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10 In S!t.;~ordan~e wHh Af?R. 5°~ and in ~ompliance with AFR 5 ... 5jt,J~ng 

Suppli.€:~nt "'lo _)l,:!~io Air lfoit>~s Bmhllte , d,;ited 21 M~rch 1960 , this 
publiceition biai~ ~"!l~mr, thoK"oangEllly t'@Will'lw~ci. by t hel 1.mde1rnigncd 
offi~~~~ , and : • 

i v 

A o x~ coni;iilill<Ei~<Sd <eOSliSKllUail fog> tlme foHo '1ing lt'efl60Il!B: 

(1) It a~tbfi@s si Tai~ Ucail Air Comm£ind need for GARo8 
employm~nt i~fom@tion o 

(2) I~ pn:owi©\@ffil &i~ ~o·.:1pll~t@· e«ll eutho.e:U:eUva en,.sJLyeb 
• of Ae1dru ~llx~Xfl<;;0 fore M® by sill fishtet' unit9! 
withit tAC o • 

(3) It "iU l b~ u g;@id\ .lll!.il a r(ef,flll:'®n.11:e lrork in oilupport of • 
Couii'si® lfo o lll.ll.5iOSB~ mmid ·by u.nih und®ll:'gohig t r.;i.in i na 
i ~ t h® k mde--wfo Se!C! ti.on of th$ U'SA.'!J Fig~ll:er Wonpono 
S©hoolo ' 

b 0 It bia!i! beoari. i&,M:~is'F.!li @cedl ~o l'o,(l,l £1illl od~bil@l t."Orck imic!ii doea 
not d'Uip].fse;bil{l:<i, srniy @Jtmil@k' piJ1\1JJH~ -\!ltioi:u o 

c O Xt <ll:o~ w. K110\t ei:;Oi!llt.ei f1.tu Sllil}' nv~f:tt>.11'(' \i11hii~h might b® conoi.c'.h::2;cd 
o'bj ll<i!fe::lonti'ti>Jl~ ore gi1i;1bjc€:t feo ricli:c:v.al!! o 



---- ----~---- - .... =. ===--======="""" ........... ....., ...... _ ____________________________ _ 
I 

INTRODUCTION 

Tactics ~ fighter~•ver.sus~bombe:r. ~ fightet·A·versus fight er , or 
even ground a ttack~ are developed ~ccorcing to the performance 
c apabili t ies or li.'Tlit.ation.s of th\';; weapons or weapons sys tems 
used. 1.n other words ~ e.ffo.cti·,1~ tact:£.cs r eflect the best way to 
emp loy a g1.v~n weapon against a g:iv cn enemy with known or esti­
ma t ed capabili ties . Assumi ng this to be t :-:-ue, tacti.c.s are 
functional •· that :i.s, they r e fleet the capabilities and limitations 
of the opponent~ s w,.;;apons as we ll as our own. Therefore, in our 
discussion of aeri al attack, w~ muBt de tennine the operating enve­
lvpes of our we2pons sys t ~ms (this i ncludes the a i rcraft and its 
as sociated a :i:mam~nt). After hav:tng l e.arned these envelope para­
l!!eters, the d.i.scusJion w:i. 11 cent e r· on how to bes t employ our 
weapons systems in a given f i gb.te±:·=ve:i:·sus-f i ghtet' or f ighter·· 
versus=bomber s~tuation, i n wh~6h we assurns that ou r opponent has 
compara1;.'2! c 2paMJ.:1.t fas. 

Fight e:::·•·v2:rsr:.s~bomb~.r tact i.cs wi11 be cover<::d fir. ,;;t. In this 
phase. , we ac·,::t:.i12 that a n:2ns ~v::::r.·1.n. i< U .ght e:.:: att;v:k : a non =maneuve r­
:.ng t2. rg~t ; • whe z:12.a; :in th (~ f :i.ght -= :: -·,v .:r:sus ,,, f:tghter.· pha se., we. assume 
t hat 6 n,1r:-2u·.;, 0.:-:-:b:.g i .'.;:::h''... •8i'.' ;,tt..-~< 'k;3 £, 1na r,e:,:,'rer-ir,g tArg ,;1; t. Si nce the 
fi gh t cr."·verat:i.s•, 'bc,nbe,~ si. tu&~i c-n. hcl.S 0~1:i. y one var:Lable -~ the 
maneuvF.:r.:.ng f:Lght2r. •· a cno:::-e 2-..:;,:.;>.ct :-: ,;;c· hnicd'1. analysis can be ac~ 
co□pL.;; hed OP. i.t. In add:.t: :I.on, fi.ghte.r.~v e:,:sus-bombe r theory is a 
funda mente.1 de.parture i:oi.nt fo r £:!. ghter.:.,v.s-,sus= f:i.ghter combat . 

.. -~ 
. -::n:02!..t.:r..).:t.i,JEJ... 





J3ASIC LIMITATIONS OF THE DISTURBED SIGHT AND THE 20MM CANHON 

( 
To adequately employ the disturbed sight and the 20m.'11 cannon, we 

must understand the limitations Qf this equipment in any tactical 
situation.· 

The operating range of the ASG-17 disturbed sight is . from 600 to 
6000 feet. It will compute the proper prediction angle for a target 
th..r.·oughout 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 that a pilot would be able to deliver a lethal burst of fire 
at a rarige greater than jOOO feet because of the difficulty in tracking 
beyond that range. 

To ac~uratdy predict the lead requirement, · any disturbed sight 
requires the following basic information: range and target angular 
veloci ty. In the dis turbed sight, range is p:covide.d by . the ranging 
radar, and ta?:get angular velocity informatioIJ. is acquired by tracking 
the target aircraft. Since the pilot is fo rced 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 of t~e attac~ing aircraft ii .set into the sight through gyro action. 
'.Che info1.1J~ 1::'.".o:1. ~. s then ma::--:ci.ed to the input from chE r:ada1.· 3nd the 
prope:: p:recli.l'.::':".i.ori 2n':;}.e is ~c,r:qut2d by placing an electric=1.l restr3int 
(st:tff:J.i?.f.i~, cn;:'.':::-er.t) on tiv?. gy,:os. At long r,mges, little 1:estraint is 
applied , whi:cP. a ,: sho:::·t :.:-ang8s 2: g::>,i;;:t ,:;mount of rest :::-a int is applied. 
At ranges be:,ond 3,000 feet., li.ttle restraint is applied, thus produc­
:lng a t r2cking index wr,ich is quite loose and difficult to control. 
Since the pilot' t: respons8s arc: not precise enough, results a·re usually 
poor, even though the equipm;::nt may be working properly. 

Ano~:he:r. Iimi.t:ation is the cone of dispersion of the 20mm cannon. 
For the M-39, hm::mor:i.zation criteria specifies that 80% of all rounds 
fired mcst impact in a 4-mil cone. As we increase fi~ing range, 
bullet density wi ll be dec:::-ef:sed by a function of thE. square (if range 
doubles, bullet density quartera). At 3,000 feet, bu:l~t fensity wil l 
be dec reased to 1 /9 tha t at 1,000 f eet . As a result, an attacker must · 
fire over a longer time span in ord e r to daliver a ·lethal burst. At 
the same time, he must traek a targe;: smaller in perspective. Since 
it is extremeli difficult to t rack with the disturbed si ght at ranges 
greater than 3 ~000 fe et, and the 20rrm c6n2 _of dispersion ctmses loss 
of efftctive b~l Jet density at thia range , we consider our maximum 
r.ange :for the d:'.sturbe.d sight/20mm cannon as 3,000 feet. 

_BASIC LTJ'J:ITATI ONS OF TI-rn AIM-9B (.GAR·:_8) MISSILE A(;AIN_ST A NON~:t-IANEUVER­
lNG TARGE'." 

AIM··9B is a supersonic infra-red··l,.oming missile, laun;:1:-,.ed in the 
ta rgec 9 s ta!: cone on a pursuit cour se~ us ing the fixed sight. After 
launch, the miss i le maneuve r s to establish a col:ision cou~se with 

,=-..... --~== . --~ 
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the target. In other words, the missile determines w1'7re the target 
is going and heads for: that point i.:-:. spac.e . '.I'o succ,'!ssfully employ 
Sidewinder 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 performance envelope of the 
missile. The radi.ation pattern of a particular t a rget is the area in 
which you ~:an det6ct its IR radiation. The performan~.e envelope is 
determined by: Range of the missile, number of G .1«hkh the missile 
can pull and lambda (look-angle) limitat-ions. Thus, the basic limita­
tions of the missile, against a non-maneuvering target, are determined 
by: Infra"red pattern, range, G and lambda. Since tactics are devel­
oped according to the performance capabilities o r limitations of the 
weapons used, discussion of the limitations is in order. 

IR Patte:.rn 

The missile g~r:co-ser~ker locks onto the strongest point-sour,:'.e of 
IR radiation. For a ta~get in military power, the strongest point~ 
source is the hot metal of the jet's tailpipe. Approximately· 85% of 
the IR signal generated comes from this hot metal and . the ramaining 
1.5% C.l)lUf:, :, £:~om the ho t: jr-.:t ex'n~'..1.B_t. Fo:-: a tar.get or•o:':'.'At.lng :·.n after­
bu:cne :i: ;, t h ::: p:d .mtt :::-y s.ou::·ce of ra.ciia t ion i.s the hot exl:aust £:Lame . 
Appro;d,,,l:-"·~~J.y 60~,;, of the sl3nal gen2ra t ed comes from flame and 40% is 
g •.'!·,-h?---:.-,'. tE:!d by thi:; hot mr,![:al 0£ t~l.'.:'. t aJ.lpipe . In thE, d:!,scuss ion of 
:r:-2.d:i.2. / /·~or.'. p2t·~:--;;--:-rts ~ it :~s P.,?.c e .3 .s e_ ~Y to kee~J i!l :ni r:.d tl1e sf1apt! of the 
patte:cn. J::.:, a:i. :::c. ·!.';.;:ft w:i.th sb.i.e lded i':a:;.lp:!.pesi radi.2t:!.on pa:: ;:e:.ns are 
gen:::ra21y long and ·.ce.la t ively ;:tar:r,-o·i1; where2.s, in ai.r1:.: ra£ t which do 
not have shielded taHpipes, the pat t erns ai:-e long and wide. In 
fightn~-type a~r c=sf t, the rad~ation pattern is generally long and 
::::-e1at:!_-,,-c~1::r n.a •::-::.)W G:l.nc e. th~ g.,! oi:;:i,~ ~:"."y 0£ the airc ::-2. ft shields the tail­
;:ii.pe. 'Ihi.s 2.p~i :~:i.P.E: :i.n rnL'..it3.ry po-,rcr on ly. In afte:cbu:mer power, 
1:ai:urally] 

0

tl:e }:>c:tte;-:-n is long and widei since the flame of the after­
burner is not shield~d by the jet's aft fuselage. I~ both English 
ar.ii Sov:l,~i: bornb2 .:•9 ty;:,e. airplanes , in the ho·::i_zor-:1:a ] plane, the jet 
tailpipe ~s sh~elded by the swe ep-bac k of the wings, thus presenting 
z long n.s-::~;_:-o~; p2tter:n. In the vertical plc1ne, hm-1ever, the pat.te:-,:n 
i .. s lori.g a:;,d w:.de, si.nce thP. wings do not shield _the hot meted and the 
jet exhaus'.:. USN' bo::1b,=:::-r.yp·?. airc:::·a f , on the other hand, present 
lor1g -aP..cl "11idf: ,1~.n·t!.~oJ:.1:al patt~,:11.s:' si:,.c c-;: tt,.i~ ecgir:f; r1~~ .=~l ;~ .. ~ ar~ st:s-

,.,-,, .:i 'h••r-,•1 ,._, __ •7i·,-- .... .,. vidJ.·no tt.. ,=, c·· k . " ' l ···- -· .. ·- I ps:.c1...o.ec,. ~e :.. ~1·11 .. :.,.""- ,, _.,,.::,, ,,,,.o _ . 0 u _ 1:,yro-see er " re aL 1,, e .LJ i....n:r.e-
str_iete<l vif,w nf th,=: jE:i: e;Jt2us t . In the overhead v er'::i1c.2.l ;.,lar,e ~ the 
;:.•ai-;tB:..'n 5.:s ·1.r,;:.1.g ar~d r;.a:r .t·o-w, sinc e the wir,.g shi.elds th 2. 7.: R ,::- a .·l:i.a t ion 
i:;,:om !:ht! gy1.·o··se2ker. Rc1d :tac: .i.on pa :.: i:: ,~.cns ··12 )7 wi. t h Ud.::pipe tempera­
ture as we 12. as wi.th aY.ea of the [:ou-.::ce. In otter wo:::-:.'.s ~ thE', gr.-eater 
the ternpe!'.'atur.e, the greater the radiation pat terr!; aGd, logie:a1ly, 
the la~ger the source, the greater the radiation patte~n. To illus­
t;:ate: A bo:nbe:<: with 8 eP. gi r.e s in military powe:::-, as compared to a 
fighte:'..· ,.,J.th o::-~e e r:gine i n mi l it2 r y power, wou J d genera t e a much 
large r 1:adi.2tion. pat'.::e rn b,?. c. a us e the are.a of the so~x,-:e :.s much greater. 

~ --~--] 
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Background IR sources are signiticant tactors affecting the _size_ 
and shape o~ radiation patterns. Important background IR sources 
are (1) Sun, (2) Clouds, (3) Water, (4) Snow -and (5) Terrai.n. 

(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 tar.get which is 
within 25° of the sun, Also, do ndt continuously point the mi~sile 
directly at the s un for more than ten seconds, or the lead sulphide 
detector may be permanently damaged. 

(2) Clouds: Clouds reflect IR radiation 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 _reduc e your slant range to 6,000 or 8,000 feet (AFNDC ADJ 
S8-845) to obtain proper signal disc rimination. If the targe t 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 possibl e to discr.iminate between the backgr ound and the target 
signal. • 

(3) }.Jat,~i:c:_: Wat:er, like clouds, reflects IR energy from the sun. 
Ca tm -.vate::'.' is a tremendous backgr ound radiator when the sun 1 s image 
can actually be seen in the water . Rough or choppy water, ,)n the 
other hand, reflects IR radiat ion i n all directions and the 2ttacker 
need not be in a position where he can see the image of the sun on 
the water . As when opera ting against a cloud background, diminish 
range unti l you can achieve proper signal discrimination. 

(4) Sno~: Snow , like water and clouds, reflects the sur, 1 s IR 
energy. When firing against a snow background, as compared to a 
water or cloud background, you will have to diminish your slsnt range 
much mo re in order to get pr oper signal discri minat ion. There {s a 
good possibility that you will be for ced inside the missile's minimum 
range, thereby prec luding a missile attack. 

(5) Terrain: Terrain background reduces maximum missile range, 
as do clouds and other previously ment i oned backgrounds. Light 
terrain · ir1 particular, such as dry lakes and sand, p·rovides maximum 
background radiation. When firing agains t the three previously 
mentioned backgrourds, under an overi::ast , max range is not diminished 
nearly as much as when rin.r,g under CAVU condi.tions, since 'the clouds 
act as a device for shielding oct the s un 1 s IR radiation. 



Range: 

AIM-9:8 has both minimum and maxiroum ' rknge restrictions. Basic 
minimum ra~e fo r 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) Del ta Mach. 
To be assured of a kill, all three of these facto r s must be considered . 

. First, ti.me for t~1e influence fuze to arm: It has been proven through 
emptrical testing, that app r oximately 85% of the kills achieved have 
been through influen;;e fuze action. 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 
collision cours~: After launching, the missile does not begin to 

• guide until it clears the lat,nc h aircraft. This delay lasts for 
about 1/2 second, at the end of whi ch time the mis s ile receives its 
first guidance connnand and starts to set up a collision course. 
Thi.rd .,__Del~<'!. Mai::h fr ate of closurtl: At r cket motor burn-out , the 
missile is t:cav8ling about 1. 7 :Mach above the speed of the luunch air­
craft. If the launch aircraft has a high rate of closure, the missile 
has a faster airspeed relative to the target. Since it t ake.s a def-
5.ni.te t:tm-~ fo)'.' tl~.e tnflw~ncr: fnze to arm " and a de.f:Lni te time fo:r. the 
missi18 t o set up a co1.1ision course, the missile must. tr.sve:. a greater 
dist.rmce, rc J.a ,:i.ve to the target,, before either one. of these occurs. 
11i.ss:U.n fi r ~:.ng range c:an be dete:rrn:i.ned by use of the foU.owing formula: 
M:.n:Lmum !~dng,J :i. :'J equal to 3000 ± (U e 1ta Mach X 3000) . To i E ustrate: 

, rf· the launc.r. aircraft is traveling at L2 Mach and the target air-
craft at .3 l'!ai::h) we have a Delta Mach of .4. Applying this to the · 
formula, we see that min::.mum range is equal to 3000 + (.4 x 3000), or 
4200 feet. 1hl'~ general "rule-of- thumb " for. mini.mum range, ::o-airspeed, 
C0"'2lt :!.tt:c!e) how12VE:::, is 3000 feet. Maximum Rangfi:_'. . Maximum range is 
dc.te,:111:i n,;d by · three fc.ic tors - guidance. tim'?. , air density and de 1 ta 
Mach. Mi.ss:i.le guidanc:e time is app:cox imately 18 seconds j which i _s a 
constant val ue applied to both .air density ' and Delta Mach. Air den­
sity is an import ant factor ~ in t hat the higher the air densi.ty the 
greate r the aerodynamic drag, thus the shorter the range over an 18-
second ti.me ·pec.iorl. De lta Mach i.s important in that the fast:er the 
launch aircraft, the faster the missile in relation to the tRrget; 
thus, · over £tn 18~second time period, the g r:ea i:er the distance the· 
nissile wil:1. travel. Nany max-range charts have been developed by 
both the A-J_;:· Porc.e and the Na·v·y to depict the maximum range at var~ 
ions a :ttii:t:r:.es, airspE,eds, e:o.d Deltf JvL9.ch rela tionships; however ~ it 
is v:L:r.tuaJ.ly ir!lposs ib1.e to r.ememt-e,~ aJ. 1 these re1ationships. 

The foEowing "rules»of .. thumb" may be used by the pilot to determin e 
max raage: 

(1) For co~speed attacks against tr2ns-sonic bombers - one mi l e 
for al ti tudes below 10:., 000 • feet, add orie~half mi le range for each 
additional 10 , 000 fee2. increase in -altitude. 
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(2) For co-speed attacks against ~upersonic targets - one mile 
range for altitudes below 20,000 feet and[ add one-half mile for e,s.ch 
additional 10,000-foot increase in altitude, In applying the rules­
of-th~~b 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) Del ta Mach ''rule-of-thumb": Add one thousand feet for each 
.f Delta Mach when above 30,000 feet altitude. To illustrate: A .8-
Mach target, at 30,000 feet, is being attacked by a 1. 2-Mach figh_tcr 
at the same altitude. Applying · 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
evei,-, we are beyond the capability of the radar and must use another 
means of deter.mining our approximate range from a given target. For 
normal missile firing ra.nges, fairly accurate range estimation can be 
accomplished by comparing a kno,;,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 determine the size of the target, in relation to the 70-mil­
diameter reticle or 2-mil pipper. 

Examples: 

1. Size of Badger (wings pan 116 1
) in mils when range is 10,000' 

X = 116 x 1000 = 11.6 or approximately 12 mils 
10,000 

This means that at 10,000 feet, the Badger wingspan w:i.11 subtend ll.J.. 
of ~ reticle radius (35 mils). At .20,000 feet the Badger span will 
be 6 mi~ and will subtend l pipper widths . At 5,000 feet the Badger 
span will be 23 mils and will subtend 2J.)_ of a reticle radius. 

--=·~=~] 



2. Size of F-100 

X = 39 X 1000 
10,000 

(wingspan 39') in mils when range is 10,000 feet 
, \ 

= 3.9 or approximately 4 mils 

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

G 

AIM-9B can pull approximately 10 G at sea level and approximately 
3.5 G at 50,000 feet. The 10 G maximum at sea level extends almost 
Etll the way to 30,000 feet. From that altitude upward, thE: capability 
decreases until, at 50,000 fee t the missile can pull approximately 
3.5 G. In other words, Sidewinder 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 approximately 2 G below 40,000 feet and 1. 6 G 
above 40,000 feet. The G-capability of the missile determines the 
G-limit on the fighter at launch. To illustrate: The rate of turn of 
the fi.ghte :-: i n a pu·,:-suit c;.1c.-ve i.;; dependent on target speed,~ angle off, 
and range, as :!.nclir.at:ed hy the :co l l owing formula: 

w 

where W 
Vt 

Sin0 

1.1!: X S fr.O 
Range 

= · Rate of turn in ra.d i.c:11s pc:;: second 
Target velocity in feet per second 
Sine of the angle-off 

.. ' : 

!)y exam:~ning ·:·he. iormu:!.c: ·we (.'.c.!.l s ,:e th.at the rate of tur n (W) in­
creases an7 t i me target ve :ocity or angle-off increases, and decreases 
as rac1g~ increases. ':!:'he n; .. unbe::::- of G wh:!.ch the fighter pulls, at a 
FJ.ven r,1te of tur.·~~·., is d:i..;:er.i•::.y ~-, -:-::opo,~":icn.21 tc fighter .spEed, and may 
he represented by the fol ~owing formula: 

where N 
Vf 
w 

= 
::: 

:::: 

Numbe r of radial G 
Fighter velocity in feet p~r second 
Rate of turn in :c;;.d :i cms per s econd 

We can see f:i:-om the fo ::-rrr.1 la that any time fighter velocity increases, 
we must also lnc·ce;;.s0. C (N), in an effort to maintain a given turn 
rate. 

Rate of turn :i::E:quired for the missi1..e to set up a 
dependent upon fiv~ factors~ (1) target speed , 

~~~~=] 

collision course i s 
(2) angle-off, 



(3) range, (4) enabling time, and, (5) the navigational constant. 
The nui:nber of G which the missile pulls, for a given rate of turn, 
is di rectly proportional to missile speed The higher the speed, the 
higher the G. If the missile is launched ~from a Mach 1 fighter pulling 
2 G, how many G must the missile pull in order to maintain t~e same 
rate of turn as the launching fighter? As shmm by the fonnula 
(N = yf ~ 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 commi tted to pull a maximum of 2 G when the missile can pull 
10 G, an amount considerably greater than the 5.4 G which we just 
co~puted? AIM-9B does not begin to guide until 1/2 second after launch, 
at which time it receives its first guidance signal to set U:? a col­
lision course . During this enabling period (1/2 s econd) the missile 
hfls the characteristics of an ordinary rocket. Because of this~ an 
addit ional rate of turn is necessary to set up its collis!on course. 
To set up the c.:ollision 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
eu,,e1:, is gr:eat2r than the rate of turn of the launching fig:1ter. 
Since e:.e r,:u:1bcr o f G pulled by ti-u~ missile and figher :!.s Equated to_ 

~·,,_,~•~ o ;:~ t ·,x.:':-.·1 mid vr,:~or. :l. t y, i.t is clY-Jious that the 2 G limit.a":ion of_ 
!:b.e I:L.;1:-:.::e:c 2t laur:r.:h ~-s tied t o tb~ 10 G limitai.:ion of thE. missile. 
:f mo~n ~han 2 G is pulled, the tracking rate of the gyro-seaker is 
exceeded by the line-of-sight £ate, thus the seeker loses th~ t arget . 

Another means of exceeding the tracking rate of the gyrc- aeeke r is 
to launch the missile with an angle-of-attack in excess of 12° (the 
angle between the missile I s longi.tudinaJ. a:ds and the l aunch aircraft's 
flight p;::,t:h). For the F-100, sir:.ce the missile launch.1.r. l:in,~ i s 
ali.gnec ;:: 0 below th~ fw;elage :cefere;:1ce line , the maximum c:;L:-craft 
OLgle of attack is 14°. If launched with a greater angle of a ttack, 
Sicl e·\-7:i.nde·c will jump toward flight path, c a using the tn,c.king rate of 
~he gyro-se~ker to be exceeded by the line-cf-sight rate, cossequ2ntly 
the gyro-seeker will lose the target. When this happens, th~ ' rnissile 
goes ballistic. To avoid exceeding a 14° angle of attack, the F-100 
should not be flovm at less than l 70 knots in a 1 G condition. and 230 
knots in a 2 G con~ition. 

Lan:Jc.a li.r,1~t is simply the max look··angle between the axis of the 
g:1,:0-,,~:eb,,:".' ar·.d the long~ctudinal a~is of t l1e. missile - a 2:--degree cone 
with its center along the longitudinal axis of the missile. Why are 
we interested in this l ambda limitation? It is possible for a pilot 
to satisfy the conditions of IR, range, 2nd G, yet be outside the 
l2r.1bcl a c2pability of the missil~. Lam0d2 limit may be exceeded by a 
cc,rnbir.atj on of t,-io factors: l ,w mLssile '7 ~lo,::i ty and b igh 2.ngle-off. 

r~-~~~=:~J 



(1) Low Missile Velocity : ·one -half second after launch, Side­
winder turns to establish a collision courke with the target. Two 
seconds after launch, it has a velocity 1.7 Mach greater than that of 
the launch aircra ft. To establish a collision course, Sidewinder 
turns 3 1/2 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 words, as 
illustrated by figures 1 and 2, as the missile slows down, the lambda 
angle increases until collision occurs. 

f.l).ST MISSILE 

Figur,~ l 

SLO ~'J MISS ILE Figu ra 2 
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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 fine-of-sight angle w6uld 
remain constant and the gyro-seeker would Chus iemain 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 mbre thari does the collision 
course for launching slightly off the tail. 

LARGE INITIAL ANGLE 

OFF 
Figure 3 

S1 ViA LL INITI AL ANGLE 
OFF 

Figur~ ~ 
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• Consequently, the higher the angle-off, _.She 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 perfonn. You will 
recall that if an attacker fires with any appreciable angle-off at 
short range, he will be very near his 2 G limitati6n, or near the . 10 G 
limitation of . the missile 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, slows 'the gyro to a halt and the missile goes ba~listic. 
Since we have no instrumentation available to measure lambda limit, 

• we provide an artificial means to represent this lambda limi ta.tion -
do not fire at angles-off greater than 30°. At 40,000 feet and above, 

I 
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do .not exceed 10° angle-off - this is primarily because of servo­
bias . {poor barning o.f powde!."). This w:ip pre,~lude the possibility 
of an attacking 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 purposesi 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. 

MECHANICS OF TJ:i.E PURSUIT CURVE 

To fuJ.ly co:'npreher:.d the limitations of our weapons system, so 
that we may dE:vel_op effective tactics, we need to know ·something of 

· the nature of the atta(!k in ,vhich we will be employing Sidewinder -
thepursuit curve attack. A pursuit curve attack is basically an 
at .tack in which the flight path · of the attacking fighter is continu­
ously pointed 2.t a rnov:!.ng target. To provide an insight into this 
type of attadc, we wil l employ the fol l owing formula. 

S ~ Vf x Vt_x SinB 
32.2N 

-:.o1b.ere S ·- Range 
Vf = F5.ghter velocity in feet per second 
Vt •- 'J.'i:l.l'gd; v e 1.oeity i n £.set per second 

Sin0 - Sin~ of the angle -off of the att acking fighter 
N "" 1'";1.:;rf:;,:=:, ::: of :cad.ia:i. Gs pul :'..ed by the attadcer 

With th2 abo,_;e formulc>. ~ we can compute the range for a given G and 
ang :i.e-off . fo r any combi.nation of target and fighter speeds. It 
sh01.~ld be note.cl r..o·wev e.r , that. the formul a doe s not conside:c lead for 
target motion, nor doe s it repres ent the fligh t path of the attacking 
aircraft. Ins~e a d it represents distance/bearing rel a tionships for a 
given s ~t of vd l ues a t a spec ific point i n space. 

Des pit(~ thE. Hbove lim~.t2 .::ions , t ~1 e fo ruiiila is s t ill valid, in that it 
provides an ii,s :l.ght ir:.~o the problems a s so,::iated with the pur suit 
... ~u:cve. St ucy of the fo-r-m1:,la :reve-'11.s: 

1. T'I:?.<~ s.,·:c-:i;;t of 1rnlnerab:U :!.ty is a na::,:·ow cone emanating from the 
t2.il of the ~a :~· get: ai.::.'c ~:aft:. Th ~.8 can be amply illus ·trated in the 
formula above by c.r.aly z :.'.ng f i.. gurc-! 6. 



Vf = 1.2M = 693 KTAS = 1,170'/S > 
. • • 35,000' 

Vt = .8M = 463 KTAS ::: 782
1

/S ----

s = Vf Vt Sine = 2s 2l~so (Sin0) 
32. 2N N 

0 s 
s = 9,480 Sin0 15° = 2,460' 
N = 3 20° = 3,240 1 

25° = 4,010' 
30° = 4,740' 

s ::: 8,130 Sin0 15° . = 2, 110 1 

N ::: 3.5 200 ::: 2,780' 
25° = 3,440' 
30° ::., 4,060' 

Figure 6 

As shovm in figure 6, the cone becomes narrower at firing ranges if 
the fighter velocity a~d/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 inc:cease his firing range. Reducing angle­
off against bombe;:--type targets places. the attacking fighter in the 
bomber's effective cone of fire. Therefore , if the velocities of the 
target and fighter increase., and w2 do not reduce angle-off, the range 
must, of necessity, increase. The increase in range will be in pro­
portion to the velocity inc reas e of the fighter or the target. If 
both target and fighter velocities are increased, the increase in 
range wilJ. be a multiple of the inc·reases of the fighter and target 
velocities (for example - if Vf and Vt are doubled, the range will be 
quadrupl.ed) . 

2. The cone bec omes narrower with an increase in altitude (the 
• fonnula is a function of Lghter velocity, G, and angle-off). It is 
a recognized fact that the _available G of the fighter decreases with 
an inc rease in altitude and, as shown in the formula, any such de­
crease in G wi.11 be acc?mpanied by an increase in range. 

In a curve of pursuit, the rate of turn necessary to track a 
given target is determined by range, angle-off and target velocity. 
This rate of turn may be express~d by the following formula: 

W = Vt x Sin0 
Range 

where W = Radians per second 
Vt = Target veloc ity in feet per second 

Sin9 = Sine of the angle-off 



~~ On the b;:isis of th-= forinula, if ang1.e-ofi 01.minishes 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 <!l.minishes more 
rapidly than angle-off, throughout the curve, the rate of turn or G 
will increase (this will occur when the fighter velocity is more 
than twice as great as the velocity of the target). To find the 
parts of the curve where we will ac.hieve these increases 01· decreases 
in rates of turn, we cc:in use the following formula: 

/ · 

CoSin of the angle-off where maximum G occurs= _y_L 
2xVt 

where Vf = Fighter velocity 
Vt= Target velocity 

NOTE: These two velocities may be expressed in knots, miles per 
hou:c, 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 maximum G ·will be ,==n,::: ountered. For example: If we have 
a·fighter with a velocity of 1.2 Mach attacking a target with a veloc- • 
ity of .8 Mach, th~ point of max-G will be about 41.4° angle~off. 
Therefore, in effe.~t, we a:':e say:l'.ng that at angles grea t er than 41.4°, 
---i...- Td .. 0 0~ t ' ·1rn 'r.,.. (-') J.
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the r ~:.te of tu:rn is decreasing. To further illustrate ~ if we have a 
tighter traveling at twice or great er than twice the speed of the tar­

.get, the max-G point will occur at zero-degrees angle-off. In other 
worda, ihere will be a G build-up er an increase in the rate of turn 
throughout the entire pass. 

In pu!.'suit. attacks with today's fight:2r-bomber velo,::ities, a_ 
fi.ghte:c is forced to fire unde:c conditions where its velocity is less 
thar.. t w:i.ce that of the target. In this type of attack, the fi.ghter 
is not only forced to fire at longer ranges, but also to fire where 
hi'.s rate of turn is de(:reasir..g. We car.. see from studying figure 7 
that the attacker's rate of turn is not only decreasing, but it is 
decreasing at an increasing rate. In other words, the attacker is 
being "sucked" or forced · in-trail. As ilJ.ust:ra ted in figure 7, the 
attacker loses .19 G/se~ at 30° angle-off. At 25° angle-off he loses 
.27 G/sec and so on until at 10° angle-off he loses .45 G/sec. 
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Vf = 

Vt = 
1.2 Mach> 
. 35-80,000 1 

.8 Mach • 

Angle ~f Max-G 41.4° / 

Nr = 4@ 41.4° 

0 N ' N s 

41.4° 4 0 4620 

30° 3.83 .19 3660 

25° 3 .64 . 27 3260 

20° 3.36 .35 2850 
' 

1.50 2.97 .41 2440 

10° 2.49 .46 1960 ___ .._ __ 
Figure 7 

If the attacker decreases his G c.1t the max-G point (with the same 
fighter velocities,as shown in figure 8, he wiH be able to diminish 
his rate of G bleed-off. Hqwever, this will force him to fire at 
longer ranges. Natura2ly an attacker qoes not want to do this, because, 
as range increases, his bullet density decreases by a function of the 
square (if range doubl'es, 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' 

.8 Mach 

Angle of Max-G 41.4° 

Nr = 3@ 41.4° 

~~~..:......._~----
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9 N N s. 
41.4° 3 0 6180 

0 
2.88 .11 4870 30 

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 inc reases his G at the max -G point, · as shown in 
figure 9, he wil l be abl e to fire at shorter r anges. However, if he 
does this , h is G bleed-off -will become even more rapid than originally 
shmvn, 

e 
41.4° 

30° 

25° 

20° 

15° 

10° 

Vf = 

Vt = 

1.2 Mach > 35-80,000' 
.8 Mach 

Angle of Max G = 41.4° 

Nr = 5@ 41.4° 

N = Rate of change of G/sec 2 

N ~ s 
5 0 3710 

l .80 .30 2920 

4.56 .43 2600 

4.21 .55 2280 

3. 72 . 63 1950 

3.12 .72 1560 

Figur e 9 
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LIMITATIONS OF OUR WEAPONS SYSTEM IN A PURSUIT CURVE ATTACK 

To accurately predict the lead requirement (prediction angle) any 
sight requires the following basic information: 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 the proper prediction a~gle is computed by placing an elec­
trical restraint (stiffness current) on the gyros. At long ranges, 
li.ttle restraint is applied, while at short ranges, great restraint 
is applied. In other words, the disturbed si ght 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: 

.!... The rate of turn ne~ essary to track the target di.minishes as · 
the range decreases. 

