can txecut:~t his 
zoom. If, during the pull-up and zoom by the attackert ::l~~defertier __ _ 
counters with a nese-high rE\versal, he will dirainish hi.$'~1}-orfzontal -- -- - -
component. The result is obvious: The attacker is forced out front 
by his pull-up a~d zoom . . The defender will be in postt;on, at siY.-
o'clock io~v, for a missi.le a_ttack. ,·' "' 

').:_. . ';~~ •. 
-.• , -4' --:·J " -..--:~':;f 

Pro~eclures for Counteri~ the Overhead Attack with a~ Ne.o-ative Delta 
~ -·~: "' , 9t,,> t:,~ 

-.t . -- . ·• . r;;. . .,;, 
1. Determine if an attac!<er is in positio~ t'o ;extc~t:e~:lm -'ov:ethec1d 

~ttack with a negative ~elta Hach. · This ca~ be ac~o~_Plt~h~~-J~1y j\f c:v-
1.ng the attacker's prev1.cus maneuvers and his presen't relat1.vb · pos tion. 
If he is in a proper position, employ the following pro~edures. 

2. Pull up from a nose-low attitude and zoo:a in the vertical plane 
(wings level). This should be ac~omplished the momsne the defender 
observes his cppon=nt flying up for a possible missile shot. 

3. Employ afterburn~r duri~g the dive and zoom portions -of the 
maneuver. Do not employ aftcrbur:nE:r during the pull-up from nose-low 
to no se-level. Use of the 2£t~rburn2r du~ing the dive and zoom por­
tions of the r:12neuver and not during the pull=up allows the defender 
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r0:~~ ..... . ,:.J . 
to generate suffici~nt angular velocity and, at the same time, main­
tain a substantial zoom capability. 

4. Observe and determine if your opponent attempts a cut-off in 
an ~ffort to secure : ad~antage. If he does, he will not take advantage 
of the force of gravity to build up his airspeed. Therefore, in the 
bottom of his pull-out, he will have a lower airspeed, hence a lower 
zoom potential as well ·as a _reduced rotation angle. __; .. ~-=-~. · ... --:;a__-::;_ ~,;--m~_zv.::-.- _-._·<_·- .. ~ ~~~~:-:-:c::._T_&~~- ~:_- - _-·~·--- ._ -- _." -- -~,;':)y----- :2_ _:_:-_ _ -

S. Roll off, as you approach the vertical, and maneuver down to­
_ ___ _ ward • your_9pponen..~s ._six~.o~clock_position. _ This__should _be-accomplished 

as your opponent __ starts in the zoom portion of _his maneuvE;r. This will 
• -~-~ .-- -- -prevent him from getting near your six"".o'clock position . . At the same 

-·--·.·. ·: • __ .,.- time, it allows you to gain toward his six-o' ciock position. 
,c,. 

( 

( 

6.' Repeat the process. This means that you will dive .toward the 
attacker's six;..o'clock position from your- roll-off°. This will place 
you at the bottom half of the maneuver. Your attacker, attempting to 
complete his zoom, will roll off toward your six~o'clock position. 
However, you will gain on :h:tm because of his initial lower airspeed 
when he performs h:i.s H::;:it· cut-off. • 

7, Do not attenp~ the roll-off if the attacker does not cut ·off 
on the initial m:m.3uve:-. 'Inntead, turn 180° to the v-~rtical plane, 
relax G and dive fer separ~tion. If the att2cker does not cut off, 
he will ba nedr your six~o 1c1ock position as you reach the near- -
vertical. To p1·ovid2 him l:i.ttle advantage, you must turn 180° into 
the attack, div~ for separation, and once again place hira in _an over­
head attack with a nsgative delta Hach. 

8. Determine, once again, when the attacker is in an overhead 
attack with a negative delta Hach, then get ready to employ the 
second alternative. 

9. Pull up to the ho:::-::izon with wings level, then perform .i defen­
sive turn left or right (th9 direction is dependent upon whether the 
attack is high to the left or high to the righ~). If the attacker 
counte:::-::; the first Blternative, he will meet the second in an effort 
to gain an advantage. 

10. Continue the turn and observe the attacker. If he presses 
the attack in a c~rved plane intercepfing your turn, proceed as 
follo•.:s: .. 

• 
11. Tighten up the turn, as the attacker's rang~ dir,1inishes, and 

att,:. ::-.?t to fo:~cs! "hi::1 l:.elow your line of flight, or attcr:ipt to force 
him i tl to a youyo out to the side. If he continu3s the attack, he will 
be fo;:-ccd into an ov2;:-shoot belo~-1 you. 
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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 forced into an 
overshoot below you. If he yo-yo's out to the side, employ the fol­
lowing procedures. 

13. Reverse nose-high to force the attacker below and out front. 
Since the attacker must pull up before he can zoom, his horizontal 
velocity will carry him below and forward. 

-· ..,..y_"""·"'~~~..,_...:.!}i:-, ·.-·~~·•'- .:.~~~ ..... -~--~ ·- . , ... .,.:. ... - .=.. ... ---= - - - .. ......, .... - -' .-. "· • 

14. Roll off and maneuver toward the attacker's six-o'clock-low 
---~~-=~- position- as · he completes his pull-up and proceeds in the zoom portion·· - ,.-

( 

of his maneuver. • 

Maneuvering from An Overhead Attack with a Negative Delta Mach 

You will recall, from our previous discussions of. the over_head at­
tack with a negative delta Mach, that an attacker may expect two pos­
sible counters to his attack: (1) A pullQup from a nose-low attitude, 
followed by a zoom in the vertical plane, or (2) A pull~up to the 
horizon, wings level, followed by a defensive turn left or right. ou·r 
purpose in discussing the overhE:ad attc1ck with a negative delta Mach 
is to point out maneuvers which can be used against either one of these 
counters. 

To maneuver against the first alternative Q pul:!.Qup from a nose-low 
attitude with a zoom in the vertical plane= we stated that the attacker 
should not cut off and pull=up and zoom. Instead, he should fly the 
saIT.e relative flight path as the defender. By doing this, the attacker 
would force the defender to turn 180° in the vertical plane in an at­
tempt to gain longitudinal separation. We can see, by geometrically 
examining this situation, that the attackzr has an apparent choice of 
either cutting off his oppo~ent~in the vertictl_plane, . or zoo~ing past 
the defender through the same turning point to co~plete a 180° change 
of direction toward the defender's six~o 7 clock position. If the at­
tacker attempts to cut off and over- shoots his opponent's descending 
flight path in the vertical plane, he can expect the defender to 
counter with the vertical rolling scissors. This will cost him his 
offensive advantage~ On the other hand, if he dozs not cut off, the 
overhead attack with a neg ~ti7a de~ta Mach will be repeated once again, 
and he w{ll gain little additional adv~nt agc. To prevent either sit­
u.:ition fro.n occurrin3 , the att.:cke.r need only e: mploy a barrel-roll 
(roll~a~ay) in the vertical plan2, ss he starts to move past the desccnd­
ing ·ciefendcr. This will ~redu=e the apex of hi~ zoo~, bzcau3e his vec-
tor velocity (along the axis of the roll) in the vertical plane is• dic­
inishcd. As a result, the att2ck2r will roll away through a 180° ch snge 
of direction to position him3':;lf at his opponent 1 s six-o ' clock- lo~ posi­
tion, in the vertical plane, with rn~~h less longitudinal separation. If 
the defer1dcr repeats th';; pull - up and zoom, follo'.·lc:d by a 180° turn in 
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the vertic2l plane, the atta~ker 
an even mo~~ favo~able position. 
20nm cannon attack. • 

need only r2~eat the process to gain 
H~ mey then set ~p for a missile or 

t To counter tM.s roll-away, the defender n.sed only add back-pressure.· 
and roll toward the roll-away, or dive for whatever longitudinal separa-1 tion he ce.n get to employ his s~coud alternativ2. lf the defender rolls 

.• toward the roll-away I th!.s wili place th~ attacker at a high -angla-off 
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-~~.;;-in the vertical ~plan~ ,-:as shown in figure 30. ~,,-, To maneuver out .of this_ 
posi.tion, the at ta•:::<.•:::::- mu3t roll 180° tows rd the dsfander' s flight path, 

--~--Heanshile ,- the -defo.:1der-.can -rc:lax .. G, -..di ve_for ....s~para t_ipn_ar~d_at_t empt_~-~--
. - --- • <. his second alter~~Si~-':.~ :-~:-:.. =- .• :=_-:: .. ::~c.. ;_.·_ .. • ·.: r,~- _· • - --

( 

~~ . 
To maneuver against th~ second alternative - a p~l1-up to the hori-

zon, wings-level, with a defensive ti...rn left or right - the atta~ker 
must not launch an c,verhe<1d atta,::k in a cu:-ved plar.e against the rim of 

· the defender's h,:>::izor.ta:. turn. This means that if the attack is press-
ed, the attacker has the opt::.ou of descen<lir.g o~tside his opponent's 
tur.ning ci_rcle or O.E\3Cer.(H:ig insid·e the turning circle. If th.?. attacker 
desc.ends outside h::.s O:?pon2.nt's tur.ning ci:-cle, his rate of turn will ·be 
les3 than tl:-.,::, c1.c~f.:J·,:,~e-~-• :'. TH.::i --r,-?.sr..:s th,~ <lefend2~ will be· turning away 
fron the att.ec1':e1.·c s r:os2, to1:-;2:::;:l hi:s ts.:·.~. , as the attack'.'::. approaches 
the d~fen<lE!::" 1 s ~.-tr:.,?.():_: £:.2.ght. As ':l res :2J.t, th.e c.efendE:r wi1.l maneuver 
towm:d the att~c:-c~::is s::_~.,; •,::> 0 cl0c:< .posit:',,:,n. On the other hand, if the 
attack-:r <l,'"sce::.d..3 !.n:c:-'.~,::; tl··.;c; ::~-::~·"~--•-ng c :L:;;le~ he is not corr:mit:ted to 
generate a tu1T1 :-:atf! ~.888 ar.d e. tu1~n radi':.1s gr8ater than his opponent, 
as would b·3 the c;.i;_; ;:! :!.f l-:e id.tiated a pl!r.suit curve attack, in a - - ___ _ 
curved plar!e (~·.:.ch-;;,: int::,:·::::,s?t5.r,g t~1s d·=::e.1:.ds!' 1 _.; hori.zont2l turn or 
descending out.::;5,c.e hLs tu:::1f.ng c::.r::'.;e). By de2c2nding -!.n.s:l.cle the hori­
zontcil ci:r~:.c, tl-:..e ,'.::t~i.::.~l,:e.: c,::z~::·:·.~-:.,.::; a no.;,,::.-:0-,1 sr,::.r~J., in .1hich his 
rc.te of tuz-~-, alor-,g th,~ ho ,.:-~zo::.tal -<".x:-'.s ~ L; gov-::.z-:i.ed by his t;piral or 
roll rate along the v2:-:t:'.~al ax::.s. P.is r.ac.ius of turn along the hori.-
zo:i.tal 2xfs is gova=n~~ by th8 slope of h::.s dEscending $pi=a~. If the 
att2cker inc~eazea hi; r~ll rete (in the spiral) 2nd st~~pens the 
sp::.~al, he inc~e83dS hts ho=fzont&l tu=n =ate and d~cre ~~e s his hori-
zont2.l tt.i,:n rad::..:.1/c. :1:n cff..;::t, tt-:-: c=.~t-::c-:-::< ,::r w:1.~.1 b~ r ·I.::ou'c:tting down 
the 2xl8 of t:te <le.:::-~~--..c.<! :: 1 s t0:::'.. zont8:. tE':'E, ':'h~~s, of co:.1,:-s ~, will 
ca ... •.s~ th.:a att;~ck,:,::: to b:.:~_::'.'.! up e:x-::es£iV::! v.::lod.cy for his fo:~thcoming 
man,;;.1v2r un!-2ss hs r-:::cLc ,,,3 pm-:;:; r. As the att;;:ck .~r pul:.B well inside 
a;:id be~_c-0

., tk. c.:: f ,.,-~/:,::' s t..::,::-.:~ng c~.:-~le, hs r ,:i}J_., o'.lt of the spi!·al 
2nd ex2<::ut:es z: :;:, .:12. --.,p 2.11.:l z --:---~:.1 to\•:~;~d the deferi.c.-=ris s!.x•·:> 1c:lock posi­
•: io'1. {:(11. oth::!~· w,,::'~:c: , h::' ~.!' ~;< oys 2 vci ::i.fd: ion of. th2 low-3 pi;;;:d yo-yo.) 
I[ the att=:cke ::- 1 .s :e.~.:-:-2 :?:.',:d; i,; l'.::{c~;:;3::ve 2r:.d :tt app?.fXS th'.'.\t the result­
ing zoom i:r.;,y ~0.: .~-l' k'.:-r. t·Jo r.:.gh 2.':!.d/or to tr.e o~'::~:'ade of the d2fender' s 
tu:~ing ct~cle, tH~ att2~k~r simp~y empioys the b2rrel-roll attack in 
an 2ffo:t ta s~c~r2 2 ~~~n:h c~ ~i~~~g p~c itio~. 

To C,,·.t.r, t!.!:." the ::',:, ,~.!. -:::.~_<,:::,"-"' ~ -,;_-,'.'_ ,;;!_ :ve,~ ( ·t,! 1.o-..:-sp,':(d yo-yo or the 
barral-~0~l £~t2c\) c~t cf t h~ c7~~~~2d Ett£~k q:th a n~g2t~ve delta 
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Mach, the defender need only employ _the counters suggested for a low­
speed yo-yo and/or for the barrel-roll attack~ 

~dtfre3 ·for }I<ineuvering_ frora an Overhc'!ad Attack with a N,:~gative 
Delta Mach 

1. Observe your opponent and determine if he employs alternative 
1 - a pull-up from a nose-low attitude and a zoom in the vertical 
plane - or alternative 2 - a pullaup to the hor~zon 1 wings-level, and 

-: ._.:::;.,-..:···- -~ a defensive turn left or -right, . _If ,he _employs _the _first alternative, ~~~-~ 'u·se · the -folfowing~proc=edure·s ·~~--~==-.,_~---~~~,~-~"-,~~~. ,~,~·:-··,:·,=·,-·_·_ .... ~-•-,=·-" • 

• • 

2. Do not cut off as your opponent begins his purl-up for ;a zoom 
::-:.· ~--::.= in the vertical plane. -- A cut-off now will provide·-you a ·lower airspeed 
,·".--'- -.· ··' and a smaller rotation angle for your forthcoming zoom. 

( 

- -- ;---•-. -.. 3. Dive - A/B on··.· and initiat~ a· pull-up ·and zoom thrOugh the same 
. arc which the defender described, This technique will enable you to 
gene.rate a hi8h rotation angle in your zoom, hence, prevent a flight­
path overshoot, in the vertical plane. 

4. D~tennine if your opponent counters with a roll-off or a 180° 
turn through the vertical plane in an effor·t to maneuver you out of his 
six-o'clock position.· If he employs the roll-off, simply roll with • 
him and maneuver toward his six-o'clock position, If he employs ..;r -180° 
turn through th~·ver.tical plane in an effort to gain separation, employ 
the following procedures. . '.. 

- --·- ·- .-._ . "-~-~ - ' •• - . -----. -- -
- ------ ·-- ---- -- --s. Initiate a barrel-roll (roll-away) as you begin to zoom past 

your descending opponent. A roll-away will reduce your vector velocity 
in·the vertical plane; hence, provide your opponent less 1.ongitudinaj 
separation. 

6. Complete the bal:',:el-roll (roll-away) an-1_ m_si:euv<'.!r to~1ard your 
opponent's six-o'clock position in the verticnl pl2ne, Your opponent 
will now eith~r repc.'.lt the pull-up and zoom or pr·occed to his second 
altern:itive. If he repeats his previous maneuver, simply repeat your 
roll-off and g~in position for a missile or 20::ui cannon shot, If he 
employs the second al ter:native, use the follo:,1ing procedures, 

7. Do not press the sttack in a curved plane intercepting the rim 
of the defender 1 s turn. This will force you to eithe1·--ovcr.shcot belo\-1 
your opponent ~r ~o yo-yo out to the'side in a nose-lcw attitude. In 
cith~r case, he \Jill gain "!El adVc'!ritage (see section on countering the 
overhe~d atta;:k with a negative delta 1-l::ch). 

8. Spiral inside yo~~ op?oncnt's horizontal turn to match his 
turn nnd to cut hi□ off. Thi:, n.:y be accc:::iplishcd by adjusting your 
rate of spiral and the slcp2 of the spiral, *' . 
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9. Continue the spiral, inside your opponent's. turn, until you 
start to move below and inside his line of flight, 

10. Roll wing.::~level, puli••Up inside your opponent's .turn and ;;!OOm 

toward his six•o' clock position. If you have exce.ss airspeed or are 
not spiraling well inside your opponent's horizontal turn, you may be 
forced to pull up and zoom outside his turnirig circle. In · this caae, 
employ the following procedures. 

- . ~ .. --~ ..... .:~.a:..:;~.k":- . • . p . .,,, .. z~~~o~t.5!de _ypur~ opponent~-~ horizontal ,turning circle _.- .}f you_,_:,. 
are unable to complete your pull~up lnside his horizontal turn radius··· 
then tum back toward him if he continues to turn or ·attempts :.to diVt? .: . 

·=~-= -=·=---- -=-=----->-=-~ -~---~ =.=....:- -:-.:=--=----..... ...L---=.-=..---=---· -:-•.• -- - ,?.. -- - - - ~-- - -:-C----4 - - :-:. .. -- -'-"' .... . 

( 

away, . • • • 
- - - -·- - • . ----=- - ·- -·· T ~ 

12. Zoo!ll to the outside .and barr~l-roll (roll-away) toward your . 
opponent's ~ix~o' clock position, if he attempts . a reversal to counter 
your zoo;n to the outs5-de~ 

The Vertical Rollin_g__§_cissors 

The vertical r-:,11:Lng sr.::i. ;;; <.,ors is what the name implies - a defensive, . 
descending, rolling maneuver in the vertical plane. · The purpo3e ·of this 
maneuver is to gain an offensiv~ advantage if. an opponent overshootD a 
defender's fli8ht path, and slides through his angular velocity cone . 
while descending in the ve'.!:"tical plane. See figure 31. The follm1iri3 
situations may be used to set the stage for employing the maneuver: 
(1) At high altitude, when the defender has a high Mach with a ·1ow 
indicated' airspeed. In this case, the defender ·will be forced to per-
form a descending defen.3i.ve turn to maintain future maneuvering potential; 
If the attacker with a fair rate of closure, thinks that his opponent is 
attempting to g2in sep~=ation, he may cut off in an effort to prevent 
him from doing so. With his higher airspeed, his radius of turn during 
the cut-off will be greater than the defender's .. As a result, he can 
be easily forced to ovE:rshoot the defend3r 1 s descending flight path. 
(2) In a zoorn~maneuver ~.n .;:1ich the attacker i.s atte.mpting to approach 
a zoo:n:Lng defend.er' s si.x~o' clc,~k position. The defender, observinz the 
attacker's p<Jsition, uses the pull of gravity and executes a 180° tu;:n 
through the vertic2l Flan~ in an effort to gain separation and thus 
place the attacker !nan ov~rhead attack with a negative delta Mach. 
In an effort to prevent this, the attacker cuts off. During the cut­
off, his rad~us of turn is greater than the defender's because of this 
higher airspeed, and as a result,· he overshoo~3 ~he defender's descend­
ing flight pz1th, (3) A six~o 1 clo:::k-low r:iiss:U.e nttack, in which an 
attacker is approaching his pull-up point for launch. The defender, 
observing the 2ttacker, ·~ay Execute one of two mane:uvers: An irru-::edi.'.lte 
defensive turn doT,m :.nto the attack, or a pull-up and zoom follo~.1~d by 
a 180° turn, in th':! ve::-t:icc,l plc:ne, dcNn into the zoo:ning attacker (this 
is the sa~e proce~u~e usEd as a counter to the low-speed yo-yo). In 
either of these: ceses, i:. the atta:::ker atternpts · a si.:bstantial cut-off 
he can be forced tE~~~7s descecding flight path. 

- . ~ .. }L~...__ I 
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With t_he stage set, we can now discuss the mechanics of the vertical 
rolling scissors. Let's assume that we have a defender zooming in the 
vertical plane, with an attacker initiating a pull-up in an effort to 
maneuver toward the -zooming defender's six-o'clock position. The de-

~ fender, observing his opponent's position, turns _l80° through the verti-
t -._.cal plane, down into the attack in an apparent attempt to gain separa.- • 
I • tion. Observing this maneuver, the attacker d~cides he can either cut 
• . off, or zoom and turn 180° through the defender's turning circle. t Since he knows that a turn .through, .the .defender 1.s .-turniri.g_,circle -will:.. 

, 

place him in an ove_rhead attack with a negative delta Mach, he elects 
~~.,;;ii~:_. to cut-off •~=Observing the ·cut-pff, _the defende.r knows .that _t_he attacker -

will be performing his 180° turn through the vertical plane at a higher 
____ __ airspeed. ___ There:fore , _the _attacke·r.'. iii _turn .radius_wil!. _be .greater; __ hence ~ _____ . 

he will overshoot the defender's descending flight path. __ Understanding 
this, - the defender ·reduces· power to slow his rate· of descent (he niay • 

·.• ~,. ·- -- .. ·- ·deceive the attacker i~ this pow.er reduction b·y momentarily lighting 
afterburner, · then reducing power, t_o make it more apparent that the de­
fender is trying to .dive for separation) then waits until thz attacker 
overshoots his flight path 'and is corrnnitted to a nose-low attitude. · At 
this instant, the ·defender comes in with back pressure and reverse~rolls 
into the overshooting attacker. This will place the defender below the 
attacker and 180° out of phase, with a less nose-low attituc;e;: .•hcr:-:e,' a 

( lower v.ector velocity along the vertical axis. The attacker, noting 
that he-is out of phase, and is descending ~ore rapidly than the def~nder, ' 
will att~mpt to roll . 180° toward the defender's descending flight pa'th. 
Observing the attacker's action, · the defender rolls in the sa~e direction. 
This prevents the att?cker from flying into bis opponent ts six-o'clock 
position. At the same time, it prevents him from reducing his nose:-low ~ _ ~­
attitude, ·As a result, the att.acker, with his higher vertical vecfor 
velocity; has rolled 180° out . of phase, down and below- the defender. 
The defender new has the advantage and he need only roll into the at­
tacker's six-o'clock position. 

To .counter the vertical rolling scissors, a zooming attacker should 
not attempt to cct off a descending defender when he has a subs~antial . . ~~ 

airspeed adv2nt2ge: In~t~ad, _he should roll away or barrel~rolr to 
reduce his ascending vertic2l vector veloc'ity, hence his yo:..yo apex. 
In an effort to prevent the defender from gaining longitudinal separa­
tion, the attac~er n~ed only initiate his roll-away as he starti to 
ascend_ past the diving defender. This will allow him to complete his 
18o0 · change of direction with less vertic~l displacement and will posi­
tion him at the divin~ defen~er's six~o'clock position with less 16nji­
tudinal s e.para tior>. and . less negative r2te of closure.' To maneuver for 
a launc~ or f ~ring pos ition, the ittacker r.ced only maneuver against 
any fo;:-thcomi,,g counters ,by the defender. If the ciefenq.er has none, 
the attacker moves in for' the kill. 
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Procedures for the Vertical Rolling Scissors 
- ~ -- ·----·-· -- - --· - - - ---

1. Obse;,e the atta~ker' s position. If he is in a six-o'clock-low 
position, perform the following procedures. 

2. Pull up .and zoom in the vertical plane, or perform an immediate 
descending defensive turn. If your opponent has not set up a zoom for 
a launch ·6r firing position, you may e~ploy the pull-up and zoom. If 
he has, immediately employ the descending defensive turn. 

~,,.;,,_,,_:. .. .,,~_.,;.. -, ___ 3. _Turn _180~.through the~vertical_plane, if you zoom, or continue 
the divc , if forced to perform a descend~ng defensive turn. 

( 

4. Observe your _opponent to determine whether or not he· will cut 
- off. If he cuts off, employ the following procedures. - . . -- . -· ·-•::;,, . ... '- ···- - .-. - .. ; 

5. Reduce power to slow rate of descent. 

6, Reverse-roll, toward your opponent~ when you observe his over­
shoot and nosealow comrnittrnent, A reverse-roll should be accomplished 
with back-p·ressure and rudder (high"angle-of-attack mane1.1ver) to reduce 
your nose-low attitude -and your vertical vector velocity. 

7. Do not allow your opponent to roll toward your flight path -
keep him 160° out of phase. To accomplish this, roll in the same 
direction as your opponent if he attempts to acquire ycur six-o'clock 
position, • 

8. Continue this rolling maneuver, with your opponent out of phane, 
until he rolls dm-m and below you. He will be forced into this posi-. 
tion because his vertical vector velocity is greater than yours. 

9, Roll into your opponent's six-o'clock position and maneuver for 
the kill. 

Procedures for CounterJ,n.g the Vertical Rolling Scissors 

1. Do not attempt to cut off as a zooming attacker against a de­
scending defender ii you have a substantial airspe2d advantage. Under 
these conditions, a cut-off will force you to overshoot your opponent's 
descending flight path. 

2. Roll away or bar~el-:oll aa :you move vcrtitally past y9ur :da~ -­
scending opponent. This maneuver will r~duce your zoo~ing vector vela~ 
city, hence vertic8.l d{spl-1ce1.1ent, in your zoo:n. 

- . 
3. Continue tha roll-away to acquire a 180° change of direction 

and a six-o 1clock-lrn position against your diving oppo::ient. This pre-
( vents your oppon~nt from gaining a considerable lo~gitudinai separation 

and at the same tine reduces your negative rate of closure. 

[$;;;=-~7 
- % _I 
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4. Maneuver against any .forthcoming counter thrown at you by your 

opponent . . --~ . • ____ _ . __ 

The H5.gh-G tnrrel-Rol,l 

There may come a time, in a tactical situation, ·. in which you find 
that you can nullify a missile at-tack, but have· less success in counter• 
ing a follow-up 20mm cannon · attack, You wpl recall that a defender 
can frustrate a missile attack by exceeding the missile's lambda and/or 
G•capabilities. The maneuvers needed to accomplish this are not too • • 
demanding, providing the defender has visual contact with the attacker. 
On the other -'hand;·- a much hi.gher degree "of skill - in respect to· ·ilian- - ·-·· .,-
euvering - is needed tdcounter an aggressive, skillfully-executed . 
follow~up~ gunattack~=- under~these circumstances eve·n the most .. ,proff:.--~•-"•···~---
cient defender may find ·himself in a serious defensive position, with - --
an attacker at six-o'clock inside gun firing range. To get out of this 
situation, any defender knows he must force the attacker to overshoot 
his flight path. In other words, he must rotate his angular velocity 
cone in such a manner as to acquire lateral separation. Turn and velo-
city, married to the pull of gravity, determine his field of maneuver, 
and his ability to rotate his angular velocity cone. He must employ 
these factors in proper perspective to gain an overshoot. In this sit-
uation, this means that the defender must reduce his turn and velocity 
core quickly than his opponent if he is to force his opponent out of 
his six-o'clock position. From our previous discussions, it is obvious 
that a barrel-roll ·type maneuver of.fers the best opportui:tity to quickly 
change direction and . reduce vector ~elocity. In this case, since the 
attacker is at six~o'clock inside gun firing range, the defender must 
perform a m2xQperfol"mance or a high-G barrel-roll to prevent his oppo­
nent from matching his change of direction and reduction of vector 
velocity. Before initiating the maneuver, his only remaining problem 
is to detenJine in which . direction the high~G barrel-roll should be 
e."<ecuted. To ans,-;er this, let's assun:e that the defender is in. a 
defensive turn with an attacker at six-o'clock under the conditions 
specified above. 