2. The stiffn,~ss cu:crent i.:O tr:.e gy,::-os in the sight increases as 
the range decreases. 

Because of these tw'o conditions, a pilot closing for the attack ex­
periences a sensation that the pipper is drifting in front of the 
target. To correct fo r this, he ~elaxes back-pressure to reduce his 
t:n:-:-n r.atr:, This, in turn, cre.:xter.l a ~- o·,.,er rate input to the s_ight 
gyros, which causes the pippe:r to be reposi t ioned to match the new 
t-:..,rn rate. So, once again, the pilot must change his turn rate to 
:r.:c~pof1iti.on his tracking indm~, wh:'_1.::h agains . repositions his pipper 
mid -so on. Yet, for the at t ;,:ker to have the proper prediction 
ang3-e, b.e must cont inuc1 lly make these co r rections and also track the 
target one-half to two-thirds the time of flight of the bullet, to 
allow for sight solution time. As w"' car~ see, a pilot may nullify 
tbis effect of chasing the pippcr. oy firing at lower G. However, if 
he do~s, he will be ·forced .to fire 2t longer iange. His iight will 
have even less restraint and his target will be s~aller in perspective. 
If Le f :',res at higher G (shor;:er :rar~gc~) hi.s sigl:.t will have more 
r0stra~nt, but ·the prediction ang~e will continuously change in greater 
magnitude. As a result, the attecker has very little choice as to the 
type of pass he may execute. He is forced into a :narrow attack cone 
~o avoid either extreme. 

To solve this problem of G bleed-off, we must refer back to the 
mechanics of the pursuit curve. You will recall that if an attacker' s 
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velocity is twice or more than twice 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 exist, 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 magnitude. These conditions seriously impair our ability to 
destroy a non-maneuvering target with a gun attack. 

Sidewinde~ ls not affected by the limitations of a computing sight 
because, :i.n a m:!.ssile attack, the pilot use s a 70-mil tracking cone 
with a fixed sight. This allows him to track the target quite success ­
fully . . The G bleed-off characteristics of today's pursuit attacks 
actually help the attacker to position himself within the 60° launch 
com! beld.1'.'.d the t:arget a ire.raft~ s:LncE." ·::he attacker is being forced 
into the trail position - behind his respective target - with a G 
bleed-off. 

'IYPES or PURSUIT Ci.JR.VE ATTA..;KS 

Until now, we have made a gene::-al analysis of the type of attack 
we will be. performing against high .. 1.;peed. tsrgets. Now, we will dis­
cuss spec~fic types of pursuit cnrve attacks and see if one or more 
of these attat:ks offers advantages over the others. There are four 
basic types of pursuit attack: 

J.. The High-side or Level Attc'.ck 

2. The Overhead Attack 

3. The unde1·si.de Attack 

4. The Nose-quarter Attack . --~ --7 
~~":fr'" ♦ •.r~ 
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The High~Side Attack 
~r"'!'~SQl':5,. 

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 Sine 
32.2S 

The radial G expressed here represents the lateral acceleration of 
the fighter in the horizontal plane. It does not represent the total 
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 determines 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 tcital 
G. In view of this fact, and because our previous formula considered 
only radial G, we must determine the exact relationship ·be·::ween total 
and radial G. It may be expressed as follows: 

= 1 

·where Gt = Total G 

Gr = Radial G 

1 = 1 G gravity 

We can see, by the formula, that .total G will always be greater than 
radial G. This is a dis2dv2ntage, because the rate of turn which an 
attacker needs to track a ta:.~6et, or the• r ange to which an attacker 
can approach a target is dependent upon radial G, not total G. This 
disadvantage becomes less at higher G values because the difference 
between total and radial G is less. Example: 

If Gt = 4 

Gr ,.. Vet - 1 - Vi6 -1 = 3.87 

If Gt = 2 

Gr -· VGt - 1 = 1. 73 

The 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 tur n is r educed not only becaus e less total G is avail able, 
but also because an even grea t e r loss of radial G is experienced. 



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 
dlgress, let's assume that an aircraft is in straight-and-level flight. 
How many G wil 1 sho'.•7 on the G-meter? One G. Now, let's assume that an 
aircraft is in straightaand-level flight, but upside down. How many G will 
show on the G-meter? One negative G. Now remembering these relation­
ships, let's note the total and radial G relationships at four points 
around a loop - the pullup, the 90° point, the 180° point, and the 270° 
point. For example: let's assume that the aircraft is pulling L~ total 
G at the puJ.lup as f.llustrated in figure 10. How many radial G is it 
pulling? Three. Then, in effect, 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 t,_ total G, we will also be pulling 4 radial G. 
At this point, 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 r2d ial G, ~hereby giving us a turn rate - at 
a given airspeed - greater t ha~ ut any other point on the loop. In 
other words, · ~a compared to the pullup, gravity (1 G) acts in the 
opposite direction, therefore gravity must add to, rather than sub-
tract froLl total G, to provide a greater radial G. At the 270° point, 
once again, total G equals radial G except that gravity acts in the 
same direction as the Rircreft line of flight. From the 270° point 
on, radial G diminishes in rel a tion ~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 overhead attc:tck, to determine the difference between total 
and radial G, we may use the following formula: 

Gt = Gr+ CosB 

where Gt - Total G 
Gr - Radial G 

Cose -· CoSine of the angle-off 

It is obvious, from the formula, that the relationship between total 
and radial G is considerably different from that experienced in a high­
side pass. Example: 

In a Level Pass where Gt == l;, 

== 3.87 
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In · an Overhead Pass at 30° angle-off where Gt = l~, 

Gr = Gt - Cose 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, .?bove 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 
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. 

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) an4 may be 
expressed by the follo~ving fo rmula : 

Gt :::: Gr Cose 

If we assume the same attack conditions as illustrated in the over­
head pass - 30° angle-off, 4 total G - we get the following r esults .: 

Gr = 4 + .866 or 

Gr l~.866 

In terms of G, this attack seems to provide an apparent advantage, 
however this does 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 uf gravity as well as induced drag. As a 
result, since speed determines G available, the attacker would have 
much less total G. In addition, because of airspeed decay , the at­
tacker would diminish the fighter-ta~get ratio. As a consequence, 
the attacker's max-G point would be forced farther out - in angle-
off, and range - causing a further reduction in both total and radial 
G. As a result, the F-100 would not gain appreciably by this at tack, 
since total G available is reduced sufficiently to cancel out the 
advantage of a higher radial G. However, if this same attack were 
executed in an aircraft with a very high power- to-weight ratio and a 
low-drag profile - such as the F-104 - the attack could be inv.aluable, 
since high speed decay end G bleed-off would not occur. 



Nose-Quarter Attack 

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

1. We ca~not launch the AIM- 9B missile from this position, 
because of · the missile's IR limitat ions. 

2. In a gun attack from a nose-quart er position, we can avoid 
the defensive-fire coverage of a given bomber. However, in this 
type attack, the r a te of closure becomes so high tha t an attacker 
cannot deliver an effective burst and avoid a collision with a 
target. For these two rea sons, we will net consider this attack 
further .. 

THE BEST TYPE l.TTACK AGAINST A NON-M.b.NEUVERING TARGET WITH AIM- 9B 

To detennine 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 At tack 

2. The High=side Attack 

3. The Six-O'clock Attack 

4. The Underside Attack 

Overhead Attack 

The Overhead Attack has two bas ic disadvantages - IR and G. As 
you will rece ll, IR tone contrast against sunlight-reflective back­
grounds - clouds, and ground - forces us to diminish our effec tive 
slant r ange , until we are approximately 6000 1 to 8000 1 from our tar­
get. This IR limi t ation , c ombined with the 2G limitati on , allows an 
attacker to fire only et low angles off. To illustrate , by figure 
11, if an attacker pulls 2 G inside an opponent' s cone 0£ max per­
formance - angular veloc ity cone - he will generate a radial G con­
siderab ly different ·than the total G on the G meter . For example, 
at 30° angle off, applying the formula Gt - Gr+ CosG, we find 
tha t the ~t tacker is only able to genera te 1.134 Gr. 
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Vf = 

Vt = 
Gt = 

.9 11ach · = 873 1 /S > 35 

.S) Mach = 873' /S 
2 

8 = 10°, 20°, 30° 

Gr @ 10° = 2 - .985 = 1.015 
Gr @ 20° = 2 - .94 = 1.06 
Gr@ 30° = 2 - .866 = 1.134 

s = Vf Vt SinG = 23700 Sin9 
32.2GR Gr 

s = 23.700 ,r. .174 = l,. 060 
1;01s 

0 = 10° 

s = ,?3 2 700 ,t ,,%2 == 7. 650 
1.06 

8 = 20° 

s "" 23 a700 i .s. = .10.450 
1.134 

e ,c 30° 

Figure 11 

I 

80,000' 

At 20° angle-~££, applying the same formula, we find that the attacker 
can g(;!nerate 1.06· Gr. ' At· 10°~,angle -· off ,· he :can.;generate ~only 1:015 :Gr . 
Nm-1 let I s assume that the fighter making this attack is going . 9 Ma:ch 
against a .9 Mach target at 35,000'. Applying the formu].q~ 

s = Vf .Vt x Sin9 
32.2N 

where Vf = .9 Mach or 873 1 /S 
Vt = .9 Mach or 873' /S 

Sin of .'30° = .5 
N = i.134 

we find that, at 30° angle-off, an attacker can g~~ ~6 closer than 
10,l}50 1 , At 20° angle-off - where Sin9 • = .342 and N = 1.06 - we 
find that an attacker c an get no closer than 7,650 1

• At 10° angle~ 
off, using the s ame procedure , we firid that an attacker can get rio 
closer than 4,060 1

• Since an attacker cannot receive proper IR dis­
criminat ion at r anges greater than 6000 ' to 8000:fee t, he will be 
forced to l aunch his missile inside 20 degrees. arigle-:-off in order to 
~ ~~~~~ t:~ kill. _C~r~ ;{!~ this y~s:..:.~:>_ygrea t problem, as the 
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attacker will be forced in-tra il 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 AIM-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; hc-wever, 
when compared to an overhead attack, IR range is somewhat better. 
G presents no significant limitation, as illustrated by figure 12. 

Vf 

Vt 

Gt 
Gt 

s C 

s = 
Gr= 

s -
Gr = 

= 

= 

= 
= 

.9 Mach = 873 1 /S > 35 

.9 Mach = 873'/S 

2 Gr = 1.73 
1. 6 Gr = 1.25 

Vf -Vt Sin0 
32.2 Gr 

13,700 Sine 
1.73 

19,000 Sine 
1.25 

Figure 

= 

12 

23~700 
Gr 

= 

10° :::, 

20° :::: 

30° :::, 

Sin8 

2380 
4680 
6st~o 

3300 
6l;90 
9l~80 

- 80,000' 

This figure discloses that when below 40,000 feet and pulling 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 i mporta.nt 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 tota l G, we will be generating 1.25 r adial G. In 
t~rms of distance, w~ will be at the range specified in the figure 
above. Once again, if we attempt to get inside the specified range 
at a given angle-off, we will exceed our 1.6-G limitat ion. 

We can see, by compa~ing the high-side attack with the overhead 
attack, tha t the high-side is better, because of less limitations 
in IR and G. In other words , we have grea t er freedom of maneuver 
to successfully l aunch Sidewinder . 
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Six-O'clock Attack 

In a six-o'clock attack, IR tone cont r ast occurs at greater 
ranges because the horizon does not reflect a s much background IR 
radia.tion. Since we are at o0 angle-off, there will be no G or 
lambda limita tion, therefor e we can fire Sidewinder from any r ange 
between maximum and minimum . In vi ew of these f acts, the six­
o 1c16ck attack is ·the best io far , becaus e AIM-9B is not forced to 
operate near its limiting pa r ameters. In addition, because of our 
position in rela tion to the target, we achieve an element of sur­
prise. 

Underside Attack 

The underside or six-o'clock-low attack, is the best possible 
attack we can execute, as we acquire advantages in: 

1. IR 

2. G 

3. Surprise 

4. Ai rc r aft Performance 

IR Tone contrast is max imum against a blue -sky background. Here, 
the lead sulphide cell can di sc rimina t e be t ween t he hot metal of 
the jet's t ~ilpi pe and the blue sky . At ranges of 20,000 fee t and 
greater, the IR pa tter n bec omes longer than the r ange of the missile. 
The G limita tion , in r e lation to missile range and IR tone cont r ast, 
is almost non- ex i s tent . (s ee f igure 13). 

Vf = 

Vt = 
Gt = 
0 "'· 
Gr @ 

Gr @ 

.9 Mach ::: 

.9 Mach = 

2 
10° 

' 
20°, 

10° = 2+ 
20° = 2+ 

873 1 / s-.........___ 
____.35 - 80,000' 

873 1 /S.,,,,...-

30° 
.985 ::::: 2.985 
.94 - 2.94 

Gr @ 30° = 2 + .866 ::: 2.866 

s = Vf Vt SinG = 23 , 70_0_ -~inO 
32.2 Gr Gr 

s = 23,700 x .174 = 1 380' ~- s = 23 , 700 
2.985 

e = 10° 0 = 20° 

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

2. 866 

.X . 342 = 2 , 760 1 

2.94 
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[ ----This figure shows that, as we approach our cone of maximum perform-

ance, we find that we can generate 2.366 radial G while pulling 2 
total G. Applying this value to the figure above, we find that we 
can launch Sidewinder at a range as near as 4,130 feet at 30° angle­
off without exceeding our 2-G limitation. At 20° angle-off, while 
generating 2.94 radial G, we find that we can 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 
toward the target. In other words, the missile has a maneuvering 
advantage, since it generates a radial G greater than its total G. 
This advantage we have already considered in the 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. 
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· Here, we are an attacker ready to launch AIM-9B against a target trav­
elling . 9 Mach at l;0,000 feet. Applying a rule ... of-thumb for co Mairspeed, 
we see that the fighter can launch from a max r ange of about 13,000 1

• 

Now, if the attacker sets himself up to launch from 30° angle-off, this 
means that he can l aunch from a position 6,500 feet below the t arget. 
To achieve this launch position, an attacker may start his attack at 
even a lower altitude - the distance below dependent upon his airspeed. 
For example: An F-100 at 1.1 Mach may start his attack with an alti-
tude differential of at least 10,000 fee t - in this case, at 30,000 
feet altitude. From this illustration, we can see that AIM-9B gives 
an attacker an additional perforni~nce capability, in tha t the attacker 
is not required to attain the targe t's altitude. 

In summary, sfnce the underside attack provides the greatest advan­
tages - IR, G, surprise and performance - we should employ this attack 
whenever possibl~. ·As you will s ee later, this holds true for both 
fighter-versus-bomber and fighter-versus-fighter. When compared with 
a gun attack, AIM-9B is far superior, since the range of the missile 
allows us to get into an effective .cone of fire. 

CANNON .. -
As you will recall, becaus e of the characterist ics of the pursuit 

curve, our fire control system lirni't:ations, and the capc.'lbili t:tes of 
our opponent 9 s defensive fire, we consider the pursuit curve a poor 
attack at bes t, when using the 20nm1 cannon. It does not matter Jhether 
we are in an overhead , a high-side or an underside attack. The prob­
lem now is, how are we going to attack a non-maneuvering target if we 
do not choose to use the pursuit cu:cve as illustrated previously. 
The solution we propose: Plan an attack in which we combine the chorac­
teristi.cs of the pursui t curve and the collision course . To explain: 
On a colli.sion course atta.ck, the target will be allowed to fly right 
through our bullet stream. The bullet stream 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 th rough our bullet stream . 
Assuming that we can fire 6,000 rounds per minute - the combined rate 
of fire of 4 11-39 cannon - this m~ans we fire at a rate of approxi­
mately 100 ~ounds per second. If the targe t r equires 1/8 of a second 
to pass th rough our bullet stream, we can expect about 12 hits if we 
set up a perfec t attack. This is not acceptable. In a pursuit curve 
attack, we do not have this problem, because the angul ir v~locity of 
our bullet stream matches the angular velocity of our target. In 
other words, our b:.1llet stream is constantly sup~rimposed against 
the t arget which is being tracked. The only di sadvanta ge of this 
attack is that it forces us into our opponent's defensive cone of fir e . 
To counter the disadvantages of the pursui t curve and the collision 
cours1:: , we assume attack conditions agains t an i :naginary target and • 
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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 - say .5 Mach. This allows us to 
fire at a higher angle~off, at a given range, because of tb.e slower 
target. Then we apply this imaginary attack - against a .5-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-Mach target which means ou.r 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 second. Firing 100 rounds per second, this allows us 
to put approximately 33 holes in the target with a perfect pass, as 
compared to 12 in a collision course . 

. 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 targ\Zt motion. 

2. Lead for gravity drop. 

I£ we. use a f:t,;;ed sight., we wiH have to determi ne all three com­
ponents. X.'.: ·we t:is,-; rada~, or keep the. sight pegged at the range from 
which ,,;e p1.i.'.n to :::\~:..·1:~, gravity d~op and trt,:jectcry shift wi.11 be 
completely comput0d and lead for t a.::·get motion partially computed. 
We 1 11 use pegged ·sight, to simplify our lead problem. Radar is not 
applicable because the overlead needed to set up the atta ck takes us 
out of 01.1z- ·:c,";Jda:r. trdcking con.e. To de~ermine the additional lead we 
need to enable om .. ~ pegged sight t o indicate the bullet impc.ct area, 
we use th2 following fo::.·i',1u.h1: 

Lead 

where Vt = rate of closu~e of the target, in feet per second 
toward the bullet stream 

Sin@ ::: 

Vp ::: 

Lec:.d 

Sine of the angle-off. 

average prcjectiJ.e velocity (dynamic gravity drop 
tables) 

ad.ditiona1 le.e.d in m:.ls 

The lead in m5..1s wh:'..ch we N'.qu:!.::e £1:om the above fonnula is placed in 
the sight reticle, so that the outer diamond indicates the bullet im­
pa ::: t are.a as the t 2:rge t pas~es th:i:ough the reticle. To c o~pu te the 
lead fo:r insert:.'..on into 01.~-:;:- s :~ght reV.cle we us2 the following fo rmula: 



ws 
Firing Range 

= 2 x lead in mils 
1000 

In order to solve for both addition~l lead and _reticle size, we need 
to know the firing range and the angle-off at which we'll be firing. 
Assume that we attack a t2rget 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-Mach target 
and solve in the following manner: 

I 

Vf = 

Vt = 

.9 Mach 
:_ >35,000 

.5 Mach 

N = 
- Q = 

S = V~_SiL&_ = 
32.-2N 

873
1 

x 485 _!~i_n0l 
96-. 6 

s C 4380 {.5) = 2~_Q' 

25° 

S = ·4330 (.423) -· J850' 

s 

Step II 

438'0 (. 342) 

= 4380 (SinG) 

To find the additional lead (in mil~) needed against a .8ul-fuch 
target we solve in the following manner: 

1 = y_t a;in0l.J._Q_O.Q. 
Vp 
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Step III 

_;29l_J_.34?.) lOQ.Q. = 
3920 

25.5 mils 

To determine the additional lead to be incorporate d into .the sight 
reticle we solve in the following manner: 

At 30° angle-off 

ws 
Firing Range 

ws 
2190 

WS 

= 

::: 

At 25° 

ws 
1850 

ws 
1500 

:::: 

... IL 
1000 

166 

• ,.., 4~o-""~ r: .,L.g -'-"• .,.:.. 1. 

WS = _76 

From Step III we c.sn see that it will be impossible to set up the 
addit ional J.e.sd by ple.cing the wingspan lever on 166 s i nce 120 is the 
maximum se.tt:tng . Thi.s means t hat we c an either fire at 1850 1

, 25° 
angle -off (st.cps 1 cmc. II with the wingspan leve.r at 118 or at 1500 1

, 

20° angle-off with the wingspan .lever at 76. Since we want to fire 
at max ang J.e-off , we 1 11 set the. wingspan lever at 118 and fire at 
1850 1

, 25° angle-off. -

Now to perfo::.'m the attack. We do not us e the conventiona l pursuit 
curve approach, as this doe.s not allow us to de.termiI'.e t arge t speed 
and direction , and we need these factors to apply the at tack we have 
jus t c omputed. To c1pply this attack c or.:·ect ly, we use a barre l - roll 
type of .?.~t2ck . To s~~;:: it up , v:e f~y :i.n t he: same di:::(~ction as the 
ta rget and c'.oou. t 3,000 t o 4 , 000 :foet above it. From thera we turn 
about 10° from h:i.s lir..e of fl:1.ght, ba ,·:::<:!l - 1:·oll ~ in the direc tion of 



the turn - do~m to a key point. trying to maintain an almos t constant 
angular rel ationship between us and the t arge t. See figure 15. From 
here, we place the sight r e ticle well out in front of the targe t, in 
line wi th his flight path, and pull the G necessa ry to track the i magin­
ary target. As we close to our firing range and angle-off, the targe t 
will move toward our sight r et i cle . As the targe t star ts to cross the 
outer diamond, we depress the gun trigge r and hold it down until the 
tail of the t arge t passes thr ough the outer diamond. From there we 
recover and s e t up another attack by kicking in afterburner and roll· 
ing back to the same position on top ·of the target .. 

This attack has definite advantages: It allows the attacker. to fire 
at a higher nngle~off than in a pure pursuit curve attack . It allows 
the attacker to fly through the targetqs da fenu i v~ cone of fire at a 
faster rate than is possible in a no rma l pursuit curve attack. Since 
he is flying a combinat ion of a pursuit curve and a collision course, 
another and p::obably the mos t i mportant advantage is tha t the attacker 
fioos. it e,~sy t9 ::=eposition himself for consecutive attacks. '_ This,. is 
poss ible because the a ttacker i s a lways close enough to the target to 
judge r e l ative positioni ng. The big disadvant age of the barrel-roll 
attack= cis we employ H = is tha t u ·provides the attacker less time 
for l e tha l f :.::ra . However, in. view of the £act that a f ighter can per~ 
form more con,,ecuti.ve att acks than in a normal pursui t curve," this 
disadvantage coes not appea1: to be too r.~st::rictive . 

In EPJ.mm:11.·y, we do not ad me.ate the bar.ral=::roll a ttack as .s cure -all 
for fire control problems encountered when firing against bomber~type 
aircraf t. Instead, we consit~e:c it somewhc1t of a "Ru.be Gold.b,~rg" affair 
designed to surmout the problems clsso~ia t ed with today's norma l pursuit 
curve at tee:<, when using guns a;s the manns for ordnance delivery. Al­
though it appears d:!.ffic 1Jlt to perform, pilots are able~ wlth just a 
min:i.ml.ir-.1 of p:c2c !".ic ,.::: , to s e t themsa lves u.p quite .success fully~ 

Success, in ai~~to=E~~ LJillbat, depends on the ability of a pilot to 
place himse lf in a pc,sition from which he can deliver his fire poi1er. 
In fighter~ve rsus=b0mber comba t, · tio~ is important also and can be con­
sidered 2 m2asu:cement of success. To illustrate: If we heve a bomber 
attempting to "destroy a gi ven t arget , we must not only pos ition our~ 
selves to deliver our f ire powe.r , but must also expedi t e. 01.xr position­
ing be fo,ce the bombe:: ::eaches "bo:::nbs away" poi nt. Since t iming is so 
critica l, wem!,lst use the very best method by which we can position 
ourse lves for this attack. As we have sho~n,, the best weapon in terms 
of perfo-rmrince and ease of delivery , is AIM=9B. 'Ihe best .attack with 
this weap·on and our a :!. rc r ;aft, H, the underside attnck. Po.;iitioning. 
for this attack depends upon the space relationship between you and 
t~e t arget . Cons idering th is rela tionship, GCI may provide a set-up 
from three po3sible positioP.s. 
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1. Nose=quarte.r 

2. Abeam , or 90° 

3. Tail=quarter 

Assuming VFR conditions , it will be the responsibility of each attacker -
upon visua lly acquiring the t arget= to maneuver from any one of these 
set-ups to the firing envelope behind the target. To get into this 
position quickly, an attacker must maneuver in a _three=dimensional field 
to acquire the maximum benefits from airspeed and turn. If the attacker 
does not understand three=dimensional maneuvering, he will be little 
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=dim;;:nsi.ona l maneuvers). • 

The_l!ose=~art~~ In performing the nose-quarter attack, we 
do not choose to approach our t ~rget from a direct h~Ad=on position. 
If we do, we will be fo rced to perform a 180° change of direction by 
executing a level o:r a climbing turn (high=speed yo~yo) to approach 
our target .f:rom a sixQo 0 c:!.ock po2s:lt:t,_;n . The t :hn?. consumzd in a ievel 
turn allows the ta :i::ge t t o gen-2. :~a t0. a g.,:a:a t amount: of longitudinal sep­
at·ation. Thi.s allows the te.z:get ab:c:r.aft to make con:,;ide.rable penetra­
tion of a defense area befo~e the att~cker can set up a missiie at t ack. 
The· climbing turn or high=speed yo=yo allows the attacker to comp l ete 
his chang-e of d:Lr1:::ctioc in l ess tim~; howev~r, at the end of this man­
euver, the attacke~ wili find hinBelf with considerabl~ longitudina l 

-separ ation. in relation to the t arget , since his airspeed has decayed 
considerably below .that of the t arget. Once agai n~ the ta rge t air­
craft will efi:ect considerable penatration before the attacker can 
position hf.:::180:lf to launch AIH·~9J3 . If the attacker is di rected by 
GCI for a nosc=qua~ter attack, he should request GCI to set him up on 
an anti-parallel course to an offset point 15~000 feet to one side 
of the targjtis line of flight. When the attacker visually acquires 
the tar.get , or whe,n GCI incl.5.c.stE:s tha t h-2! :.s ten miles from the ta rget , 
the atte1cker should apply full afterburne·.r. pc,wero _At the sa1:.1e time , 
he should dive to in altitude about 5 ,000 feet below the t arget , so he 
will be offset i n both the ve:'t:tc.al and hm::izontal plan.es. This pro­
vides the attacker with maneuvering airsp~ed and a position from which 
to execut e a Ghandelle followed by a low speed yo.;,yo (a dive behind 
and be low the ta~ge: t) to the att[:Ack con!:: behind the t arget. See f:i..g~ 
ure 16. Compa:ric:d to a l evel turn, thi.s maneuver aliows the att.acker 
to compl<::.te his 180° ch.ang,:! of di:rection mo1:e rapidly. In ~ddition, 
since the attacker is turning th=o~gh both the vertical and horizontal 
pl ari.es , his horizontal turning c omponent is reduced. As a result of 
these two facto:rs = fast turn rate and small turn r adius ~ the attacker 
will be in a po:3i t:i.on much nearer the t arget' s attack · co.ne . To pre­
vent the targ8t from pene t rating the defense area excessively, the 
attacker mu:.;t di.ve b,~rd.nd ar,d below the t a1~get at the c.omp letion of 90° 
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of turn. This will aid the attacker in recouping the spe.ed lost in the 
chandelle. Also, it allows hi.m 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 himself Mat six=o'clock~low ~ to launch 
Sidewinder. 

The Beam or 90° Aw-;.2ach: 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
tration time. The best means by which to accomplish this, upon visually 
acquiring the target, is to use afterburner and perform a diving turn, 
below and behind the target's line of flight. Once again, afterburner, 
coupled with a descending turn, will increase rate of closure, because 
of rapid acceleration , At the same time, since the turn is through both 
the vertical an~ horizontal planes, a cutoff is easily effected. Result: 
the attacker is qui ckly set up for a missile attack from six-o 0c1ock=low. 
If the beam attack starts from a high position, the same pr ocedures 
should still be used. Rem2mber., the attacker wants to reduce the target's 
penetration time. At the same 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.am attack i s initiated from a low position, the 
previous p.::·o-::2d,c,2.s st1.ll app l y, si,r.ce the attacker is trying to reduce 
target pene tration time by rapid closure and a cutoff i nside the target's 
line of flight. 

J_n a t~J:.1:..CJ..'l8:,t:,£.I:, attacls,, the• problE,m of defens e area penetration 
is m.:,st critical. To reduce this pen<:tration time and to allow the 
attacker to positi.on him.sel f for the best possible missile attack, .he 
must accomplish a dive below and inside his opponent's l i ne of flight, 
up to an attsck position (inside yo-yo) . Since penetration t ime is so 
critical, th2 procedure wi.11 remain the sam~ whether the attack starts 
from a high or lcw position , 

Tactical format ion, hence flight tactics, are designed primarily to 
provide maximum mutual support and visual cross cover and retain maximum 
maneuverability for any air=to-air operation. In other words, tactical 
formations must provide both defensive and offensive capabili ties. To 
provide these capabilities, a compromise between maximum mutual support 
and maxi.mum maneuverability must be accomplished. The extent of the 
compromise will depend upon .the type of mission flown. Though our mis~ 
sion - fighte:r=ve:cB us .. bombe r ~ emanates from a defensive situa tion, it is 
offensive in nature, in that the fighter is trying to destroy the bombe r 
aircraft and is not primari ly interested in providing security for him­
self. 