In an attempt to force the attacker to overshoot, the defender can 
either execute a barrelQioll over the top or a barrel-roll undernenth 
out of his defensive tu::-n. If the attacker is at high speed - 300 
knots or more in the F~lOO ~ and he performs a high~G barrel-roll. 
underneath-, the pull of gravity will act in the same direction as hi:s 
thrust vec_tor. Thi.s means that he ,Jill experience considerable diffi­
culty in reducing his vector velocity rnorc quickly than his opponent. 
On the other hand, if he pe~forms ~ high~G barrel-roll over the top, 
hi.s thrust vector 2.cts in a di.rection opposite th'3 pull of gravity. 
This r::e.;:ms that he will !.·~duce his vector velocity much r.10;:-e r.:ipidly 
in r2spect to his opponc.nt. To illustrate both situations: If the 
cefe:,der rolls unciernE:ath, he nust c;:.ccute the m:mcuver first, since 
the attacker is m2neuveri.ng in res pee t to h:!.m. This rr.2.::ms that the 
pull of gravity will act in t:-.e Sc:J:3 dli:-ection.as the defender's thrust 

~~~=--] 
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and velocity, before it acts on the _attacker. As · a result, the defender 
will exparience difficulty in reduci,ng his vector ve_locity more rapidly 
than his opp~nent, on· the other hand, if the defender rolls over the to~, 
once again he must 0.xecute the maneuver first, since the attacker is mnn­
euvering in respect to him, In this case, the defender cnn reduce his 
vector velocity more .rapidly than his opponent since the pull of gravity 
acts against his thrust and velocity, before it acts against the attack-. 
er's thrust and velocity. It is obvious from this discussion that if a 
defender, '·at high speed in a defensive turn, has an attacker at six-

• o'clock inside gun .firing range, he should execute the high-G barrel­
·-'"~ roll over the -top;,.rrather than underneath, ·.in order to gain an overshoot, 

"~-~~-=~-"-- If a ·defonder -does ~not have the necessary sp~ed to execute . the highuG 
roll over the top, he should not attempt to do so, because the high angle 
of attack required to successfully accomplish the maneuver and .the pull 
of gravity will cause his speed to decay very rapidly, If the defender 
attempts to roll over the top, this means that he will stall out and -be 
unnble to complete the maneuver, and the attacker will set up at a six­
o'clock position for an easy kill. To prevent this, the defender with 
insufficient speed to execute a roll over the top, should perform a 
high-G roll underneath (in the F~ioo, this maneuver should be initiated 
with an airspeed of 250 knots or less), In this situation, a defender 
-needs the pull of gravity to successfully complete the m~neuver, He 
will be maneuvering with a high angle of attack. The induced drrig gen­
erat~d by this angle of attack will provide a deceleration greater than 
the acceleration generated by the pull of gravity, Hence, if thz 
defender e...xecutes a high-Groll underneath, he can still change direc­
tion and reduce velo~ity more rapidly than his opponent. Why? B-ecc:\.1se 
the attacker must still m~neuver in respect to the defender. The at­
tacker's rate of turn and vector velocity are dependent upon his <1ngle 
of attc:ck, which, in turn, is dependent upon his rate of turn, w~1ich is , 
dependent upon the defender's velocity: an8le-off and rtinge -(yl =...Y,Lx SinO), 

• • .URangc · 

No~ that we understand the need for the high~G barrel-roll - both 
over the top and underneath - and when ft should be employed, let I s' 
discuss the mech2nics of each mariC!uver. 

As indicated above, the high-G barrel-roll over the top is d2signcd 
for use against an attacker at si~-o'clcck inside gun firing ran8e, when 
the defender is in a 2efensive turn .and is unable to shake the attacker. 
More specificslly, the attacker should be in fairly close - a ~ange of 
around 1500 feet o~ less. ;If the cttocker is at a range much gt'cater 
th2n this, the high~G bc:rrc:1.-:roll, becc.use of its rapid rccuction of 
the de:.c:E:ndi:!::::' s velo:::ity, \•:ill onJ.y serv~ to bring hio closer to·,1:ird 
t'rle dcfc.r,dc.r 1 s six -. o'clcck position, In other words, this cancuver 
should not be employed at tha longer gun firing ranges or as a defense 
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against a missile attack. If so, the attacker will simply play the · 
maneuver to reduce longitudinal separation to move into position for 
a kill. The defender will be in a poor position to counter, since 
he will have killed all his maneuvering velocity. • 

With these conditions in mind; · the moment . the defender realizes he 
is unable to shake his opponent, he should start to execute the roll 
(see fizure 32). He should not. delay, otherwise the attacker may make 
the kill. To execute the maneuver properly, a defender should maintain 
back-pressure :and start his roll over the top without releasing any G. 
This means that he must exercise proper rudder and aileron control; 
otherwise adverse yaw will -·prevent him from performing the maneuver 
(some -aileron may be required during the start of the roll, however, ··= -... ~ -. 

as the roll progresses, his·angle of attack increases and more rudder 
will be needed) . .. As the defender comes througq the inverted position, 
he should maintain back-pressure and increase his roll rate. If he· 
fails to maintain back-pressure, he will not reduce vector velocity 
rapidly enough, and will no·t force his opponent around the outside of 
the roll. If he fails to increase his roll rate, he will not success-

• fully complete it, since rapid airpseed decay is reducing his maneuver­
ing potential. -As the defender reaches the 270° point - the opposite 
side: _of the roll - he should play top rudder to prevent dish-out, and 
visually ascertain the attacker's position. If, in an effort to ·secure 
a kill, the attacker hc1s followed the defender around the .roll, he will 
be forced outside the defender's roll. This means that at .the 270° 
point he will be high, toward the rear and outside the roll (if the 
attacker has not reduced very much of his velocity during the roll, 
he will simply be high and to the outside). If, while the attacker is 
in this position the defender continues his roll-out - holding top 
rudder to maintain a nose-high attitude - it forces the attacker to 
slide belmv and forward i.n an obvious ov:ershoot. The defender then 
simply increases · his r.ose~up attitude and rolls or S's tm,ard the 
attacker's six-o'clock position. 

, , . , "'-: . 

To counter the high-Groll, the., attacker may a~tempt to·yo-yo out 
. the top of the roll o~ reverse-roll ~out of the top in an effort to 
secure a six -o'clock position. If -the attacker yo-yo 1 s out the top, 
the int ent is obvious - he is attempting to r edu~e his vector velo-
city along the axis of th~ roll by yo-yo!ng in t~e verficnl plane. In 
this way he can maintain a six-o'clock-high po~~tion nfter the defender 
completes the roll. If the attacker reverse-rolls, he will roll 
through a wider arc in the O?posite direction, If h~ maint ains bnck 
pressure wr-_i l e doing this, he can. reduce vector velocity alo.13 the 2:,ds 
of the defender's roll ~ore r2pidly than the defender. As a result, 
upon completion of the ~11 by the defender, the attacker will be at 
six-o'clock. To maneuver against either. of thesi counters, the defender 
must ascertain the att acker:s position as he appro~ches the 270° point 
in his roll, He w'ill be 1.m 2. bJ.c to determine the attacker 1 s positio.1 
prior to this, since the yo«y::, out, or the reverse-roll, places th~ 

r~;.~~-9:-7 
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attacker in the defender's . blind spot · - toward the unde.rside of his 
aircraft. At the 270° point, if the defender notes the attacker's 
position as being toward the rear, at the top of his canopy (by "top 
of the canopy"; we mean that the attacker will be in the horizontal 
plane when the defender is at the 270° point of his roll) the attacker 
has performed a reverse roll. If the attacker is in this position, 
the defender does not complete the roll. Instead, he performs a hori­
zontal turn into the attacker and forces him to overshoot, and dives 
for separation to gain airspeed and place the attacker in an overhead 

;,~:;~;.-·=-:ti-=-~:- .. .-:.-=-~- attaCk with a negative ·delta Mach (the defender does not attempt a 
scissors, since he does not have the airspeed after perforning the 

· -high-G · roll) ·;--At · the·-270° ·point,-- if the defender ·observes - the attacker 
- to be high and to tne rear (off the left side of the canopy in a high-G 

roll to the left, and off the right side of the canopy in a high-Groll 
to the right by the defender), The defender t).lrns 180° through the 
vertical plane, under the .attacker, relaxes G and dives for separation. 
To follow, . the attacker must run out of his nose-high yo-yo toward the 
diving defender's six-o'clock position. · ·· This allows the defender to 
gain lateral separation and places the attacker in an overhead attack 
with a negative ·delta }1ach, 

The High-G Roll Underneath 

In discussing tha hig~~G roll underneath, let's assume that we have 
a defender in a defensive turn with an attacker at ~ix-o'clock inside 
gun firing range. If the defender does not have the necessary airspeed 
to execute a high-G roll over the top, he will be committed to a high-G 
roll underneath. In the F=l00, this means that if the defender's air­
speed has d'?."opped below 300 knots, he s ho.uld not attempt the high-G 
roll over the top. Ho,-1ever., before executing the roll underneath, he 
should m2intain G, and allow his speed to dissipate to 250 knots or 
less. With these conditions prevailing, the defender should immediately 
start the high-Groll underneath in an effort to shake his attacker. 
He should not delay, otherwise he will experience considerable speed 
decay, and will encounter considerable difficulty in executing the ' 
maneuver. To execute the roll underneath, the defender maintains back 
pressure, employs rudder in the direction of the roll·- bottom rudder· -
all the way around· the roll. If done properly, the maneuver will des- · 
cribe a barrel-roll undern~ijth. To the attack~r, just after the m3n­
euver has started, it will appear as a split-S. This illusion is 
created by the hi3h angle of attack generated in performing the man­
euver (this deception will cause trhe attacker to cut off in an effort 
to counter his opponen: 1 s apparent dive for separation. The cut-off 
will pl£,ce the attacker {n a steep nose-dc~-m attitude). As the defence'?." 
rolls past the inverted, near-vertical position, to the completion of 
t:1e r..an::;uvc r - a wi.n:;s ~l evd and a near~nose-level attitude - tl1e 
att acker will ove rshoot below the defender's line of flight at a hi3her 
rcl~tive airs psed. See figure 33. The attacker is forced into this 
0•1c::-5hoct bsc;; us e his steep nosr,-down attitud-e co:nbi.ned with his rate 
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of roll and/or turn - which is dependent upon the defencter 1 s rate· of 
roll and turn - forces him below his oppon2nt with a higher vector 
velocity along the axis of the high=G roll. As a res~lt, upon_comple­
ti.on of the maneuver, the de.fende~ will b,~ abov<:: and somewhat toward 
the re.ar of his oppon;":o:tt. To gain a firing pos ition, the defender 
need only roll off or 11 S11 down to the atta.ckera s six=o' clock position. 

To counter the high-Groll underneath, it is obvious that the at­
tacker must not generate a steep nose~low attitude, than attem;it to 
follow the man.~uver. In other wor:·ds ~ he must not interpce,t the: roll 
underneath :.is an appar.ent di.ve fO!.' ~eparation. To detE:rmine whether 
the maneuver is a roll undsrn:::a.th or a dive for. .;;epacation, the at­
tacker -need only obaerve the dynamics of the d1=fendt':1:·' s initial move ---••.• --­
down and out of the defensive turn. If the defe:nder appeara to fly 
through his longitudinal axis; he is in a dive for separation. If he 
appears to pivot or rotate around his longitudinal ax:.s, he is perform~ 
ing the' higi1~G roll underneath. The -- attacker must observe the defeneer 
very carefully to catch this difference. If he does, and notes that 
the defender is rotating around his longitudinal axis, he should not. 
cut off . . Instead, he can pull upj delsy momentarily, then follow the 
defender around the roll. This will provide the attacker the oppor-
tunity to play the maneLwer., hence p·ceve:1t an overs'hoot below the 
defender. As a second alter.native, the attacker can pull off and roll 
in the oppo3ite direction. By doing this, he is not d~pendent upon a 
G and rate of roll governed by the defender 1 s velocity, angle off and 
range. Instead, the attacker can pull the G ne~essary to play his 
rate of roll to reduce ve<:tor veloci.ty and pi~,;;vent an overshoot below 
the de.fender. If done properly, the reve.r.se=roll will place the at-
tacker at the defender!s s:ix-o 9 clock position. At comple.tion of the 
defender's roll underneath the defendE-.r can move agei.nat either one 
of these counters, by ob3e rving the attack~r 1 s action5. If the 
attacker pulls off to initiate either counter, the defender does not 
complete the r.13n2.u·ver. Instead, he r~laxes G and divea for sepa:rc1tion. 
If the attacker is pulling off and up in either case, this will place 
him in an overhe.:;d attac 1

• wi th a negative delta Mach . Eo"1-2ver, the 
separation g~ined in this situation is not as great a~ in the other 
over~head attacks with a negative delta Mach. Iherefor~j a grea t deal 
more pressu:--e is exerted on the defender, unle23 he um de(:ei ve the 
attacker into following his high =(. bc.1.:·e.1-roll und2:rn~ath. Orr the _ 
othe~.hand, the high=~ roll undstn2ath haa an advanta3e over the high-
G roll over the top becau:e the dsfendar can ob2et~e the attacker 
throughout r;:ost of the r;1aneuver, wh"" .-:'=a8 in 2. roil over the top, he 
cannot. This □eans that if the attacker counters with a roll under-
neath, the defende r can take i.1iI,11'.c:d i atE: action, where2:: in a roll over 
the top, he is forcE'.d•; to th-s 270° point bsf:ns he Cqn observe the 
attacker's count er. 

Prou;d1.;res for: t:~1e B:.l?h " G cd c ,c l =S ~l.~. •:-0_1.•-=t' th -::-'--Tc.2. 

1. Perfo rn a def en3ivs- tu~.-n) i.n an effot·t to fo rce your attacker to 
overshoot~ If he do~s not, and i 3 w! thin g~n firing r6ng~ at six o 1clock 
(out 1500 fEe.t o:· h .ss) u~s the f0l ";, ,:),-1:ng p:·ocedure.s, 

\-:;:=;;;;r~~=-~--7· 
• f') ~ 
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2. Barrel-roll over the top without relaxing any G forces. This 

requires extreme. rudd2r control and very little aileron movement (see 
section describing adverse yaw). This maneuver will give you a rapid 
reduction in vector velocity and will provide a deczl.eration advantage 
because your line of flight will describe an arc above the horizon, 
prior to your opponent vs. Your opponent will be for,:::ed to barrel-roll 
around the outside of you= roll. Remsmber, you must have the necessary 
airspeed (300 knots or more in the F-100) before starting the maneuve~ . 

. ..,.,,,,.;=:;:;,:,,.~~-3. Observe your opponent's position. -;,. When coming through the 270° 
point or dmm th'?. opposite side of the roll> ke.ep "coming in" with top 

-- ~---rudder and . get him comml.tte.d -into .a nose.=low -attitude, ----- - -~---

4. Continue rolling and keep adding top rudder to increase your 
nose-up. attitude, This will force your opponE";nt to slide below and 

. in front of you. 

s. Continue msneuvering to g~in the advantage as your opponent 
slides below and fcrward. Eith~r roll off or 11S11 dmm into his six• 
o'clock position. 

6. Try to ki:::e.p your oppon<::nt in sight throughout the maneuver. 
Be sure you have hi.!11 i.n sight as you reach the 270° point. If he is 
at the top of your canopy, and to the rear, .. man2uv<2;r as outlined 
below. 

7. Dis-:::ontinue your roll=out at the 270° point and turn through 
the horizontal plane into the attack. Your opponc:nt, having accomp­
lished a reverse roll-off~ will be at an angle-off, in the horizontal 
plane, when you are at the 270° point. To counter the reverse roll­
off, you must turn into the attack at this point. 

8. Force your opponent into an overshoot in the horizontal plane 
then relax G, light afterburner and dive for separation. If the at~ 
tacker attempts to turn in behind you, _hE will be pla:::ed in an over= 
head attack with a negative delta Hach. Do not· attempt a scissors 
mar.euver after your O;?ponent overshoots. You will £2,,t;. have enough 
man0.uvering airspeed to s11.:::.::es.sfully employ it. 