The· present concept of weapons employment (nuclea~ weapons) in­
dicates that a given enemy will employ satu:ration-type t act ics rathe r 
than a concentrat ion of his force ovsr a given ta rget area. In other 



words, we may e.xpect ar.. attack force compo:::::ed of. single bombe:r:3 dis­
persed ove:c a wid,~ ar8/5\ to st:::l.ke ;?.t rn£ny targ2.tc:, . To counter this 
at all points, w:i.th four.,ship .:icr,.=nnbleG, _i;;:i not the answer, for we 
need a defen£:e fo:rr::.G;! numbering fo.J.l.7 t!.m.913 tha t of: the strike force. 
We will be providing unw~cassary sect•.r:i.ty fo-.c- the atta-:.!king fighters, 
as well as vi.olating the dictum, " economy of fo-rcG ~11 The problem re~ 
mains ~ how sb.211 we tactica1.ly deploy O'.lr :fighters? A single fighter 
against a single bo.·n1JAi·c ll.1:'.-lJ cippear - the obvious answer~ howe:ver, this 
is not. so. Wh~m empl.:>y:1.ng single Hghte·.rs aga::..ns t a s~ tura tlo~1-type 
raid, .we woc1ld 02 ass'.lnlng thet each fighter would intBrcept its re~ 
spective targEit without e:Kr.;eption. The.re would be no ground aborts, 
air aborts, and/or po::i sible f ire control malfunctions. Result: some 
~ttecking ;:,orube:::s would get through ou:r defenses. To p:!'Eicluc.e this 
r-os~d'..bility D '\¥(:: ·,:l~.cot!lll.!c:: :::,<l. a two~sh:Lp flight~ as the 1:,t'.f.d.c unlt, • in a 
glven fight e:c=ve :::·,::ms=bo:mba r inte:ri,~ept. The. two=ship £1:!.ght will be 
composed of a leade~ ~:md h i::J wi.ngm.im. 

J!Lp_at.LQL.r;,.oF'·z2.£~ ~ p:;:Lo:~: to v isu.ally acquiring the bombe r -
the wingman sb(l:iu:!..d fly app;coximateiy 10 to 20 degrees back and approxi­
mately 1500 feet o:rt. If he flies in much close.:r , too much time will 
J:,e ap,:;,.~.t ~.re :':ly:1.P.5} f: ,,;,:;•;_;.,!:: ' ·:1. i.1'".~ ·-:r,,1 n~t e':.•)~.~b. ".ri. covAi X'ing the J e .ader and 
aJ .. di.ng b.iu1 in ·,,}. 1:-n2 :(:.y 1;,<'.q.:.;:1 .. :::!.Eg :::-.he i:a:rget. Flytng too ~1:n~ out re~ .. 
duce.s m2nG::,i7,?.'.,:'l'ib::.:.5. :':y i?.!U-3. ;u2.y ,;:.,2·:::iie. th<?. w~.ngm.an to b 1~CO:llt~ sepa .r8ted 
£:::om his lGe,c<.•;',:::-. w~, .. :::,r:. r:.1,~1.r.::•ain,1•.:':f.r."i g u d1,:: wi.ngman. wi.11 play th~: ,::>utside 
a.s ·we 1. 1 an c:b-3 -1_.-,,c:·'1,t "'·' ,.,:~: .;;,~.,~: :~::c 0:. P • 0:~i e. :::n:;\ C::::13 of m~i.ntaining position. 
To do th:l.s e:;±:,.=.i:-~:: i :·;·,-J!. y , ::•.,~ nri.ist: rn2ne u-ve:r. through both th'= r..o i·izontal 
and vertic21l p3.:s1:.!. ,,~3. ':'..'h:1s w:'..11 a:tl ow hir:1 t.o r,:d.uce his hor:i.zo,:i. tal 
tu?.ning c.ompo~·i,,in'.: o!nd tb:;.s IC?.1.nt ,sin. h !cs !'clati.v,?. pos::l .. t:i..on moi·e easily. 
Proced<.::r.e~ Wh,c-:n oa. tb.ri c,u:~.:,d.d1?. ,;,f: ~ tu:-".1.1., tb.E, w:,ngman. shoulc. lower 
b.~ .. H r.. .. J S :.~ c:1:r;~d C :---:~•)c~S ·:":() t.l-lc! i:r.~·.~~ :':,(.f; 0 ~f 0~l tb 1e i.n.s i.ds o f the ttir:t::, and 
sl:1.d:l.ng f):·,':"'-,1:,'.!,:/: , L::-. wh,y1·.:'.~d t:.:,);ci,:;: ~--~· tb. 1.'c. ,; ,·.2 :':13;;,(. 1:;l~ ;:;l1c.e r.::.gh ctnd fly 
in the pl.sn~~ of 1:b.1';\ h,E:C:e.:·:. In ot~8:':.' wor,:3.s ~ a wingman wi.11 fly a 
partial ext end,;;d•·l~Jw poe::t t :I.0::1,. on the inside of the t urn, and'. an extended~ 
high po;3:!.t:i.on u i.n. tc.,~ rlar~.:! o:: the J':!a:<ler 0 s wing O on the outside of 
the tu:-::1. . One th:'..l:'.-._g ~(rJ.' the wing.:12.n to x-e:ne.mbe:r: Riz: m1..:st rwt cross in 
front o:i: the 2.=::ade:;;> . Ir.is teB.d~ he t-::hou\ci always maintain nosF.:0 tail seR­
aratioP.., tb.1.s p:red.u.c1·1 r.1.g th.a pcss =:·,J:.1.:'.ty of 6e::tlr..g • ~.n the w1:.y of his 
l eader . 

To reduce th8 bombt':\ ::: 0 3 d.ef~.n.=;~ 0 a:: ec.a p·,met rat::on; the flight must 
qu:!.ckly matl8D.V<:~T. £:::·om thf~ 2p/:'-Di, ,::l::. to tb.2 test attac~ pos!.tion. To do 
th:.3 ~ the ::U.ght :,,.::vs : !!',fn::r±:~7e::· 1::': ::i·;,x p·.~,::·::r.!r122nce. th ,:0ngh both the 
ve-:: :::5.c.2.l 2r.d l:o:.'::'.::-onte J ;;_;::.".li.,.2:~ . :Sr.::i .-:;:. rh•::se ci:;:-c:1:m,=;tance;3 ~ :i.t would 
be qu.i.te d .:1. fi:f.c. u:;_t fo:'.' the w:,.ngma".l. to md .. nc:ain tb.E: patrol position 
def::.t,ed abcrvz . 'J:0 e.n.ab1e the ·w:'..ngmar. to me::nt2i.r: a relative position 
d ,J. ::·ing these rr.aner.;ve1.-.3 0 ,,,e. '"ilac: ,':, him :!.n a new pos id.on = the fio-htin,o 

• • ~==-~;!lo- l. 

P...?.::..t.'.=i.£n. f ,2;'2(!::~or,.~ Th<7- w:.ng:x12.n w::.11 ~~-Y withir. a 60° con2. behind the 
l c~lde r at: "' d L:stanci:, oi i:oo,Jt :'..•JOO fe. ,- \t. . 32.,2. figu:-.-e l7. Wh:!.le flying 
l r. th:. s corr1;;;, th.e w::i.ngnf'.n w·:. ... l n ic.r: ~1~~1,,:"".' th :.co·:.::.gh botr. the hor:\zonta l 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 man.euver:i.ng t echnique is ba~ically the same as that of the 
patrol posit i on. 

If the leader is unable to deliver a s uccessful attack against a ·, 
bomber aircraft, the wingman will t ake over the l ead position and initi-
ate the attack. If neithGk the wingman nor the l eader can deliver a 
successful missile attack , they wi ll pres s in '.2 with after buxner - and 
zoom above the target aircraft. From this position, they can execute 
coordinated barrel~roll attacks agains t the bomber a ircraft. When 
the leader comes out of his r oll 9 and into the f iring position, the 
wingman may start down . Wh,en. the leader slides to a new high position 
on the ta rge t~ the wingman will be in the firing cone, and the. cycle 
just repe~ts i tse lf. 

If the bomber is too high to permit successful employment of the 
barrel~roll attack, the fighters have no recourse. They will be forced 
to approach the t arge t from below -and f :rom the six-o 0c1.ock position. 

, If this .. tactic must be employed, it behooves the fighters to fire at 
the extre.m•.;! range of the :fJ..r.e cont::-.·ol system . Since the bomber is 
much larger, as compar.:ed to the f::.ghter, their opportunity to secut·e 
a lethal burst is certainly as goo1 - if not better - than that of 
the defending bombe:r . Tb.t.'l i!di?ortant thing to remember : the bomber 
must be destroyed, regardles's'·-of the t actics us ed~ or the weapon 
employed. 

§JJ'~A.B:¥_ 

In our discu:::1 sio!J. of Aa:da l Attack , we stated that t act,ics were 
developed according to the pe rformance capabilities or limitntions of 
the weapons sys':::1,1:,1 ,-.1:-:;ed ~-. our. we..s:i1ons as •.-,1el l as the opponent's. 
Recognizing this, we set about to determ.ine the perfo.:-rnance parameters 
of our-weapons systems ~ the F~lOO equipped with AIM=9B and the 20mm 
cannon. St udy reve2led: To successfully employ AIM~ 9E, it must be 
launch12d wi thin a given firing envelope. The firing envelope is de~ 
te r.mined by the rcicd.ad.on pattern of the t arget and the performance 
envetope of the miFJs:i.lt:: . The par.sm2ters of t his enve lope are deter­
mined -by, (J.) the si.z12. of. the t c2::get 0 s inf:ra=red pattern, (2) the . 
r ange of the missi.1<"; ~ {3) G=capabi.li ty 0£ the m5.ssHe, and, {4) AIM-9B 
lambda limi t~ tion . To seccessfully employ the 20mm cannon~ the pilot 
mus t be within the theor<'f1ticc1l capability of the fire control system, 
and have cont r,01 ~:c,spon,.;es precise enough to cont r ol this e_quipment. 

We then appJ.i.ecl the infor:mation provided by thi s study ~ the 
limita tions of AXH.=93 and the 20mm c annon = .. to the pursui t curve , to 
find the best atta:;k envelope f or each system . We found that the bes t 
attack envelope foz: A:C:1= 93 is an undersiC::.e or a six~o; clock~low attack, 
For 20mm canx:ion , we fom,.c. that the b(-!St att ack would ha.ve to be a 
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barrel-roll attack, combining the characteris tics of the pursuit 
curve and the collision course. Comparing this information revealed 
that AIM~9B is a far superior wenpon for a fighter-versus -bomber inter­
cept, since its f 1.ring envelope e.nd· resultant attack cone is much 
greater than is possible when employing the 20mm cannon. Sidewinder's 
main disadvantage , in a £ighter 0 ve~sus~bomber intercep t, is its inability 
to discriminate targe t I R radiation from background I R clutter·. This 
disadvantage can easily result in the attacker being forced to use tqe 
20mm cannon attack. NOTE: Keep in mind that the advantage which AIH-9B 
enjoys over ordinary armnment, in a fighter-versusnbomber attack, is not 
near as grea t in a fighter-versus-fighter situation. ~e will elaborate 
on this in Part II of this manual.) • 

Since AIM- 9B provides a larger attack cone and a greater capability, 
tactics .. will be predica t ed upon thi s advantage. Whether an .attacker 
app roaches the t arget from the nose~quarter, beam or tail 0 quart er posi~ 
t:i.on, he will set up to deliver AIM~9B. If cond itions preclude missile 
delivery, he will press in and employ 2·0mm cannon. Befot·~ the attacke r 
r eaches this weapon delivery point , he mus t maneuver th rough both the 
vertica l and horizonta l _pl~nes as it is hii r esponsibility to provide 
positive guarantee that i ndividual bombers in a satura tion-type strike 
will be intercepted , l'woQship scrambles will be employed. If more 
than two aircraf t are used, the fighter defen se is spread too thin. 
S;i.mp ly stated , the dictum, "economy of force" ·would be violated with 
little gain in effective combat potent·i.al. 





INTRODUCTION 

In our discucsion of fighter~versus-bomber tactics, you will 
recall, we determined the capabil,i.ties and limitations of our weapons 
systems . On having learned these ·parameters, we then developed our 
fighter-ve rsus .. bomber 'tact'ical doctrine. In our discussion of fighter­
versus!"fighter tactics, we will employ .this same procedure. The order 
of discussion will be as . f ollo,;s: 

1. Basic Lim:1.tations of A:U1~9B Against a Maneuvering Target 

2 •. Fighter Maneuvers 

3. Tactical Formation 

4. Fli.ght Tac~i'cs 

When analyzing fighter~-versus .. f.ighter tactics, by way of the four 
major phases above, we will employ the case system - a plan whereby 

• We examine possible hypothe tical situations which the pilot 'may en~ 
co1.+nter in fighter~versus~::lfb.L•," :,: combat . 



:a: ill! .ff t ifi, 

CHA:PTER I 

BASIC LIMITATI ONS OF AIM0 9B AGAINST A M.I\.NEUVERING TARGET 

In discussing the employment of AIM 0 9B against a non=maneuvering 
target, we indicated that ·. the missile has four basic limitations .. 
IR, range, G, and lambda •a and that these limitations forced us to 
del_iver the missile in a cone 60° wide, emanating from the tail of 
the target aircraft. It was also shown that the length of this cone 
would vary according to altitude and delta Mach. At high altitude, 
with a positive delta Mach, the cone (envelope) wi ll be considerably 
.longer than at low altitude. In our discussion of fighter-versus­
bomber tactics~ we defined this cone in terms of angular velocity (max 
perfonnance cone). By angular velocity, cone, we mean an em.lelope in 
which the attacking fighter may deliver AIM=9B without exceeding its 
maneuvering Hm:I.tat:i.ons. We can see; by applying this angular velocity 
cone to any f:i.ghter~versus-bomber or fighter=versus~fighter situation, 
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 
thi.s, we preve;1t h:!.m from securlng a firing position, 

When employing Ail1~9B aga:i.nst a maneuvering target, the cone not 
only dirnini8hes in size, it also ch2nges in shape. In other words, 
the geometric shape of the mar:eu.ve.:dng envelope wil 1 be considerably 
d5.fferent than a non~maneuvering envelope. To :i.llustrate: When d:ts­
cussing the nori-maneuve ~ing ·envelope, we found tha t its basic shape 
was determined by four factors - IR, range, G and lambda. We noted 
that these envelopes were rather synnnetr:i.cal in shape . Maneuvering 
envelopes, on the other hand, are not so symmetr:ical . The lambda and 
G-limite.tions are pr~marily respo<lsible for this change in shape. The 
reason for this ': Lambda limitation may be exceeded because of a comb.:, 
ination of Io-w missile velocity and high angle off. If we.launch AIM-9B 
from long range - within the effective range of the mis$:l,le - at a man­
euvering target, we can e2,pect the · target to turn into the attack. His 
obj ective is, of course, to rotate his angular velocity cone away from 
the l aunch aircraft . By doing this, the defender can force the missile 
to exceed its lambda 15.mit, because the missile is not only slowing down 
as it approaches t he target, but the angle-off is increasing , since the 
defender is turning into the mi ssiJ.eGs line of flight. In other words, 
the angular velocity ge.n.exated by the defender for ces Ail1-9B to turn 
farther and farthe r in front of the target to maintain its collision 
course. This , of course, increases the resultant lambda angle. In 
addition, the missile is forced to turn even farthe r in front of the 
t arg et, because of its continuous decrease in velocity after rocket 
motor burn-out, prod uc i ng an ex t remely large lambda angle. If AIM~9B 
is launched near its max-effective ~ange and the target turns into the 
att ack, the combination of increas ing angle off and mis s ile decelera­
ti.on can easi.ly cause t he missile to e.xceed its l ambda limitation. If 
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·this occurs, the gyro seeker rubs agnins t its mechanical stops, which 
stops the gyro and the missile loses guidance. 

The attacker can do tw6 things to avoid exceeding lambda limitation: 
(1) Reclu~e his range before launch, which results in a higher missile 
veloci~y in relation to the target, and therefore, a smaller resultant 
lambda 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, 
lets examine figures 18 and 19. 
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Figure 19 

When AIM-9B is launched from a .8 Mach attacker against a .8 Mach 
maneuvering target which is performing a 3-G tu rn into the attack, we 
note (from figure 18) that effective missile range is somewhat less 
than that available against a non-maneuvering target. We also note 
that max angle off from which AIM-9B may be launched is less th,m 20°. 
The reduction in range is necessary because of the 25° l Qrnbda limit, 
while the reduced angle off is caused by a. combination of lambda and 
G-limitations (G-limitations will be discussed later). If . the target 
pulls more than 3 G, the maneuvering envelope \.!ill become. even smaller. 



At 6 G ~ the~~e. will be no poi.nt fr.om which the attack~r . can ftre the 
missile and f,,;:.b.:.e ve a ki :t ::. . In o'.::;·.,?.~.'.' w.:,~7,:.~: ~ the~'.'•:: w:!.11 . be no maneu= 
vering env (,J.ope e.t 2E. J,f L'I::1J=;JB : "t:1 . l atm,:;hed f~::om a Mach=l z:ttacker 
against a Mach< t fl:'i'.' ge'.: ~ a~ 35 ,O:JO :i.•S!et ~ "iJf:. note the fol1owf ng: When 
the t arget pe:r:forms a 3.;G turn fr1.to the att.,sc.k~ at mi.ssile , laench, the 
attacker must :redti:::~ h :.a zenge by a:.:ip;:-o:·d.matec..y ori.e=--h:t.::·d wht::r! f iring 
from a six=ou c l ,rY::k p,:,s1.tton. ,(s,Sfi t :tgu:: .~ 19). If the attacke-r l aunches 
at 30° angle=')3.f v he m::.st '.!C\?.d:!Lce h .L:3 -r.'c"mg,2~ by appr.ox i.mat E: ly .one=half = 
as compared to .s nor.>.=::1::m,:m:veriag t:::1r g-2t = i f he expects to g3 t: a kill. 
Once again~ the ra,:::a.;;:r, fox: this reduction i.n :r:·ange. is lHnbda lim::.ta= 
tion. • The att:;1.:::ke:' must :reduce his range, by a greater ma gnitude, at 
3oo anol,..,~,_~.i: · b. 0 .~ _,, ,.,,, , ,.,, m·l ,, ,~-1 1 <:1 1 ,:;irr,hcl ,, "'ng~ ""' ~ ,, 4 nc'n,.:o a.,.,r-:>,.:i by both biryh • b 1.~~· 1_.., ..,. --1, , '-·-·-~ -..l, \,..,1,,:.-,:; 1- ... . .. r;i:.:i . 1; ..... \.::.! -o.:.L!-• -::. o . • .1~ --• ~o ...._ - ,_ ,..,. <:>-...l . • , b-

angle off and 1nc::'.'1;>.2r:i ,::d range. When the angl ,~ of f i.s i nc re:B3ed, range 
must be r.w i·'.lc r;:;d to p:rec. 1,li2. ·"'X•.:.e,~cU.ng h.mbd. 81. limi::: 9 hence the. d i fference 
in range redu,::. t:'..on be tw•:::~;:'1. .s: . . z ,:2.:::-o=d~g:r.-ee &ngle off and a h i gh~angle=off 
shot aga~.r.~s t a manr~'J.Vc'o\:;'.'5.ng ta~· ·?,<'.::t . f•r;.r,:13 ag;;r t n 9 if the t arge t i.n,;~ reases 
G? th,S! m2.ne·~~ve7:ir.:.g e.nv.;\J.10p,2 d;!,;c1::x ·::,r,hes j; ,n. s:l,ze . At 6=G~ there-: will be 
no ma neuv ,£n:::.n g en,;8 10i,ie,~ tb .. .:;:::::e~:o:::.Y;;:, tb.2. att2.cke.~;:o ce.nnot achi.2.ve a sue~ 
ce.ssful launch and k:U.1 ;;;g8:::r,,.st- a t a::q;e t pull:tng 6 G. 

A~-~. c,·.:,~_·'. .' \.::.:·',; ;. : :>\. ::· ,1.J.:,~ :.l? .:.· .•· : •• , •i - -r, :", 1~ 1 ~~ · !J ....,.,:7, t::~ss1:.1:m:· that there has 
been no c } ,:,j:'-1,:.,.,,t :1.or: of:' I.:;,\:·:;-?·,· : c::>(;,•~:r: :~.n. :any of h is maneuv,z!rs . I f speed 
d t.:>.c: .0.y (.,:.~,:; .. ::'.'t.J :, t \ .:\ , .;:: l~.r:1;.:k ,.7-r•,1i .. :.:~. ::".:,i..i; v :L', :t .. lu:ri.ge ar.:o. th1.~ at t .ad!: wil 1 no 
long,~r be ,:•.0•0 ,:C i;J~H •3. . A~'. ~: ::Y":,.r.~fl.r:~ rn:Y.;,,,:::Ue V fJ1o::.:li:y wl.11 b,s h l ghe r i n 
-~l':?.Lrit:::, 0 ,.1 f~-:· ·.':L::=: t:a.;•::::")' '. ~ ;:;,;: / ·:i ·:•. 0 .'. .~•,.. ,,.,.i. i. '-~:···. t ;',.·01rab·.\2 ,m:glF- will be .smaller, 
s::n.e:t=! ·;;~~. i..:h·/'. t :~· .,_,·~::~:.''.l ::,;; :r: .. ":J,·i,~·f~:,j• : :~· ✓- ·~-::::·.:.L .i21.,.t :,;)a 211.;1 0~ (at a glve·n range 
and ar.gJ.e. o?f) . ~·.'..-.:./: );ri .;;r:;-.,r:, :~h ~: '; :1. .f t l-.i-~ attacke~ h .a .~ a posi. tive delta 
Mr~ch 3 rt:1:h,,::c the:::, .\-1 -~ )•, ;;;·.:,,,.,e,; !.'1::'. .i :. t:"..0:-.sh·:p:, r•.e. c;:m launch at a gre.ater 
rt::nge 't·71tt,l.J•l'~.r·. r:-::: .. ~ !.':!C-~~:.:·: . .-:•.[:; :

1
;.=;r t1~1,:'.a : .-·'.:·.1:·~. ~: · . .t ': ::.( )'~1.0 On t:1:-,r:: ctb.r-:;!' hari:l:1 i.f the 

attack.:,.:,;' i,;; £0:r:2. c:d . t.:: la ;;J.r,.c ':: :. 1:, ?.f.i :l::.,.,3t. a maneu•rc.,~·:iug t 2rget ·whi.ch i s 
t r~r,.,-~~~.::.:::.g f :.: .. ~~'.··"-c:· t:~."A,:.H~. ::·!:,\:~ !: : ·.~'. ~· ~·.\, ·: ~J. f~.-·-~-s1.~. E: v 1:::1J~ ...... :'l_.t.y·::, :~.r!, rt2latlOn to 
th•2 ta:rge.t~ 1, ,,; f:1!:..c.:: :·.:.r::T . ::l1-.i.:'. : ,: . ,..~ 'f h-::; 2t t: <i ~:2:::r;11· m;:,s t la.,.me:.h at j, shorter 
·range to p ::\~\_:·.J:u":.,2 lar~b·:".,::1 ~~ :? .. r:1.:: ~::a r.}.un o 

In v~.<,f.:ii o:: 'i:J:.,.r:·'. :.:·.~::.,:;;:._,, :~. -1 :' .;'. '.;:.,:··.:fr/. 1.1t: ~ ·w~ (m,. se,;o that thE: b., lst attack 
:ts one 5.r.. •.;.;rh t:,i::. r:!i ':, 2t :·:.,:. ·,J:.e :·: h .,;,:;i a p0~ ·tt:::1.V") de '.U::d Mach ar:.d a l ow angle= 
off on h :i.s t:':'.:'. ~::,,,-: :;. app::·0,12.h t. \;, t~.::, i-. .,·rg3t. . 'I'h:t~1 w:t11 p r .. w :td e greate r 
f :r.e.E\dom o:f. m.2:.~..c,r12-;,;-~~~:' ~J. r.:.d 'i.•,;::.,0, ..:r{:;:~•. , : :-..::,.:,:,::.i '.'. ) ::: ,) :~~:inc:h t'.t long,s:r. r2mges . 
On the othi:.i :'.." h,=m<l~ tt.e ,,:0:·-:s :: ? '.)~, < :< 1. to attac k ts ori.e t n wh:tch the atta ck= 
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lf AI:Y.~ 9B i3 12.u.T?.:'!':i.8,~ :r'.:;-:,)m t ·. 1.1. 2,~ ::aG.k eze.c: u':.:,s:3. :i:r: th,=: v :3,-:·t :.c a l plane 
o·,;erhead o::: :.:i,,d::::z.·3 :J.d ,::: c:t·,_:;:;.,;,k ~· fr.e DJ.e;'.DceVe'.>.':lng ;:argc"~t w5..:U be forced to 
t m:n i:J,to the attac k . C,J.r~'.e egs::::;: , by t-,1,'.'!:::ng . into the p '.l.ane of the 
attac1<, ·tb,· ta:cg,=t w:~ :i..1 g.::>.ccc: :::·.;t,,, ~.?X ang:.::.ld::-:- v ;cl1 ,.) -:,:'!. ,~.y sn-5. fo r-:.e the 
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lambdc1 iimitati~n, but· also ,vith the sama limitations encountered in 
an attack against a non-mnneuvering target - IR and G. Thcoe limita~ 
tions force the attacker to diminiah his r~nse until he con discrininnte 
between IR background clutter and target signal and/or avoid exceeding 
the lambda limit ation. This means that in a .9 Mach coQapecd attack 
against a man~uvering t arget, the attacker will be forced to f:i.re at 
less · than 20° angle••off, otherwise, he will exceed his 2G limitation. 
(see ·figure 20). · Remember, in an overhead attack, the· difference 
between total and radial G is considerably less than in the high-side 
or the underside attack (Gt = Gr+ Cos0), therefore, to s·tay within 
the 2G limitation , the attakcer must l aunch from longer ranges (at a 
given angle-off). For example, if an attacker performs an_ overhead 
·• 9•❖1ach co-speed attack - to prevent himself from exceeding the 2G l aunch 
limitat ion at 30° angle-off 8 ,he mus t l aunch from a r ange of at l east 
l (k.0..Q. feet. Under the same conditions, he can l aunch from a range of 
6 ~JO feet at 30° angle off in a high~sidc or l eve~ attack.

0 
In an 

underside attack, he can l aunch as near as 4,130 feet at 30 annlc•off 
and ·still be within the 2G l~unch limitation. 

From the above ana lysis, it is apparent that the overhead· attack 
is the worst possibie bccause·of the limitations imposed by IR, G and 
l ombda . Unlike an overhead attack against. a non~rn~neuvaring tareot, 
the attacker will Hnd it difficult to acquire the low anglowoff 
necessary for l aunch . •· Instead; since the target is turning into the 
attack , the. angle • off will increase and the opportunity to l n1.mch will 
be lost . On the other hand , there is a slight advantas ... sinqc the ta~­
get io fcn:ced to turn into the attack .. he will be forc ed to ·pull up 
and will consequently experience sp2ed decny. The ntte.ckcr w:i,J.l hav.., 
a positive delta Mach and-~ higher mifls ile vcloc1.ty in relation to the 
t arget , ·and,. therefore , a greater r.nnge from which he can lciunch A:rn ... 9n 
before l ambd_a limit is reached. . This advantage is not a rc'.ll advoritasc 
however , because the attacker can stil l be forced to e.xcecd the IR ond 
G parameters. We know, from our study . of AJl1 .. 9n , that if we force the 
miss He to · ezceed any one of. the four 'pai·amaters .. IR, rnnge, G or 
l ambda • a kill will be unlikely. From a tact5.cs stan point , wh:i.le.oon 
the defensive, the attack no8 t easy to de.fend against ia an ovc~hcad 
attack with a ncgativo · delta Mach . In th:!.s situation, He force the 
attacker to exceed a greater number of his limiting p~tnra ters than 
in any other ·attack. 

The un <;rside, or six 0 0 1clock ... low attack is the boot possible 
attack which we can execute against a maneuvering torgct. It w.::ia 
noted in out' ·analys :!.a of this attnc ~ against a non .. n1:ineuvoring target 

• that we acquired ndvanta.3-:!s in IR, G, sm:prise , and performance . • 
When attacking a r:nncuverin5 t art;ct, we retain these adv.:mt noo , but 
acquire a disadvnnt.:i~c frc:n l nmbda lioitnt:l.cm . J.'hc lcm:~ a diBndvnntn3e 
i s , ho,·1ever , ovcr,:iddcn by the n v.1nt~f/ln . Th ~ io t t'tl~ bccm.1'.Ja· the 
adv~ntageD of IR and Gallow the attrict~~ to l~unch ot·rol~tivcly 

shorter ronsco at f "~,;nsl_~~: ... •111,;_'.:;~~f"ceodin3 tho 2G l aunch 
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limitation. (Remember, in an unGerside attack, radial G is greater 
than total·G.) In other words, the attacker receives the benefit of 
lG gravity: thus allowing him to pos ition himself closer _ to the tar­
get at a.higher angle off without e.xceeding his 2G limitation (total 
G). This means that the attacker can reduce his range to stay within 
the lambda limitation and still be w:l.thin·· his 2G launch limitation. 
In .effect, 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 acy other attack. From the defender's 
viewpoint, it is certainly the most difficult attack to defend against. 
In s ummary we may say: The best attack for AIM-9B is the underside 
attack and the wo:cst att .':lc.k is the overhead attack - especi.<:11ly if 
the attacker has a negative delta Mach. 

-8 -- l 
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CHAPTER II 

To acquire an understanding of the sci~nce of fighter-versus­
fighter combat, a complete knowledge of the spat.:al relationships in­
volved in this form of a8rial combat, is necessary. Before he can 
achieve this under.standing, any tactician must be able to d._efine or 
imagine a frame of reference, within which he must operate. In addi­
tion, he must know the basic tools which he may employ in this frame 
of reference. Simply stated, this means that the pilot must under­
stand the geom2.tric space relationships · and how to apply this insight 
to a given fighte.r~versus&•fighter situation. Our purpose, in fighter 
maneuvers, will be two-fold: (1) To define and present geometric re·­
lationships needed for fighter~versus-fighter combat, and (2) to show 
how to properly apply these relationships in fighter maneuvers. 

In discussing £i.ghte:r=versus-fighter combat, it is evident that 
many pilots believe there are an infinite number of situations and 
solutions in a given tactical ertcounter. S~ch is not the case! 
The fil.:!ld in wh:Lch a fighter pilot must operate is three-dim,:nsional 
and f:!.n:i.te. The si2;e and shape of the field is detennined by the pull 
of J.G grsv1.ty and the pet'formance. limitations of the aircrc'.ft and its 
pi.lot. We can imagine this field to be spherical in shap·e, with a 
flattened 'northern he:nisphere aqcl an e longa ted southern hemisphere. 
See figure 21. The :Spherical shap":! is gene.rated by a manei.::vering 
fighter's tu:-n and ·velocity operating through three dimensions . The 
elongation results from the effect of lG gravity on the fighter ih 
thie th:.:·e.e=d.:2.121,:,ms:Lona l field of maneuver. Turn, speed and the force 
of gravity determir .. e the operating envelopes and we need only under­
stand spati:,tl :rt'.!l,'.!!tionships presented by these factors to deve lop 
effective. f:i.ghtez- maneu·,ers. To know how to secure 2n advantage over 
an opponent, an attacker need only visualize turn, velocity and G'· pro­
jected onto this spe::_oid shape. Ee has no control over the force of 
gravity, of course, but he can ex~rcise complete control over aircraft 
turn and velocity. As a result, he can maneuver in a manne,r to effec­
tively use the pull of gravity in. a given tactical situation. Thus, 
in a fighter=versus-fighter situ2t.:.o!l, the p5.lot car.. do two things to 
gain an advantage over an opponent: Change turn and/or velocity, in 
respect to his oppone.nt. He can accomplish · either or both by maneuver­
ing through both the Vf:! T. ti.cal and horizontal planss by emp loying either 
a two-di.m3nsiona l maneuver. through three -di.mensiona l space, or a three­
dimensiona l maneuver {barrel · roll). 