9. If yo'..lr opp0nc.it L; nosc=hi.gh in a yo=yo l'1an~uver {'.o1ith nose­
tail separation) at the 270° potnt, turn 180° through the vertical , 
plane, relax G, light afterburn~r and dive for s~par&tion. If the 
attacker attempts to follow, he will bs placed in an overhead attack 
with a negative delta Mach. -

t 

10. At the 270° poir.t, continue your ~oll if your opponent do~s 
not yo - yo out into an sxtr~~~ nos~=high attitud~. Since h6 has fail6d 

r to zoc~ 3ufficiently in th ~ vertical plane~ his vector velocity, along 
the .3X.i.s of th-2 roll, wi 11 c•e greater than you!:3. Thi..s will force hi.m 
forword and wlll pli,ce you to t:1~ r~ar and be ~aw him. 

,. 8--£~;;---, 

----~ 
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11. Maneuver (low-speed yo-yo) for a firing position. 

Procedu?:"es for the P.lgh~G Ro~l l!ndernsath 

1. Perform a defenBive turn, in an effort to force your attacker 
into an overshoot. If you are unable to do so, and you are within the 
speed requirement for th~ high=G roll underneath (250 knots or less in 
the F~lOO) employ the following procedures. 

2. Roll underneath without releasing any G force. This will pre­
vent any subsequent increase in airspeed and will tend to deceive your _ 
opponent into thinking you are att empt!ng a dive for separation. 

3. Hold rudder in the direction of the roll all the way around 
the roll and play power to deceive your opponent. By holding rudder, 
you will successfully perform the high-Groll underneath without fall­
ing out into a steep nose-low spiral and a subsequent easy tracking · 
solution. If your opponent was deceived into cutting off, he will be 
forced below you in an obvious overshoot. If this occurs, maneuver 
as outlined below. 

4. Complete the roll to a wings~level, nose=level attitude. The 
attacker will be in a nose-low attitude .below your line of flight with 
a high~r vector velocity. 

5. Bring your aircraft to.a nose-high attitude, then roll off 
toward the attacker's six-o'clock position. 

6. If the attacker is not de.ceived into cutting off and following 
you, after you initiate the roll, employ the following procedures. 

7. Discontinue the roll, relax G, light afterburner and dive for 
separation, wh.;;n you observe you!' oppor..ent pulling up to delay, or to 
reverse-roll. This will place the attacker in an ove=head attack with 
a negative delta Mach. Howev2r, separation will not be great, there­
fore prepare to counter any subsequent action. 

Maneuvering from a Nas~-Quarter Attack 

Until now, our int~rest haa been direct~d to th~ offensive and 
defensive tactics involvsd in :i:-ear-hemisphe::::e atta::ks. N,J,-7 we will 
concern oursclv.::3 with forward =hsm:.sphe::::e att.c,.e:ks. Fro:n expc:iercce, 
we know many fight,::r=V·=.l'.'Et.!~•-f:.gh'.:Er engz..ger.isr.ts at2.::t with th e. op;,a.s·· 
ing fighters approach~ng each othe~ 1 s no2e-qu~rte: position. ~1n~e 
this is the. ca':e, :i.t b,t.o'Jv~s us , as fighter ptlots, to undet·stE.nd 
the tacti.cs nsE.d1c.d to gain ab zdvant~s= fro!cl this pos:i.t:.on, l:ic'nce, 
the rem~ inder of our d~~~u&sion, in fi2hter m1nsuvers, will b~ e:cc= 
c e rn cd with ths ncss=q~artsr att2.ck, Thi2 will c~~plsts ths man~uvsr­
ing aspsct of fight~r -versus- fig ht er combat and will prEparE u5 for 
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the other elements of fighteor-versus=fighter o~erations ~ Ta.:.~;.'-'a:i. 
Formation and Flight Tactics. 

To und~1·stand how we must ga i n an ad·,antag~. from a nose-quarter 
attack, let ~ s r£::fe.r b.,.c k to our concept of turn ar,d v 2. lo-:.ity. -As 
previously stated the r ~ an, e>nly two bas!.c thirlgs · th::it an attacker 
or a defender can do in ords~ to gain an ~dvantage = ~hange direction 
(turn) and/or velocity. App:ying these p-rinc.iplcs in a no2.;;=quarte.r 
attack, we know that a given attack~r mu.at maneuver into the angular 
velocity cone in the. rear h,=mispb.ere cf his oppon:2nt to successfully 

,......~-✓-,launch a missile 'or-- deliver an effective 2.0mm cannon burst. This 
means that in a nos e=qua ~ter attac k, en attacker wi l l need a sub= 

---·-- stantial - rate . of -turn ; - a - sm.S!ll - t~rn -radiu.,, --and a cloaing -ve:i.ocity to __________ _ 
'.~ · , gain his opponent's · si.x=o 1 clock po.sition, . lf the stt:!cker fails to 

maneuver so that he acquires -all th::e:e of thcs s facto·rs, he m,q ne:ver 
gain an advantage. ·worse yet, he may provi..1.e hi~ opponent an advantage. 
With this in mind, letgs aasume that an attacker not e s that he !s 
approach-!.ng an op?onent from a nos e-quQ r te:r _pos ition. _Th,=: Ii1Oillent the 
attacker visually ecqu~res hie target, h= should dive and light after­
burner to gain an air-spe E: d adv::;.ntag2. The distance he dives will 
depend upon the aircr~ft's accel~rat i on and zoom capab i lities (in the 
F-1OO, he can dive f r o.a 5,000 tu !.0,000 fee t c ?.o 1.ow hia targe t). The 
airspeed ga :.ned from this mEns uve r will pr:ovide the atta:::kE,r a gr-=-ater 
forthco~ing zoom than if he hsd ma ictains d stra! ght =bnd-lsvel flight. 
The zoom will provide him f ::::-E:edom of m2r,€,uve::- i n the vertical plane, 
so that he may effectively use the pull of gravity to incre2se his 
rate of tur n and r~duceo h i s tur n radius alor:g the h.o:::-:. zontal exis. 
Another adv2ntage acquired by this dive maneuver :i.s the e l e:m'3nt of -
surprise. The dive f ri:im~s hi.s opponent again.s t blue: sky and f"!:'ames 
the attacker a gaina t th~ ground (as~~~!ng th~t the op~onent doe~ not 
counter with a l::.ks mantuv e: :-:.'). r~om experi.~.nce 9 we know it L; ge:.= 
erally m-Jr? di.ffic:.1 1. t ro ma intain v :.sual cor:.t"-,:t wi.th an adv£- !'Sat·y 
fr a~ed aga ina t the gr 0und. In view of thi.5 9 the opponent rnay fail to 
maintain vi s ual c0ntact (e3pec ially at long r2nge bafore tha dive man­
euver !s exe~ut6d). The possib! e lack of visual conta~t ensbles the 
attackGr to 3~t up th~ n~xt stag6 of his rnans uve~ - a tu=n fo r an . 
offset in the ho~lzo~tal p!ane . If the def~nd6r fail~ to msinta in 
visual cont 2,.t , th>:: att &.cku· wi ll 1::a,,ily g!=,r<.et' c?.te thi s offs e t, To the 
att ackc:L' t hl_; i.s t h,:: fi r st i r:d i.c:.<'it :. -::i r,. of wt:1;'. t h 0.r: o r.' no t t t·;: deL=: ndc-.r 
actuall y ha s c ~nt act (i f not , t he defend~r w:.11 f a ll to tu~n, there= 
fore fa i l to p ~~ve~t th~ atta~ ke = f=0m achi ~v (ng hi s off3et po! nt). 
Assu rn ~n 3 t ha t t he d e f ~~d ~~ f ai:s t~ c ount ~~, th~s pl ~c~; th ~ att ack~r 
be l ow 2'.'.d off t -::> O::1.e 3 : d~0. of t-, :3 o,:,;,oc -:.nt, or. en · cir: t i.=pa r a: 1 ci co1.1:-:s e. 
The a tt2c k1::r , w-:. th a ,:;. i. :'.:- cf,'"=':.C. .:111·.,.:i ~ t;, g ~ , is n ow :'.. r. poc: :. t i.0n to e.x e: = 
cute a t ur n ~h cough t::h -= vE.r·t : c..;.l a~d ho r. izo::; t..;l pl<:. D-c, t.Jw2.~.d t he n .ar 
h . 1 • l:> • • p ... t.. • crn 1spn~r F o f h:e opp ~"ent. S: nre tn : att ~-~ ~~ i ~ t ~ .~w 1,l 2 opponsnt , 
he may s t a ·c't t_J;_~-: ai:=.--:•.r:.;.:·v , .r· t~ f~:. E'. t i~:. dGf0nd :- x: r.cc .. c. h .=.~:: h i ,s 1 L:-1. -:;. ;.:ib :":=2 .st 
?O,i t~on . Sis -~::.e;•1 :·e 34 . 1t~.s « t L .:.kt e wi.~l t :--,: n E-"f :::- ::. ·..:cs e1 ~h :1 :-: d€-. 1. : ~~ 

\ t yp e rn c1 :1 2 ... ve r· (hi gh .. s~ <:::<'c d y )=y,::> ) tow::, .~d b .t s opp -.:m 'c-!: t. Iht cb . .:::nd s ll E: 
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diminishes airsp2ed and red-:ces horizontal turn radius. Tll.i.<: '·!:..l.l pre-. 
vent an ov~rshoot, how:ver, it wi.11 reduce his rate of turn and dinin~ 
!sh hi3 cloaing ve!~city, as he 2pproach2s the defend2r's rear hemi­
sphe.-:·.:;, . To p:-evsnt the defender f;:om a..:hi.eving considerable 1ongitud~ 
ina.1 ::; ~psr2tlo~, tmd to iEcreaE:e the attacker' 3 tu.rn rate toward the: 
de.fender's six-o'clock position, the attacker should ti..!'n down through 
the vertical plane · (low-,;r,e2d yo-yo) toward th~ defe:nde:r 1 s six=o' clo-:k­
low po.5ition.. See figure 35. Tl:e turn down through the vE:rtical plane 
enables th~ attdcker to eff~ctively use the pull of gcavity ic .achiev­
ing an increase in airspse:d ;,nd turn rate and a decrease in tu:-n radius. 

.. . If the defender fails to count6r, the _attacker n2ed only drive in und~r-
_;,,;;..~~~ neath him; "and 1fat -up_.., foi ·'a m:!.3.sile "att a,::1<:."·-.·1: the. ·defo'n::isr c.ounter2 

with a turn or pull-up, afte~ th! attacker haE initiated his chandelle 
--- - from his- offselpolrit-;··-1:h·;--atTick~rsYill .has- tnea1vantage. He ne~d •• 

only shallow out his chandelle and ·zoom more through tha verti.cal plane. 
This will enable ~im to play his opponent's counter .and di~inish his 
horizo~tal turn radius. H,,wever, once again, this will dec!'zase his 
airspeed, hence decrease his ti..rn rate as long as he . remains in the 

- zoom. Therefore» to gain c.irspe~d and a more rnpid change of direction 
. (turn rate) than his opponent, he should use the pull of gravity to 
turn dm-m through the vertical plane into a low=spsed yo=yo below his 
opponent I s line of flight. This will place him inside his opponent I s 
turn at a r.cduc~d 2.ngle-off with a higher airsp~ed. To further reduce 

( angle;-off a nd long:'..tudinal ae?aration, the att::;c.ker nE:ed only repeat 
the zoom and dive b.slow hi3 oppon~nt 1 .a line of flight, O!' zoom and 
pe-;:-form the: ba!'r~l-roll at tack (a roll-away man.-;uver-) towa1:d his opp0-
nent' s six-~'clock-!ow position. E~en if the defend6r countered in 
like mann'=.l', aftet· the attsc.ker 5tarted to zoom f;:o:n be_low _and out to 
the side~ the at~cker would eventually gain the advantag~, . since his 
initial dive for airspeed and his offset give him a maneuvering advan­
tage. Th9 dive for airap6ed p~ovides an airspeed and rate of turn 
advantag"=. Ths ofL,1;:t bslow provi.d~.s an init!.:11 ma.Il-SlWz:ring ad?a~1tc1ge. 

To effectiv~ly counter a nose-qud~te= attack of th!s natur2, the 
defendi::1· must dcci.d .:, ,,h8thE:;: he ia trying to avo;.d a fight or. to gain 
a kill. In either c ~s~, when th9 attacker starts to dive for atrspssd 
and a possible off6et, the de fender should countGt in like m~nner. 
This will pr6v~ ~t th~ attacker from gaintng an airspeed advantage. It 
will al20 pr.~vf~nt h.:.m !:rorn at:te mpting an offsE.t, s::.r-s~ .:: Ecm·.h ,1 mans uvsr 
under these condition5 wuuld be th~ eam~ a3 ~educing the defend e r's 
angle-off. Thi.s wi:'..l p.!'."'.) V Li~ ths de.fcr,c.f::r som-=- advant2.ge. l"0w if the 
attacker approach s 3 and ~tarta to move p~st the defender, he must 
decid~ if -h ~ is trying to 2votd a fight er not.· I~ h G is attEmptiQg 
to avoid a ft~hc, hs ~hou:~ r~~h ov~r·and div~ for 5epa r &t i o~, a s t he 
att2ck~r atrcmpts to i~om, tutn ~~i divG for a ~ix - o=c l 9ck posit~on. 
This r.1:-. n.:.uv,:: r: by t.h-:, .i,:, f,:r,,:J~_i \, i:l pla.:·f-. ths:: atU,ck~r _;'.n ar<. ovio. T.hc. ad 
.:itt,1c.k \./itr,-" r":g.:tti.v ,: ds}t,'• M,:;ch, with .::~:_:__'.'.:.~:.-=-~ l(mgi.tt.:di.r,c:il ~.q:-,a:r,;~ 
tion. Tcv:, <ltt.:: ,-::k ,· r w: ll l::2 L:n s. ::'! i:. to c1oss f:)t' a rrd.ss :.1~ ;tt.::ck. ()r, 

the oth Pr h~n~, ~f th a rl~f ~Dd ~ r d~~fd~ 0 t~ s t &y ~nd f t ght, h~ sh~uld 
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zoom and dive in the manner just discussed in an effort to gain an 
advantage. If the attacker is as skillful as the defender in employ­
ing this technique, this might not be a wise decision. 

If the defendE·r: d2sirc:a to counte:::- an attacker who has al ready 
offset below a~d to the side, for his forthcoming zo~m and dive, the 
defender should turn toward the offset and dive for sepa1:ation. Since 
the attacke:r must p~r.f,:n.-m a 130° ch;;.nge of direction, this will place 
him in an ov2:.:·head at ta,::k wlth a negative delta Mach 1 with ext't·~me 
longitudinal aspcirc.:tiun. If the defender attempts to stay and fight, 

_ instead o[ diiring for s1:.paration, the attacker will eventually gain 
·- .,. ,.· . .. the advantage because_of his higherairnpee:d and better posit!.on (in 
=-,--·"""""""'""""'"-this s it(tii: io~~_;=-~:."s-lumEt 'tha'C th'i ~at tac.k~-r -~,il r -employ the proper 

--~----,-~~£.C>J? ":ni.._9.ive te:chElgues to _g_~ir:__~n ad%n:ag_e:_) _. _ __ _ 

( 

1. Light afterburner and dive lmmediately below your opponent to 
gain energy for your forth~omi.ng zoom and maneuverability in the verti­
cal plane. A dive below will also p::-ovide you the element of surprise 
needed for your. next move. 

2. Turn to an offs.st point in the horizontal plane. Thia wil 1 
place you J:elow and out to the si.de of your opponent on an anti~ 
parallel course. If your opponent fails to counter, you will have a 
maneuvering advantage in terms of position as well as airspeed. In 
this ever.t e::iploy the following procedures. 

3. Start a chandelle toward your opponent, so that you will be 
near the 90° point of the char.d2:il~ when you are app!'.'oximately 90° _ 
angle-off from yo1.1?: oppor:.ent. This ir.:1n-2uver will n~dcce your turn 
radius and decrea3e you~ airspe ed. 

4. Turn through the vertica l plane out of the chandelle, inside 
and below ycu1· oppoc2nt I s line of fl!.ght, toward hi.a six-o 1 clock=low 
position. A tur:1 thr.::1.!gh the v1=rtical plane enables you to gain your 
opponent's six-o 0 ~10':'k-l,::,w pos i tion wi thout extr::me longitudinal sep= 
aration and a po53fbl2 fl~ght path overs hoot in the hor!zontal plane, 
since you increa .s e y::;u~ ai::sp~•,:od and cu,:·rr rate, 2nd at the same tim?., 
further rEdUC"o y,)ur tur:1 :::-adi.t·.2. To gd.n mc:1xi.!;:u:n effect, a turn thr.ough 
the vertical plan~ sha~ld be initiated a$ you pass the 90° point of your 
chandelle. . · ' 

5. Accel e rate t ~low your opp0nent for an AlM-9B attack from·six­
o'clock ~lm.;. If you•.· oppo::. snt colinte'r:s wi.th a deft::r:.s:.ve turn o:- a 
pull-up a 6ciin3t you?: d:v e tq.wc:ird a six - o 1 cloe:k- low p0si.tion, employ 
the following p ~o:Erlu r £ s. • • 

6. Pull up c',rtd Lo•:om i.' .: ',J'Ji y Y J.!'.' \.ns i. c,'o.~low pcs .it f. 0r: and rspt'at the 
zoc~-dive t~ch~Lq~ ~ to g; ~a ~n ~d van t a g~, or b~ r~el-~oll (~oll ~aw~y) 
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out of the zoom t·oward your opponent's six-o'clock-low position. 
Generally, _ the roll-away will enabl~ you to gain your opponent's six­
o'clock-low position more qui.ckly. However, the zoom-dive technique 
may be more appropriat~ if you horizontally overshoot your opponent's 
flight path on the zoom, and he dives for separation after the over­
shoot. 

Procedures for Countering the Nose 0 Quarter Attack 

1. Dive the instant your opponent dives, to·prevent him from 
- . gaining an airspeed and a possible offset advantage. . . . . 

~"'l"-...G.,z, .:,__7'-~ ~ - ': _ ~ • · "2-.~:,.--~.-:'!-.'!"."!-~ -;_._·-;_-,..,v•, ~ --~•,,,;:·•:,•_•:<-._ "-;:. _.., _ _ --- - - •- __ ,·(•" - :.~';_ _; _ __ .; .. o_·=-•· =• ·•· • ~~-::..:.:..:... ;:i~-:;_w•,:~ ;;i;,__.·-:--..- :':" .. •--~ • - ·~• 

2. Do not allow your opponent to offset. If he attempts to do so, 
-·---•~=Turn toward the--directiorCof the ·offset ·.--· This -·wnl -r-educ·e-'your- angle-
- -- • off toward his dx.;,o, clock position, and will give you a slight advan-

( 

tage if he offset~ (under these circumstances, he most likely will_ not 
attempt it). 

3. Decide whether you will avoid a fighter-versus-fighter engage­
ment or .stay and fight. If you wish to avoid the engagement, simply 
push over and dive for separation as your opponent moves past you on an 
anti 0 parallel course. Since your opponent must perform a 180°· ch4nge · 
of directi~n, this will provide you extreme longitudinal separation out­
side missile range. If you wish to stay and fight, employ the follow­
ing ·procedures. 

4. Pull up and zoom, in the vertical plane, toward your opponent -
-as your opponent starts to move past your line-abreast position on an 
inti-parallel course O to reduce your horizontil turn ' iadius. While 
in the zoom, your airspE·ed an.d turn rate will decrease. Therefore, to 
acquire a rapid change of direction and to accelerate toward your oppo- · 
nent's six~o 1clock position, employ the procedures outlined in the fol-. 
lowing paragraph. 

5. Dive out of yo~r zoom, below your opponent's line of flight, 
in an attempt to gaiP. a six 0 0°clock=low position. I£ your opponent 
fails to emulate yo~r zoom-dive t~chnique, you will gain an advantage 
by reducing angie-off and moving toward h::.s six 0 0°clock position. 
From this po~ition, yo~ nsed o~ly repe3t the process or employ the 
barrel-roll attc1ck to r.1ove in for the kill. If your opponent emulates 
your zooo-dive technique, you will be stalemated. If this ' is the sit­
uation, you must use you:· mm judgment to determine whether you should 
continu2 to fi ght or br:2~k off the engagement. 