.:;; 
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To apply th~se princip l es correctly , we need only recall what we 
determined prev:.tously in regard to waapons capability. We determined 
that to successfully employ AIM-9B or the 20mm cannon, we must attain 
a launch or firing position in the angular, velocity cone emanating 
from the tail of our opponent. Applying the three 0 dimensional con° 
cept of turn and ve locity, this means' that we must redu~e. 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. 

In our discussion of fighter maneuvers, we will keep in mind this ~ 
concept of turn and velocity within a three-dimensional field. As 
stated earlie;r , we will use the case system to determine not only what 
maneuver to emrloy, but also how to employ it to acquire maximum bene~ 
fit. In discussing fighter 0 versus 0 fighter tactics, our first maneuver 
for discussion will be the defensive turn. We choose to start with this 
maneuver because it is the basic maneuver by which the defender tries 
to nullify an attacker 0 s advantage. This may cause our approach to 
appear to be defensive in nature,. however, we feel that this is neces~ 
sary since any offensive action is directly dependent on the precise 
m?.neu.ver. which t:h!~ defe~1d2nt choo$es to .. 2.:i-:ecute . If th,~ defender's 
knowledge is limited in scope, the attaci(er's corresp onding maneuvers 
will refler-:t this J.imitation. 

The purpose of the defensive turn is to prevent an oppo!lent · from 
achieving . a launch or firing position. As stated earlier., the objective 
of this maneuve.r is to rotate our angular velocity cone away from the 
attacke~c . _The best way to Hchieve this is to turn into the plane of 
the attack. This means tha t in an overhead attack, WE: will pull up 
into the attack; in an underside attack, we will dive into the attack; 
and if the attack is from s:b:~o'clock, we will turn in whichever direc­
tion provides the g:~e .stest .tac tica 1 advantage. Assuming that an 
attacker armed with an IR missile is approaching our angular ve locity 
cone from ·six~o·1 cJ.o<;k~ ho0.v would we defend aga ins t this at tack? First, 
perform a hard . turn with a slight dive. This turn should not be a j 
break or maximum pf.!!:fo:::mance maneuvc~r. If so, we will experience high 
speed-decay and loss of maneuvering potential, eventually diminishing 
our angular velocity. As a result we will probably successfully 
defend against the missile attack, but our attacker will be in posi­
tion for. a follow~up gun .attack. If we emp loy the hard turn and the 
slight dive, we generate e~ough engula = velocity to p~eclude a missile 
launch at long range, and at the s2me time, we retain future maneuver­
ing po~ential: As range diminishes, the attacker wi ll be looking for 
an opportunity to l aunch a·m·ss:Ue ; however; since he: is in a pursuit 
curve attc,ck, M.s rate of tu:,.,,. is a function of target speed, angle-
off 2nd r ange. P.t -long :::2nge the rate of turn r equLred for the at tacker 
to t rack is considerably l ess than ours . Consequently; the attacker's 
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angle-off and rate of closure will increas.e. The increase . in angle­
off demands a furtl).er reduction in range before the attacker 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 range de~ 
creases. • The rate of turn formula (W= Vt x Sin@) indicates that 

Range 
rate of turn will increase if angle--off increases (Sin@) and range 
decreases on an attack against a maneuvering target. Both of these 
conditions occur. This means that the attacker generates a rapid 
build~up in his rate of' turn, and by the time he reaches the point 
at which he can launch without excee.ding lambda limit, he exceeds the 
2G launch limitation. With a .9-Mach co=speed attack at 35,000 feet, 
this will occur at a range of about 7 1000 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 diminishes. 

As a defender, we are now forced to nullify our opponent's subse­
quent gun. s.tt.E-.ck. To accomplish this, let us once again an.~lyze our 
relative positio:.s: The attacker, noting that he has lost the oppor~ 
tunity to del:tver .a missile, will attempt to reduce his angle~off and 
slide into our si.x=o 0clock positi.on. To prevent this, we must increase 
G and rotate our angular velocity cone away from our. opponent. Our 
concern now is to acqui~e a smaller turn_ radius than the attacker. This 
will force. him outs:i.de our turn and prevent him from achieving· a track­
ing solution . . To accomplish this objective, we must play the turn in 
respect to the att~cker. The moment we notice his attempt to diminish 
angle~off, we increase our. G, to prevent hi.m from di.mini.shing his 

_angle=off and slid.:i.ng toward our six~o 0 clock position. If he continues 
to press the attack, tighten the turn to prevent him fr·om stayii;i.g on 
the 5.nside of tha turn. In effect, we are trying to place him on the 
other side of our angular velocity cone. If we play this maneuver 
correctly, he will be unabl.s to match our turn radius. The formula 
for turn radius: 

R = y_f=2~ 
32.2N 

where R = Turn radius in feet 
Vf = Fighter velocity in feet/second 

N :::: Number of radial G 

indicates that the fighter with the lower velocity and/or greater G 
has a smaller tum radius. In this situation, the attacker's speed 
and Gare direc tly dependent upon tha defe.nder 0 s action and. if we 
pull a certain number of G, the attacker cannot pull the same amount. 
If he doe s~ his rate of turn will equal ours, and, at the end of a 



·180° turn, the attacker becomes the defender and we the attacker. Of 
course this will not occur, because the attacker wil1 be forced to 
play his turn in. respect to our position. This means that his G w:f.11 
be lesi, 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
tuntty to tiac~ the target and places him, geometrically, on the othe r 
side of our . flight path. Of course, this presupposes that we 7 as the ."--
defender, are turning near or at maximum rate. If not, the attacker ""-
would be able to slide towa rd 6-o'clock, pull a higher G, diminish air-
speed and avoid an overshoot. As we will see later, the lateral sep-
aration provided by this overshoot is a "must" for the defender 1 s sub-
sequent actions. 

Procedures for the Defensive Turn 

1. 

2. 
range. 
launch·. 

Estimate range and angle-off of the attacking aircraft. 

Perform a hard turn_ if the attacker is near AIM=9B launch 
This is a planned maneuver to preclude a successful missile 

3. Do not make an instantarie.ous 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 aqgle•off. 
This will force him to diminish his range and exceed the 2uG iaunch 
limit~ at abo1.1t the time when he is within lambda limit. 

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

Adverse Yaw 

Adverse yaw is defined as the tendency of the aircraft to yaw or 
roll away from the intended turn. In the F-100, this condition is 
present in the sub-sonic speed range, and is especially noticeable in 
high-angle~of-attack maneuvering. If proper technique is not employed 
·co counterac t adverse yaw in high~angle~of-attack maneuvers, aircraft 
maneuverability is serious ly compromised. In fighter-versus-fighter 
comba t, since maneuverability is a key to success, inability to handle 
adverse yaw will produce disastrous results. We can see this upon ex­
amining the defensive turn. In defending against an Ail1~9B attack, 
the speed and G wh:l.ch we were pulling pr oduced a low angle of attack. 
Defending against a follow~up gun attack, however, produced a high 
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angle of attack. If conventional technique is attempted when max per­
formance is necessary, the result will not be maximum performance. To 
preclude performance degradation, the pilot must develop two entirely 
different techniques to control the F 0 lOO under low0 angle 0 of 0 attack 
and high 0 angle-of-attack conditions. 

In low0 angle~of 0 attack maneuvers., conventional technique will be 
employed. That is., ailerons will be primary control for directional 
change, in either a turn or a roll, and rudder will be secondary. It 
will be used to counter the small amount of adverse yaw to keep the 
turn or roll coordinated. Back pressure will be employed to control 
the rate of turn or the int_ensity of the roll. 

In high 0 an.gle-of-attack maneuvers, the following techniques wi.11 
be employed: Rudd~r will be used to control directional change. 
Ailerons will be moved to the neu tt·a l position and back pressure will 
be employed to control the rate of turn or intensity of the roll. In 
a high-angleaof 0 attc1c k situation, if the pilot employs aileron as pri­
mary for directiona l change, he will induce a roll••off in the direc:.. 
tion away from the. intended turn. The more aileron he applies, the 
faster the i:oJ.laaway. This i s true because, . in ·a turn, the induced 
drag on the inboard wing is less than that on the outboard wing. If 
aileron is employed, the inboard aileron is deflected up and ·t:he out-. 
board aile1.·on is deflected dm,m . This condition imposes an additional 
increment of drag upon the outboard wing. A9 a result, the aircraft 
yaws toward the high-drag area, or· in a direction away from the intended 
turn. In low~angie-of~attack mai:teuvers,. this yaw can .be corrected by -
applying rudder un•i! the ball . is center~d. In a high-anglc-6f-attatk 

. maneuver with the F 0 lOO; this technique is not satisfactory. As the 
angle of attack increases, the amount of adverse yaw generated by the 
induced drag and de:clect~d ailerons increases. · The yaw increase causes 
the outboard 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, ·causes the aileron to stall out, conse­
quently, there will be less lift· ove r the outboard wing. The .aircraft 
will roll in the direction of the yaw. .If additional ailfron is 
applied to correct · th:Ls roll-off, the rate of roll will increase ai1d · 
the adverse yaw and stall conditions will be magnified .. If rudder 
is employed - along with aileron - the adverse yaw generated may be 
cancelled by the f avorable yaw induced by the rudder. However, as the 
angle of attack builds up, the adverse yaw generated by induced drag 
and deflected aileron becomes grea ter than the f avo::rable yaw gen­
erated by the rudder. Thus, a roll 0 0£f will still oci:I1:c, however, at 
a slightly highe r angl e of attack. On the other hand, if we neutralize 
aileron and employ rudde-::- as p;:imary for directio1,.a l control, we can 
generate a maximum performance turn without a subsequent . roll-off. 

To dete rmine whether we should use conventional techniques or the 
rudder t echnique , 1-; e need only recognize the "feel" of the aircraft. 
The moment the outbM~ ' ·' '-".£="??' • .·c.'.o,l;@..,Oc,.ravy, the pilot should 



neutralize aileron and apply rudde~ to control the turn or roll. Full 
rudder should not be employed, otherwise the pilot will 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. Do 
not arbitrar:tly use full ;y.4_de r .an1. .. 2EJ~.9.E.ite a:!._leron__tQ,__..§_chfove a ma~ 
performan.ci:; tu::n. If this is · accomplished, a large amount of favorable 
yaw will be generat(;)d and a snap-roll or spin will probably occur. 

The Scissors Maneuver 

The sc:i.sso:,:-s is a defensi.ve .maneuver in which a series of turn 
reversals is ex~cuted in an attempt to achieve offensive potential 
after an ovei:'shoot by an attacker. To successfully employ the scis­
sors, the. def e!!der needs an initial turn overshoot. In a defensive 
turn, if an attacker attempts to position himself in his opponent's 
angular velocity cone by rewaining in the plane of his turn, the de­
fender is provided the opportunity to generate an overshoot. The 
overshoot places the attacker on the opposite side of the defender's 
angular velocity .cone. If the defender continues to turn in the same 
direction afte:: thn O',re r ;:.;ho(>t, the attac ker will be presented the 
opportunity to mane:.iv~:;:: towa1.d his opponent I s six-o'clock position, 
simply be.ca.us•~ tht! defender w:Ul be tu~:ning away from the attack. To 
p·::event thitJ, the defende:.:- mus t i nitiste a tur n reversal as. the 
attacker p~if.S•:!S th:cough his fl:i.gh_t path. The decision as ,to when to 
execute this :i'.'e·,1e:.sal will depend upon the attacker's rate of over­
shoot a~d h:i.s angie-off. • A good "rule-of~thurnb" is: rapid turn over­
shoot, e.,n~ly r eversal; s1ow turn ove:r.shoot, late reversal. The · turn 
reversal w:U.l rotate the defender's angular velocity cone away fr.om 
the attacke~. Th:i.,; w:Ul place the.: atta-:ker at a high angle~o.ff and 
will cause h5.rn, once again, to cros s the defender's flight path. See 
figure 22. The defender has now forced the attacker into a scissors 
maneuver. 

We can see - by geometr:i.c inspection - that the aircraft which 
has the shorter tm:·n rad:Lt,s and the lower velocity, will force the 
other to the 12-o' clock pos:J.t:i.on. In this maneuver, the defender has 
the advantage. By virtue of forc:i.ng the attacker to overshoot, he 
has lower velocity and if he employs the prop~r technique, he c an 
easily place tn.e attacker at 12~o'clock~ To accomplish this, each 
turn reversal should be a rudder reversal, at max-perfo::.inance. If 
aileron is applied, the defender w:i.11 roll off in the wrong di.rection, 
or be fo:,:-ced to release back-p:.es:,ure to execute. the reve::sal. This, 
of course, wi.11 :Lr.crease tur.n r a d.:it~s. A nose-high attitude accomplishes 
two th5.ngs: . (l) It reduces- the de fender-' s horizontal turning component, 
and (2) It reduces the defencizr 1 s vector velocity in the horizontal 
plc.1ne. TI:e ::-eduction in the l:orizontal turning c omponent and vector 
velocity is a resu:i.t of ma neuvi:; ,:-ing th-:-ou.gh bo t h the vertical and 
horizontal pl2nes. In other wo :cds, we a r e employing the pull of 



one~G gra.vi ty to provide -a ·-g1:·:2,::1te:: :-adi . .21 G and a lower velocity. 
Maximum power should bE: 1.:,;.:ied 1.n this mane:.1ve:::, beceuse its force 
ve::to-r opposes the oneaG gravity and i.s dtr.ected toward the inside 
of the turning circle. This p:rovi.cl.es the defend~r the opportunity to 
maneuver through the verticE:l plar.e , and therebydiminish his hori 0 

zont.al turning component . In add:1.t:!.on, since power provides a lower 
stall speed, it allows the defe:-!.der to tighten his· turn radius at a 
given. ai:cspeed as we 11 • as r;;;duce ai:~6peed to the lowest poss :tble point. 
1'.hi.s means that if the defender performs a nosG.,h::.gh rudder reversal 
with power on, he will ·reduce h ts turn and velocity components to their 
smallest state and:1 :..£ ·tc.e attacker doesn ° t counter in li.ke manner, he 
will be qu\r:kly fo:rc.ed to the 12~o 0 c.lock position. The defender now 
becom2.s the at tac.leer. • 

I£ the attacker couriter.s effectively, and for ces the defender be~ 
low him, the defei::ci,er sho:.1J.-:i ma:c..,9uva:c in phase with the attacker. This 
provides the £!::tacker a virn, .. s.l d:tsadvantage si.nce the defender will be 
di:cectly beneath him. I n an c:t t. e.mp t to mansuver, ::tn relation to the 
defender, the . attacker wi.11 be forced to roll excessive ly in one direc­
tion or the o"'.:he~ . '.!:h:i.8 increase,:: h.:i.s sta ll speed and forceH him for~ . 
war.2 c'.rd. r:1. ,,·;,rc~ t.:01,m:.:t ;::::'.:-1. 0:/'JO:-).,,\-,-~,- 0 i:'l ~~ , ~.ght ;:,a th. The mom-:mt the attack-
er noi.:ie\;;:;; th! . .-=: , !!8 p:·:~1<J2b:cy w:.1.~d :t.•2.t~uce h::s bank and maneuver as 
srnoot!.1! . .;7 d,-, ~h8 d-:c.:f ,'}r.:,.'.!.. ~·::, •v:l'.f·:'.:1 ft x:,,i -~·,.,J.tm,.t i3 tandoff. If, and when,_ 
tb.:!.8 o,~e::,1.:·~.,,, t:1,.:,'1 i:~,'!.ti'1::16 .. ~:-: r.:r,.1.::i·'.; 1c~m9 Joy c:1:f.t':'1:·:b':irner, t·eLe.x G and d i ve 
'80° ., .. , ,, .. .:-: .. . ~ 1--:,. ·,· ,_., .. ,, .. •.,~- 't", -h-~··· '..:l .: -l•-.!,~ t"" th-t~ ~ ~- . • d .1. ""''"'".Y .~ .. ,.,:,11 , ..... s 1...;,~,o, ... -, ... -. . . __ ,.-: .,, ... ~-.. .1.,1 . .,_n, .. 1, . .1. •-· _ ~.:; ma1, . .:uver 1mme -
-1 ~t ·l !H"i'..'{- ,, • ., ,. "'"}, \ 4i"\ •:-.-.. .. . , ."'l J=-i·~ 1-. . .--,,• • ::.=t.,.:;•.!) 't.,:t-, L·· 'I., b 1"" ':> .. ,.. ~~.• h th -c, f.:: . Y c . .:.., , •.·!.-. , __ QI:, c,.,',.c.'.~::C~ .. •, L.:0-:!. i.> ,.:L., .. ,. •, ,· .. El .a.sic O ::; ,_,7.Va:..1.on, w ·en e 
attack!.>.:"'.' gj;?.:'!. l J~~'.;. hc=.'!•~ v:.uu.d cm1t,sict. Th:~s affo~:ds the defender the · 
oppo:".'t:un~:ty t o g,>t::.>."i. c.o::s:!.C!. ,7,!,\c!ble longi tudina l S(~ parat:ton ·and places 
the c:t·::_;:;ct(:<7 :.::.\ a!J. o;rr;::::-i:v.-!,,-ld 1:~:tt:s.t:!k wl th a negative delta Mach. The 
defende. ,: wIJ.:i_ ~ .. n out r:1:7 gt1n ·.::·:::r,1.ge a.rid the attacker will be p1:ovided .. 
the '\·]G:::c:t p·J,::.;; ·1.b::-:. E- :'.· :u;;-:-: ::. •T. a':o:,: 8 m:'.~;c::L:'.'2. le. J.n:.::1: . OI:JTE: Tactical 
2n,? lya:~s 0£ t} ,.e <li;;n-~~~ .. wi:y wHl b,::l di;;:cussed later .) 

Wh1='1c e..z..1:):.0;:"·b:~g tl.: .. ,i s ,-:ir::ls6rs m.s.:neuver~ a pl.lot sho·:iJ.d attempt to 
secure an -E:2:n:ntc.:ge 22- qui.ckly as possible ~ certainly by th~ sec ond 
turn re7e :·:~2... I-': , ::ot ~ he w:l.J.l lose. a~_;csp,=::ed -:::·ap:1.dly, the!:efore man° 
euvera1J~.1~~ty ~ and w:U.l be p:t.\:'."'./Pn:: ·:,d £7.·om e•ter: a2qui1:i::ig an advantage. 
Instead~ he w::1l r:ind. h:".ms2.lf :I.n a standoff, w:!.th mc=.::cginal c.ontrol -
an easy set 0 !.ip fo::' 2notht?.:.~ 2.tt:d(..'.[<i'0

:. (or h is immediate opponent, i.f the 
opponent h c.3 a s1..:pe:-::l.or G.:1.:r.r.:;a:i:t). 

1. X·n.c:·:i:-:E: !•;<:;; r"':t:: oi tt'.·~;r,1• :~r.to thL~ E. ':i .. ;:,:ick unt :U the at.:2cker over­
shoots or. noves o:.::.ts ::~"... .~ th:~ turr.:.. 

2. Exe.c1.: '.:e a nt) f; ,:, ~s.~:gh _ "t' c"'.i..':de:.:- :.:~ve:-:-s2:. w:.l.th power- on as the 
atta(:ke.:,:- pa;::sc-:s yo,:..~ t2:.l.- Rern-3mbe:t the 11 :-:"ule~of~thumb" fo~ turn­
:ri:~,ie?:S-"J l ~. B1:.r_·Ji tu:-:-rr ovi.:_; :.:-~:hoot.:, e.m::ly r <?.Vet·sr.! l; slow tu:.r.n ove:rshoot, 
late :ceve~~!:·,e/; ... 

--~ '!c'"'·-'~•"- .-:~~l, 
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SCISSORS 



3. Repeat 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 posi tion abov~ 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° 
dive-away. 

Countering_ the Scis sors Maneuver 

In our discussion of the scissors maneuver , we stated that it is 
a defensive maneuver des:i.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 s erious position if he misjudges the defender's turn and 
overshoots. To preven t this, it is suggested that the attacker employ 
the high-speed yo~yo any time •.he believes his rate of closure may be 
sufficient to cause a tt::c:n overshoot . In this manner, the attacker 
can retain his offensive advant age , however , we will . still have the 
problem: What can an attacker do in the event he misjudges his oppo·­
nent Is turn and is fo rced into an overshoot? The purpose in discuss ing 
maneuvers aft.,,,r a turn overshoot i s . to point out an effective counter 
to. the scissors and, by means of this counter, show tha t the scissors 
is· highly over~:re,ted as an easy method by which to achieve an offensive 
advantage, • 

To· know how· to counter a scissors maneuver, we must fi.rst .determine 
the attac~e::::- ~ s ma;'.'.c~uveJ~ir:.g potenti.al in respect to thi= defender: The 
at.tacker has a significant disadvantage in terms of velocity; however, 
this disadvantage can be converted to an advantage i.f the attacker knows 
how to employ it properly . . 1'1.'clneuve ring in:to a nose ~high scissors is 
not · proper. emp lo.yment., as this will place him forward · or aboye his oppo­
p.ent in a stalemate c·ondition . On the other hand, -if the attacker em­
ploys this velocity in the vertical plane, in a zoom rnaneuver, ·he can 
generate a signif i.cant advantage. How can this advantage be gained? 
As the attacker notes that he is overshooting his op~onent's turn, he 
should relax G and deliberately slide around the outside of the tur n. 
Relaxing G serves a two~fold purpose : . (1) It reduces induced drag, 
thereby allowing the attacker to maintain an airspeed advantage, and 
(2) It in.creases latera l separation on the overshoot. This r educes 
the attacker's velocity component along the cixis of his opponent 's 
fiight path, thus allow:.i.ng the attacker to maintain nose~tail separa­
tion. The defender , observing the overshoot, will be _enticed to exe­
cute a nose-high r.evers a l in an atte~pt to gain offensive advantage. 
If the defende!' continues the turn, the attacker can play the maneuver 
and, once ag2iQ, slide into the de fender 1 s angular velocity cone. In 



view of this, a reversal is almost a sure thing. As the defender 
reverses, the attacker rolls wings-level and· . zooms , at a max.,rot.ation­
angle, through the verticaLplane ■ -· See figure 23. The defender·will 
be . unable to match the attacker~ s rotation angle and subs~quent: zoom 
because of his airspeed disadvantage . . This means that the attacker, 
even though he has a higher airspeed, may reduce his horizontal vector 
velocity to a smaller value than that of 'h5.s opponent. As . a result; 
the attacker will be on top with nose-ta:i.1 separation, and the _defender 
will have dissipated his airspeed, with a consequent loss of maneu~er­
ing potential. The attacker need oniy roll off to the defender's six-
o'clock position ■- • 

If the defender. pulls up into a banked attitude, toward the attacker's 
_rotation, . the height of his pull-1,1p ,:,ill be even less. This is· the re"." 
sult of hjo 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 
horiz6ntal planes . Since he is in a banked attitude, this means that 
his rotation 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 sta ll speed causes the rotation 
component in the vertica l plane to be even less. As a result of these 
two factors, th~ defe.nder' s rotation . angle is reduced. This means that 
the he:i.ght of th,~ zoom in the vertical plane is l ess and vector velo­
city in the ho:dzontal plane is increased. This forces the. defender 
to turn below, ih front of and across the attacker's line of flight. 
The attacker need only roll off in a direction opposite hi_s opponent's 
turn . and move tos:vai:d the six-o'clock position. • The roll-off increases 
nose-tail sepa:catio:ai and prevents a possible overshoot by the attacker. 

' · 
To maneuver aga5.nst the attacke:c' s counter, the defender simply can­

not refuse to reve-rse and continue .his defensive · turn. If h€i does, the 
attacker will not be obligated to roll -wings~level and zoom in the 
ver.tica( plane. The defender will turn away and place his angular 
velocity cone in front oft -~ attacker 0 s flight path. As a co~sequence, 
the attacker. will , simp ly play his opponi:.~nt' s turn and maneuver toward 
the six-o'clock position. If the defender cannot pull up and turn into, 
or away~ _how then will he maneuver against the attacker 1 s counter? As 
the attacker: overshoots his turn, the defender will execute a nose~high 
reversal. • This will. force the attacker to roll wings~leve l, rotate 
through a large angle in the vertical plane and zoom for altitude. This 
action is designed t~ reduce vect~r -velocity in the horizontal plane to 
a value less thG.n the defender.·' s • veloc_ity. If the attacker fails to· 
generate this large rotation, his vector velocity will be grea ter, and 
he will be forced toward the defender 0 s twe lve-o' clocl~~high position. 
So we see, the attacker has no choJ.ce, he must rotate through a large 
vertical angle when the defender executes his nose-high attitude and 
provides considerable vertical displacement i .n r espect to the defender. 
Having placed the_ attecker in this position, the defender turns 180° 
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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 extreme nose-high condi tion.) 
Noting the dive for separation, the attacker must turn~ from an 
extreme nose-high pos ition° 180° in the vertical plane to regain an 
offensive pos ition at six-o'clock. The pull of one-G gravity causes 
the attacker to dissipat~ considerable airspeed, thus · placing him in 
an overhead attack with a negative delta Mach outside of gun range. 

Remember: The counter to the sicssor maneuver is nothing more than 
a high:..speed yo-yo ::1.nitiatE!d after a _ turn overshoot,:. The only difference 
is .that the attacker relaxe s G, rolls wings-level and zooms in the 
vertical plane, so that he may regain nose 0 tail separation. 

}?rocedures for Coun t erlny; the S<;j.ssors Maneuver 

1. Re~lize that you are overshooting your opponent's turn .and can 
no longer effect a yo 0 yo maneuver. 

2. Do not attempt to pull into the target's 
wHl impose h:Lgh G~loads, and . poss:t.b le buffet or 
airspeed advantage will be lost. 

radius of turn. 
st~ll will occur. 

Thts 
All 

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

4. }loll leve l, and zoom up (wings-leve l) as your opponent reverses 
into you. When your opponent reve:cses , he will be unable to match your 

• zoom, because he will have killed some of his airspe.ed on the reversal, 
bes:i.des having less airspeed to begin with. 

5. ·continue to pull up, _,wings~level, and force your opponent for­
ward ai{d below your line of flight. I£ he pulls up into a banked atti­
tude, he cannot counter your maneuver, since: (a) His stall speed is 
higher , and (b) His puil 0 up is only a component of a straight ·pull-up. 
If your opponent pulls up wings~level, he cannot match our rotation , 
because of your airspeed advantaie. In any case, your rotatio~ in the 
vertical plane w:i.11 be greater than your opponent's. This will .place . 
him be low and fo rward of your line of flight. You will have nose-tail 
separation. 

-6-. • Roll off - roll in a direction away from your opponent's turn 
if he is in a banked attitude - and move into his six-o'clock position. 
The roll-off will provide additional -nose-tail s eparation and will pre­
vent a possible overshoot . 

J?rocedures for Maneuveri~ Agains t a Sciss ors Counte r 

1. Pl&y the defensive turn in an attempt to force the .attacker to 
overshoot your fli ght path, 



2. ·Reverse nose-high, as you observe your opponent . overshooting 
your turn radius. Remember: A decisi-on as to ..then to reverse will 
depend upon how rapidly the attacke r is slidins to theputside - rapid 
turn ove·:cshoot, 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 extreme nos_eNhigh attitude and a 
high resulting zoom, by pulling nose-high toward his line of flight~ ­
The attacker must rotate nosephigh and 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 should be initiated prior to disni~ 
pating too much airspeed - otherwise, it will be difficult to gain sep­
aration. If done prope:;:-ly, the attacker will be p_laced in an overhead 
attack with a negative delta Mach outside gun range. 

The Attack 

The purpose of the attack is to position ourselves in the defender 's 
angular velocity cone·, so that ·we may deliver our ordnance and effect 
a kill. Since . the angular velocity cone of AIM 0 9B is considerably . 
greater than the 20rmn cone, we .will first try for a set-:up to launch 
a missile. Knowing AD1-9Bs capabi lities, we will try to attack our 
target from sixuo'clock low. If the defender notes our position, we 

_can expect him to perform a defensive turn into the attack so as to 
rotate his angular velocity cone a·way from us. If he accomplishes this, 
we will be unable to successfully launch a missile because of its l ambda 
limitation. . Instead, we will be forced to diminish range until we 
reach a point where lambda limit will not be exceeded. If we attempt 
to fly a pursuit curve attack - track the target with our fixed sight - ­
to this point, our angle-off w:i.11 increase and a further reduction in 
range will be_ required before l a unch. By the t5.me we reach the range 
at which we can launch without exceeding lambda limit, we will have 
exceeded the missile's 2G launch limitation. As we get closer, G will 
continue to build ~p and the opportunity to eillploy Ail1~9B will be iost. 
We are now forced to initiate a gun _attack. • 

Our position is not satisfactory for a gun attack~ In our pursuit 
curve approach, we built up a substantial angle-off, but now we are 
faced with the prospec t or diminishing this angle-off in order to 
reduce our angular velocity to enable us to track the target. As we 
attempt to accoaiplish this, we can expect the defender to tighten his 
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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 sc.issors 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 commit 
is to fly a ·pu1:suit curve attack - in other words, continuously track 
the target with our fixed si~ht in an attempt to launch AIM-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 
initiating a gun attack. At the saine time, the pursuit curve causes a 
turn overshoot and sets up the defender for a success ful scissors.man­
euver. To prevent the defender from generating these favorable rela­
tionships, we should not fly our gunsight (pursuit curve) after the • 
defender initiates··his defensive turn. Instead~ we should attempt . to 
generate a rate of turn almost equal to that of _the defender. ~1e must 
not match his rate of turn, for if we do, 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 fuselage in the same relative direction as _the 
defender. In other words, we prevent the large increase in angle-off. 
This prevents us from launching AL."1-9B; however, as we approach gun 
range, this positions us at a smaller angle-off and much nearer our 
opponent's angular velocity cone. To counter, the defender is forced 
to tighten up his tuTn much sooner than in ,a pursuit curve attack. 
This means that the defender is forced to maintain a max-performance 
turn for a longer time period, in an attempt to generate an overshoot . 
This causes a greater spee~ decay, a loss of angular velocity ~nd a 
loss of fu ture maneuvering potential as we enter gun firing range,. As 
a result, the defender has a more difficult time generating an_over­
shoot and a subseqi.1ent scissors . If he exercises poor j udgment and is 

. lacking in stick and rudder technique, he may never .effec t the over- · 
shoot. The result_ is obvioL1s: • We simply shoot him down. On the other 
hand, if his judgment and stick and rudder technique are excellent, we 
will still be forced to overshoot if we continue to press the attack 
in the plane of his turn. 

To prevent an overhsoot, we should zoom or yo-yo off the defender 
if we are unable to stay inside his tun1 radius. 

l!.£.~d_u_res for the Initial Attack 

1. Stalk your target in an attempt to position yourself for a 
six~o 1 clock-low mi.ssile attack. 

2. Do not attempt to track or launch AIM-9B at max~effective 
range, if the defender turns into -the attack. Instead, position the 
gunsight reticle ahead of the target. 

r-------~ ~~--~-,.. .........__. .. -~~ 
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3. • Check that your fuselage is pointing in the same relative 
·direction as the ·defender 8 s fuselage . This will help prevent over~ 
shoot. 