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CHAPTER II 

TACTICAL FOP~1..t\.TTON 

In air-toDair combat, the primary purpose of tactical for~~tion is 
two-fold: (1) To provide security against attacks by enemy fighters,­
and (2) Tei conduct offensive operations· against enemy bombers and/or 
fighters. To gain security, any formation must be able to detect the 
attack and maneuver against it before the attackers· achieve a lethal 
position, This means that the fon.iation must be so constructed that 
attacking fighters with airDto-air_ missiles can be detected· before they 

--· - •"' --- -are within launch ---;a~rig2 . •• At ... the ~ame time: .. this fonnation must possess 
characteristics of maneuverability and mutual support so that it can 

·•=---=~counter theattack~·.a .s '~we-il as see {i:.~= These~ same _characteristics are- -"···--"'",._. ... , . -. 

( 

necessary in conducting offensive air-to-air operations. 

To gain maximum lookout security against a rear=hemisphere attack, 
the flight must be so constructed that visual cross-cover is the max­
imum attainable. Two means by which a formation can increase its vis­
ual cross-cover are: (1) Increase the number . of aircraft within the 
basic maneuvering formation, and (2) Place these aircraft line-abreast 
at definite intervals to incz:eaae the field of cross-cover. By increas­
ing the m.:mber of aircraft, we. provide more flight m2mbers covering the 
rear hemisphere, If we stack the flight line-abreast, we provide. 
greater cross-ca,er, thus increasing the probability of detecting a 
rear-henisphere attack. This m~ans that_ we increase look-out security, 
but at the sarn2 time we decrease rnaneuveravility. To maximize man­
euverability, a flight must consist of as few members as possible (a 
single .iircraft is more maneuveTab!e than any formc'.lti0n co;:,.sisting of 
more than one aircraft) with the5e members stacked in-trail. From 
experience we know that when the number within the flight is reduced, 

_it becomes easier for the rnsmber., to keep tra::k of and avoid one another 
during any maneuvering engagsrr:snt. Experience also indicates it is 
much easier to maneuver in~trail as opposed to line=abreast formation. 

In orde.r to acqui:ce se-:-:urity and l!'..3neuverability, we must co:npro~ 
mise be:tw-sen m.:;ximurn look-out Se(:uri.ty and maximum m.:.neuverability. 
The e.."<tcnt of the compromise nseded will determine the type fom<ltion 
flown in a fightcr-v-0:.::3u.s-fi.ghter eng,:igement. The increased range of 
AD-1-93, as oppo.:;ed to the 20:i,11 c9.nnon, forces us to construct a form.'.i­
tion in ~hich the conpromise favors look-out securfty. This means 
tlnt the forcc1-tion will be flo:-m ve.r:y nE-.arly line~abrcast ,,t a speci~ 
fied intc-::-v.:11 to pi.-::k up a missile attack at rc1nge.s of gre;:iter than 
15,000 fe2t. To maintz.in 2cn~uverability and rnutujl support, the size 
of the formati.on must be rest(i.ctE..d to no more than four airc::aft. If 
a nu~~~r greater than four is •~mploycd, maneuverability acd mutual 
support becc~e difficult and co~plicated. On the ot~er · hand, if less 
th~n t wo aircr~ft are e2ployed, the look - out capability is reduced and 
~utual support beco~~3 impo~s!bls. Ther8for~; to provide loo~-out 

,=..,=----~~..::'~ -':"'.r.::-'7:~~-:;..,.-==-... ::.~=:.::::::...-:=) 
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eecurity and maneuverability, a formation of two, . three or four air~ · 
craft must be employed_. 

The three-ship flight, with a leader and two wingmen, has been 
evaluated many times throughout-.. the history of fighter aviation. In 
spite of many attempts to propose a three-ship flight as a combat 
formation, it has never been extensively employed. _ The reason is that 
a -three-ship flight, with flanking wingmen, provides excellent look­
out capability in the rear hemisphere on a combat air patrol; however, 
when this formation detects an attack and maneuvers against it, the • 

. . result has always been the same . - ch2os. The wingmen cannot keep . 
-~ '"""=2 ~ =· 0

· ' track of and avoid one another while maneuvering in ·respect to their 
le~der and their attackers. As a result, one or the other of the wing­

---_-··-:-·---men is forced ·-out · of the formation -and -flight -integrity is ·broken.- ·-·The-- --~ ~ --
• attackers simply drive in and -take the single, ·then maneuver after the 

.element after hwing d!;!stroyed the single or having forced him out of 
the fight. On the ·attack, where h~rd combat maneuvering is ne~essary, 
·flight· integrity disappears just as it did when maneuvering on the 
defensive.· _ _ _ 

As indicated previously, the two-ship formation would be ·more maneu­
verab.le·than any other type we may employ. Our problem in using this 
type formation is to provide extensive look-out security in order to 
detect a - possible missile attack. If we stack the form3tion line­
abreast, we must provide sufficient interval so the element can detect 
a missile attack at range's _ greater·~thari 15 ,oocr fee.t. :,: In or.d..er __ truit 
this may be accomplished, the flight must spread about 2500· feet apart, 
A disadvantage of a spread of this magnitude is quickly apparent. Ini­
tial maneuverability is reduced after detecting the ~attack in the rear 
hemisphere. When the missile I s limitation is kno,m, this· maneuver~ • 
·ability disadvantage is not as great as it appears (rem~mber, to defend 

. against a missile attack at long range, we need angular velocity plus 
airspeed, not a small turn -radius and a low airspeed). This means that 
maneuverability is not required to the same ~xtent as in gun tactics. 
With this in mind, we can safely accept an initial maneuverability 
restriction; however, the real disadvantage of the two-ship flight 
concerns look-out security. With only two ships, the leader of this 
forITkltion must sper:d a gre.at deal of time looking to the rear, rather 
than looking for enemy targets. In tenns of look-out capability, this 
means a loss in offensive potential. If this loss can be accepted, 
along with reduced initi.'.!l man~uverability, the two-ship flight may 
be employed as a basic maneuvering formation. 

To employ the clic.r.snt corrc-::tly; without sacrificing 1:1an2uvcr.:1bility 
beyond initial m.1ncuvsrability, the wingm.:m must know ho-:.-1 to position 
hi~sclf during all r.ar.euvers. On patrol, prior to initial contact, the 
win g!i' .. :m will r:i.:iint.'.li.n the po::;Hio.i 2p,2cifie<l .::bovc - line=.:ibrcast and 
about 2500 feet out. During turns, the wingman ~ill play the outside 
as well as the inside of the turn, in order to ~~intain position. 

·[;;;c~~ 



I 

' 

( [
_ei__,,_@_R-E---, --.....,_""""',.,..,, 

--~ 
This will not be too difficult becat:ae the _mari~uvera executed, 

prior to contact, wEl not b8 of the maximum 0 perfor.nance .variety . 
. To allow the wingmzm to eciaily maintain hi;; position and to pi-o,;ide 
adequate rearward cover<lge, the wingman mt1st .inane.uver through both 
the horizontal and vertical r,lani:.s. If the leader performs a turn 
·away fro~ the wingman, the w:!.ngman lower3 his nose and cuts to the 
inside. • This pro-:·edure allows the wingman" to reduce his horizontal 
turning component and, at the same tim~, provides him a rate of 
closure so he will not b~ straggli~g beh~nd his leader. As the wing 0 

m·an mov~s inaide and low t.:;011.ard th:e . lea<ler' s iine 0 abreast position, 
..... . .. he should play his crossover _ so that .. he does not cross in front of .. , . . . = . ...;.; . __ 

... " ·· ···--·"'his leader. He ·shc;-uld cro.is to- the outslde, ~slide high 2nd fly in - ·· - ., .- •• 

the plane of the le.s.ds:-. .If this c~J .s30-.,,.,, technique i,3 empJoyed ·- -.--~- •U·~- · .. 

•• du:-i:lg all. t\"::rn.;"·;- the wfogman . will desc-rib~ La 'circular movs:n<;:r;,t in . 
the plane of the leader's aircraft, se,a figure 36, • On the outside of 
this circle the wingman will lose airspeed and slide to the rear, On 
the inside, the wingman will gain airspeed and move forward. In effect, 
the wingm~n is employing ti;ie low-speed and the ·high~speed yo-yo as a 
means of maintaining position. and ·providing ·· sufficient visual cross­
coverage. At ·the sa!n-e tim~, t 'his maneuver will enable the ·leader to 
.cover his wingman~ wh,:;,thar he be on ·the outside or. on the ins:i.de of 
the turn. ·rf the ~nt :~al turn by the leader is toward the wingman, the 
wingman will be un2ble to cro.s!i; over ·b6hi.11d arid underneath hi.s leader~ 
In . this situation., the wingman' mus t: pull up, play the leader's turn 
and cros~ to the o~ts~de, 8~ove and behind the plane of. the leaderis 
aircrafr. Afte·r th€: :i.rl::.tial c::-os~over, the wingman employs th·e tech­
niques sp'ecified above for the re:n'1inc.er of his Crossovers .. 

When maneuvers app!.'•::>a~h maximum P'=rforman::.;,, the wing:aan will be 
unable to maintain th~ loo'3e. i:-o;,iti.on implisd in patrol form~ti.on. He 
will be forced :i.nt':l a fi.ghting pos:!.t::..on, :!.n a nar7.o,v con,;,, behind the 
le2d~r 1 s air::raft. In o::d=.r to =em.air, with the leader a·nd. at the same 
time, provide :::·?.a:::'W& . .:·d. cove?: i ge h.e w:'.11 be forced· t:~ as3um~ a position 
cl~ser to the tail of tta i~aier 1 a a ircraft. As we define it. the 
fighting po2ition is any p!a~e within a 60° cone with th"' win~man 
approximately 1000 fr.et b2h.i.nd tbE: "1.2sc.er. To wa:.ntain posi.tion in 
this cone, the wing:nan Emp:.oy:? tr..':': sa!llc maneuve::.i.ng te::hn.:!.qu'?s which 
he used in patrol for.mat:.or.. fEE. me.n'='.uve :-:.·;; th:·01Jgh both the vertical 
and horizontal p:a~ss). D~~ing max man9~~srs, if the wingman attempts 
to maneuve:c vary 1~t:.-::h out .2:.d'=, the conf:l.r.=.3 of this cone, he wil::. find 
it difficult to ma~r,tai.n ;,o; ": t:.f.0n end a::. .,o p-::ovid::_ rearw2rd ·,isual 
coverage . T"t1 E= pr::.:r.a~.y du.:y of th <;; w.:.r.g!llsr, wh.'..le in f:.ghting position 
i3 to provide vi3t·.;l c:r, ·a :-:.·;:.g2 t? the rssr, while the leaccr 1.s C0!, 0 

centr·2ting on mar,'.!uv 2:!:' :'..ng for &.n f. ,i·-rf.,:tag2. This is of E"=xt:rtm= impor 0 

ta~ce if th~ enemy :.s squ!pp~ d with a~:-to~ai= miss::.les. Considering 
all f .:ic to:·s, a two =::h:!.p .:.s c'-it.t:-:. ·:· d·. 2 11 a th rf s~sh .:. p forcat:.on. Although 
a tuo-ship elem~nt ha ; 2n in : t~ai io~~ 0 o~t d~3.s.~vantage 1 while in patrol 
fo rt~3 tio~, it haa a 6~~tiGct DaG~~v~!·~-~g 2dva~tagsJ and a socawha t 
better look--ot.: t .:;dvc.nt,1;~ '.•:h:.:.c. !~.~r.L.ng ,;, a ba2.:.c f0::r,,, ti.on. 
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Wh~n employed. properly, the fo::r=ship flight \1ill give us all-around 

advantages in look 0 out, maneuverability a:nd mutual SUI}port. To acquire • 
these advantages without sacrificing one for the ot:heT., a flight· of four 
must consist of two mutually~support'in_g elsmznt.s. When _on _?atrol, fhe 
elem~nts should fly line 0 ab~e~st from fiva to seven thousand feet apart. 
rne wingmen should maintain a po.3it :fon from line 0 abreast to no more than 
20° back, at approxim::1tely 1500 feet' out irom their respective element 
leaders. A fo:mation sp-::ead in this m!inne:: p?;ovides excellent look 0 out 
capab~lity, because· the wing::i,~n can prov:!.de mutual crosscover at rang.es 
in excess of 15,000 fe-et. Maneuverability in th1.s formation is some­
what restricted. When_ the lead_ element turns away from the second 

-· element, the second element will experience consider:::~le difficulty in 
regaining a line-ab:eaat position, un!esa tha turri ii _held for almost 

.- =---= 18qo. If the lead elcm~nt turn.; into the 8"7•:::ond e:ie:r.1ent, - the second · ~~-~..,,-r,.·- •- ··- ., 
element will be forced to.pu11·up and cross above the lead element. If _ 

( 

this is n·oi done, the se=.cmd elemer..t ~ill be forced to· cross in front . 
of the lead., In either ~B~t, if' the tum is less than 90°, the second 
element will ··e.xperien-:a _.consid.erable difficulty: in regaining a line.:. 
abreast ·position, To prov.id,e .more mar..euve!'ability and flexibility, the 
second element must b-~ given -a greater . fie.ld ·of maneuver. This field 
of manE:!uver s~::>uld en::ible the secorr<l elem~nt to ·E::esily position _itself, 
no ma~ter wha·t type of turn is p?rfor.m:d by the lead clem:nt. A method 
of providing th!.s fre~d0m of c'"ne1.:iver is to spread th~ second element 
in both the vertical and ho=izontal plan~s. _When this is d6ne, if ihe 
le.ad ele'.!l.ent turna · away, tha z.s,::ond element can lo-..,1.:!r :I.ts nose, cut 
across the inaide and _quickly :'.;position itself, even though· the lead 
efcm:ont do~s not pcrfo~m 90° or 180° turns. On turns . into the second 
elcm-~n_t ~ the ss~ord. e:1..crnsnt c2n m&n:;uver well ·above the lead elem~nt 
without f -ear of d:-t.ggi.r..g the wingm2n through ci~e _,mother (rem-=:mber, 
wingrnc:n will he · man2uv~d .. ng th-r-c!..gh both the v.ertical and -horizontal 
planes ·to, rnai.nt~:.n p,ositi .. :m on th!::.~ r:!!sp2.cti.v.a lu'!d.cr.s). ·The f-.:-ee­
dom of rr.dn.suver prov~de1 th:-: se.cond elcm=!nt leader enabh!s him . to 
devote less time to f:!.y.'..ng fo:rwat:.on and more t!rne to looking ·for pros= 
pectiv:? kills. At th:= .s;.;;;;;-:,. tim:?.D dur::.ng tu?:ns, •it al}.aw,s th~ wingms.n 
to provide bette;: re.2.rwa:-d c:i-.;·e,r2ge, h~;:;at.'se the elem2nts w~lll. not be 
St!ung cut in extend~d=t;:·2:ln. ~ -€ only' !.'-2: ·d objection to this foma 0 

tion ia that, in str2!gtt=2way f light,_ the second element must look 
through a gr~ater diatan~~ t~ dete~t ~ m!ssila atte~k ageinst the lead 
element. Altl-'.:.11g:1 thi.;; L, true, it can b~ mathe::Jati:;.ally d,:,m:instratcd 
that _ the ·<atlditicn2:. dist:.r.c s th::-ough wh::::h both eler;,_.:nts_ mt1at look, is 
insignific2.r,t; <le~:; than 300° ega-.!.n.::t a six=o 0 c:i.o-::k atta-:1.er. if the 
fluid clemani ' ia stacksd v~rt ic~lly leaa than 3000 1 ahov~ the lead 
e.1€.r:ent). If ths a':t2c1< ~-s d :~r~.:tF.,d f.z:::J s:.x=o?c:ock=lcw, the c:aditioQal 
cl.i,:;L:n:~ th!'')Ugh whi.ch th-s ::;;:-:<::rd ~~:::!"'.l~~-t mus': loo'.-- i.; s02::•,;,h2t g:"-c:ater, 
Ho;.1ev1::r, the att.nc1:~e:rs c-:.:.st g::t :i.n c _:,n;:_d~r.,:;bly c;.ossr along th~ ho:-i 0 

zontc2l plc2n.: b2f.o ,: e iP.:!.t:' .. ,,;t.i.r-.~ a p:..:.i.1..=:.;p ir_t:, an t;ri.d~rsicls ntt2ck. This 
mean~ that the s~cor,d F.1 -~~,.~r.t w·~ll b~ f;f:-:> ::d 2-l mor~. of a pl£,n: view 
cf the ~ttack~~~, thua &fl~-g~~ t~=f s t in p~rspective evan though the 
.:d<li.ti'.).1al di.stc'.r-,cs ~.3 c·.::-'::1:: >,rc:~ gra,;_::c:,::. A~oth,:;r reason cit :- d fo;:· not 
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using the high element is the . fact that the -aircraft wing covers a con­
siderable portion of the highly .vulnerable six-o'clock-lo~ attack area. 
This is true for both the high element and t_he level-stacked element. 
To surmount this difficulty, wingm2n simply dip their wings occasionally 
tp enable them to covar the vulnerable rear area. 

In view of the maneuverebility adv ant. ·ge offered by the fluid-four 
type formation (the fo:r::iation in which the second clement is stacked 
both.horizontally and vertically) without significant look-out disadvan­
tage, we consider it the best combat patrol formation. In fluid-four, 
the second or fluid element should be line-abreast, 2,000 to 7,000 feet 

. . out, and .approximately 2,000 feet above .the lead element. As in a 
normal tactical formaticn, the wingmen will maintain a position from 

_ line-abreast _to 20~ back ar.d 1500 feet out to the side opposite the 
other element, see figure 37. As indicated in the two=ship flight, the 
wingmen will fly the vertical aa well as the horizontal plane in order 
to maintain their respective positions.· On patrol, the fluid element 
leader will maintain position on the lead element by flying through the 
vertical and horizontal plane during all turns and maneuvers. For a 
fighting position,'th~ fluid element muat 0perate as an independent 
unit during violent maneuvers in flight=versus=flight engagements (the 
reason for this will become appannt when w-e discuss flight tactics). 

If the ta~tical situation indic~tes that not enough aircraft are 
avail2ble for 2rea zaturation with four-ship flizhts do not employ the 
fluid-four formsition. Inste.ad, use i.ntlividual elamcnts as basic patrol 
fo.rmation:;; ar:.d as baaic fi3ht:.ng formationa. Although not as dccisiva 
as the four~ship flight in terms of look =ou.t capability, maneuverability 
and mutual support, the two-ship flight w:Ul be much raore effact:l.v~ than 
the thrce-shi.p fii.ght. The only re2l adv;cr.:tag~ which a flight of four 
has over an €!-=:r;:2nt i2 in!.tial look- -out cap2bility au~ init i al mutual 