4. Continue . the cutoff to close upon the target . . However, attempt 
to gradually .reduce angle~off as range diminishes, in an effort to 
launch a missile~ . If this is i mposs ible; disregard the missile and 
continue the cutoff to set up for a gun attack. 

S. Play the cutoff, in an effort _to reduce anglegoff and slide 
inside the defender 0 s 20mm angular velocity cone. 

6. Press the attack until you realize it will be impossible .to 
stay inside the •defender 0s turn radius. At this point, zoom or yo~yo 
off the target to prevent overshqot and a subsequent scissors maneuver. 

fil._g_h~Speeft"' Yo~Yo 

The high~speed· yo~yo is an offensive tactic in which the attacker 
maneuvers through both the vertica l and horizontal planes to prevent 
an overshoot :tn the plane 0£ the defendcr. 0 s turn. See figu;'.'e 24. From 
this definition, the purp.ose • of the maneuver is obvious: To maintain an 
offensive advantage by keeping nose~ t a:i. l separation between the attacker 
and defender . In other words, the high~speed yo=yo is a counter for the 
defensive turn and the. scissor s maneuver. As an attacker~ when it be­
comes appa ;::ent that :Lt will be impossible to stay ins:i.de the defende"l'.'' s: 
turn radius , employ the high~speed yo=yo~ 

To perfo'.!'m the maneuver correct ly, timing is essential . . To ill­
ustrate: If an attacker is conse rvative and yo·~yo' s high early, he ' 
can expect the d0fe r.i.dm:." to lower h:i.s nose and dive for separation. 
The defender , noting the. early yo=yo, realizes it will be foolha r dy 
to continue his turn or to pull up into the attack. ,·rf he continues 
the turn, the defander will diss ipa te his airspeed and his angular 
velocity., Consequent ly, the attacker will be permi tted to reduce r ange 
and slide·down into the de.fender's angular velocity cone. If the 
defender pulls up into the attack, he dissipates airspeed and angular 
velocity ev,~n more. rap:.dly. Again, the attacker is provided the 
opportunity to dim:l_n:l.sh range and roll or slide into his opponent's 
angular velocity cone . The defender cannot counterl because he has no 
further maneuvering potent:i.al. 

In view of the above, the defender;s best maneuver. is to dive away 
and gain separation. By doing this, he places the attacker out of gun 
range and in an ove rhead attack wi tha negative delta Mach~ the ·worst 
possible attack with AIM~9B. 

If the attacker yo~yo's late, it will be difficult for him to main= 
tain nose-tail separation. He will either be directly on top 6f the 
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defender or wilI 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 see that .to maintain offensive advantage, the attacker must 
not be too c.onservative 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 from diving away or pulling up into the attack. 
Excellent timing and skillful stick and rudder technique are required 
to attain this position. 

The moment the attacker realizes that he will be unable to stay 
inside his opponent's turn radius, he should roll away from the 
defender's turn and pull his nose through the vertica l plane . The 
purpose of this action is to diminish his turning component and vecto1· 
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 cont r ol for dLr:ectional change in the vertical plane . For 
proper perspective, this means that the attacker rolls toward the 
vertical plane just enough to proyide him an angle of bank smaller 
than th.at of h:1.s opponen t. This forces the attacker's flight path to 
describe an arc through both the vertica l and horizonta l planes (we 
assume that the defender is turning, more or less, through the horizontal 
plane). As: a result, the attacker's turning component and vector velo­
city are diminished in respect to the defender's turning and velocity 
components in the plane of the defender 's turn. This 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 fo:: tqe maneuver - not only allows the attacker to 
reduce his tur.n and velocity componznts to their smallest value, but 
also reduces his yo-yo apex. This provides the defender very little 
maneuvering freedom \,ith 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. His turn radius and 
velocity will increase and his induced .drag will decrease. So, to 
maintain nose-tai l separation and prevent a turn overshoot, the attacker 
will be fo rced to yo-yo to a higher apex point, This provides the 
defender the option of diving away to gain separation and, of course, 
pla.ces ·· the attacker in an over -head attack with a negative delta Mach. 
If . the a_.ttacker attempts to employ ailerons and maintain back pressure, 
adverse yaw will preclude the yo~yo maneuver. As a result, the attacker 
will probably be forc ed to overshoot his opponent and will be caught in 
a scissors maneuver. 

If the attacker employs the high-speed yo-yo correctly, the effect 
·of one-G gravity on turn and velocity wtll provide nose-tail separation 
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with little vertical displacement - low yo~yo apex. The attacker need 
only roll or slide down to his opponent's six-o'clock posi tion. The 
attacker should employ roll if he has little nose-tail s epara tion, 
The roll reduc es his vector velocity along the axis of the roll. This 
provides the attacker separation and thus prevent~ a possible over­
shoot, To perform the roll successful ly, the att acker 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 ~ontinue the inc rease of back press~re until the 360° 
point. From the 180° through to the 360° point, the attacker should 
employ top rudder . . If the attacker fails to employ this stick and 
rudder technique, he will roll underneath his p~ponent · in an obvious 
over=shoot - his offens ive 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 1 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 1 clock=1ow posi.t ion . If the 
attacker perfec tly executes the high-speed yo-yo, the defender still 
has an out if he exercises excellent judgment and skillful technique. 

To counter the high-speed yo=yo, the defender must first play the 
attack in an attempt to forc e an overshoot. Naturally, we can e,~pect 
the attacker to yo~yo -high to maintain his advantage . The defender 
must now dete rmine the attacker's r e lative position and attitude be­
fore making the next Il!Ove. If the attacker generates extreme vertical 
separation, the defender must i mmediate ly 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 merely sl ide dmm to his six-o'clock 
position and finish him off, To understand the counter which the 
defender must employ, let's examine the spatial relationship of . the 
attacker in respect to the defender , The attacker, although in a most 
favorable position with his nose~tail separation and low yo-yo apex, 
is not set up in the defender 's angular velocity cone to de liver his 
weapons at this instant, However, if the defender _takes no action, 
the attacker will assume the proper position for ~eapons delivery. 
The defender , realizing this, knows his salvation lies in maneuver­
ability - airspeed and angular veloc ity, Therefore, the defender must 
relax G when the attacker yo~yo's off and, at t he same time , he should 
maintain his ang le of bank. As a result, his nose will drop slightly 
below the horizon, thus he lping him to keep his maneuvering airspeed. 
Also, as we shall see, it forces the attacker to c ommi t himself. Upon 
observing the greater tu-::-n radius and the ~ose=dovm condition, the 



attacker has the option of maintaining his yo-yo apex or cor.mnitting 
himself to an attack against the descending defender, It is obvious 
that the attacker is committed 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 latmch . 
or 20mm attack, The def~nder , observing this commi ttment, 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 su~cess fully delivery an IR missile or to initi­
ate a 20mm cannon attack; If the defender waits . for the committment 
and counters correctly, the attacker will be· placed in a nose-low condi­
tion, while the .defender ha3 a nose~high attitude, The attacker's 
airspeed, in respect to the defender, will be increased and his iate of 
turn will be lPss. (If the attacker's rate of turn were the same · or 
greater than that of the defender, he would block out the de fender and. 
sl ide in front.) At the s ame time , since the attacker is approaching 
the horizontal position and the defender the vertical position, the 
attacker's radial G, in r espect tohis 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 a 
lower radial G relat:i.onship , his radius of turn must be grea ter (radius 
of turn.= Fighter velocity squared divided by rate of turn). The 
result is obvious: The attacker w:i.11 be forced into an overshoot, 
below and forward of the defender's line of flight. See figure 25. 
To gain the offens::i.ve, the de fende r need only roll or slide down to the 
attacker's six-o'clock posi tion. Once again , if ~he defender has little 
nose-tail separation, and enough vert ical displacement, he should employ 
the roll in order to achieve an advantage. 

To successfully maneuver agains t a defender's countering pull ~up, 
the attacker must keep in mind the relationships involved: • The pull 
of one- G gravity causes the attacker's airspeed and turn radius to 
increas e in respect to the defender . The refore, the attacker 's advan­
tage lies not in turn, but in airspeed in respec t td the defender. We 
stated that the pur pose of the 'high-speed yo=yo was to ma:i.ntain nose­
tail separation and that it was acqu:i.red by turning through the vertica l 
plane as the defender turns thr ough a plane intersec ting the plane of 
the defender's turn. Resul t: The attacker's line of flight provi des 
nose~tail separation, along with some l atera l separation in the vertical 
plane. Nose-tail separation prevents a possible reverse by the defender. 

In our present situa tion , the attack";!:C has the s am3 problems of try­
ing to maintain nose-tail separation, however, h~ can mainta:i.n this sep­
aration by tur.ning in a plane away f rom the defender's turn. The 
attacker mere'iy rolls one quarter away from the defender's line of 
flight at the instant he observes the defender 's ro lling pull-up, At 
the same time , he begins a smooth pull-up beh:Lnd the defender's line 
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of flight. See figure 26. The attacker plays his p·ull-up so that he 
does not overshoot 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 the bottom of the pull-up "'ill be greater 
thc;\n his opponent's at that . same level; with a consequent advantage. 
If the defender continues his pull-ttp, the attacker zoor.as above and 
rolls behind the defender - the attacker's airspeed advantage pays 
off. If the defender ·attempts to dive away, the attacker cuts off 
through the _horizontal plane and moves into the defender's six-o'clock 
position. 

The defender can counter the attacker's one~quarter roll-away. 
When the attacker is near the bottom of his pull-up, his airspeed is 
max; while the defender, near the top of the zo_om, has minirm.1m airspeed. 
The attacker has not only generated nose-tail separ a tion but_ also lat­
eral separation in the vertical plane, To ·counter this situation, th~ 
defender must rotate his angular velocity c·one away from the attacker. 
In other words, he turns from a nose-high to a nos e-low position, 

. through the vertical plane, into 'the attack. This places the defender 
in a nose-low, nose~q,..1.arter attack, with the defender's airspeed in­
creasing and the attacker's airspeed decreasing. The defender now 
relaxes G, lights afterburner an:d dives for separa~ion. Meanwhile , 
the attacker must turn 180° through the vertical planes to acquire a 
six-o'clock position. During.this maneuver, the attacker continues 
to dissipate airspeed, By the tirn~ he completes the maneuver, he is 
placed in an overhead attack_ with a negative delta Hach, \-1ell outside 
20mm cannon range. The defender can easily frustrate a possible mis­
sile launch. 

Proc~..E_, the jlJ;_gh-Spr~ed Yo-Yo 

1. Attempt to reduce angJ,e-off and stay on the ins:.i.de · of the turn 
as range diminishes. 

2. Yiaintain back-pressure, employ top rudder · and roll away from 
the turn, up through the vertical plane, when you can no longer stay 
ins:.i.de your opponent I s turn . r adius. As the_ pipper slides behind the 
target - you are no longer matching your opponent's turn n you must 
zoom off to prevent an overshoot, In 9ther words, any time it becomes 
impossible to maint_ain parallel-fuselage with your opponent, your c1ngle­
off will be too great and you must zoom into -a . high-speed yo~yo. 

3. Play the zoom so as tp maintain nose""'.'tail sepai:at:i.on and yet 
retain a low yo=yo apex. If proper stick and rudder technique is em­
ployed, this is easily accomplished. 

L~. Roll, ot· sJ.ide down to your opponent Is six- o'clock position. 
Employ .the rol:., if you have nose=tail separation, to a-:quire a six-

o'clock advantage. ~~==T==~-~-=~==
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s~ Use extreme caution ·when dropping down to your opponent's 
six-o'clock position. Do not acquire a steep nose 0 down attitude, 
otherwise your ·opponent may reverse up into you. This {s a diffi­
cult situation to recover f rom . 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 latera l separation in the vertica l 
plane. 

7. Initiate a smooth pull -up - after the quarter-roll - without 
overshooting your opponentis 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 Counte_!j.ng the H;_gh-Speed Yo-Yo 

1. Play the attack in im attempt 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. Determine whether or not the attacker is going high and to the 
rear. If he has an ext,:emely high rate of closure, he may be forced 
into extrema altitude separation. If so, employ the dive-away for sep­
arat ion and place the attacker in an overhead attack with _ a negative 
delta Mach. If the attacker maintains nose"'tcdl separ.at:i.on, and a low 

•. yo-yo apex, employ the procedur es outlined below: 

3. Maintain 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 future maneuverin8 potential. At the same time, 
it ' will force your opponent to conrrnit himself to a nose- low attack. 
Continue to maneuver until he does so. 

4. Perform a ha.rd~:rolling reversal - with rudder and back pres­
sure - up into the attack. Thi.swill cause your opponent to overshoot 
below and forward of your line of flight, or force him to employ the 
quarter roll-away. If he overshoots be low, simply roll or "S" down 
toward his six~o' clock position. If he employs the quarter roll-miny, 
employ the procedures below. 

5. Continue to zoom, and tm:n th1·ough the vertical pl ane down 
toward your opponent as he c rosses your flight path and begin~ his 
zoom toward your angular velocity 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 sj_x~o'clock position. By the time this is 
accomplished, you "1ill have placed him out of 20mm cannon range and 
in an overhead attack with a negative delta Mach. 

Barrel-Roll Attack 

The high~speed yo-yo appears to be an excel;l.ent offensive maneuver 
to use any time an attacker has a rate of closure and cannot match an 
opponent's defensive turn. Generally, this is true ; however, in a sit­
uation in which an attacker approaches a defender at high angle-off 
(40° or more) and long range (10,000 feet or more) the high speed yo-yo 
has quest:f.onable value. · Under these circumstances an attacker would 
have to yoMyo to an extreme ly high apex to maintai.n nosc~tail separa­
tion and stay inside his opponent's turn radius. Natura lly, if this ·, ~ 
occurs, we can expect the defender to innnediately dive for separation 
and airspeed. The attacker is_ placed in an overhead attack with a 
negative delta Mach. This means that he must initiate a new attack. 
Noting this, the defender turns into the attack and genera tes a high 
angle-off at long range, and forc es 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 
the barrel 0 roll ·attack is to prevent this stalemate from developing. 

Geometric examination of this situation - high angle-off, long­
range attack ~ reveal .s that the attacker would not prefer to execute 
the yo~yo in this raanrier. Instead , he would appreciate the opportunity 
to reduce his angle 0 off and slide 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 tur n inside his opponent, then regain his velocity after he 
diminishes his a~gle 0 off, and slide toward his opponent's six-o'clock 
posi.tion. Is this possible? Yes , if we know how to correctly _apply -
the three-dim2nsional concept of. turn and velocity; As previously 
stated in the introduction to fighter maneuvers, it is possible to 
reduce turn and vel_ocity by two methods: (1) Through both the vert:i.­
cal and horizontal planes by empl oying a two-.,dimensional maneuver 
(yo~yo) or (2) Maneuver through both the v~rtical and horizontal 
planes by employing a thre1;::~dimen.sional maneuver (barrel~roll). Thus 
far., our emphasis has been on the first method. Now, we will employ 
both methods to solve our present dilemma· - to reduce airspeed and 
angle~off, then regain a:i.rspeed to prevent longitudinal separation. 

How do we apply this three~dimensionc1.l concept? If the attacker 
attempts to barre l 0 r oll, in the plane of the opponent's turn, he will 
reduce his vect~r 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 wilf- increase his angle=off &nd improve the posstbility of an 
overshoot. If the roll is conducted :l.n the vert!~al plc:me - combined 
with a high=speed yo=yo .~ there ·:i,s a d:lf ferent result: {l) There is 
less .vertiGal displacement than in. an ordinar y yo~yo, beca1..1se vector 
velocity along the axis of the. roll, in the vertica.]. plane, is dimin= 
ished> (2) • Componen t velocity~ in the plane of t:he defendergs turn, , 
is dimini shed as a result of the yo=yo and the roll, (3) Aircraft 
velocity is greater, as a result of the lower yo~yo apex and the 
shortening effect which the roll has on the veloc:. ty v-ac tor in the 
plane of the defender0 s turn . Th2 shortening effec t allows the attacker 
to diminish his rotation engle thr(mgh the vert ical phrn.s2. . This pro­
vides less speed de.1~ay 9 henc e g:ceate;:- a i:rcraft ve.l ocity:1 and (4) There 
will be no overshoot , as a result of the roll~ s ! nce the roll is not 
conducted in the plane of the defender 0 s turn. -Upon fur ther examina= 
tion, wca can- s e~ tha t :lf the attacker i.s able to :i.n1.t i.a t e this yo=yo 
with a roll~ from below h::.s opponent, he i.ncr.;:ases his opportunity to 
gain a favo r able position . By initiating the maneuver f rom a n ins ide­
low position, the attacker lowers the apex of the maneuver . This . pro~ 
vides the defender less opportunity to ga i.n separation. The only prob­
lem now is that: th~, ~Ji;:!:acke:7 DX!.BI· l:>o:, c=J1:.G ': \-:) 9.pp:!..y tr: :'.;3 c .-:,r..c ept of turn 
and velo~ity c1ga:tnst his oppone.nt·. . . 

To set up the m,,me.u-ver ~ the at:r.:~,:.ke:z- :m:!..'.s t dive be low and inside 
hi.s opp onent 0s dei:"ensive t-i.::rn. ~ e ~.33t.\..'Ue that t he a ttacker has the 
range/ang'lenoff r:el.at:1.ons hlp specE;f.2.d 2bove, and a d i ve b e:low w:!.11 

. provide th•,: attacker some additional aii·sp,"'ed. However, this will not 
:J.ncre8se h is v8· 1:t:i'.('.Ed c1. ::.sp1acem1:::nt above his oppo.nent ~ s1,nc~ he can 
ea8ily kH:l. ai::c'ap12.ed upon. his forthcoming rotation th,:-ough the vert:i.cal 
plane. If. the at tacker ctpp:coaches the t arge t from bi:P; low and at a high 
an gleL~off , 1-.:e,i .:;<::,nt1r,.t,e.3 to ~c;l of£~ i.n an a ttempt: to reduce. angle 0 0£f, 
until b~ reaches h-ls F t,:U 0 up point . 1'be at t acker pulls up on the in­
side of h:l'. s oppo~ent 0 s defe!'a;,ive t u~:n, the n bar~~el =r olls ::.n a direction 
away f rom his Opj_,0~1.e.nt Os tum. Xf · his opponent as d~frmsive tur n is 
toward the l e ft, h,i rolls ;.:.ght; if th~. t um is t.oward the r :lght; he 
rolls lef t. T.n12 roll :ts no t a h i.gh=G ba;::>:~'e l=rol l (the a ttacker is try .. 
ing to k:..11 v,o.,::to:;: v1;il cc::.ty, n.o t .?. i.:Cf!t'&.~ t veloc.ity) . As the attacker 
rolls nos8°h::.gh thr:ough t b.e in.ve:r.i:8d pos:1. tion~ he plays bac k ~pressure 
and kick.s bottom ~udder to obtain E'. nose.nl0w 270° change of direction. 
See figure 27 . D·.:,.:-i.ng th.is portion of the maneuver = f rom the inverted 
pos ition to tr..c::; 2·_:·0° po:.nt of t::he :.:-oll = the attacker .,.eceives the 
benefi.t of }.G gr.2v:.!:y ,•7hi.ch a ss~"..B ts h im in ga:i.n:!.ng a rapid change of 
di,.ect~on toward t~.c?. def.e.11d ,2. t' 3 s si?.nocc: J.ock pos:. t::ton: If the a tt acker 
has played the ent:1.:-:,s, mani~,~_nre.r ~ from pull ~up th"E.:"ough th::>. roll = on 
the ins ide of tf1e o:;:ipoE)(~.i-:.·~ 0s defE:r:.c:;:;.vq tu~:n, he w:LLl find hims e lf above, 
at a r e duced angl 8 =off and in a position to dive below h i:3 opponent Os 
line of flight fo!' a six=o 0 c lock·,l<Y-v pus:'.+::. on. L-;:in.gi tudina l .separa tion 
will not be gre2. t , for two ri?.as onz ~ {l) Vee to1.' \1'2.loc:1.ty :l'..s r.educed i 
but a highe:::: a:1..:r:craft ve:.o ~;:i.ty ·1s: ::etc::'.nsd ~ and~ ( 2) Th0 ent:1.:i:-e maneuver 
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is performed inside the defender's turn radius. The offensive roll­
away places ,the at'tacker outside of gun ra,nge, but inside AIM-9B range 
at six--o'clock low. Whether the attacker can l aunch or not, depends 
on how his opponent plays the defens ive 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. In any 
case, we can see that . the roll--away provides an effective method by 
which to ·reduce angle-off, prevent separa tion and get into an opponent's 
anguLar velocity cone. It is tai lored to the performance of the AIM-9B. 

· To counter the barre l~roll attack there may appear to be certain 
alternatives such as a high~G roll by the defende·r when the attacker 
performs his 270° change of direction, or a pull~up.(under the same 
circumstances). The high~G roll is ineffective because this will 
cause the defender 7s lin~ ~f flight to be tangent to his defens ive 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 longi tudinal separation, since his 
opponent reduced his vector velocity. The pull~up is ineffective, since 
the attacker .is not coro..ra:i.tted to a nose 0 low posit~on by employing 
bottom rudder. Instead, he may employ top rudder when rolling from the 
inverted position. At the same time, the defender must roll away from 
his 4efensive tu:rn to execute. a pul1°up. This provides the attacker 
with sufficient longitudinal separation and time .to play his top rud­
der. Result: The attacker rolls toward his opponent's six~o'clock 
position, with his opponent framed against blue sky 0 a.perfect set-up 
for a missile launch. The only effective counter for a properly ex­
ecuted roll~away is a dive for separation and airspeed. The moment , the 
attacker .initiates his pull-up, the defender should turn nose=low toward 
the pull~tlp, • relax G, light afterburner and dive for separation. This 
forces the attacker, everi. t~ough he may use the roll~away, to perform· 
a 180° change of direction . in the vertical plane. If the attacker pulls ­
considerable Gin acquiring this change of direction, he diminishes air­
spe~d considerably in respect to the defende~ . If the attacker plays 
the maneuver with less G, his vertical displa<=:ement is greater. No 
macter which action he employs, he will be placed in an overhead attack 
with a nega.tive delta .Mach. 

To maneuver against this counter, an attacker may employ some decep~ 
tion. The purpose of the deception is to prevent the defender from , 
employing the dive for separation. ·rnstead of pulling up inside the 
defender's turn, from an insic.e-low position, the attacker will pul 1-up 
to the outside of his opponentvs turn , thus maintaining nose-tail sep­
aration. To the defender, this will appear as an overshoot. Therefore, 
we can expec t him to reverse nose-high, in an effort to scissor the 
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attacker forward. However, if the attacker plays the ma·neuver prop,.. • • • 
erly - overshoot and zoom = this wi.ll be impossible. The attacker has 
a three=fold advantage i.n terms of airspeed, nose~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 0 s turn; 
The defender will be unable to match the attackex: 0s zoom . 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 opponentgs turn. This 
will reduce vector velo~fty, provide nose 0 tail separa tion and thus 
allow the attacker to roll down toward his opponent's six~o 9clock posi• 
tion. • The defender will be in a poor position to counter, since he has 
diminished airs.peed and angular velocity as a result of his turn and 
nose=high revel'sal. Should he atte.mpt to pull up into the attacker, 
the attacker n<;ed only employ top rudder on his roll=off toward the 
defender 0s six=ovclock position. If the defender dives away, the · 
attacker employs bottom 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. More than likely he will be set 
up for a 20IlDll cannon attack. J.f. the defender: does not react with a 
reversal, to counter the "over3hoot and rol l~off, but instee.d dives away 
for separati.on, he will place the attacker in an overhead attack wi th . 
a negative del ta £1ach. • The separa tion from this .barrel=roll attack _:,·._ 
will be greater than from the one condu.c ted on the inside of the turn . . 
It is diffi.cult • to determine whi.ch attack 1s best. However, if the 
defender's condit i oned re:.:J.exes arri> oriented toward a scissors roaneuver--­
in the event of an overshoot= the attacker should employ the outside 
method; if not he should employ the ins ide method. 

The ba:crel~roll attack, or roll=off maneuver , need not be limited 
to the condi.tions speci£::.ed 2bove. It may be employed at shorter . 
ranges and loWl:!t' angl-eho=off. The purpose is to reduce rate of closure 
and angle =off and provide the defender little opportunity to gain sep­
aration. As state d earlier, this is ,an esp£:c:ta11y good maneuver by 
which to slide : nto an opponent 0 s AI.M~9B angular velocity cone, since 
it provides the attacker a better opportunity to launch against a man­
euvering target. 

Procedures for the Ba~rel~Roll Attack 

1. Stalk your ta:-:get and attempt to reduce angle=off as much a·s 
possible. If this is impossible; employ the procedures outlined below-: 

2. Dive below and inside your opponentis turn radius , maintaining 
nose~ta:n separation thr·oughout the maneuvers. The dive be low should 
be 5.nit iated far enough out so the fo r thcoming zoom may be played in­
side or outside the defender 0 s tur n. 
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3. Pull up and zoom inside your opponent 0s turn radius if you feel 
he is not strongly oriented toward the scissors maneuver (sometimes 
this is difficult to determine). 

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 ve locity. 

5. Continue the roll and employ bottom rudder as the aircraft 
comes through the noseuhigh inverted position, This will p~ovide a 
270° change of direction ·and place you with longitud:i.na l · separation,, 
at a reduced angle-off above your opponent, diving toward a six•o'clock­
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 f rom ·· 
the turn and pulls up into the attack. Instead, employ t op 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 out si.de of your opponent 's tur n radius 
if you feel you can sucker him into a turn-reversal. If he :reverses, 
continue .with the following procedures . 

8. Roll in a directj.on opposite your opponent ' s turnnl•eversal. 
This will reduce your vector velocity and help maintain l ongitudina l 
.separation. 

9. Play top or bottom rudder, according to whether your opponent 
. p·ulls up or dives away after the· r eversa l. If he pulls up, employ top 

rudder. This will ' allow you to roll nose-high toward a si~~o'clock•loH 
position. If he dives away, employ bottom rudder . This. will allcw you 
to roll nose~low and prevent your opponent from obtaining extreme l ongi­
tudinal separation. 

~roc~dur~s fo r Counterip,g__Qle Barrel-Roll Maneuver 

.: 1. Play the attack in an attempt to generate anglenoff and prevent 
your opponent from setting up for a n1iss ile launch. If your opponent 
counters with a dive below and to the inside of your turn radius, con­
tinue with the procedures outlined below, 

2. Turn, nose-low t oward the attack, as your opponent i nitiates 
his pull~up from an in,_s ide- low position. This will increase his angle­
off > since you are turning into the plane of attack. 
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3. Relax G, _light afterburner and dive for separation. This will 
force the attacker to turn 180° in th3 verti~_al plane toward your line 
of flight. During ·thts maneuver, he will be dissipating airspeed -while 
you.will be increasing airspeed. As a result, at the end of this 180° 
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 ·predicated 
upon rate of closure. He needs rate .of closure to generate an over­
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 arid 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 ii1 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 20mm 
cannon attack? 

To gain pos:ttion qu:Lckly, the attacker must 15.ght afterburner and 
dive be low his opponent 's flight path . I n other words, trade altitude 
for airspeed. After reaching 2.n.alt.:!.tude of no more than 10,000 feet 
below his opponent, he should levf-..! l out and press the attack from a 
six-o'clock-low position. The airspeed gained in this maneuver will 
allow the attacker to quickly close 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 does not, 
the attac'ker simply- closes the distance, executes a pull-up inside 
missile range · and launches. 

If he has no m:i.ssile, the attacker moves in closer and executes a 
gradual pul l-up and positions himself for a gun attack . The ent.ire 
maneuver depicted here - a dive for airspeed and a pull-µp 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 rate of 
closure . 

In a turning fight, an attacker may find himself in a circula r tail­
chase unable to close upon an opponent. If he tightens his turn , his 
opponent counters in like manner and the attacker's position xemuins 
unchanged . The result is a lufbery maneuver - a stalemate in which 
the attacker an_d defender bleed off airspeed and altitude . If the 
att acker attempts a high-speed yo-yo in an attempt to break the stale­
mate and gain a more favorable position , he ·will break the stalemate 
but will lose rather than gain a more f avorable position. To employ 
the high - speed yo-yo, the attacker nms_t roll away from the ci rcular 
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tail-chase and zoom in the vertical plane. The roll~away decreases II 
turn rate and increases turn radius, whereas the zoom dissipates air­
speed and.also decreases turn rate. The deiender now has an airspeed 
and rate~of-turn advantage. Result: He moves around the lufbery circle 
away from 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 0 spee.d yo-yo is 
to provide cut 0 off and rate of closure. To _employ the low~speed yo-yo 
when in a turning fight, the attacker simply maintains his bank and 
lowers his nose to the inside of the turn (see figure 28). - He is now 
turning through both the vertical and horizontal planes. The pull of 
gravity increases aircraft velocity, thus increasing turn radius through 
the vertical and horizontal planes; however , in the horizonta l plane -
the plane of the defendar 0 s turn Q his turn r adius :i.s decreased (in 
this plane, turn radius is only a component of actual turn). As a re•· 
sult, the attacker turns below and insl.de his opponent . The attackcr'·s· ~· 
angle~off and airspeed increase and his distance R in respect to his 
opponent .. decreases along t;he horizonta l plane. To prevent an over'." 
shoot, the attacker must roil wingsRlevel, pull up and zoom toward '. the 
defender's six~o' clock position. T'ne 1;:nti.re maneuver must be accompli-Bhcd 
prior to reaching the defender 's line~abreast position. If done .cor­
rectly, the attacker will find himself at a reduced angle~off and.at a 
diminished range. J.f he is stiU not in a l e thal position, he neea only 
repeat the process. The attacker gains an advantage in employing this 
maneuver, because airspeed loss is less than the airspeed lost by the· 
defender. When the attacker dives to the inside, he increases airspeed 
and reduces ang1e of attack. The inc reased 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 maneuver, the attacker not only has an airM 
speed advantage, but also a thrust advantageo On the pull~up to the 
horizon, angJ.e of attack and induced drag inc rease. This pre:vents 
any further inc:i::-ease in airspeed. Hm,,E;.ver, 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 start s to diminish 
airspeed , the loss of airspeed starts to increase angle of attack; 
however, angle of attack is less thaa . the defender 0 s because of the 
greater radial G available in the vertical an.d horizontal_ plane as 
compared· to the horizonta l plane alone~ Because of this, the loss of 
airspeed in a low~speed yo=yo is less than the loss of airspeed in a 
horizontal turn through the same distance. Therefore, the attacker 
gains a more favorable position· even though he goes through a greater. 
distance. 

If the attacker employs afterbuY.ner, he will find the maneuver 
even more effec tive , even though hi_s opponent may counter in like 
manner. The afterburner is essentially a ramjet t andem to a turbo 
engine,· therefore, its thrust, like a ~amjet , 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 time 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. Unlike max power in a horizontal turn, this causes the 
attacker to describe a wider arc during the pull~up. This may reduce 
the effectiveness of the maneuver. On the other hand, if considerable· 
longitudinal separa tion exists, and the low-speed yo-yo may be performed 
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. 