support. After the eng2gem2nt is ~nterej, the fluid-four, or the four­
ship flight will beco:cce noth i.ng mora tha:i individual fighting ele;;:;ants. 
If suitable tail-warning r;ada:: (!evic58 w2re ava:.lab!.e , f ,:,ur=ahip flights 
would enjoy ve r y l i tt le e~vantage over individual f~ghti~g elements in 
terms of combat cap2b:.lity. '!'he dictum, 11econoray of fo-:ce 11 wculd nost 
certainly p::-e-..rail. T-:,~t::.c2 l for.ns:t:.on in fighte :r=v2r .sus=fighte:c engage = 
ments would vrobably b:::, do::ii r..a t sd by th<2 e:,,.2iaznt .or even po:;sibly the 
single ship. Without tt l a ns£d ad r ~d&r gear, a four- ship flight is the 
best all=around tEct i ~a l f o~ma t l ~n. 

Th.re~ fact 0r3 to con~id s r when eBploy~ng siths::- the fluid Qfour or 
the elereent in co~bEt or on a co~be t ~at ~cl s r9: (1) look-out c~pa­
bility, (2) mansuv 2-:: ;;.b i;: ity , and (3 ) , fi.:.sJ. man2g,:mcnt. In the 2~·a of 
missilc =ccquipp;d supe r s on i c fig h t(:!"S with aft erbu m er, th e-=e facto !'.' s 
det~r□in2 the b2st a l t ! tude io~ oat r ol in or d2= to enter a given 

• ~ .t .. • . 
f1. ghter=ve:-:su3=f ::. gh t12r f:rg2.[c:::1'?nt. If the p2trol is ccP.duct s :! at e:x= 
trem~ altituds 3 (40 , 0~0 f~et or abcv~ ) t h2 look =out p=obl cm bec o~?s a 
liabili t y Yhi ~h inc 1s~ ~t~ as ~lt i tud~ in~rea sss. The 2dv~nt2ge of 
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firing an air-t6-aii missile at greater rangi ag~inst a given defender 
is nullified by the possibility of an enemy attacker enjoying the same· 
advantage. In addition, extreme altitude provides a maneuverability 
disadvantage in term3 of indi~ated m&neuv~ring airspe~d. At exterme 
altitude, fuel man~g~ment m~y be an advantag~ in some aircraft while 
in others (F-100) it can be a disadvantage. if the patrol is conducted 

• at very low altitudes (10,000 feet or below) the look-out problem is 
considerably reduced and maneuverability, in terms of maneuvering air­
speed, is• certainly increased, Ho-;.;,ever, this man~uverability is nulli­
fied somewhat by the fact that maneuvering becomes more restricted to 

,,.~ .~ -• . ·"" .. the horizontal plane as opposed to the vertical plane. At very low 
altitudei, good fuel managerneni is ncii possibli ~ith ~resent-day jet 
engines and afterburners. The O?tim'U!~ altitudes, considering all three 
factors --,;.-" look·~out capability, maneuverability and fuel management - • 
for patrolling and entering a fighter-versus-fighter engagement are the. 
middle altitudes betw~en 25,000 2nd 35,000 feet (even this is open for 
argu~~nt if one considers the possibility of surface-to-air missiles) . 
The exact altitudes will depend upon look-out capability and maneuver- . 
ability of the fighters employed. I~ the F-1OO, the best all-around 
altitude seems to be approximately 30,000 feet, At this altitude, 
maneuverability and fuel managemsnt are excellent. At the sa~e time 
the look-out problem can be easily handled by a flight of four and 
handled adequately by an element. If th~ tactical situation dictates 
that elements must be employed, an alt::.tude somewh,3re between 25,000 
acd 30,000 feet might be mo~e appropriate to reduce the look-out 
problem. ·rn any caae, th<o: m2.diu.m alti.tu_~es provi<le a· position from 

• which an att~ck may be launched against aircraft at very high or very. 
low al titucies. 

Procedures for Flyi._ng_EleEJ~nt Forma tlon 

1. • Flying the Position of Wir,gman in Patrol Formation. 

a. Maintain a patrol po5ition off the leader 0 s wing by f~y­
ing line-ab;.-3ast at approximately 2,500 feet out when in straight­
and~level flight. If you fly c!oser, look-out capability will be 
sac!ific6d, • If you fly furth~r out, initial maneuverabil i ty as well 
as final rnane1Jve~2bi lity will b2 s£c~ificed after initie l contact with 
the enemy. 

b. Play the outside as ws ll as the inj i de of the tu~n fo~ 
mutual coverage. !fan attem?t is made to stay on the inside of the 
turn without a cro J 3 0~s ~ •. you will only fa!l back when t h~ :~2d er 
rolb out of hi3 tu~·n. 

. .. 
c. H:= r::euve !.· th , :Jt.1.~h ooth the ve.:-ti-::al and horizo;1tal 

in order t0 fly a r ~~at~v~ po3 i t~on off the lead er. Whi!s on 
ins ide of th s t1.1 ;:i:: , y;:; c; 1.7 :. : '!. t 2 in .sn ext 2ndsc! =lo,, posi':ion. 
outside of th 8 t u~ n , yo~ ~~11 b9 in an sxtended - high po~i t~on 
pl ~ne of th s is£~ ~= 1

3 2 ~~~=~~t. 
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d. Lower you~ nose and cross to the inside if you are on the 
outside of the turn, If you are on the inside, sliding forward, cross· 
to the outside then slide high 2nd fly in the pline of the leader. If_ 
the intial turn is into you, pull up, cross over and behind your leader, 
then cross from outside to inside and vice versa in the manner just 
discussed. This technique will cause you to describe a circular move­

·ment in the plane of the leader's aircraft. ·You will be moving forward 
in the bottom half of the circle and backward in the top half. This 
will enable you to easily .maintain position and provide mutual cover~ge 
during the entire turn . 

• '.~:;;:.., ••• ~.,,zr.~..:-.- - ~,..:~;e-~nj·-~\;( c-r-os s'c,;~i~ ._ fr-on t -of your 1 eadei. ·· Always maintain 
-nose-tail separation. 

2. Flying the Fighting Position as a Wingman in Element Formation 

a, Fly in a 60° cone, in a fighting po~ition, about 1,000 
feet back. 

7 b. ' Maneuver through both the horizontal and vertical planes 
to maintain position, Slide high when overshooting and drop low when 
falling back, in order to maintain posiiion on the leader, 

c. Attempt to keep your fuselage aligned with your le.2der's 
during all maneuvers. This will enable you to match your leader's 
maximum performance and will pre:vent you frv!!l becoming separated. 

d. Atte!npt to stay out of the in~trail posit_ion as much as 
possible. By doing this, the leader may cover you more .adequately. 

Procedures -for Fly:!.ng_ the Fluid~Four Patrol 

1, Flying Position of Flui d Element Leader 

a. Position the element, line~abreast, about 5,000 to 7,000 
feet out and appr;ximately 2,000 feet above the lead element. 

b. Maintain a relative position to your leader du:-fr.g turns. 
If you are on the outside of the turn, drop your nose and cross to the 
other side when you find yourself lo3ing out and falling buck. When 
being turned into, and you find yourself creeping forward, slide high 
and/or cross to th~ outside of the turn to maintain position. In 
other words, play the vertic c l as well as the hori zontal plane in order 
to :iaint.:in support :i_ng po.; ition. 

c. Lower yo·.u no~ to g.;in air..;pecd and position: when you find 
you rself too far b~ck ~fter rollin3 out of a turn. When you r~gain 
ycu~· fcrwa r<l posit i on yo'..l rn-=. y pd: b2ck to the original fluid position. 

[~;;;;;~:··--=, 
~~.... -~~ 
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d. Pull your nose up and kill off airspeed if you find your­

self ·too far forward after rolling out of a turn. You may also ret2rd 
throttle, however this is not ·advised when at altitude. When you 
regain your correct relative position, lower · the nose to maintain 
proper vertical separ~tion, All msneuvers must be smooth to prevent 
over-correction. • • 

e. Bank from side to side and look below when crossing from 
the inside ~igh to the outside of the lead element. This will pre­
vent you from losing the lead elem,?nt ··during crossovers. • 

f. -:2 Co~er ' th~ . forward hemisph.ere / ·a1·on-g -with the flight le~der, 
as primary responsibility in an effort t o visually acquire a target so 

~-=--• -- that an attack may-be'-· launched against.:it. ·. As a second?ry responsioility, .. -
cover the rear -hemisphere behind the lead element in order to detect 
a possible miss:li attack. 

2. Flying Position of Wingman in Fluid-Four Patrol 

Bi Maintain a position from line-abreast to 20° back and 1500 
feet out on the side opposite the element. -

b, Maneuver through both the horizontal and vertical planes 
to maintain position during turns. Fly high when overshooting and 
drop low to the inside when falling b2ck. 

c. Cover the ·rear'hemi~pner~, behind · the .other .. element;, at 
all times. This is . your responsibility a11d- your coverage is neces­
sary to detect any pos sible missile attacks. Your opposite number in 
the other element, will be providing you the _same coverage, 
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FLIGHT TACT:r.CS 

To employ a flight of f6~r or an element .of two in a fighter­
versus-fighter engagement. only a few new basic maneuvers must be 
mastered. Th! previous maneuvers we hav~ learned still apply in 
flight tactics. With thia in mind, we will now concern ourselves 
with tactics when operating as a flight of four and/or as an element 
of two. We will ·objectively analyze offens{ve an4 defensive situa-

. _tions,in which we have element-versus 0 element (two 0 versus-two) ele­
·~..:.-,s.=i,,;,..;::.-t:1ent versus· .. a -::fl ight~ 'of fou'r ._ (two 0 versus 0 -four)' and a . flight. of four 

versus a flight of four (four-veraus 0 four). For our first engagement, 
-·----let's assume -that ve -have · an -element of two -att~cking -another - element 

,; __ a._,- ~~-'- -- of two. - . - _=§:.., -_--_.-, 7 - -- - -

( 

• l\,;o Attacking Two 

·To attack an_ element with an_element, _the maneuvers and proGedures 
learned in the section on.Fighter Maneuvers and Tactical Formation will 
be employed to gain an advantage. The attacking element will attempt 
to set up ·for a missile attack. The defending element will counter 
with a defensive turn in an effort to preclude this attack. The attack­
ers will maneuver for a follow-up gun attack by cutting off or yo-yoing 
to the defender's anguldr velocity cone, or they will attempt to deliver 
a missile in a secondary attack by employing the roll-off or the barrel­
roll .attack. If the attackers are unable to set up _f.or a missile launch 
but are able to set up for a 2011w1 Connon attack, the defenders will be ~• 
placed in a p:i:ecarious position. If the defending element continues ¾Or 
to maneuver as a single elern-=nt ~ without being able to shake the attack- 00il'~ .(,~ 

• , _/ ';J ,\ :-. 
ing ele.ment - the attacking elem:nt will simply move in and shoot down -< {"e~12- ~-~ ) 

the wingman, then th~ leader. To prevent this possibility, the defend- "~ 
00

c"II" ~t\1L 

ing elerr,ent may attempt a defensive split. This _split may be executed ·,~ a <e~ce 0 
so that the leader and the wingman turn in opposite directions through ~ce~ -t' \e~~~ 
the vertical and horizontal pl2ne or in the .S<i:.'le direction with hori 0 ~cfb -\Oi-i< 
zontal or vertical sepcirat:ion. 'o'eG'f. 

If the defensive split is Executed with the defending leader and 
wingrean turning away from one enothsr, _the attacking element can split 
and continue the atta~k as individual fighting units, or maintain ele­
ment integrity and · continue the attack on one rn2mber of the splitting 
element, If the attackers split, they retain off~nsive advantage 
ag.:1ins t th2 split t:~ng d~fe.1der3. Ho~•lever, they incur a ci.efEn.si ve ad­
vantage, in teros of look-out cap~bility, against an att~ck fro~ 
another enelily elE:r..ent. To mai.ntai.n an offensive cap2bility in terms 
of n:1~euver.:-;bil:i ty, and a deofi:;nsive c2pability in terr..s of Liok 0 cut, 
the attackers sh~uld rnai~tain elem3nt intEgrity. To continue the 
.itt • .:::ck 03.::in:,t or.~c r.-,,-:,:::.2,: of "th~ .:;, sp; ;'.. tti.ng_e~~-c ... ~nt • tht;;.!dt~c:1cksrs 
c..:1y select either r.:er::b:r if the split is in the horizor,tal pi ane. Tne 

[~~-1 
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defender not selected must _then continue the turn or reverse in an 
effort to provide his teammate mutual support; · If the fre~ defender 
continues the turn, he will meet his tea~.mate and the attacking ele­
ment from a nose-quarter position and will be in a poor position to 
provide effective aupport. If the free defender reverses he will be 
in a better position; however, he will stiU be unable to provide 
effective mutual support. The distance generated by splitting in 
opposite directions, plus the time needed to execute the reversal, 
will place the free defend er at too high an angle-off to launch a 
missile and beyond effe~tive range to deliver a 20ir.m cannon attack. 
The attacking element should select the high trailing defender if the 

·· split in oppositi "directions ls ·co~duc~ed through both the vertical and 
horizantal planes. If the low, foy;.1<1 rd defender were selected, the 

~ free li!.gh defender~wriuld be able to -roll off and rnove inside the -~ ,.._·.-., .. ·-. -
attacking element's angular velocity cone for a 20mm cannon attack. 
On the other hand, if the high trailing defenGer is selected, the low 
free defendc~ has the same problem3 in supporting his teammate as did 
the free defender in the horizontal split. By geometric inspection, 
we can see that a defensive split in opposite directions is not effec­
tive, because a pennanent separation of the defenders is achieved with 
the free defender ~nable to drive the attacking element off his team­
mate . 

If the defensiv~ sp!it is conducted with one defender executing a 
max-perfonnance turn in th8 horizontal plane (or slightly nose~down 
in the vertical plzn2.) and the other defender turning in the sam~ 
i~lative direction, nose-high at lias than maximum performance, the 
attacking elecent is f~ced with a defensive split difficult to contend 
with. See figure 38. In this split - with the defenders turning in 
the same relative di:-ection, b-it separated in the horizontal and verti­
cal _planes O the fr-ee defen,:1.e r can m:ire ec:sily maneuver to support his 
teaffi!Uate, since he will . not be out of r ange, nor out of phase in terras 
of angular velocity. To man8uver against a split of this nature, the 
attacking element Day employ one of five p~ssible options : (1) Dive 
in and att~ck the low-inside defender, • (2) Attack the high outside 
defender, (3) Split and continue the .att &ck against each individual 
defender, (4) lnitiat!ng an attack againi t the iow defender ~ and 
switch the .'lttack to tha hi gh def2nder after the low de.fonder is well 
co,:;nitted in .:; dsfensive t u·cr;., and (5) Perform a fll'.id s2para tion to 
drive the low defen::!E:r. out of the fight, then regain element integrity 
and continl'.e the atta~k ag ~ins t the hi gh defender. 

If thE att ack i ng c ~~□snt d~ives in after ths low- ins!de defEnd2r 
(option 1) the high de fend e= wi~ : be in po3 ition to launch an attack 
against the a ttack in8 element 1 s six - o1 clock posltion . The ~ttacking 
el e~cnt will be s a~d~i chcd~be t was n t h2 t wo def~nders with an obvious 
loss of ciffc ns iv s pot ential , and a poss ~b:e s~crifice of a wingcan in 
an effort to dcs ttoy the :~w dcf2nder. I f t he attacking el e~Ent attacks 
the hi gh defrcd e:r , t h2 t.i. gh dsf r.. nd,:'. :- c ;, n r cvc :·se -roll or roll u:-,derneeth , 

[
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down and away from his teawmate. The free defender can then simply 
reverse-roll and sandwich tha attacking element between the two 
def~nders. Once again, the: attacking element's wingman will be placed 
at a severe disadvantage if this attack is continued. If the attacking 
element splits and continues the attack against each individual defender, 
the attackers have an innnadiate advantage since the defending element 
will be unable to effect mutual support. However, this advantage can 
be short-lived if the split attacking element is, in turn, attacked by 
another enemy. The attacking element will have -sacrificed look-out 

, __ ,~-~- - . capability and mutual support, thus b1:;coming an easy set-up for the 
new enemy. For this reason, we do not advoc~te an offensive split as 
a means of countering . the defensive split. If the attacking element 
initiates an attack against the low defender ii a defensive split, then 
switches the attack to the high defender, the.attacking element can • 
maintain its offensive advantage without needlessly sacrificing a wing­
man. See figure 39. To employ this course ·of action correctly, the 
attacking element should drive in and select the low defender. When 
_the ·1ow defender observes this action, he will be forced to tighten his 
~tirn to prevent hims~lf from becoming an ea~y target, This action by 
the low defender will cause him to be driven further from his teammate, 
with reduced maneuvering potential. If the attacking element handles 

( this initial maneuver correctly, the low defender may be driven com­
pletely out of the fight. The attacking elem~nt s·hould switch the 