A defender cannot effectively counter a properly~executed low-sp·eed 
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 airsp_eed rapidly to a point where he reduces his angular velocity 
and increases h:Ls turn radius. The attacker then has no great problem 
in zooming up toward his opponent I s six-o'clock position. The attac-ker 
may even play the zoom~ out of a low-speed yo-yo~ so that he will 
overshoot his opponent 0 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'clock position. If the defender ini• 
tiates a reve:rsal as the attacker starts into his low=speed yo~yo, __ the 
defende1' wi ll be t urning away from 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 I clock position. The reversal allows the attacker to reduce more G 
than is possible against a tight turn, and as a restilt, his rate of 
closure irtcreases to enable him to gain a favo rable position more rapid­
ly. If the defender executes a high~G roll, 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 low~ speed yo-yo, the defender must rotate his angular 
velocity cone away f rom ·his opponent. In other words, he must turn 
into the plane of the attack. From this explanation, an obvious 
counter-measure appears to be a diving tur n . the instant an attacker 
begins his low-speed yo~yo. This rotates the defender into the plane 
of the attack and cancels a possible low=speed yoAyo. Of course the 
two antagonists will be forced to the deck rather quick ly. If the 
defender rolls out of tha turn his opponent w:111 be po3itioned at: six­
~' clock. Thus the' defender r eceives only a respite from a stalemate 
situation . We can see from this illustration that a defender must not 
only rotate his angular velocity cone away but also do it in such a 
manner as to completely nullify his opponent's l ow~speed yo-yo , He : 
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can accomplish this in the following manner:· the defender allows the 
attacker to dive below and inside his tur.n until a pu11~up is begun. 
At this point the defender is i.n no i IT!!lled iate danger, since the attacker 
is diving away from his angular ve locity cone. As the attacker begins 
his pull-up, from a nose-low atti.tude, 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 1 s line of flight. Observing this, the attacker continues his 
pull-up in an effort ·- to move towcg·d th~ defender's six~o' c.lock-low posi­
tion. By the time .the attacker's nose reaches the horizon on his · pull­
up, the defendel'.' will be nose-high in a bank toward the attacker with 
considerably less airspeed than the attacker. At. this point the. defender 
rotates his angular velocity cone away from the a ttacker by turning, from 
a nose-high to a nose-low position, through the ve rticgl plane into the 
attack. This olaccs the defender in a nose-low,, nose-quarter attack with 
the deiender 0s airspeed increasing and the attacker 's airspeed decreas ­
ing. · The defender now plays his action according to the attacker's in­
tentions . If the attatker continues his zoom and turns 180° through 
the vertical plane, without cutting off, the defender relaxes G, lights 
afterburner and dives for separa tion. This places the attacker in an 
overhead att_ack with a negat:!.ve del ta Mach. On the other hand, if the 
attacker cuts off and overshoots his opponent i n the vertical plane , 
the defender may employ a different counter - t he vertical rolling 
scissors. 

1. Dive below and inside your opponent's t urn, if you are in a 
circular tail~chase , and hav:e little or no rate of closl.!re. This man­
euver will increase airspeed, dimi nish your horizontal turning compo­
nent, and allow you to se t up a rate of closure .and maneuve r inside 
your opponent's turn. 

2. Employ afterburne r in the descent and. in the zoom por tions of 
the maneuver. Do not employ afterburner during the pull-up from the 
nose~low ~o a·nose~level pos:l.tion : The use of af terburner in the des­
cent and zoom portion of the m.ane:..,.ver increases and helps to mainta:f.n 
rate of closure. When afterburner i s employ.sd during the pull-up, a 
wider arc is described, pos s ibly ruining the effectiven~ss of the man­
euver. 

3. Do not b~rble the aircraft, otherwise drag is increased, air­
speed is decreas ed and consequently, zoom capabi lity is diminished. 

4. Shallow out your tu:cn and begin a pull-up toward your opponent I s 
six-o'clock position. Thi s should be acc o:nplished from an inside~low 
position before you reach a position 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 Counte~ring the Low~Speed Yo~Yo 

1. _Continue to turn and observe _your opponent's dive below and to 
the inside until a pull~up is begun. You are attempting to gain late 
eral separation in the vertical plane before initiating your counter­
maneuver. 

2. Roll away from the turn and zoom in a banked attitude toward 
your opponent as he begins his pull-up. This will diminish airspeed 
and rotate your angul2r velocity cone toward your opponent. He will 
maneuver in an attemp t to gain position inside this cone at six -o'clock 
low. As his .nose reaches the horizon, in this attempt, maneuver as 
outlined below. • 

3. Turn, f1:om a nose-h:J.gh to a no.se~low attitude,- through the 
vertical plane into the attack. This will place you in a nose - low, 
nose-quarter attack w:i.th your ;~:t:cs?ead increasing. Your attacker will 
be in a zoom with airspeed decraasing . 

4. Relax G, light afterbu:rner and d':i.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 pa th, employ the vertica l 
rolling scissors. 

In our discussion of previous maneuverJ, we have encountered m3ny 
situations in which the defender had to di.ve fo r separa tion in an 
effort to gain maneuvering airspeed and t~ provide th·e attacke r the 
worst possible position for a missil_e attack ~ an overhead attack with 
a negative delta Mach. We will now 'discuss possible counters to thi.s 
attack. 

In an overhead attack , with a negative delta Mac_h, the attacker is 
in the worst possible posi tion to launch and IR missile. The attacker 
must not only consider IR background clutter, but the lambda and G 
limitations of his missile. The l ambda limit is es pecia lly i mportant 
because of the attacker's negative r a t e of c l osure in respect to the 
target. If the defender performs any defensive maneuver at all, a low 
relative missile velocity will be c ombined with an increasing angle­
off. As a result, the defender can easily prevent a s uccessful missile 
launch. G is significant because the a ttacker must maneuver against 
one-G gravity. This means he will easily exc eed t he t wo-G launch 
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--limitation and/or the angle··Gf-at~ack i~mltation againat a maneuvering 

defender. To elucl2 an attEicker' ~ the d.E::fender. ne.€d onLy rotate his angu­
lar ve l ocity cc,ne away from the attacke,!' 3 

:;:: line of flight. In an over­
head attack ,,,ith a negative delta Mach, he may accomplish this in two 
ways: O) Pull up to the horizon, wi.ngs le·ve:l, and p•arform a defensive 
turn left or right (the direction dep•2nde.nt upon whethcir the attacker 
is high to the left or high to the r ight). Let's discuss each alterna­
tive in detail. Fi~s t the puHc•up and zoom in the vertical plane. 

The moment the defendis:r observes h :ls opponent lining up for a possi­
ble mis sile shot, he pulls up and zooms in the vertical plane. During 
the pul!=up = from nose=lcw to nose=level - h e does not employ after­
burner. A'.3 h l.s nose h:tts th:::, hor:i.zon; he. li.ghts afterburner and zooms 
in the vert ical p l ane. Th8 attacker, f aced wi th this counter, has one 
of two altern'3t ivE.s: (1) Cut off, in an attempt · to s ,e.cure a six-o 1 clock~ 
low posi.t!.011 e·s t he def,,md,~Jt zoom,;; thr ough the vertical plane , or, (2) 
Do not cut off but fl y the same relative C i gl::.t p.sth a::: the defende:r. . 
In all probability , the attacker will be ent iced i nto a cut-off, because 
he th:i'.nks the c 01t~,off will quickl y position h i m for a missile launch. 
This, however, )ts what the defender is actually hoping and waiting for . 
If the at tacker cuts off, he will not t ake advantage of the pull of 
g r.·av:~ty to b:.1 :::.:./J. Ui:' ~ ~.s .~! :::.::·,3p:-,:d .: '::, E::~'s;;fo:r:·.c,~ ;::i t the b,:ittorn of his pull­
out, h e w:!. ll g2.nBn.:te a l ower. ai ::;.~;ps8ed than ci ld the di2. fE:nder when the 

. defender. wa s at th,?. b:,ttom of h is pu:~ ], ~,out . The c ut ~·o f f and l01.·1er a:tr­
spead force the at t acke~ to ~educe hi3 rotation angle in the vertical 
plane :1..n r ,~sp,:.c t to tha dei,?-nd.""·"·· '!his m-2:im s that he will be unable to 
secur.e a six,~o 0c 1,,r::.1<: p,)s:i. t '.i.cm. :Cne t e itd , he wl:l.1 be forc. r"d to accept a 
smaller :r.otatior,. an.gI"i ~ henr.::. ,:.: a f :.J.ght path over.shoot i n the v ertical 
plane (se.e f:ig1.;.r ,;:.; 2?-) . fisanwM.le., t h~ de f ender- with his air.speed margin, 
can pull towa r.:d o:r pa.,,t thf-: V'~ t:ttc<?.l anct ex,~icui.: e a roU."off ~ not a loop 
~ down tow2.:c<l the attack•,c 0 s six~o 0 c1o,::k pos:i.t::.on. To count £,!' , the 
attacke,:r: w::.'.J. a~.te.011pt '.::c ccmp'( ,, ... p 1:::3 .'io,Jm a nd rol>•oEf ; h.:iwever, the 
atta(.'.k~r:· wI:U. l.. e>,!,~3 ,'.ll'l.'.it b e,;2·1.;<.t;,~: 0:r! b::JB I;:-rl t :li:.1 1ow~r a L:-:3p,6<7,!d on his 
fir.st cutc•o£f and 1::i.::s S!c1.sl1er rotat ion angle. As a r esult, the d.efender 
will qu.:i.cJ..-. ::y gain ar.. a3.vrmtage and. move tmvar.d t he att acker' s six .. o 1 c lock 
position. If the attEcker had no t cut off on the ini t ia l pull-up and 
zoom, but hc:d pulJ.•2:d up c'.nd zo 2i::r!·'?. ::l. through thE: 3am,s ate as the defender, 
he woul d not t~v~ lost his aivanta g~~ ~s the defender reached the nea r 
vertical, the c,tt2cks:r woi.:·.lr~ be nea.i::· si.x·~o 0 clo:::k. This means the de~, 
f~nde r would be L1£ b i.e to suci::.::issful l y ;::>o11 of f. and ga-i.n a s J.x=o'clock 
advantage, since he woul d not have an ovarshoot in .the vertical plane . 
If he d i d, thF., at tac·.ksr wou2.d s :'..mply foJlow and gain a mo:r:e favorable po­
sition, '!o prsvsnt t h :ts ~ tb:\ .c. ca fer: ie::,: m•.LS t t 1xr.1 130:l through the· 
vert ical p lar.:e and one(::, 2tai;.•. 1'2::.2x G c!nd di ve fo r s cpccra tion. The 
attacker.,, t'.o':: i.ng tl:Ls, wii.:'.. be: fac e d wi.th the c.ho i ~~"" of &t t e.mt ping to 
cut ~off or: zoom pc:st tb.e defen:le-.r ·.through th~: s am::= turr.•.:Lng po:i.nt to 
compl~:t e a ~.80'.) cha:ng:= of d.ir.·ect:,::m tow.sr.·J. the d.cfende:c0 s s i x=o' clock 
pos i t i on., 1£ the attadce;.'.' att.~mp t s to cut off and ov,..:;::::shoots his 
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COU TE I G THE OVERHEAD 
ATTACK \NITH A NEGATlVE , 
DEL TA .~1ACH . 



opponent . in the vertical plane, the defender may employ the vertical 
rolling scissors as a counter. On the other hand, if the attacker 
does not cut off, the overhead attack with a negative delta Mach will 
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 
diminishes, the attacker's airspeed and G will build up. The defender, 
observing his opponent's attack, will tighten up his defensive turn as 
the attacker's range diminishes. If the attack is corit inued , the 
nose-low spiral forces the attacker. into an overshoot below the de- . 
fender. The result is obvious: The defender simply rolls off and 
maneuvers toward the attacker's six-o 0 clock position. If the attacker 
attempts to yo-yo out of this nose=low spiral - before overshooting 
below his opponent 9 s flight path= he must roll wings-level in order 
to pull up and zoom in the vertical plane. This maneuver provides 
nose-tail separation for the attacker; however, it also provides 
lateral separation for the defen~er. In this instance, the defender 
has taken the advantage. After rolling wings-level the attacker has 
a nose-low attitude whih, the defm1der has a nose=level attitude . 
This means that the attacker must pull from this attitude to nose-
l~vel before he can zoom in the vertical plane. During the process, 
the attacker increases h::Ls horizontal velocity component, This causes 
him'to overshoot th~ defenderijs flight path before he can execute his 
zoom. If, during the pull=up and zoom by the attacker, the defender 
counters with a nose-high reversal, he will diminish his horizontal 
component. The result is obvious: The attacker is forced out front 
by his pull-up and zoom. The defender will be in position, at six­
o'clock io~•1, for a missile attack. 

Procedures for Counte_rir:!$ the Overhe ad Attack with a Ne gative Delta 
~ 

I 

1. Determine if an attacker is in position to execute an overhead 
attack with a negative delta Hach. This can be accomplisheod by observ­
ing the attacker 0 s previous maneuvers and his present relative position. 
If he is in a proper position, employ the followi ng procedures. 

2. Pull up from a nose~low attitude and zoo~ in the vertical plane 
(wings level). This should be accomplis hed the moment the defender 
observes his opponent flying up for a possible missile shot. 

3. Employ afterburner dui·ing the dive and zoom portions of the 
maneuver. Do not employ afterburner dur ing the pull-up from nos e -low 
to nose-level. Use of the afta rbur ner du r ing the dive and zoom por­
tions of the maneuver and not during the pull =up allows the defender 



to generate sufficient angular velo~ity and, at the same time, main­
tain a substantial zoom capability. 

4. Observe and determine if your opponent attempts a cut=off in 
an effort to secure ,· advantage. 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 re.duced rotation angle. 

5. Roll off, as you approach the vertical,and maneuver down to• 
ward . your 9pponent 0 s six-o'clock position. This should be accomplished 
as your opponent star.ts in the zoom portion of his maneuver. This will 
prevent hi.m from getting near your six~o 0 clock position. 'At the same 
time, it allows you to ga:i.n toward his six~o'ciock position. 

6." Repeat the process. This means that you will dive .toward the 
attacker 's six 0 0' 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 si:x:~o'clock position. 
However, you w:i.11 gain on -him because of his initial lower airspeed 
when he per:£0:.:ras his f:b: ;~t· cutboff. 

. . 
7. Do not atternp~ the ro_l-off if the attacker does not cui •off 

on the init ial maneuvEi::.:· . ·rnstead., turn 180° to the vertic.:i l plane, 
relax G and dive fer separation . If the attacker does not cut off, 
he will be near your six-o'clock pos ition as you reach the near­
vert:!.c.a J.. To provide hirn Httle advantage, you must turn 180° into 
the attack, div,~ for separation, .and once again place him in an over­
head attack with a negative delta Mach. 

8. DetermiP-e, once again, when the attacker is in an overhead 
att ack with a negative delta ·Mach, then get ready to employ the 
second alternative. 

9. Pull up to the hor:l..zon with wings level, then perform a defen° 
sive turn left or 'right (the direc tion is dependent upon whether the 
att ack is high to the left or high to the righ_t). If the attacker 
counters the first alternative, 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 curved plane intercepting your turn, proceed as 
follows: 

11. Tighten up the turn , as the attacker's :range diminishes, and 
att empt to for:ce 11:i.m below your line of flight, or attempt to force 
him into a yo=yo out to the si.de. If he continues the attack, he will 
be fo r ced into an over.shoot below you. 
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12. Roll off and maneuver toward the attacker's six 0 o'clock 0 low 
position , if the attacker continues the a ttack and is forced into an 
overshoot below you. If he yo-yo 0 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 mus t pull up before he can zoom , his horizontal 
velocity .will carry him below and forward. 

14. Roll off and maneuver toward the attacker's six-o'clock-low 
position as he comp letes his pull-up and p·roceeds in the zoom portion 
of his maneuver. 

Maneuvering from An Overhead Attack with a Ne~tive Delta Mach 

You will recall, from our previous discussions of the over_head at­
tack with a negative delta Me~h 9 that an attacker may expect two pos 0 

sible counters to his attack~ (1) A pul1°up fr om 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. Our 
purpose in discussing the overhe1:td attack with a negative delta Mach 
is to point out maneuvers which can be used against either one of these 
counters. 

To maneuver against the f irs t alternative= pull=up f rom a nose-low 
attitude with a zoom :i.n the vertical plane = we stat ed that the attacker 
should not cut off and pull=up and zoom. Instead, he should fly the 
same relative flight path as the defender. By doing this , the attacker 
would force the defender to turn i80° in the vert ical plane in an at­
tempt to gain longitudinal separation. We can see, by geome trically 
examining this situation, that the attacker has an apparent choice of 
either cutting off his oppo~ent :.in the vertical_ plane, . or zooming past 
the defender through the s ame turning point to c omplete a 180° change 
of direction toward the defender 0 s six=o 9 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 does not cut off, the 
overhead attack with a nega t i7e de~. ta Mach will be repeated once again, 
and he will gain little additional advantage, To pr event either sit­
uation from occurring , the att acke r need only employ a barrel~roll 
(rol1 °away) in the vertical planz , as he starts to move pas t the descend­
ing · defender. Thi.s will redu,:~e the apex of his- zoom, because his vec-
tor velocity (along the axis of t he roll) in the vertical plane is• dim­
inished . As a result, the at tacker will roll away through a 180° change 
of direction to posi tion himself at his opponent 0 s six=o 0 clock=low posi­
tion, in the vert~cal plane, with mu~h l ess longitudinal separation. If 
the defender repeats the pu11-u.p and zoom, followed by a 180° turn in 
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the vertic2! plane, the attacker 
an even rno=e favorab le pos ition. 
20mm cannon atta~k. 

need only repeat the process to gain 
Hie. m.~y then s-at .;p for a missile or 

To count e r thi s roll-away, the defender need only add back~pressure · 
and roll towa rd the r.oll~away, o~ dive for whatever longitudinal separa­
tion he can get: to emiloy his se<=:or,d alternative. If the defender rolls 
toward the ro1l~away 1 thi s wi ll plc:ce the attacke r at a high -a ng l e -off 
in the v e~tical p lan~, a~ shown in figu~e 30. To maneuver out of this 
pos:i.tion, the attack,~1 r must roll 180° towa1·d the defender ; s flight path. 
Meanshile , the defender c an relax G, dive for separation ar:.d r.itt'empt 
his second alternative . 

To maneuver aga:tnst t h:~ second al tern.a tive ~ a p t.1. linup to the hori­
zon, wings-level~ with a defensive turn left or right - the attacker 
mus t not l aunch. a.n ove:-:be8d attack •in a cu::ved plane aga:l'..nst the rim of 
the defender as h,)~:t2;01"ta1 turn. This means that if the attack is press­
ed, the attac:kar has the op ti.on of dE:scendi.r:>.g outside his opponent I s 
turn:l_ng c i .rcle or <lescer..<ling inside the turning c ircle . If the attacke r 
descends outside his oppon.ent 7 s tur.ning cir cle, his rate of turn will be 
le::,; s than tl:,.e, ceffi,.,,i::,<· 1 

;.; • 'J-:1."'..!.s :1Y:: . .a,:,.s t h,~ c.efende;; w:.UJ. be turning away 
from the. a t tacke·.c•a .s nose~ tm.;a::d h i:::1 ta ~. l 9 as the at.tacker· approaches 
the defend1::r 1 s ~.ix:,:: 0£ £2.:i.ght . As a l':.s·1I t , the c'i.efender w:U.1 maneuver 
towa:<:d ths att2c:<e.::' qs ~1 :bs." c) 0 clm:1<. posit:t.c.;n . On the other hand , if the 
c1.t te.cker de:1c1?.?::.o.s irtiJ:'.d. 1:, the tn:;:::.,);;.1.g c:!, r ,::;J.e 9 h e is not commi tted to 
genera t e B. t tn:n. :ra t e :.883 ar.d a t"C.t'n rad.ins gr.\,:ater than h i s opponent, 
as would be the c a~,•:= if te ir:.it:ta!:ed a pursui t curve attack, in a 
cu.rv1::d plane (~?.ith ':-) l' int,,L~cept:i.r;g the de::end2r 9 _8 h or:J.zontal turn or 
descending outs5.c.e hi=➔ tu-r.-n:tng c'.::.r .~J.9) . By descendi ng inside the hori­
zontal cl rc?.,;,: , t he c:tt'!l!d:.,.!.· d1:2::.:~ ;;':·.~ss a r ,.0 ;3-2 ~ l o·;,, s pi:ca 1 ~ i n ,;;hich his 
r ate of turn-~ a lor,.g the hod.z,?r.t aJ. ~x:" ... es; :I'.;,; governed by his t;pira:.. or 
roll rate a long the ve1rt~.•.::al a.'.x :Ls . His ra.cius of tur n al ong the hori­
zon t c1l a~d.s is gov-sznf:;c'. by t !-.8 slope of M.s desc eniing E>pira:~ . If t_he 
att ,?.cker i nc:.:ec\Ses b.:l.s roll :i::c.:te (in the. spi.ral ) ~md s:8epens the 
spi ral , h e inc:.:e::1aes h.1.::: b.o::i zonta1 t !n·n i:a te and d~c rec:1;:; es his hori­
zonte.l t u-;:-n radin.~~ . Xn effec t :, th,:: E.ttack:;!' will be p :i.1:ou.e tting down 
the a.xle of the defe:::d-ei . .'.' 1 s ho:;:::1.zonta l t urn . 'l'h:i.s, of course, wi.11 
cause the attacke:: to bu:~_ld up excss s 5:v9 v:::locity .for his fo::'thcoming 
maneuver un l ess h~ n,d~.c ,~a powe r. As the attack er- puJ.~. s well inside 
and beJ.or.-7 the d.~£m1cltn.· 1 s tu:;:ning d.r:::1.e, he :coJJ. s out of the spiral 
and executes e. p-s:1.1 -:.1.p and zoo:n towa:d the defend,;r: 1 s s:.x-o 0 c lock posi­
tion. (I n. othe:.:. v1.:,:::~s, h ~, e1.1p:'.oys a va:::1.aU.on of t h e low~speed yo~yo.) 
If the attecke::c' r:J a1.:rs~,e<=:d. :r.s ,~xces:3:tve and. ;i.t appears that the result~ 
ing zoom may £0:, ,;e .h::..rn too 1::.:.gh 3".J.d./or to the· outside of the defender's 
turning c i:;:cle, tb:e. at t2'l.:::ka r simply employs the barrel ~rol l attack in 
an effo::t t o secur-.~ 2 ~2·'-m,::h m~ :':i:,:-ing position. 

'l'o co1mtei: the :i.:."31.3.-:;=3.ow m6X:i~:.Jve1: ( t h•:: Iow-speed yo~yo or the 
barrel-roll 2tt2ck) o~t cf t he c72~~aad 2tt&~k with a Eaga tive d e lta 
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Mach, the defender need only employ the counters suggested for a 101-1-

speed yo 0 yo and/or £or the barrel 0 roll ~ttack. 

£!2£edu'res_· f_or M,?ne1.1ve r.ing from ~n Overhea,!1 f:!: tnck with a Negative 
Delta Ma9h 

1. Observe your opponent and determine if he employs alternative 
1 - a pull 0 ~p from a nos e-low attitude and a zoom in the vertica l 
plane - or alternative 2 - a pull~up to the hor~zon> wings-level, and 
a .defensive turn left or right. I£ he employs the first alternative, 
use the following procedures. 

2. Do not cut off as your opponent begins his pulJ. .. up for ,a zoom 
in the vertica1 plane. A cut~off now will provide you a ·lower airspeed 
and a smaller rocation angle for your forthcoming zoom. • 

3. Dive - A/Bon, .. ~ and initiate a pull=up ·and zoom through the s ame 
arc which the defender described. This technique wi.11 enable you to 
generate a high rotation angle in your zoom, hence, prevent a flight­
path overshoot, in the vertical plane. 

4. Determine if your opponent counters with a roll-off or a 180° 
turn through the vertic:al plane in an effor't to maneuver you out of his 
s.ix~•o'clock position. · If he employs the ro11.-off, simply roll with • 
him and maneuver toward his six-o'clock position. If he employs -a: -180° 
tur n thr ough the·vertical plane in.an effort to gain separa tion, employ 
the following procedures. ; .,_ 

S. Initiate a barrel~roll (roll-away) as you begin to zoom past 
your descending opponent. A rol1°away will r educe your vector velocity 
in·the vertical plane ; hence, provide your opponent less longitudinaj 
separation. 

6. Complete the barrel-roll (roll ~away) and maneuver tow~ rd yo~r 
opponent's six-o'clock pos ition in the vertica l ~l ane. Your opponent 
will now e:tther repea t the pull-t.1.p and zoom or pr·oceed to his second 
alte rnative . If he r epea ts his previous maneuve r, simply r epea t your 
roll-off and gain pos ition for a missile or 20mm cannon shot. If he 
employs the second alter na tive, use the followi ng pr ccedur1;.: s. 

7. Do not. press the attack in a curved plane intercepting the rim 
of the defender's turn. This will for ce you to either--overshoot he lot, 
your opponent or to yo-yo out .to the side in a nose- low atti tude. In 
either case, he will gain an advantage (s ee secticn on countering the 
overhead attack with a negative delta Mach) . 

. 8. Spiral ins ide your opponent's horizontal tur n to ma tch his 
turn and to ·cut him off. This may be acc oamlished by adjus ting your 
rate of spiral and the slope of t he spira l. ~-
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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 wings~level , puli .. up inside your opponent's turn and .;zoom 
toward his six~o' clock posi.tion, If you have exce_ss aix-speed or are 
not spiraling well inside your opponent's horizontal turn, you may be 
forced to pull up and zoom outside his turning circle. In · this case, 
employ the followi.ng procedures . 

11. Zoom outside your opponent 's hor izontal ,turning circle - if you 
are unable to ccmp l ete your pull~up inside his horizontal turn r adius ··­
.then turn back toward him if he continues to turn or attemp;s:.to dive .: 
away. 

12. Zoom to the outside .and barrel-roll (r~ll-away) toward your 
oppcinent Os 'Six=o' clo::k position, if he attempts • a reversal to counter ' 
your zoom to the outside. 

The Vertkal Rolling_Sci~.2. 

The v;art.ical r •.)111.ng sei;2;sors is ,vhat: the name implies - a defensive , 
descending, rolling maneuver in the vertical plane. · The purpose of this 
maneuver is to ga in an offensive advantage. if. an opponent overshoots a 
defendervs flight path, and slides th r ough his angular velocity cone 
while descending in the ve:'.."tical plane. See figure 31. The following 
situations may be used to set the stage for employing the maneuver: 
(1) At high alt itude, when the defender has a high Mach with a ·1ow 
indicatei airspeed . In this case, the defender -will be fo rced t6 per -
form a descending defensive turn to maintain futu re maneuvering potentia l~ 
If the attacker with a fair rate of closure, thinks that his opponent is 
attempting to gain sepa~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 0 s. _As a result, he can 
be easily forced to overshoot the defend3r 0 s descending flight path. 
(2) In a zoom=mai:l.euver in which the attacker i.s attempting to approach 
a zoom:i.ng defentlera s six=o' clc-::k position. The defender, observing the 
attacker's position, uses the pull of gravity and executes a 180° turn 
through the vertic2l ~lans in an effort to g~in.separation and thus 
place the attacker i n an overhead attack with a negative delta Mach. 
In an effort to prevent this, the attacker cuts off. During the cut­
off, his radius of turn is greater than the defender's because of this 
higher airspeed, and as a result~'. he overshoots ·the defender 0 s descend­
ing flight path, (3) A six~oaclock=low missile attack, in which an 
attacker is approaching his pull ~up point for iat1-nch, The defender, 
observing the attacker, may execute one of two maneuvers : An i mmedia te 
defensive tu!·n down into the attzck, or a pull=up and zoom followed by 
a 180° turn, in thE, v2 ~~tic:al plane, down into the zooming attacker (this 
is the same proc r,:;i'.er.e u s E.d • as a coul'iter to the low-speed yo ~yo). In 
either of thes s cases, i f the attacker attempts-a substantial cut-off 
he can be forced Lo overahoot his opponantas descending flight path. 

}. 
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With the stage set, we can now discuss the nechanics of the vertical 
rolling scissors. Let 0 s ass ume that we have a defender zooming in the 

,- vertical plane, with an attacker initiating a pull-up in an effort to 
maneuve r toward the zoomi ng defender 0 s six-o'clock position, The de­
fender, observing his· opponent Os position, tur ns 180° through the verti-

_cal plane, down into the attack in an apparent attempt to gain separa_- • 
tion. Observing thi s maneuver, the attacker de'cides he can either cut 
off, or zoom and turn 180° through the defender's turning circle. 
Since he knows that a tum through, .. the defender '.s . turnitig ,circ·le .. wiU:.. 
place him in an ove_rhead attack with a negative delta Mach, he elects 
to cut-off. Observing the cut-off, the defend.er knows that the attacker 
will be performing his 180° turn through the vertical plane at . a higher 
airspeed. Therefore, the attacke'r 0s turn rad i us wil l be greater; hence~ 
he will overshoot the defende r 8 s descending fligh t path, Understanding 
this, the defend er reduces power to slow his rate of descent (he niay • 
deceive the attack'er in this power reduction b.y niomentatily lighting 
afterburner, · then reducing power, to make it more apparent that the de­
fender is trying to dive for separation) then waits until the attacke:r:· 
overshoots his flight path 'and is connnitted to a nose=low attitude . At 
this instant, the defender comes in with back pressure and reverse .;. rolls 
into the overshoot ing attacker.· This will place the defender below the 
attacker and 180° ciut of phase, with a less nose-low at:tituqe;, ~hcrr.i:;e ;· a 
lower vector velocity along the ve rtical axi s . The attacker, noting 
that he is out of phase, and is descending more rapid l y than the def ender, 
will attempt to r.oll .180° towar d the defende r 9 s descending flight pa'th. 
Observing the attacker 0 s action,_'the defende r rol ls in the sa~e direction. 
This prevents the att?cker f r om flying into his opponent a·s six-o'clock 
position. At the same time, it. prevents him from r educ ing his no~e.-low • 
attitude. As a resul t , the attacker, with his hi gher vertica l vector 
velocity, has rolled 180° out , of phase, down and below the de fender. 
The defender now has the advantage and he need on ly roll into the at- · 
tacker's six=oaclock position. 

To .counter the vertical rolling scissor s, a zooming attacker should 
not attempt to cut off a descending defender when he has a substantial 
airspeed advantage: Instead·, he should roll away or barrel"."roll-;-,to 
reduce his asc end i ng vertic2l vector veloc'i·ty, he nce his yo;_yo ·apex . 
Iri an effort to prevent the de f ender fr6m. ga ining longitudinal separa­
tion, the attac~er need only initiate hi:s roll c•away as he sta~t~ to 
~scen.,d_ past the diving defender. This will al iow h im to complete his 
180° change of direction 'with l ess vertica l displac ement and will posi­
tion_ him at the diving defender 0 s s ix'.eo' clock pos ition with less long'i ­
tudinal separation and · less negat i ve r a te of cl osure ; To maneuver for 
a · launc;:~ or f i ring pos ition, the att acker need only raaneuver agains t 
any forthcoming counter s by t he de f ende r. If t he defender has none , 
the attacker moves in for the kill. 



I 
E.E.9.cedures_for the Vertica l Roll:1.ng Sc issors 

i. Obse1·ve the attacker's position. If he is in a si,:-o' clock-low 
position, perform the following procedures. 

2. Pull up and zoom in the vertical plane, or perfonn an immediate 
descending defensive turn. If your opponent has not set up a zoom for 
a launch '6r firing position , you may employ the pull-up and zoom. If 
he has, i mmediately employ the descending defensive turn. 

3. Turn 180° through the .vertical plane, if you zoom, or continue 
the dive , if forced to perform a descendi ng defensive turn. 

4. Observe your opponent to detennine 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 0 roll, toward your opponent, when you observe his overe 
shoot and nose~low committment, A reverse-roll should be accomolished 
with back-p'ressur.-e and r udder (high 0 angle -of-attack maneuver) t~ . reduce 
your nose- low attitude . and your vert ical vec tor velocity. 

7. Do not al low your opponent to roll toward your flight path -
keep him 180° out of phase . To accomplish this; roll in the same 
direction as your opponent if he attempts to acquire your six- o'clock 
position. 

8. Continue this ·rolling maneuver, with your oppo::ient out of phase , 
until he rolls down and below you. He will be · forced into this posi.~. 
tion because his vert ical vector velocity is greater than yours. 

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

1:.r..Q£.~.2J:!P~S for Cq_untering the Vertica l Rolling Scissors 

1. Do not attempt to cut off as a zooming attacker against a de­
scending defender ii you have a substan tial airspeed advantage. Under 
thes e conditions , a cut~off will fo rce you to overshoot your opponent's 
descending flight path. 

2. Roll away .or . bar.re l-z-olFas.: you move ·ve:r. t:tcally past y9ur.:de~ ·­
scending opponent. This maneuver will reduce your zooming vector velo7 

• city, henc e vertical displacement , iri. your zoom. 

3. Cont inue the roll-away to acquire a 180° change of direc tion 
and a six~o'clock-low position against your diving opponent. This pre ­
vents your opponent from gaining a considerable l ongitudina l separation 

and at the same t[-c:::~'!.!~j rate of closure . 
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4. Maneuver against any .forthcoming counter thrown at you by your 

opponent. 

There may coine a time, in a tactical situation, ·.in which you find 
that you can nullify a missile atta ck~ but havi less success in couni~r­
ing a folloHQup 20nnn cannon · attack. You w}ll recall that a defende r 
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 visua l contact with tha attacker. 
On the other hand, a w1ch higher degree of skill - in respect to man­
euvering ~ is needed tc/ counter an aggressive, skillfully-executed 
follow~up gun attack. Under these circumstances even the most profi­
cient defender m~y find himself in a serious defensive pos ition, with 
an attacker at six 0 o'c lock inside gun firing range . To get out of this 
situation, any defender knows he mus t for ce the attacker to overshoot 
his flight path. In other words , he must rotate h is angular velocity 
cone in such a manner as to acquire lateral separat ion. 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 mus t 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 
more quickiy than his opponent if he is to force his opponent out of 
his six ~o'clock position. From our previous discuss ions, it is obvious 
that a barrel~roll type maneuver of,fe rs the best opportul:'lity to quickly 
change direction and reduce vecto·r .velocity. In this case, since the 
attacke r is at six~o'clock inside gun firing range , the defender must 
perform a maxpperformance or a h i gh- G barrel- rol l to prevent his oppo­
nent f r om matching his change of direction and r educ tion of vector 
velocity. Before initiating the maneuver, his only remaining problem 
is to detennine in which . direc t i on the high 0 G barrel-roll should be 
executed. To answer this, let's as sume that the defender is in ,a , 
defensive turn with an attacker at six ~o'clock under the conditions 
specified above. 

In an attemp t to force the att acker to overshoot, the de fend er can 
either execute a barre J.=:roll over the top or a barrel-roll undernea th 
out of his defensive turn. If the attacker is at high speed - 300 
knots or more in the FplOO = and he performs a h igh~G barre l-roll . 
undernea th, the pull of gravity will act in the s ame direc tion as his 
thrust vector. This means that he ,dll experience cons iderable diffi­
culty in reducing his vector velocity more quickly than hi s opponent, 
On the othe r hand, if he performs a high=G barrel - roll over the top, 
his thrus t vector acts i.n a di.!."ection opposite the pull of gravity. 
This means that · he will reduce his vec tor veloci ty much more rapidly 
in res pec t to his opponent. To illustrate both situations : If the 
def ender rolls underneath, he must execute the maneuver first, since 
the attacker is maneuvering in respec t to him. This means that the 
pull of gravity wir ~e_,l~,ce_ltion. as the defender 's t hrust 
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and velocity, before it acts on the attacker. As a result, the defender 
will experience difficulty in reduc:i,ng his vector ve_l9city more rapidly 
than .his opppnent. On the other hand, if the def ender rolls .over the top, 
once again he must execute the maneuver first, since the attacker is man­
euvering in respect to him. In this case, the defender can reduce his 
vector veloci.ty more .rapidly than his opponent since the pull of gravity 
acts against his thrust and velocity, before .it acts agains t the attack-. 
er's tb.ru~t 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-
r9ll over the top, rather than underneath, in order to gain an overshoot, 

If a defender does not have the necessary speed to execute the hi3h QG 
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 andbe 
unable 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 
M.gh-G roll underneath (:1.n 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 maneuver. He 
will be maneuvering with a high angle of attack. The induced drag gen­
erated by this angle of attack will provi.de a decelera tion greater than 
the. acceleration generated by the pull of gravity. Hence, if th3 • 
defender executes a high-Groll underneath, he can still change direc~ 
tion and reduce velocity more rapidly than M.s opponent . Why? E-::ice.use 
the attacker must still maneuver in respect to the defender. The at­
tacker's rate of turn and vector veloci.ty are dependent upon his angle 
of attack, which, in turn, is dependertt ~.pon his rate of turn, which is , 
dependent upon the defender 's valocity, angle-off and r&nge ·(W ~- Vt x Sin6\. 

• ... _,Range · ' 

Now that we understand the need for the high~G barrelq•roll - both 
over the top and underneath - and when ft should be employed, let's , 
discuss the mechanics of each man·euver. 

As indicated above, the high-G barrel-roll over the top is designed 
for use against an attacker at six-o'clock inside gun firing range, when 
the defender is in a defensive turn and is uriable to shak~ the attacker. 
More specifically, the attacker should be in fairly close ~ a range of 
around 1500 feet or l ess . If the attacker is at a range much greater 
than thisi the high-G barrel-roll, b~cause of its r ap id r educ~ion of 
the defender's velocity, w:i.11 only serve to bring hio closer _t oward · 
the defender's si:x. =o'clock position, • In other words , this maneuver 
should not be employed at the longer gun firing r anges or as a de fense 
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against a missile attack. If so, the .attacker will simply play the 
maneuver to r educ e 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 execut.e the roll 
(see f:i:gure 32). He should not. delay, otherwise the attacker may make 
the kill. To execute the maneuver properiy, a defender should maintain 
back-pressure :and start his roll over the top without releasirig any G. 
This means that he must e✓..e. rcise proper rudder and aileron control; 
otherwise adverse yaw will -:prevent h:i.m 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 through,. 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 not force his opponent around the outside of 
the roll. If he fails to increase his roll ra:te, 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 roil m he should play top rudder to prevent clish-out, and 
viiually ascertain the attackeris position. If, in an effort to~ecure 
a kill, the attacker has foll owed th~ defender around the roll, he will 

.. be forced outside the defender 3 s roll. This mearis 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 attiiude - it fbrces the attacker to 
slide below and forward i.n an obvious ov:ershoot . . The defender then 
simply increases. his r::.ose=up attitude and . rolls or ses toward the 
attacker's six=o~clock position. 

• .· ., • • ,. • • ,Ill---; • • 

To counter the high~·G roll, the , attacker may a~temp t to'yo-yo out 
the top of the roll o f reverse-roll~out of the top in an effort to 
secure a six-ovclock position. If .the attacker yo-yo's out the top, 
the intent is obvious O he i s attempting t;.o . .redu~e his vector velo-
city along the axis of the roll by yo 0 yoing in the vertical plane. In 
this way he can maintain a six=o'clock-high position after the defender 
completes the roll. If the attacker reverse-rolls, he will roll 
through a wider arc in the opposite direction. If he maintains back 
pressure while doing this, he can r educe vector velocity along the axis 
of the defender 0 s roll more r a pidly than the defender. As a result, 
upon completion of the roll by the defender, th~ attacker will be. at 
six~o'clock. To maneuver against either. of these counters, the defender 
must ascertain t he attacker 0 s posi tion as he approaches the 270° point 
in his roll. _ He will be unable to det ennine the attacker's position 
prior to this, since the yo-yo out, er the reverse~roll, places the 
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attacker in the defender's blind spot - toward the underside 0£ his 
aircraft. At the 270° point, if the defender notes the attacker's 
position as be:i. ng 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 
attack with a negative delta Mach (the defender does not attempt a 
scissors, since he does not have the airspeed after performing the 
high-Groll). At tee 270° poi.nt, if the defender observes the attacker 
to be high and to tfle rear (off the left side of the canopy in a high-G 
roll to the lPft, and off the right side of the canopy in a high-Groll 
to the right by the defende·r). The defender turns 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 Mach. 

The High~G Roll Under neatl}_ 

In discussing the high=G roll underneath, let's assume that we have 
a defender in a defensive turn with an attacker at six-o'clock inside 
gun firing range. If the defender does not have the necessary airspeed 
to execute a high-Groll over the top, he will be committed to a high-G 
roll underneath. In the F-100, this means that if the defender's air­
speed has dropped below 300 knots~ he should not attempt the high-G 
roll over the top. However, before executing the roll underneath, he 
should maintain G, and allow hi.s speed to dissipate to 250 knots or 
less. With these conditions prevailing, the defender should immediately 
start the high=G roll 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 barreluroll underneath. To the attacker, just after the man­
euver has started, it will appear as a split-S. This illusion is 
created by the high angle of attack generated in performing the man­
euver (this deception will cause the attacker to cut off in an effort 
to counter his opponent as apparent dive for separ ation. The cut-off 
will place the attacker in a steep nose~down att i tude). As the defender 
rolls pas t the inver ted, near-vertical position, to the completion of 
the maneuver - a wings =level and a near=nos e= l evel attitude - .the 
attacker will overshoot below the de fend er's line of flight at a higher 
relative airspeed. See figure 33. The attacker is forc ed into this 
overshoot becaus e h :Ls steep nosE: =do,-m att i tude c ombined with his rate 
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of roll and/or turn - whi ch is dependent upon the defencter ~s rate of 
roll and turn = forces him below his opponent with a higher vector 
velocity along the axis of the high =G roll, As a result, upon_comple­
tion of the maneuver, the defender will be above and somewhat toward 
the rear of b i s opponent . To gain a firing position, the defender 
need only roll off or ns 11 down to the attacker 0 s six=o 0 clock posi.t:i.on. 

To counter the high =G roll undernea th , i t is obvious that the at= 
tacker must not generate a steep nose= low attitude? then attempt to 
follow the maneuver, In other wor·ds ~ he must not interp :i::·e. t the roll 
undernea th ,';IS an apparent dive fo .~· ,~eparation. To determine whether 
the maneuver :i.s a roll underneath or a di.ve for .:;epa:rati.on, the at= 
tacker need only observ'e the dynamics of the de fende.ru s i ni.t ial move 
down and out of the defensive turn, I f the de.fender appea f.'13 to fly 
through h i s long i tud1.na l axis , he is in a dive for separat i on, If he 
appears to pl vot or ·rotate around . h i s longitudinal axi s, he, is perform= 
ing the hi.gh- G roll under:neath " The attacke r must obse rve the: defender 
very carefully to catch this di fference, If he does, and notes that 
the ~efender is rotat i ng a cound his longitudinal axis, he should not , 
cut off . . Instead, he can pull up ~ delay momentarily, then follow the 
defender a round the rol l, This will provide the attacker the oppor= 
tunity to play the maneuve:r , he:1ce p·r:e:vent an overshoot below the 
defender. As a second a1te-i::-na tive, the attacker can pull off and roll 
in the oppos i te direction . By do ing this, he i s not dependent upon a 
G and rate of roll governed by the defender 1 s velocity, angle off and 
range. Instead , the attacker c an pull the G necessary to play his 
rate of roll to reduce v e.c.tor velocity and prevent a.n overshoot below 
the de.fender. If done p roperly, the rever.s-s=roH wUl p lace the at= 
tacker at the defEnder 8 s s i.x-o 0 clock position. At completion of the 
defender 0 s roll underneath the dF?.fender can move agai.ns t either one 
of these counters , by observing the attack<2:r 1 s actions. If the 
attacker pulls off to initiate ei ther counter, the defender does not 
complete the maneuver. Instead, he r e laxes G and di ves for separation. 
If the attacker is pulling off and up i n either case, this will place 
him in an overhe:,.d attack wi th a negat ive de.lta Mac.h, However, the 
separation gained in thl s s i tua t i on is not as gr.aat as i n the other 
over.=head attacks wl.th a neg5tive delta Mach, Therefore~ a great deal 
more press:1r2 is exerted on the defender , unleas he can deceive the 
attacker i nto following hi.s high =G ba.T.r •eJ.=rol l undernea th. On the _ 
other hand, the h i gh=G rol l und1;;rneath has an advantage over the high = 
Groll over the to~ becauae the defende r can obser~e the attacker 
throughout most of the maneuver, whereas i.n a roll over the top, he 
cannot, Thi s means that i f the attacker counters wi. th a roll under~ 
neath, the de fender can take :Lmmsdiate action, whereas i n a roll over 
the top, he i.s fo r ced to the 270° po i nt befo::e he c an observe the 
attacker's count er. 

Procedure_s fo :r the H1.0r:LJa~J=Rc~:,ve.:r t he T9.J?, 

L Perform a def ens:i.v<? ti.;:::n ; l n an effor t to fo rce your attacker' to 
overshoot ~ I f he do&s not J and 13 wi thin gun f i r i ng range at s i x o 0clock 
(out 1.500 f·eF-_ ·1.·- o r l e-•-) u-,::. t h0 fo 11 r,T .T•/n, c, ·p""or-~dure~ -~ ,;:.~~ c::,._; ~ ~ .. l.-w.,o,, "o jo ._. !.:", - -~o 
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2. Barrel=roll over the top without relaxing any G forces, This 
requires extreme rudder control and very little aileron movement (see 
section describing adverse yaw). This maneuver will give you a rapid 
reduction in vector ve.lo,:;ity and will provide a decel.eration advantage. 
because your line of flight wil l describe an arc above th1:: horizonj 
prior to your opponent 0s. Your opponent will be fo r.;-;ed to barrel=roll 
around the outside of you::: roll. Remember;; you must have the necessary 
airspeed (300 knots or. more in the. F=lOO) before starting the maneuver . 

3. Observe your cpponent 0 s position. When coming through the 270° 
point or down the opposite side of the r oll, keep "coming in" with top 
rudd er and get him cornmltted into a nose=low attituda . 

4. Cont i nue rol ling and keep adding top rudder to increase your 
nose~up _att:i.tude. Th1.s will force your opponent to slide below and 
in front of you. 

5. Continue maneuvering to gain the advantage as your oppon1.=nt 
slides below and forward , Either roll off or "S 11 down into his six= 
o'clock position . 

6. Try to keGc: p your opponent in sight throughout the maneuve:r. 
Be sure you have him in sigh t as you reach the 270° point, If he is 
at the top of your canopy, and to the rear., . rn.aneuvE:r as outlined 
below, 

7. Discontinue y01.:r. roll=out at the 270° poi nt and turn through 
the horizontal plane: into the attack. Your opponent, having ace.amp= 
lished a reverse rcll=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. F'orce 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. pl.aced in an over= 
head attai::.k with a n<.=gative delta Mach. Do not att€1Upt a scissors 
maneuver after your opponent overshoots. You ill1, ~ have enough 
maneuvering airspe.ed to s ur:cessfully employ it . 

9. If you r oppone.nt i.s nos e=high in a yo=yo :ndneuver (with nose= 
tail separation) at the 270° point~ turn 180° th r ough the vertical , 
plane, relax G~ light afterburnsr and dive for sspa:r.·.s.tion. I f the 
attacker attempts to follow, he will he placed in an overhead at tack 
with ·a negative delta Hach. 

iO. At the 270° poi.n t , continu~ your :roll if your. opponent does 
not yo~yo out into arr cxt x:,-=:.me. nos e=high at titud r:; . Since he has failed 
to zoom sufficiently in th0 vertical plane~ his v~ctor velocity, along 
t he axis of the roll, will be grE.:tter th an yours . This wil l fo r c e M.m 
forward and wl.11 p1.e.ce you to t;:i-2 r~ar and below him . ~ ----:-7 
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1(. Maneuver {low=speed yo=yo) for a firing position. 

Procedures fo r the High=G Roll Underneath 

1. Perform a defensive turn~ in. an effor t to force your attacker 
into an overshoot. If you are unable to do so 9 ar,d you are within the 
speed requirement for the h igh=G roll underneath (250 knots or less i n 
the F=lOO) employ the following procedures. 

2. Roll underneath without releasing any G force . This will pre= 
vent any subsequent increase i n airspeed and will t end to deceive your 
opponent into thinking you are attempting a div~ for separa tion. 

3. Hold rudder in the direction of the roll all the way around 
the roll and play power to deceive your oppone nt. By holding rudder, 
you will successfully perform the high=G roll undernea th without fall= 
ing out into a steep nose= low spiral and a subsequent easy tracki ng 
solution. If your opponent was deceive d 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 att i tude . below your line of flight with 
a higher vector vel6city. 

5. Bring your aircraft to a nose=high attitude, then roll off 
toward the attacker 0 s six=o 0clock pos i tion. 

6. If the attacker is not dece ived into cutting off and following 
you, after you initiate the roll, employ the followi ng procedures. 

7. Discontinue the r oll, relax G, light afterburner and dive for 
separat ion, whsn you observe your opponent pulling up to delay, or to 
reverse=roll. Th1.s wi ll place the attacker in an overhead attack with 
a negative delta Mach. H0wever, separation will not be great, there­
for~ prepare to counter any subsequent action. 

Maneuvering fr om a No.se=Quarter. Attack 

Until now, our inte.rest has been directed to the offensive and 
defensive t actics involved in rear=hemisphere attacks. Now we wil l 
concern ourselv,""3 with forward=hemisphere attacks. From expe.rience, 
we know many fi.ghter=vers'!Y.s=fighter engagements start with th e oppos~ 
ing fighte rs approaching each other 0 s nose=qu&rter posi t ion, Since 
this is the case, i t behooves ua~ as fighter pilots, to understand 
the tact i cs needed to gain an 2dvantage from this position. Hence, 
the . remainder of our di ,;_;::ussi.on, in fighter maneuvers~ will be con= 
cerned with the nose=quar:ter e.ttack. This will compl~te the maneuver= 
ing aspect of fighter=versus=fighte-r: combat snd will prepare us for 
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the other elements of f i ghter=versus=fighter operat i ons = T.;.:.~.:...~ a :i. 
Formation and Flight Tacticso 

To ur;derstand how we. must gain an advantage from a nosc=quarter 
attackj l e:t 0 s r e f er b&ck to our concept of tur n and ve,l oc.i ty. As 
previously s t ated there are only two bas i c things that an attacker 
or a defender csm do in orde~ to gain an advantage. = c hange di rection 
(turn) and/or velocityo Applying these principles i n a noae=quarter 
attack, we know that a gi.ven attacker muat maneuver i.nto the angular 
velocity cone i.n the r e.ar hemis phere. of h is opponent to s uccessfully 
launch a missile or deliver an effec t :l'..ve 20mm cannon burs t . This 
means that in a nose=quarter attackj en attacker wil l need a sub = 
stantial rate. of turr1 s a sm.s:;: 11 t u rn radius and a closing veloci ty to 
gain his opponent I s six=o 0 c lock pos itiono I f the att..~c:ke.r fails to 
maneuver so tha t he 2c.quires all thr ee. of the::::s f.a(;tors j he may never 
gain an advantage . Worse yet, he may provi de his opponent an advantage. 
With this i n mind, l e t 0 s as sume tha t an atta~ker not es that he is 
approachi ng an op;:,.-:,v..ent from a nose-quarter posi t i on, Th,s moment the 
attacke r v isually acqu.:e res h is t arge,t ,, he should d i ve and light · after= 
burner to gain an airspeed advantage . The distance he dives will 
depend upon ths aircra f t Os acceleration and zoom capabi.l i t ies (in the 
F=lOO, he can d ive from 5~000 t o 10 $000 feet below his tar.get). The 
airspeed gained from t his m2nsuvet' ·wi ll pr:ovide the attacker a greater 
forthco~ning zoom than if he had ma i ntai ne d strai gh t=and.=leve.1 flight. 
The zo om ,v'ill p r ovide. him f :re.edom o f m8.nE,uve.r i.n the vert i ca l plane~ 
so that he ma y effectivel y use the. pull of gr<lvi ty to increE:1se h :i.s 
rate of turn and ?.'educe h i s t urn radi us along the ho:ri.zontai axis . 
Another advantage acqu ired by this di ve maneuver is the e le0ment of 
surprise . The dive frames h :i.s opponent aga i n s t blue. sky and frames 
the attacker against th<; gro1.md (assi..:;mi.ng tha t the oppone,L t do-2s not 
counter with a l i.k1c: manA1.1.vet") . 1:"rom experi1c,nce 9 We know i t is gen= 
erally more d i ff icult to maintain visual contac t wi th an adversary 
fra~ed again~t the ground. In view of this 9 the opponen t may fail to 
maintain v isual c ontact (espec ially at l ong range before the d ive man= 
euver ls exec uted) o The possibl~ lack of visual conta:t enables th~ 
attacker to set up the r!e.xt s tag&. of h is maneuver = a tur n fo:r: an. 
offset in the h o:t'i.zontal plane . If the de f .ender fai.ls t o mainta i n 
visual contact, the att acker wil l easily genera te this offset. To the 
attacker this 5.s th.If! fi:rst l r:dic.s.t i.:n1 of whether or not. the defende r 
actua lly has contact (if not , the defender will f ail to turri, there= 
fore fail to p r·2vent t he attacker i rom achie ving his of fae t point) . 
Assumi ng that the defendE:r f ail s to coun t er, this plsc""s the attacker 
below and off t o one s:!.de of h:.s oppone.nt, or: &n - ax1ti=par.a:U.el cours eo 
The attacker , wi th an .&.i:r:s pe':cd advar"tagE:., is now i n posi t i on. to exe= 
cute a turn th rough the vffr:t O c5.l and horizor:.t;;.;1 p l&ne toward the rear 
hemispher-:. of h is oppor!.e.nt. S:.nce the 2ttacke:~· i .:s 'tsc.l0w h i s opponent 9 

he may sta:ct tlw. m,arceu·.1er. bc2 fo:.-e th3 d2:fr:.nde.r.- 1'.'e .. =.:c.h,;,.s his H.ns=abr2a3 t 
positioa" S2c :'igure 34 . The 2tt~c-.ker. w:! n t h,E·n Eox~ c1:.r:-s 8 c.handeH~ = 
type mane..:;ver {h i gh=spt2e.d yo ~yo) t ow-:,.-:.d hJ....s oppcn:2!1t o 1.he c ha. ndel l e 
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diminishes airspeed and reduces hori zontal turn radius. 'Ii11..s '·,::..11 pre~ 
ven t an overshoot~ however j it w:i.11 r educe. his rate of tu:t'n and. dimin= 
ish his closing valc~ity , gs he app roaches the defender's rear hemi= 
sph1c;:re. . To p-r:·e.:vcnt t he de.fender from ach:i.eving cons:i..der.able l ongi tud = 
inal sii::psratio:-i.:, and to :l.ncrease the at.tacker 0 s to.rn r2te toward the 
de.fer.de:r 1 s s:i.x=o 0 c lock posf.tion:. the attac ker s houl d tu.en down through 
the vart i.cal plana lm,7=cSpe~d yo=yo) toward the defo,nder 0 s six=o 0 clock= 
low position . S:sa figu re 35. The turn down th rough the vert ical plane 
enables t he attacker to e ff.E:ct i ve ly use the pull of gravity :i,n. achiev = 
ing an inc rease i n air.spsed and tu~ rate and a d.ecri2ase in turn radius . 
If the de fender fails to counter" the attacker P..e-=tl only dri ve in undE:r= 
neath him, and set up fo r a mi.ssi.le attack. I£ the de:fe nde r counters 
with a turn or pul l -up, after the attacker has initiated his chandelle 
from his offset po:!.nt~ the attacker s t ill has the ad.vantage . Re nee d 
only shall.ow out his chandelle and zoom more th r ough the vert i ca l plane . 
This will enabl e: h im to pl a y h i s opponent Os counte.r and d i mi nish h i s 
horizonta l tur n radius. Howev e r, or .. c.e aga-in, this will dec:i:-~ase h is 
a irspeec, h;:,nce de::--rease h :Ls tu.rn ra t e as l ong a s h e ' remains in the 
zoom. There fore~ t o gain &.it.'s peed and a more rapid c han3e of _direction 
(turn rate) than his oppone nt 1 he should use the pull of gravi ty to 
turn down through the v.art i ca l plane into a lou=speed yo =yo below his 
opponent's line of flight. This will place h i.rn inside h is opponent 0 s 
turn at a reduced angle-off with a high. e r airspE.ed. To fu:!'.'the!:' reduce 
angle-off and l ongitudinal aeparation, the attacker need only repeat 
t he zoom and dive bs low h is opponent O 

;:;; line o f flight 1 or zoom and 
perform the barrel-roll attack {a r oll-away ma.nE.uver) toward h is oppo~ 
nent's six -o'clock-!ow position. Even if the de f e nd6r c ountered in 
like m&nne r, af t1;,r the attack.er s t arted to zoom from below and out to 
t he side, the attacker would eventual ly gain the>. advantage, since h is 
initia l dive for airspeed and his offset give h i m a maneuvering advan­
tage . The dive for a.ir2.peed p rov ides an a irspeed and rate of tu·r:n 
advant age. Ths offse t bf;low pr ovides a.n initial mail.euved,ng advantage . 

To effec tl.v12ly c c Gnt ,a-r a nose-quart e!' attac k of this nature. , the 
d efer,de 1· must decid f.:! whethe.:,;' he is t r y i ng to avoid a f i ght or to gain 
a kill. J.n ei.ther c.s6 e 9 whe.n tb f: attacker sta rts to dlve for ai:rspe2d 
and a pos2ible of fe:Vi~t ~ t he defendEl'.' should c oun t. er- :!.n like manner. 
This will pr2.v'2.~ t th€ at t n:.~kE:r _from gaini ng an ai:tspee d advant age. It 
will a l s o pr 0 •ven t. h !m i;rom a ttempti.ng an of fse t , sin.c,:o such a mane uver 
und e r these cond iti.o~s would be th~ ,.::am2 as -r:educ i ng the de f ender's 
angle =off. This wil1. pTovide the <le.fender soma· advantc1ge . Now if the 
att acker a:i:,proache.s and 2tarts to move p2s t the de fend er, he must 
decide if -he :i.s t ryi ng to nvc '!.d a fight or not. • If he-. is attE:mpt i0.g 
to avoid a f igh t, he ahouJl r~~h over and dive for separa t ion 9 as the 
att ac ke r a tt emp t s t o zoom, turn aPd dive £or a aix=o 1 clock pos i t i on: 
This maneuve r by ths defender will place the at t acker.in an overhead 
attack wi th a nagat!v~ delta Mach, wi th extreme longitudinal s e para 0 

tion . Th'" 2tt:,ck2.r will b;;: t.mo.1-::1:':: to c:l~~"t;; a miss.:.1e a tt.sc.:k. On 
the other ha nd, !f t he def~ndsr d~cldes t o st&y a nd f i ght 9 he s hould 
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zoom and dive in the manner just discussed i n an effort to gain an 
advantage. If the attacker is as skillful as the de.fender in employ= 
i.ng this technique , this might not be a wise dec i s ion . 

If the deL::nde1r d -·sir:•cs to counter an att .scker who has al ready 
offset below and to the side 3 for h is forthcomi.ng zoom and di ve~ the 
defender should turn toward the offset and dive for s epa1.'ation. Since 
the attacker must ps',.rfotm a 130° change of direc t ion, this will place 
him in an ove:::head attack ,iHh a negative del t a Mach ~ wi th 6:x:.tr,:;me 
longitud i nal sspar;;.tion . If the defender attempts to stay and fight, 
instead of divi ng for separation~ the attacker will eventually gain 
the advantage bscause of his higher airspeed aGd be t ter pos i t i on (in 
this situations we assume: that the, attacker wil l employ the proper 
zoom and dive technlques to gain an advantage). 

Procedures for th§ Noae=Qua.:cter. Attae:k 

1. Li ght afterburner and di ve. :i.mmedi.at e ly below your opponent to 
gain ene rgy for your fo r t h~om!.ng zoom and maneuverabili ty in the ve r ti­
cal plane . A di.v~ below wi ll also p!'ovide you the element of surprise 
needed for you r nex t mov~ . 

2. Turn to an offset point i n the horizonta l pi ane: . This will 
place you below and out to the side of your opponent on an anti­
parallel course . If your opponent fails to counter, you wil l have a 
maneuvering advantage i n te rms of position as well as airs peed. In 
this event e.,mpl oy the. following procedures. 

3. Start a chandelle t oward your opponent , so tha t you will be 
near the. 90° point of t he chandelle when you are approxima tely 90° 
angie=off from you.r appor:ent . This mane.uver wil l r educ.e your tur n 
radius and decreast your airspeed. 

4. Tur n thx ough the vertical pl ane out of the chande11.e, inside 
and bel ow your opponent ' s line of fl ight~ toward his six=o 0 clock=low 
position. A tur~ th rough the vert i cal pl2ne enables you to gain your 
opponent cs six-o 0 clo!::.k-low po:_ 1. t i ori wi.tho1.1 t ext r2m2 longitudinal sep= 
aration and a possibl~ fl i ght path overshoot in the hori zontal planej 
since you inc rease you ::-: airspeed and turn rate 9 and at the same time , 
further reduc e your turn. radius . To g2:i.n ma.xi.mu~ effec t~ a t urn thr:ough 
the vert ical plane should be initiated as you pass the 90° point of your 
ch,mdelle. 

5. Accelerate hc1low your opponent for. ar: AIM=9B at t ack f rom s ix= 
o'clock~l.ow. If y ou:r:' opponent count ers with a defensive t ur:n or a 
pull-up against your dive tow&.r:d a .six=o 0 clock=low position, employ 
the following pro~edur.E:s . 

6. Pull up and zoom f:irnm your inzid&=l ow positior: and repeat the 
zoom-dive techniqu~ to galn an advantag~, or barrel~roll (roll=away) 

[
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out of the zoom t·oward your oppone.nt vs six~o' clock=low position. 
Generally,_ the roll 0 away will enable you to gain your opponent's six­
o'clock=low position more quickly. However, the zoom=dive technique 
may be more appropriate if you horizontally overshoot your opponent 0 s 
flight path on the zoom, and he dives for separa tion 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. 

2. Do not . allow your opponent to offset. If he at tempts to do so, 
turn toward the direc tion of the offset. This will reduce·your angle­
off toward his ~ix 0 0°clock pos ition, and will give you a slight advan­
tage if he offsets (under these circumstances, he most likely will _ not 
attempt it). 

3. Decide whether you will avoi d a fighter-versus~fighter engage­
ment or stay and fighto If you wish to avoid the engagement, simply 
push over and dive for separation as your opponent moves past you on an 
anti~parallel course o Si nce your opponent must perf orm a 180°· change · 
of direction, this wil l provide you extreme l ongitudinal separa tion out~ 
side missile range. If you wish to stay and fight, employ the follow­
ing·procedures. 

4. Pull i;p and zoom, in the vertical plane, toward your opponent -
-as your opponent starts to move past your line=abreas t position on an 
anti-parallel courae O to reduce your horizontal turn radius. While 
in the zoom, your airspeed and tur n rate will decrease . Therefore, to 
acquire a rapid change of direction and to accelerate toward your oppo­
nent's six~ovclock position, employ the procedures outlined in the fol-. 
lowing paragraph. 