attack to the high man after the low defender is well committed in his 
defensive turn. The switch should be performed before reaching the 
high defender's line~abreast position and before zoom potential is 
sacrificed, If the attack against the low defender is prolonged, the 
attac-king element wiil experience airspeed decay, hence a loss in zoom 
potential when the switch is made against the high defender. If air­
speed decay reduces zoom to the extent where the high defen<ler can 
counter with a zoom through a greater angle~ the attacking element 
will be forced out front and b<?.low the high defender. A nose=high 
reversal by the low defcnckr at this point will sandwich the attack~ 
ing element in the vertical· plane. To preclude this possibility, the 
attacking element should swL.ch and zoom soon enough to force the high 
defender to turn into the attack. During the switch, the attacking 
wingman should closely observe the low defender's subsequ2nt actions, 
to determine whether he is out of the fight or is reverse-rolling in 
an effort to m<':neuvcr into the attacking element's six-o'clock posi= 
tion. If the low defender is out of the figh~; the attacking element 
can continue to engage the high defender. If the low defE-nder is still 
a threat and reverse-rolls, the att~cking ele~!nt should disengage the 
high defender, roll wings-level and zoom in the vertical plane, while 
it still enjoys the airsp~ed advantage. As sho,-m i.n our discussion of 
Fighter Maneuvers, a zoom~nder these conditions enables the attacking 
element to reduce its horizontal velocity co~ponent in relation to the 
defender. As a result, th~ defender is forced below and fo~ward and 
the attacking element need only roll _ off and maneuver toward the trail­
ing defender 1 s six-o 1clock po3ition. During the roll-off, once again, ;;;;;«=•~r.=~~l 
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the attc.1cking wingman must observe the actions of the defender not 
under attack to determine whether or not he will be n threat, 

Another tactic that can be used to successfully counter the 
defensive split is the fluid separation. See figure 40. In a fluid 
separation, the attacking element initially drives after the low­
inside defender. After this initial feint, the leader then resumes 
the attack against the high defender. Meanwhile, the attacking wing­
man performs a fluid separation to force the low defender doym and out 
of the fight. The attacking wingman does not split from his leader to 
initiate a one-versus-one engagement. Instead, he simply checkm3tes 
a ~ossible counter-move by the low defender, while providing the attack­
~ng leader visual cross-coverage during the entire maneuver. When the 

_low defender has been definitely committed out of the fight, the attack­
ing wingman rejoins the leader at normal interval. At the same time, 
he visually obs~rves the down~and-out defender ·for a possible _threat. 
After rejoining, the attacking element presses the attack with a two­
against-one advantage over the high defender. To make th~ fluid sep­
aration a successful tactic, the attacking wingman must play the sep­
aration so that he is able to rejoin the leader after forcing .. the low 
defender out of the fight. If the attacking leader has an experienced 
wingman, .and one whom he can trust not to split, the fluid separation 
i~ the best counter for a defensive split. · If the wingman is inex­
perienced or lacks talent, the best tactic would be to maintain element 
integrity, attack the low defender (in an effort to drive him out of 
the fight) then switch and continue the attack against the high 
defender. 

Procedures for Maneuvering A!rninst a Defensive Sv1 it 

1. Attempt to force the low defender dm•m and out of the fight. 
You are trying to force the we akest man out of the fight to give you 
a two-to-one c:idvantage. Normally the wingman will be the low defender 
with the least experience. 

2. Do not prolong your attack on the low defender. Tnis may kill 
off too much airspeed and result in a less of offensive advantage ,1hen 
you attempt to zoom behind the high defender. 

3. Switch the attack to the high defender. This maneuver should 
be performed before you lo3e too much airspeed and before the high 
defender reaches your line~abr2ast position. 

4. Perform a fluid s e;,a r2tion 'and allow your ,ringman to force 
the low defender do,m and out of the fight. This maneuver sho'..!ld be 
perfon,ed o.ily if the ,-:ing::-, .:in is fairly e:~perienced. He 3hould not 
atteQ.pt to destroy the low decfend~r, but should force hir:1 down and 
out of the fibht as qu:.C:.: iy as possible, while r::2int2ining a visual 
look-out on the le2dar. If your wingman is relatively inexperiensed, 
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(and/or untrustworthy) you should maintain close element integrity 
and si:nply switch from low to high defender. 

5. Rejoin the leader 2s soon as the low defender has b,~en defi­
nitely _co;:nrnitted out of the fight. Do not follow the low defender 
too far or element integrity and all mutual support will be sacrificed . 

6. Complete the attack with a two~against-one advantage. The 
wingman should continua to closely observe the low defender to prevent 
any counteruattack. 

- •- ·- - ' 

Def ending ·T;,,; ?;,ih eii C A t:t~-~ k·sd b..J-2.n"..2. 

• The-de fending ~iement . should -in.ineuver 'as a single unit to counter ac-MC>C -

a missile launch arid a fc,llow=:.ip 2omm· cannon attack. The tactics 
illustrated in fighter rn~neuvers apply equally as well with an element 
as with a single aircraft. The defensive split should not _be employed 
to counter the missile attack. To successfully deliver A!M-9B against 
a maneuvering defending element, requires a launch at ranges in excess 
of 5,000 feet. A laun~h under these conditions can be easily nullified 
by generating angular velocity, A split is not necessary, If employed, 
the defending ele~ent will be for ced into a permanent separation, with-
out the necessary mutual supp::>r-t to counter .the follow-up gun att2ck. 
The attacking element 9 at its leisure, may move in for the kill against 
one defender without interfer3nce fr.on his temr:mate. The defensive 
split should be employed when there is no po::;s:i.bility of shaking the 
attackers as they approa~h gun firing range (3,000 feet). To set it 
up, the defending ~eatler should declare the split. On signal, the 
inside defender (esually th.s wing:nan) should tighten up his turn in the 
plone of the att~ck, Tne other defender (usually the leader) should 
maintain his turn and B?~ead out, as well as up, to effect the split. 
If the split is conduct~d in the horizontal plane~ this -means that th~ 
inside defender w:i.11 bs t1.1rning leve l or in a slight nose ~down attitude, 
while his te~m:mate wil l be tu~ning in the horizontal plane and also up 
through the vertical pl~na, See figure 41. At the time the split is 
declared, certain re.3pom, ib • l i.ti.es exist between the inside and outside 
defenders. The insi.de defr,::no.er no longsr provides visuai cross~cover~ge 
to his tsamm2te. In2ts 2d 0 he devotEcs his entf.re attention to the 
attackers i~ o~der tha t he may play the attack and det~mine the at= 
tackers' subsequ~nt action. The high~outside defender, on the other 
ho.nd,, dete.rminss the magnitude of th'3 split by playing his position in 
respect to his tea1nmatE as we.:.l a,s to the attc.cking ele-cent. Con~ 
fro~ted with the split, the attacking el ement must now make a decision 
as to whEther to etteck the low-iniide defender, att ack the high-out-
zide defQnder, or split 6nd continue the att2ck against each defender. 
In considering the-::e th::ee possibi.lHie:s, the att2cking clement can 
initiate one of fis., po:sihlc co~rses of action: (1) Attack th2 low 
defender, (2) Atts~k th~ h!3h d~fecder, (3) Split and attack each 
{ndiv!dull def 2nj ~=, (4) I ni t i ate or feint an attack against the 
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low-inside defender; then switch and continue the attack against his 
high-outside teaffiffiate, or (5) Initiate an attack against the low 
defender and perform a fluid separation i~ which the atta~king leader 
selects the high defender while the attacking wingman drives the low 
def~nder out of the fight, then ~ejoins the leader on·the attack 
against the high defender. 

If the attacking element drives in after the low defender (figure 
--· . _42), the low .defender fights as a single aircraft in an effort to g~in 

~~L-~""·"-im offens'iv~~ advant age. ·- At thG . sc:me 'tfrn-i!; the high defender drives in 
after the attacking element in an effort to force them to break off 

- _ .. ------- the attack~ During this process, the low oefendcr does not compromise ~ 
'" his position to set up his tea;nma.te in the attacking element's six- -

o'clock position, It is the high defender's responsibility to gain an 
offensive advantage without a co~promising assist from the low defender. 
If the low defende.:-can ·a~hieve 2n irr.m~diate offensive advantage against 
the attacking element, the high defender should iIT!':uediately clear his 
teairmate and allow him to set up for th,e kill. ]-1'.ltual support of this 
nature enables the defendir:ig -el€-;;1,mt to exploit any advantage with 
dispatch. 

-
If the attacking element attacks the high-outside defender, the 

high-outsi.de defender sr,ould imm2diately play the attack tn an effort . 
to acquire an offensive advantage. Once again, the defender under 
attack .(high defender) should not compromise his · position to set up his 
teammate to gain an 2dvantage. This means that the high defender must 
force the attackers to overshoot. ·The· overshoot may be generated by 
executing a max=performanc:.a turn into the attack or by employing the 
high-Groll underneath, see .figure 43. Considering the geometric posi­
tion of the two defenders, th~ high=G roll underneath would be the 
better maneuver. The roll. ung.er.neath wl.11 not comprorrii!ie the high 
defender's posit::.on, yet it will make it easier for the _low defender 
to move into the attacking element 0 s vulnerable .six-o'clock position, 
because the final portion of the roll wiH be away from the low defender. 
The moment the in.:;;ide~lo,J defende,r obse:rves the. attacking element driv­
ing after his high tec.rrim3t2; he zh.ouJ.d pull out of his defiin.:::.,,e • turn 
and drive to~•7at"d the att2ckerq s si.x=o 0 clock position, If the high 
defender performs a h:.gh=G roll underneath,· the low defender can achieve 
a lethal position by ex,?c·.::ti.ng a ·simple reversal or a roll=off r.1aneuver. 
(Se:e figure 43) If th2 high dden:ier turns dqwn into the attc1ck, toward 
the lo-,, dcfende.r, tbs low d1cfc:.ndsr will b= ·forced to e~cecute a nose-high 
reversal followed by a rol:.~off to rr.ove into the attacki.ng elE.r.:ent I s _ 
six-o'clock po5ition within 20,.;.11 C:annon range, In this position, the 
low defender either forces lhe att~ckers to bre2k off or he clears hiJ 
leader, in the event hi; leader g~ins an offensi~e position. 

If the attacking elE~~nt spllts (each attacker taking a def2nder) to 
counter a defensive sp~it, the d~fenders must break eleraent integrity 
and fight as sin3le alr~t~ft in an effort to elude the ~ttsckera. 
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During this portion of the engagement, each defender must disregord 
his teammate's actions until he is able to succe~sfully evad~ his 
opponent. The purpose of this action is to prevent the defenders 
from compromising their respective defensive p9sition. The first 
defender able to elude his attacke~ should maneuver to support his 
tea~~ate as soon as possible. If the attacker is an especially 
aggressive type, this may be impossible until, the defender destroys 
him. The one-versus-one fight caused by the attackers' split is .the 
only engagement which causes a permanent split of the defensive elem3nt. 
However, this is necessary to preclude .Joss of both members of the 

:defending element. . . . _ 
---~~~~-!,:._.,....·,.,-~,r;..,..-~~::.:.~~---~- ~-'-~ ~· .~::,,c.::: .. ,_ _,, • ........ -:::.-;;.-- :;. - .- -~ '.·: 

If the attacking element initiates or feints an attack against the 
.. · low defender · (in an effort to drive him out of_the fight) then switches 

the attack ·to the high defender, (figure 44) the defending element 
must maneuver initially as though the attack were directed agai'nst the 
low defender. During the initial_portion of this engagement - before · 
the· switch is _attempted - the high· defender should note whether or not 
the attacking element attempts · to ,prolong the attack against the low 
defender. To stay with the low defender toq long means that the 
attacking · element will experience considerable airspeed decay. If the 
high defender observes this sort of action by the attacking element, 
he should not turn or roll down in.to the attack when the .switch occurs. 
Instead, he should roll wings~level and zoom in_the vertical plane. 
Since the attackers have dissipated _their maneuvering airnpeed ~they will 
be .unable to match the high defender's rotation angle and subsequent 
zoom (see section on }faneuvering after a Turn Overshoot,in Fighter 
Maneuvers)~ The attacking element will be forced below and in front 
of the high defender. During the switch, if the low defender has rolled 
nose-high out o{ his defensive turn, he will move to~1ard the attacker's 
six-o'clcck-lou position and the attacking element will be caught, with 
l _ittle or no maneuvering airspeed _in a vertical sandwich in front of 
both the high and low defenders. • If they remain in this po3ition, the 
high d~fender need only execute a roll-off ~oward the .attacker 1 s '~ix­
o'clock position. Ii the att -:ickers attempt to dive aw2y, they will 
posit::.on themselves in front r ~ the low defender, In either cas·e, the 
defending element now has the advantage. If the attacking element does 
not bleed off airspeed~ by prolonging the attack against the low de~ 
fender - prior to executing a switch, the high defender must turn down 
into the attack or perfom a high-G · roll · undernc~th, · to counter the 
switch. See figure 45. Although the high defender is provided less 
oppo=t~nity to gain an advantage by this action, the low defender is 
provided a greater O?port~nity. The reason for the low defender's 
greater opportunity is that he will not be .forced to stay in his max­
perfo~ance turn so long. This r:!eans that he will have mor2 maneuver-
ing airspeed, her'.ce .:1 great~t· opportunity to man2uver into the attacker's 
si:-:-o'clock position after the.y perform the switch. As a r esu.lt, the 
lo·.; defender can clear his te.::i rr_-:ia te , in th2 event he gains an advant.'.'.~e, 
or he can quickly provide mutual support and force the attacker to 
bre ct k off his attack on the high defender. 
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SWITCHING THE ATTACK TO THE HIGH DEFENDER 
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If the attackers - perform a ".fluid separation" as a means of 

countering the defensive split, the defenders will b2. hard-press8d. 
To th~m, ~- fluid separation will appear as an offensive split. There­
fore, they will be forced to initially treat t~is tactic as a split, 
and maneuver accordingly. The first indication that the tactic is a 
fluid separation, rather than. a split, will be when the attacking 
~ing~an br~aks ciff · the in~ide defender and rejoins the leader in an 
attack against the high defender. The I!loment the attacking wingman 

· breaks off and attempts . to regain nonnal element integrity with his 
leader, the low defender discontinues 'the defensive turn. He will 
reverse-roll, nose-high and maneuver toward the attacking wingman's 
six-o'clock position. Meamihile, the high defender should be turning 

--~--=~~-·down through thevert:.cal plane .into the-attacking leader. A high-G 
roll underneath may or raay not be performed, <iepending upcn the cir-

.-"'-~" cumstances', -=If there fs- considerable separation bet,-,cen the attack-

( 
I 

' 
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ing leader and his wingman, a roll underneath may force the attacking 
leader to overshooc. However, because of the separation, it can easily 
place the attacking wingman at the high defender 1 s six-o'clock position. 
To preclude this possibility, the high defe1:der should turn down through 
the vertical plane to counter the attacking leader and let his team-
mate provide mutual support by driving in after the attacking wingwan. 
If there is not considerable separation between the attacking leader 
and his wingman, the high defender may employ the high-Groll under~ 
neath in an effort to drive the attackers fo;:·ward. At the sm;ie time, 
this will enable the low defender to more easily clear or pro·,.ride 
mutual support. If the fluid separation is perforrr.ed correctly, a 
great deal of pressure is exerted against the defensive split. The 
defending element must exer:::ise skiliful maneuvering technique along 
with excellent judgment and timing to count~r the .:it tacking element 7 s 
advantage. It can be acc0mplished, but it de:nands a maximum in team 
coordination. 

R_rocedures for Employing the Def2nsi:i.1e Split 

1. Performing the Defensive Split. 

a. Perform a defensive split if unsuccessful in eluding an 
opponent by all other manE:uvE:rs. This split should be initiated ,1hen 
the attackers are approximately 3080 feet to the rear. 

b . . Declare the split to the wingman so that he may turn to 
the inside and play the attack. ,. , 

c, Slide high and to the outside when maneuvering as a lecder. 
You should play the pull··U? to mJintain a supporting position upon the 
'win~an. 

d. Do not ki11 cff airspeed by abrupt or violo.nt rr.o.neuvers. 
Yo 1J ar~ atte~pting to fo'-cc th e att~c~~rs to concentrate their efforts 

[fl;;;■~~] 136 • 
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on one defender, therefore you must maintain sufficient airspeed for 
future rnaneuvering. 

2. Executing the Defensive Split when the Attacker Selects the 
Low D"efender. 

a. Continue a level or slightly nose-low maximum turn when 
maneuvering as the low defender (wingman). A low defender should not 
lower his nose excessively, since the attacking element is trying to 
force him down and out of the fight . 

.,,...;:,_,._,-,;.;. .·, .:.,,,~...£'.:.." • b.• .. _,AtteI!lpt -~-o sandwich the attacking element when maneuvering 
as the high defender. While yo~ a·r,t performing . this u,.aneuver, the low 

____ defender will_ attempt to generate an overs~ot and gain _offensive po-· _ 
--_:-.. tential. 

( 

c. Play the low defender's evasive maneu•iering to achieve a 
firing position. If the low defender maneuvers onto the offense, you 
should support the attack. 

-· 
3. Executing the Defensive Split when the Attacking Elerr.ent Selects 

the High Defender. 

a. __ Perform a hard turn into· the attack or a high-G roll under­
neath when maneuvering as the high defender. This will prevent your 
attacker from being able to position for a kill. 

b. Call the low defender to reverse and pull up after the 
attackers. The low defender should be alert and execute the reversal 
the instant the attack~rs s 2lect the high defender. This will force 
the attacking element into a sandwich. 

c. Continue evasive action in an effort to gain an offensive 
advantage. If, as high defender, you gain this advantage, the low . 
defender will support your attack. 

d. Play the high defender's eva:,ive act{on (when maneuvering 
as low defender) to achievs a firing position, i~ he is unable to 
elude the attackers. 

4. Playing the Defensive Split when the Attacking Ele~ent Splits 
.. .. 

a. Split into a one=versus-one situation, 

b, H«neuver .?.s ne,::e::::·sary to elude your opponent (see section 
covering Fighter Maneuvers) .. , 

c. Disregard your te2m;uate 1 s ·actions until you are able to 
successfully evad e your oppon~nt, By doing this, you will not cc~­
pro~ise your defs~~ive coslt i on, 

[-s;e=;-~==~1 
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d. Attempt to rejoin and support one another as soon as 
_--_·-:;·•-- possible. .You may be forced to destroy your opponent before effecting 
• •• • • • a rejoin_ . .. 

5. Executing the Defensive Split when the Attack Switches from Low 
Defend~r to High Defender . 

a. Maneuver initially as outlined in the Section describing 
the attack on the low def0r:der. 

• . ·.:, ""-, .. :· -. ;'.:.. . . . ~ .. . ' ~ 

. ,,;.,.~~<,,,~-:;:';. , . ..:..c.. .-~• : -:9E~.e~~--to_ ~et ermine }1het~er 5>r, no~ ~he attackers pr~lon~ 
their attack on the low defender. If tfie_attackers attempt to stay 
with the lo-;.1 defender too lo::1g, they will lose airspeed very rapidly. 

- -.-_,,-.---~---_.o.,---_-If this condition prevails, the high defender shoutd rol1 wings.::level - ~ ­
=-~ "~::-__~L:~--·when the · attackers_ execute thsir switch. If · the attacking element has 

: .. ~--~_:_-~·c-~:::.killed 'its airspeed, it wil! be unable to match the high defender's 
. -~-. • rotation angle and will be for~ed below and forward. During the switch 
- ,.. • - , .. • the low defender should perform a nose-high ~eve rs al to catch the 

( 

( 

- attackers in a vertical sandwich. -

c. Turn down into the attack or execute a high=G roll under­
neath when maneuvering as a high defender, if the attackers do not 
decrease airspe-:d pr:.o·r to e.xecuting the switch. 

d. Execute an imm2diate roll 0 out when maneuvering as a low 
defender. This maneuver should be initiated after the switch to the 
high defender. 

e. Play the high defender 0 s subsequent actfon in order to 
gain a firing position or to support any offensive action taken by ·· 
the high defender. 

Attacking Four with Tw9.. 

To-gain maximum advantagE!, ·an attacking element should strike at 
six-o 1 clock~'!.ow in an effort t__, deliver AIH~9B. If the fli3ht of four 
fails to detect the attack the attackfng e1£ment should pick out the 
nearest tar:gst and lc:unch a missile. If the flight · of four w"heels 
around in an effo=t to nullify the attack, the attacking element should 
re-position behind the defending trailin3 elem_ent. From here, the 
attacking elemsnt· 5hculd dri:,.re in «nd set u1>· for a secondary missile 
attack - by employing the bar.::cl~roll attc:ck - o= a follow=up 20IT.:n 
cannon attc::.ck, in th2 event it is impossible to reposition for AIH-9B. 
If the flight of fou.~ splits ::.nto two· separate fighting elements, tqc 
att~cking elerrent should switch to the outside trailing element and 
ccntinue its attack. Du.-:ing the switch, the attacking wingman should 
closely observe tlie dsfa.n<ling elemsnt to deteruine if it will provide 
mutual support to th'?. eiE~ent under attack. If the fre~ element can 
pro·vidc rr;utual s;,;p;:,or:t, the atta::·.kin~ e.1 1?.mcnt should rol! wings 0 level, 

[;_;~~~::_::=] 
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. zoom in the vertical plane, and once again reposition behind the -- trail-. 
___ ----: -:...:, ing element. .See figure 46. ____ When the defending elements are no longer_ .. __ __ _ 
• • ~- • able to p~ovide mutual su?port, the ·attacking element should move · in ':.,, • • 

for ·the kill 'behind the trailing defending element. 

Attacking a Flight of Four with Four 

--To attack a flight of four, AIM-9B-equipped attacking elements 
should maneuver into the defenderas blind area in an effort to set up 

• for a missile attack without being detected. If success,ful in this 
-~ endeavorL~ag_!i~~:1-t,~a~k-~ng , elem~n~.,,s~ouid ___ g _ne_:~p b_eb~n_d ,a ;::.rE:s._pec ti ve ~ __ . , __ .:- -:~ ,- . 

defending element in the flight of four. On signal, the attacking 
element leaders should launch their missiles. If the defenders fail 

---~to- ~aneuver, they will lose two aircraft- (orie out of each efement)_a_n-cdc---~----- -
:-· _be set up· es individual defenders with a two-to-one disadvantage against 

• -~· their respective attacking elements. -~~ In describing this type of attack, 
,. a better method may appear obvious: . To have each individual attacker ... 

-- • - ··- • laUnch AIM-9B against t .he individual defenders. This may ·be accomplished, 
_f: however _the coordination and timing ·needed before the dezend_ers execute 

( 

( 

a counter-maneuver, make it appear unlikely. In.addition, this tactic 
destroys the attacking element's look~out capability. 

If the_defending elements detect the attack and maneuver against 
it, the attacking. elements will be unable to maneuver line-abreast and 
launch their missiles simultaneously. Instead, the attacking elements 
will be forced in-train (element behind element) to attack as a flight 
of four against one of the defending elements, or to attack as individ-
ual elements against the respective defending eleme~ts . __ ]:! t_he a_ttack- ________ _ 
ing elements maneuver as a flight of four, against one of _the defending : 
elements, the free defending element will be provided an opportunity 
to_ maneuver behind the flight of four. · If each attacking element se~ 
lee ts ·a defending element, mutual support becomes almost impossible, 
since each defending element must maneuver against its respective 
attacker to counter a possible missile launch. Considering AIM-9B, 
this means that the defending elements can no longer maneuver in respect 
to one another, but must maneuver in respect to their individual at­
tackers. As a result, the four-versus-four engagement becomes two in­
dividual two-versus-two engage□ents, with each attacking element attempt­
ing to_ set up for a missile att.ack or a follow-up 2Cb.m cannon attack. 
If the attackers are forced in~train and the two defending elements 
attempt to separate for mutual support, the lead attacking clement 
should attempt to drive the inside defending eleme_nt into a permane.1t 
separation. Before the lead attacking element co~promises his posi-
tion and diminishes his airspeed, he ~hould switch the attack to the 
high-outside trailing defending element. See figure 47. At the same 
time, the second attacking ele~e.1t should drive after the · inside defend­
inij clc~~nt. This double switch by the attacking elecent counters the 
defenders' possibility of setting up an effective sandwich on the lead 
eleracnt and t~e finht ends un in an elernent-versus-ele~ent engagement 

l~~:;;;;~~Jy~ 
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with th~ attacking elements enjoying the advantage. See figure 48. 
If the defenders maneuver as a flight of four, the attacking elements 
simply drive in aft~r the trailing defending ~lement, destroy it; then 
.continue the action against the lead defending element. 

Procedures for Attacking Four with Two 

1. Begin your attack ·on the high element .. If possible, at six­
o'flock-low. Thi~ will position you in your _opponent's blind area . . 

2. Switch your attack to the -lead element after the high element 
--·- is vell committed in a defensive maneuver_. ~f the high elem.ent should 

reverse, pull high and position yourself behind the trailing element 
• -'·=~-~-~- while you still have an airspeed advantage. ~- .-., . 

. 3. Drive in egain and attack the trailing element. I£ the defenders 
a_ttempt (and are able) to provide mutual support, slide high once again • 
behind the trailing element. 

. { 

• 4. Continue this procedure until the defending elements ar~ ~nable 
to provide mutual support, then drive in and attain a firing position 

• behind the ·trailing element. Your wingman should keep. you informed as 
to the whereabouts of the free element, to prevent any possible counter-

( attack. 

Procedures for Attacking Four with Four 

1. Attempt to maneuver yoyr flight into the defender's blind area 
without being detected. If successful in this endeavor, line up each 
attacking element behind a defending .. element. On signal; the attc:ck­
ing element leaders will launch missiles to eliminate two of the de­
fenders. If the defending elements · observe th!°s attack and maneuver 
to counter it, employ the following procedures. 

2. Continue the attack, element against element, in an effo·rt to 
prevent the defending elenienta from setting up a mutual-support situa­
tion. If the defending elements' maneuvers force ycu to attack in- · 
train, they may separate the elements and atto2:mpt mutual support. To 
co1.mte:r this ta.ci:ic, employ the following procedures. 

3. Drive in (as le2d attacking element) after the inside defending 
element, in an effort to force the defending elEmcnts into a permanent 
separ <1 tion. 

4. Switch your attack to the high outside de fe nding element before 
ycu coraprorn ise your positio~.and diminish your airspeed. At the same 
ti ~~, s~itch your fluid elernint (second element) behind the defender's 
fr~e clement. This do~~lc s~ritch pr2v2nt3 the defen2ers from setting 
U? cu tu~l support in order to sandwich the lead attacking element. 
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s. Press the attack as separate elements. This allows each element 
to take advantage of its superior position. Also, it prevents the de­
fenders from effecting a re-join and subsequent mutual support. 

6. Maneuver behind the trailing element if you have the whole 
flight breaking in ·the same direction . 

Defending Four when Attacked by Two 

• To successfully defend a flight of four, the defenders must detect 
the attack and determine the number executing the attack. If the de­
fenders are certain there is only one element performing the attack, 

~,~-~~ their course- of -action· is simple. --~The moment they pick up 'the attack­
ing element, they mus·t determine against which defending element the 
attack. is being exc-.cuted. The element being attacked turns away from 
its supporting element. This means ·that if the attack is directed 
against the high element, it turns down and away from-.the lead element. 
If the attacking element continues to press its attack against the fluid 
element, the lead element simply rolls in behind the attackers. If the 
attacking element switches its attack to the lead element, the lead 
element turns into the attack and the free defending element reverses 
nose-high, then follows through with a roll-off to move· into the attack­
ing element's six-o'clock position. See figure 49. The attacking 

. element, caught in a sandwich, will now be forced to maneuver against 
the attacking defending element or face the - possibility of being de­
stroyed, 

Defending Four when Attacked by Four 

If the attacking elements drive in and line up behind each defend­
ing element, the defending elements must fight separate element-versus::. 
element engag·ements. If mutual support is attempted, one of the defend­
ing elements will be forced to maneuver in respect to the other defend­
ing element. Such a tactic, with an attacking element in lethal posi­
tion, would be disastrous. If the attacking elements maintain flight 
inte3rity, mutt!al support may. be initiated. The element under attack 
turns away from its supporting element. If the attackers continue 
this attack, the suppo~ting or fluid element drives in and sandwiches 
the flight of four. During the attempt for mutual suppo~t, if · the 
attacking lead clement switches the attack to the outside defending 
element, and the attacking fluid r ele~ent drives in after the inside 
defending cl ement, the defending elements must maneuver as separate 
clcr..ents. 

Procedun ~s for De fendin~ Foul'- when Attacked ~y Two ---
1. Check to be sure there is only one element perfonJing the 

cttack.. 
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2. Turn the element under attack away from the supporting element. 

3. Turn the supporting eleme nt 
switches to the supporting element. 
again, but in reverse order. 

in on the attackers, ~f the attack 
The attackers are sandwich.ed once 

Procedures for Defending Four when Attacked by Four 

1. Fight as separate elements• if the attacking elem.en.ts initiate 
simultaneous ' attacks against each defending element. Mut_ual support, 

. , attempted agai!!s_~"" this _tactiS, ~-~!_11,_o~ly compromise the position of. one 
of the defe_nding eJements. • 

-, ' 

i. - ~If--th; ·~ tui~~ker i ~'~a-i nt"aT;flight ~i"n-t~g;i.2; :~;d· attack -·eith~~--- ... -~ ~,. 
one .of the defending elements, employ mutual support arid sandwich .the 
flight ·of four ·. ', - ~· 

3 . . If the attacking lead element switches the at~ack to the sup• 
porting element, and the attacking fluid element drives in after the 
inside de-fending element~ maneuver as separate elements. 

SU:-!HARY 

In discussing fighter-versus-fighter combat we have emphasized the 
' importance of~ and velocity during all maneuvers. A pilot under 
attack will not be able to •simply outrun his opponent - he must gener­
ate sufficient angular velocity to prevent a successful rnissil.e launch 
and/or a 20mm cannon attack. This .means that "high-speed tactics" can­
not be distinguished from "low-speed tactics" since the entire field 
of ~aneuver and capability must be considered. As long as fighter 
pilots are co=itted to rear-hemi.sphere attacks~ the concept depicted 
in this study will hold ~rue. New weapons sue& as the F-104 and F-los · 
aircraft and the AH1-9B missile may change the maneuvers per se, how­
ever the· principles involved w5.ll remain the same. 

• 
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