5. Dive out of your zoom~ below your opponent's line of flight, 
in an attempt to gain a six=o 0 clock=l ow position. If your opponent 
fails to emula te yo-ur zoom- dive. t echni.que j you will gain an advantage 
by reducing angie-off and moving toward his six=o 0clock position. 
From this position, you need only repeat the process or employ the 
barrel -roll att ack to rnove in for the kill. If your opponenf emulates 
your zoom=dive technique, you will be stalemated. If this . is tlie sit­
uation, you must use you:::: mm judgment to determine whether you should 
continue to fight or break off the engagement. 



CHAPTER II 

~iATI ON 

In air-to-air comba t, the primary purpose of tactical forreation is 
two-fold: (1) To provide security against attacks by enemy fighters,­
and (2) To conduct offensive operations against enemy bombers and/or 
fighters. To gain security, any forma tion must be able to detect the 
attack and maneuver against it befor e the attackers achieve a lethal 
position. This means that the formation must be so constructed that 
attacking fighters with air~to-air missiles can be detected · before they 
are within launch range. At the same time, this fonnation must possess 
characteristics of maneuverability and mutual support so that it can 
counter the attack as well as see it. Th~se same characteristics are 
necessary in conducting offensive air=to=air operations. 

To gain maximum lookout s e.cu:dty against a rear=hemisphere attack, 
the flight must be so constructed that visua l cross=cover is the max­
imum attainable. Two means by which a forma tion can increase its vis­
ual cross =cover are: (1) Increase the number of aircraft within the 
basic maneuvering forma tion, and (2) Place these aircraft line=abreast 
at definite intervals to increase the field of cr.oss =cover. By increas­
ing the number of aircraft, we provi de more flight members covering the 
rear hemisphere. If we stack the flight line=abreas t, we provide . 
greater cross=co?er, thus increas i ng the probability of detecting a 
=ear-heuisphere attack. This means tha t . we in:reas e look=out security, 
but at · the sam-2 time we decrease maneuverav:i.lity. To maximize man= 
euverability, a flight must cons i st of as few members as possible (a 
single aircraft is more maneuverable than any forma tion cons isting of 
more than one aircraft) with these members stacked in=trail. From 
experience we know tha t when the number within the flight is reduced, 

_it becomes easier for the rn'.::;mbers _ to keep track of and avoid one another 
during any maneuvering engage.ment. Expe.~ience also indj_cates it is 
much easier to maneuver in=t rail as opposed to line =abreast formation. 

• In orde-.r to acquir e s ecur it) and maneuverability, we must compro= 
mise between maximum look=out securi ty and maximum maneuverability! 
The extent of the compromise needed wi ll determine the type formation 
flown in a fighter-ve~3us=f i ghter engagement. The increase~ range of 
AIH~9B, as opposed to the 20mm cannon, forces us to construct a forma-­
tion in which the compromise favors look=oi::.t security. This means 
that the formation will be flown very nearly line=abreast at a speci= 
fied interva l to pL:k up a mis sile attack at ranges of greater than 
15,000 feet. To maintnin maneuverability and mutua l support, the size 
of the formation must be restricted to no more than four aircraft. If 
a _numbe r greBt e r than four is employed, maneuverabi lity and mutual 
support be_corne difficult and complicated. On the other· hand, i.f less 
than two aircraft are employed , the look=out capability is r edcc·ed and 
mutua l suppor t becomes imposs:.ble . Ther -e fore~ to provi de look=out 
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security and maneuverability, a formation of two, three or four air~ · 
craft roust 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 employedo .. The reason is that 
a· three=ship flight, with flanki.ng wingmen, provides excellent look-
out capability in the . rear hemisphere on a combat air pa trol; however, 
v;hen this formation detects an attack and maneuvers against it, the • 
result has always been the same . - chaos. The wingmen cannot keep 
track of and avoid one another while maneuvering in respect to their 
le~der and their attackers. A~ a result, bhe or the other of thci wing­
men is forced out of the. fonnat ion and flight · integrity is broken. The 
attackers simply drive in and .take the single, then maneuver after the 
.element after having d~st:roye.d the single or having forced him out of 
the fight. On the attack, where ha,rd combat mane.uvering is ne~essary, 
flight integrity disappears just as it did when maneuvering on the 
defensive. · 

As indicated previously, the t wo=ship formatio:1 would be ·more mnneu­
vera~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 staGk the fo rmati on line­
abreast, we must provide sufficient interval so t he element can detect 
a missile attack at range's _ greate:.r·'_than 1_5 ,000:: feat . :: In otd.er __ that 
this may be accomplished, the flight must spread about 2500· feet apart. 
A disadvantage of a spread of thi s magnitude is quickly apparent. Ini­
tial maneuverability is reduced after detecting t he attack in the rear 
hemisphere. Whe.n the mis sile Os limitation is known , this· maneuver= 
·ability dis advantage is not as great as it appears (remember, to defend 

. against a missile attack a t 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 s ame ~xtent as in gun tactics. 
With this in mind, we can safely accep t an initial _w~neuverability 
restriction; however , the real dise.dvantage ofthe two-ship flight 
concerns look~out security. With only . two ships , the leader of this 
formation roust spend a great deal of time looking t o the rear, rather 
than looking for enemy t ar.gets. In terms of look~out capabi lity, this 
means a loss in .offensive potential . If this loss can be accepted, 
along with reduced initial maneuverability~ the t wo-sh ip flight may 
be employed as a basic maneuvering formation. 

To employ the elem;::nt correc tly, without sacrificingmaneuverability 
beyond initial maneuverability, t he wingman must know hm; to position 
himse lf during a11 maneuvers. On patrol, prior to initiai cont act , ,the 
wingman will maintain the position specified :aboye = line=abreast and 
about 2500" feet out. Dur:i.ng turns, the wingman will pl ay the outside 
as well as t.he inside of the turn~ in order to maintain position. • 
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This will not be too d:l.ffi.cult becauae the _m.=1rieuvers executed, 
prior to contact, w:L1 .. l not be of the maximum=perfo'!'.'lnance vari~ty. 
To allow the win8man to easily mai ntain h is position and to provide 
adequat e rearwa rd coverage, the wingman mt.,st _maneuver th r ough both 
the horizontal and ve rtical planes, If the leader performs a turn 
·away from the wingman~ the wi ngman low2ra h i s nose and cuts to the 
inside . • This pro:::edure allows the wingman to r educe h i s horizontal 
turning component and, at the S?me t ime~ p r ovi des h i m a r a te of 
~losur e so he will not be straggling beh ind his leader. As the wing­
m .. an moves inside and low t .,;iward the- leader 0 s iine=abreas t position, 
he should ~lay his crossover so that he does not c r oss ·in fiont of 
hii le~der. He should cross to the outside , slide high and fly in 
the plane of the leads::. .If this c:rossov,::;r technique i 1, empioyed 
duri~g all tur ns, th~ wi ngman will desc~ibe a circular ~ ovement in 
the plane of the l eader 0 s aircraft ~ see figure 36. On the outside of 
this clrcle the w.tngman will ! ose air.sp~ed and slide to the rear. On 
the inside, the -wi ng~an wi.11 ga i n a irspeed and move forward. In effect, 
the wingm~n is empl oying tl:;i e low-speed and the high=speed yo~yo as a · 
me~ns of ina:lntaini ng posi t i on~ and ·prov:i.ding suffic:i.ent visual cros s­
cove rage. At the s ame tim~, this maneuver will ena ble the ·leader to 
.cover his wingman ~ whe,ther he be on the outside or_ on the inside of 
the turrL ·u the. ~nt :~a l tur n bl the leader is toward the wingman, the 
wingman will b 1::. unable t o ci:os~- over be:h i nd and underneath his .leade r.~ 

, I 

In ·this s itua t i on, t he wingman mus t pul l up , p l ay the leader's turn 
and• c r os s to the out s:::.de ~ ·above and behind the p lane of the ~eader 0 s 
aircra fr. After t hs :!:riidal C Z:0$8 0 Ver s the wi ngman employs the tech­
niques sp'eci.fied a bov~ 'fo r the · t ·~m~inder of h i s c rossovers .. 

.. 
When maneuvers app:roa::h maximum pe.rformance , the wingman wil l be 

unable to maintain the looae po.sition implied in patrol fo:rm2 ti.on . He 
will .be forced :int o a f:tght. i ng posi t i on ~ i n a nar:::'ow ·c one 9 hehind the 
lead E.r 1 s aircraft. I n order~ to rem3in with the lca_~er arid~ at the same 
time , provide :-2.a :c~wff:::·d c ove::•:ifge he wi l l b_e forced.- t'o assume a pcsi.tion 
closer to th E: t ail of tl-. -2. lea.de:r 0 s a ir.ere.f t. As we define it, the 
fighting pos:i.tion i.s any p!ace wlthi n a 60° cone with the wingman • 
approx imately 1000 fr.e t beh!.nci the 1\~ader . To maintain position in 
this cone , the wingrrHn emp ... oys the same maneuve:d.ng t echnique.s which 
he us ed in patrol formatior:o (Ee me.n.euvers th:::ough both the vertica l 
and hori zontal p:!.an,::s) . D·:1:r:!.ng max maneu.,/ers :1 if t he wingman atte.mpts 
to maneuver very rm..:.ch ou t sid e the c onfiP..e.s of this cone ~ he wil. 3. find 
it di fficul t to rnai.ntain pos:':. t i on and a l:s o p rov i d2_ rearward visual 
cove rage. The pri.m2. r y duty of the wi ngman whi le :i.n f i ght i ng position 
is to provide viat;.5:l c ~>':.r<-:o:~::;_ ge to the rear~ whi l e t he. leader. :i.s con= 
c entra t ing on maneuvE,!':'...ng for an advantage. o This is of extreme impor= 
tanc e if the enemy i.s E:quipp 2.d wtth 2i.r=to=a:i.r m:i.sBUes. Cons idering 
all factors, a t wo =sh J.p is b ::: ttsr than a th rE2=sh:::.p forma t i on. Although 
a t wo 0 shi.p elem<2nt ha .~ an lr,~.ti.al l ook=out d i s&C:vantage, while in patrol 
fo rma tion, i. t has a d Lstinc.t mar.2.uve.r.:.ng advantage:: and a somewhat 
better look•·· m::t advant age wh:..~.2' f i gh t:1.ng as a basi.c f nna t 'ion. 
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When employed properly, the fou r=ship flight will give us all=around 
advantages in look=out, ruaneuverab:ility and mutual surport. To acquire 
the.se advantages without sacrific:l.ng one for the othe-:::-, a flight . of four 
must consist · of two mutua1ly=~,1Jpport'in__g elim~nts. Wh"'n _on _patrol, the 
elements should fly lin.e 0 ab1rnas t from five to seven thousand feet apart. 
The w:!.ngmen should maintain a posit1~on from U .ne 0 abreast to no more than 
20° back, at approximately 1500 feet out from their. respec tive element 
leaders. A formation.spread in this m;:.nne,r provides excellent look=out 
capability, because · the wi.ngn,~:n can provide mutual c roasc over at ranges 
in excess of 15 i1000 feet. Maneuverability i.n th:!.s fo'!'mat:iLon is some= 
what restricted. When the lead element turns away from the second 
element, the second elemerrt will experience considera ble difficulty in 
regai.ning a line=abr~ast position~ unless the ~urri is _held for. almost 
1800. • If the lead elem:nt turns into the se,~ond e leme.J;:, the second 
element will be forced to puU.' up and cross · above the lead element. If 
this is n·oi: done, the second element y7ill be forced to' cross in front . 
of the lead. , In eitheir -c:as~ ~ _ i.f ' the • turn i.s 1 ess than 90° P the. second 
element will ·experienc,i= ·considerable difficulty; in JC<>gaining a line.;. 
abreas t ·posi.tion. To prov.ide .more maneuverability and flexibility, the 
second element must be gi1N::n ·a g;r~ater field ·of maneuver. This field 
of maneuver should en.ab l e the second element to · €asily position itself, 
no ma_tter ~,ha't type of tu!'n :LB p.erfor.m::!d by the ·1ead elerrr:nt. A me. thod 
of providing this fr,eedom of ra.:"lneuver _ is: to spread th!': sec._ond element 
in both the ve;ctical • and ho1rizontal pl anc\S .. When thi. · i.s done, if the 
le-ad element turns· away j the second element can lower its nose~ c ut 
across the inside and quick l y reposition itself P even though·· the · 1ead 
efem~nt does not perfor m 90° or 180° -turns. On tu1~ns . into the second 
element, the se:,: ond element _ca.n man~uve:r well ·above the le.ad elem~nt 
withou·t fear of dz,agging the wingm!::n through one _another (rem~mber , 

. wingm~n ·wiH be mane.uv,~r:tng through b~th the verticul arid ·horizontal 
planes ·to. mainta:i.n positi.on on thcd'..-r r®spiS\ctiv~ leaJ.ars). · 'The free= 
dom of maneuver provi ded the sec: ond eJ.€m~nt • leader en.ables him -to 
devote less t ime to flying fo r,m:1 t:.on a nd more t imz . to looking ·for pros= 
pective kills. At th :::: s~me ti.me~ duri ng tur ns~ it 8l1ows the wit).gma.n 
to provide bet te,:- rearward cn,;·e:r:ag·e 9 becat.•.se the el em~nts will n.ot be 
stFung . out in extended~tr2in. The only· ra~l objection to this fonna= -
tion is . that:, in str.ai.gh.t 0 2way flightp the second element must look 
through a gr,z,ater diatanc'.';) • t-:i dete~t a· miss.He attack against the lead 
element . Although thi a i. :3 t rue~ it c ~m be mathemati-:::al ly dc.rnonsti:a ted 
that _ the ·additiona)l dist.emce th:rough which both elements_ m•,1st lopk, is 
ins:i.gni.ficanti (Less than 300~ agai ns t a six=o 0 clcck attacker if the 
fluid ~le,m,mt is stacked vie :rt ic~rll.ly less than 3000° above the lead 
element). If the attac k is d! .. rec t ed fr"7ffi six=o 0 c1ock=1ow" the addit:i.onal 
distance through which ths s~con:lelemsnt must look i.;; sonewh a t grater. 
However, the attackers must g~t :in c,.;:mB~.derab1y close;,;- along the hori= 
zontal plane b2fo:r!?. i nit iat:tng a puU .. 0 up into an 'Lrn<l':!:r:siclc: attack. This 
means th a t the second e.le,nent wlllL be:'. 6.ffm::·ded more of a plan· view 
of the attack.eics, thu3 a("i.ar:gsz- t.£ rg:et in pc,:cspec:t :i.ve E,ven though toe 
additional di.st a.Ece ia 8:::-.::n:::,;,;ha t gr.e,cd::cr.< Anothe:c r2as: on citl?d f or not 
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using the high element i.s the _fact that the aircraft wing covers a con­
side rable portion of the highly .vulnerable six=o 0 c lock- low attack area. 
This is true :or both the high element and t_he level=s tacked element. 
To surmount this difficulty, wingmen simply dip their wings occasionally 
t_o enable them to cover the vulnerable rear area. 

In view of the maneuverability advant , ·ge offered by the fluid-four 
type format ion (the for.-mation in which the second element is stacked 
both . horizontally and vertically) without significant look=out disadvan= 
tage, we consider it the bes t 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 formation~ the wingmen will maintain a position from 
line=abreast to 20° back and 1500 fe,e t out to the side opposite the 
other element, see f i gure 37. As indicated in the two=ship flight, the 
wingmen will fly the vertical as well as the horizonta l pl ane in order 
to ma intain their respec tive positions. On pat rol, the fluid element 
leader will maintain posi t ion on the lead element by flying through the 
vertical and horizont al plane during al l turns and maneuvers. For a 
fighting pos i tion,'the flui d element must operate as an independent 
unit during violent maneuvers in tl l ght=versus=flight engagements (the 
reason for this will become apparent when we d iscuss flight tact ics) . 

If the tactical situation indicates that not enough aircraft are 
available for area saturation with four=s h i.p flights ,do not employ the 
fluid-four form@ tion. Instead, use inclivldual elements as basic patrol 
fo.rmations and as basic fighting forma t ions. Although not as decisive 
as the four= ship f Hght in terms of look=ou_t capability, maneuverability 
and mutual support, the twd=ship flight will be much more effectiv~ than 
the three-sh ip f light. The only real advantage which a fl ight of fot, r 
has over an element iz initial look=out capability an.d initial mutual 
support . After the engagem~nt is entered, the fluid=four~ or the four­
ship flight will become nothing more than individual fighting elements. 
If suitable tail=warning rada~ devices were _available~ four-ship flights 
would enjoy very little acvant ag,; over individual f ighting e.leman ts f.n 
terms of combat capab!.H.ty o The dictum, '0economy of force " would mos t 
certa.inly prevail o T.act-!.c21 for.n~t ion in fighter=versus =fighteir engage= . 
ments would probably ba dord.nated by the element or even po3sibly the 
single ship. Without this naed6d radar gear~ a four=ship flight is the 
best all=around t.s:ct1.cal foi.nation. 

Three factor.s to consider when employing eith<2r the fluid =four or 
the element in co.:nbst o r on a combat p,,t:rol a!·e : (1) look=out capa= 
bility j (2) maneuvzrability, and (3) f uel management. In the era of 
missile=equipp2.d supersonic fi.ght e rs _with afterburner, these facto rs 
deter-min,e the best a l titude for· patro l in orde,r. to -enter a given 
fighte r=versus=fighter ~ngafe~~nt. I f the patrol is conducted at ex= 
trem~ altitudes (40,000 fret or sbove) the iook=out problem becomes a 
liability which i.nc rsas E:3 a3 a1 titud~ in.:reases, The. 2dv~ntage of 
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firing an air~to=air missile at gr,2ater range· against a given defender 
is nullified by the possibility of an enemy attacker enjoying the same· 
advantage. In additionj extreme altitude provides a maneuverability 
disadvantage in terms of indi.cated ma·ne.uv-2ring airspe-ed. At_ exterme 
altitude, fuel management may be an advantage in some aircraft while 
in others (F~lOO) it can be ·a disadvantage. if the patrol is conducted 
at very low altitud,es (10,000 feet or below)_ the _ look-out problem is 
considerably reduced and maneuverability, in terms of maneuvering air= 
speed, is• certainly increased. However, this maneuver.ability 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 
altitude$, good fuel management is not possible ~ith present-day jet 
engines and afterburners. The o:r,t i.mum 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 betwe1sn 25~000 and . 35,000 fe.et (even this is open for · 
argument if one considers th,e possibility of_ Sl!rface=to=air missiles). 
The exact altitudes will depend upon look=out capability and maneuver- ._ 
ability of the fighters e~ployed, In the F-100, the best all-around 
altitude seems to be approxima tely 30,000 feet. At this altitude, 
maneuverability and fuel manag12.mC2nt are excellent. At the same time 
the look=out problem can be easily handled by a flight of four and 
handled adequately by an eleme.nt. If the. tactical situation dictates 
that elemeI1ts must be emp loy~d, an altitude somewhere between 25,000 
and 30,000 feet might be more appropriate to reduce the look-out 
problem. In any case, the medium altitu_9es provide a' position from 
which an attack may be launched against aircraft at very high or very _ 
low altitudes. 

Procedures fo r fl.ying_El ement Formation 

1. • Flying the Position of W:i.ngman· in Patrol Formation. 

a. Maintain ·a patrol position off the leader 0 s wing by f _ly= 
ing lin9=abr:east at approximately 2,500 feet out when in straight= 

_and=level flight. If you f : ; c!oser, look=out capability will be 
sacrificed. • If you fly furr.:har out, initial maneuverability as well 
as final manenverability will be sac:-i.ficed _after initial contact with 
the enemy. 

b. Play the outsid-~ as weU a,_s the inside of the tur.n for 
mutual coverage. If an attempt is made to stay on the i:1side of the 
turn without a croas ove_r ,, you will only fall back when th<e leade·.r 
rolls· out of his turn. 

c. Maneuver through both the ve.:'."tical and horizontal 
in order to fly a .relative position off the. leader. While on 
inside of the turn ~ you w:i.11 be i.n an extended=lcw position. 
outsi.de of the turn~ yo:.i wi ll be in an ex tended=high p0siti.on 
plane of the lea<le1t 0 s airc::::aft. 
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d. Lower your nose and cros s 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 and fly in the plane 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 caus e you to describe a circular move= 

·ment in the plane of the leader 0 s aircraft. ·You will be moving forward 
in the bottom half of the ci.rcle and backward in the top half. This 
will enable you to easily .maintain position and provide mutual cover<;1ge 
during the entire turn. 

e. Do not cross in front of your leader. Always maintain 
-nose-tail separation. 

i. Flying the Fighting Pos i tion as a Wingman in Element Formation 

a. Fly in a 60° cone, in a fighting position, about 1,000 
feet back. 

b. • Maneuver through both the ho.rizontal and vertical planes 
to maintain position. Slide high when overshooti.ng and drop low when 
falling back, in order to ma:i.ntain position on the leader. 

c. Attempt to keep your fus e lage aligned with your le~der 0 s 
during all maneuvers . This will enable ·you to match your leader 0 s 
maxinium performance and will pr event you from becoming separated. 

d. Attempt to stay out of the in=trail position as much as 
possible. By doing this, the leader may cover ybu m;re adeq~ately. 

1. Flying Position of Fluid Element Leader 

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

b. Maintain a relative .position to your leader during turns. 
If you are on· the outside of the turn, drop your nose and cross to the 
other side -when you find yourself loaing out and falling back. When 
befng turned into, and you find yourself craepihg forward, slide high 
and/or cross to the outside of the turn to maintain position. In 
other words, play the vertica l as well as the horizontal plane in order 
to maintain supporting pos ition. 

c. Lower your nose to gain airspeed and pos ition when you find 
yourself too far -back ·after rolling out of a turn. When you regain 
your forward posit i on you may pull back · to the or igi nal fluid position. r----~ 
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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 retard 
throttle, however this is not ,advised when at altitude. When you 
regain your correct relative position, lower · the nose to maintain 
proper vertical separation, . All maneuvers must be smooth to prevent 
over~correction. 

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

f. Cover the forward hemi_sphere, along _with the flight leader, 
as primary responsibility in an effort to visually acquire a target · so 
that an attack may be launched against,: it. As a -secondgry responsibility, 
cover the rear hemisphere behind the lead element in order t 'o detect 
a possible missil~ attack. 

2. Flying Position of Wingman in Fluid-Four Patrol 

a. 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 back. 

c. Cover the · rear' hemi~pher~, behind · the , other , element;, ·:at 
all times. This is .your responsibility al}d-your coverage is neces~ 
sary to detect any possible missile attackso Your opposite number in 
the other element, will be providing you the same. coverage. 



To employ a flight of four or an element .of two in a fighter= 
ver:sus-fighter engagement~ only a few new basic maneuvers must be · 
mastered. The previous maneuvers w2 havz learned still apply in 
flight tactics. With thi.a in mind, we will now concern- ourselves 
with tactics when operating as a flight of four and/or as an element 
of two. · We ~ill objectively analyze offens{ve and defensive situa­
tions . in which we have element<;>versus=element (two=versus- two) ele= 
ment versus a flight of four (two=versus=four) and a · flight . of four 
versus a flight of four (four=ve:raus=four). I'orcur first engagement, 
let 9 s assume that we have an element of two attacking another element 
of two. 

l'wo Att acking Two 

To attack an. element with an _ element, the maneuvers and proGedtir es 
learried 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 i n an .effort to preclude. this attack. The attack= 
ers ,7i ll maneuver for a follow =up gun attack by cutting off or yo~yoing 
to the defender 0 s angular veloci ty con., or they will at tempt 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 .for a missile launch 
but are able to set up for a 20mm c annon attack, the defenders will be 
pl~ced in a precarious position. If the defending element continues 
to maneuver. as a singl":= elem.:.nt ' = without being ab l e to shake the attack­
ing element - the att acking el ement will simply mo"1e in and .shoo t down 
the wingman, then the leader. To prevent this possibility, the defend ­
ing element may a ttempt a defensive split. This .split may be executed 
so that the l eader and the wingman turn in opposite directions through 
the vertica l and horizont al pl ane or in the sAme direction with hori­
zontal or vertical separation. 

If the defensive split is execut ed with the defending leader and 
wingman turning away from one another, . the attacking element can spl i t 
and continue the a ttack as ind:Lv:J.dual fighting units, or ma inta in ele­
ment integri ty and c ontinue the a ttack on one member of the splitting 
element, If the attackers split, th-ey re tain offensive advantage 
aga inst the splitting defer1ders. However, they Incur a 4.efe.nsi ve ad= 
vantage, in t ams of look=out capablii.ty, against an att .ack f rom 
another enemy eleme.nt. To mai.nt ai.n a n offens ive capabi lity in tenns 
of n1aneuverabi1:Lty, and a defensive c apabil ity in te rms of . look=out, 
the attackera should maintain element integrity, To continue the 
att'crck agains t one ;:F..,.,;b,l' of -tlti'5!. spi t tt i ng _e 1 effi!?lnt P ,the.!_at.tackers 
may select either member 1 [ t he split i.s in the horizou.tal pl ane. · The [-~-,,~=7 

- =-~--!~-.,,,;..-=,,.=-• ...... I 



['iii,-~ 
defender not selected must .then continue the turn or reverse in an . 
effor t to pr ovi de his teamma t e mut ual suppor t. If the f re~ defender 
continues the turn , he will meet his teamma t e and the attacking ele­
ment from a nose-quart er pos it i on and will be in a poor posit i on to 
provide effec tive s uppor t. If the free defend~r r everses he will be 
in a better posi t i on; however, he wil l still be unable to provide 
effective mutual suppor t. The dis t ance gene r ated by splitt:i.ng in 
opposite directions , pl us the time needed to execut e the r eversa l, 
will place the f ree def ende.r at too high an angle-off to launch a 
missile and beyond eff ec t i ve r a nge to de l i ve ~ a 20mm cannon attack. 
The attacking element should select the high trail i ng defender if the 
split in opposite di rections is conduc t ed through both the vertica l and 
horizonta l planes. If the low, f orwa rd defender were s e l ected, the 
free high defender would be able to roll off and move · ins ide the 
attacking elernent 0 s angula r vel oc.i ty cone fo r a 20mm cannon att ack. 
On the other ha~d, i f the h i gh t railing defenGer is selected, the low 
free de f ende~ has the s ame pr obl ems in suppor t ing his teaI!hlia te as did 
the free de f ender i n the hor izonta l spl i t. By geometric i.nspect i on, 
we can see that a defensive. split i n opposite direc tions is not effec­
tive, becaus e a permanent separation of the defenders is achieved with 
the free def ender unable to drive .the a ttacki ng e lement off his team= 
mate. 

If the defensive spli t i s conducted wi th one defender ex ecuting a 
max=per.formance tur n in the hori zont a l plane (or sl ight l y ·nose=dovm 
in the vert i cal plane) and the other defender turning in the ssm2 

relative di rect i on, nose=hi gh at Iess than maximum perfo:crnance , the 
.attacking el ement i s faced wi th a de f ensive split di ff i cult to contend 
wi~h. • See f igure 38. I n th i s split= wi th the defenders tur ning in 
the same rela tive direc t ion , but separat ed in t he horizont a l and vert i ­
cal .plane s - the free. def ender can more · easily maneuver to s uppot· t his 
tearnma te 9 since he wil l. not be out of r ange , nor out of phase i n te rms 
of angular velocity. To maneuver a gai ns t a s pl it of this na t ure , the 
attacking e l ement may employ one of f i ve possible op t i ons~ (1) Dive 
in a.nd attack the low=ins ide defender, {2) Attack the hi gh outside 
defender, (3) Spl i t and cont i.nue the . att ack agains t each i ndividual 
defende r , (4) I niti a t :i ng an att ack agains t the i o"', defender ~ and 
switch t he attack t o the high defender af t er t he low de fe i-1de r is we ll 
committ ed · in ·n defensive t urn , and {5) Perfo rm a fl uid s epara t i on to 
drive the low defenc e· r out of the fi ght ~ then r egain el ement i n tegrity 
and continue the att ack agains t the hi gh defender G 

If the a tt acki ng e ~emsnt drives in a f t er t he low=inside def ender 
(op.U.on 1) the hi.gh defender will be i n pos iti on t o l aunch an a tt ack 
agains t the a t t ack ing element Os s ix= o 0 clock post t ion . The ·attacki ng 
el ement wi ll ·be sandwiched be t w2.en t he t wo de f ende!'.'s wi th an obvious 
los s of cif fensivs pot ent ial, and a poss:.bl~ sac rifice of a wingman· in -
an eff or t to des t roy t he low dE:fr\nder. If t he at t acking element a tt acks 
the high defender~7eve,se-rol l or r oll underneat h, 
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down and away from his team,.'"llate. The. free defender can then simply 
reverse-roll and sandwich the attacking e.lement between the two 
def~nders . Once again, the attacking element's wingman will be placed 
at a s_evere disadvantage if th is attack is continue~!. If the attacking 
element splits and continues the attack against each individual defender, 
the attackers have an immediate advantage since the defending element 
will be unable to effect mutual support. However, this advantage can 
be short-lived if the split attacki.ng element is, in tu,:n, attacked by 
another enemy. The attacking element will have sacrificed look~out 
capability and mutual support, thus becoming an easy set - up for the 
new enemy. For this reason, we do not advocate an offensive split as 
a means of countering the defensive split, If the attacking element 
initiates an attack aga inst the low defender in 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 t his action, he will be fo::-ced to tighten his 
_t ·urn to prevent himself from becoming an easy 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 defende.r may be driven com­
pletely out of the fight. The attacking el ement 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 be fore reaching the 
high defender's line=abreast position and before zoom potential is 
sacrificed. If the attack against the low defender is prolonged, the 
attacking element will 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 defender can 
counter with a zoom through a greater angle~ the attacking element 
will be forced out front &nd below the high defender. A nose=high 
reversal by the low defender at this point will sandwich the attack= 
ing element in the vertica l· plane. To preclude this possi.bility, the 
at"tacking element should swi tch 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 subsequent actions, 
to determine whether he is out of the fight or is reverse-rolling in 
an effort to maneuver into the attacking element's six-o'clock posi ­
tion. If the low defend er is out of the fight , the attacking element 
can continue to engage the high defender, If the low defender is still 
a threat and reverse - rolls, the attacking element should disengage the 
high defender, roll wings-level and zoom in the vertical plane, while 
it still enjoys the air.spe::!d advantage. As shown i.n our discussion of 
Fighter Maneuvers, a zoom under these conditions enables the at.tacking 
element to r educ e its hor izontal ve l ocity c omponent in relation to the 
defend e r, As a n ,s ult , th-2 defender is forced below and fo:rward and 
the attacking element need only roll off and maneuver toward the trail­
ing defender's six - o 1 clock posit i on . Duri ng the roll - off, once again, 
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the attacking wingman must observe the actions of the defender not 
under attack to determine whether or not · he will be a threat, 

_Another tactic that can be used to succes.sfully 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 down and out 
of the fight. The attacking wingman do·es not split from his leader to 
initiate a one-versus-one engagement. Instead, he simply checkmates 
a possible counter-move by the low defender, while providing the attack-. 
ing leader visual cross~coverage during t ·he · entire maneuver. When the 

_low defender has been definitely cormnitted out of the fight, the attack-
ing wingman rejoins the leader at normal interval. At the same time, 
he visually observes 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 the 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 separat:i.on 
is the best counter for a defensive split. · If ·the wingman is inex­
perience·d or lacks talent, the best tac tic 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 Against a Defensive Split 

1. Attempt to force the low defender down and out of the fight. 
You are trying to force the weakest man out of the ~ight to give you 
a two~to-one advantage. Normally the wingman will be the low defender 
with the least experience. 

2. Do not prolong your. ;ttack on the low defender. This !'lay kill 
off too much airspeed and result in a loss of offensive advantage when 
you attempt to zoom behind the high defender. 

3. Switch the attack to the high defender. This maneuver should 
be performed before you lose too much airspeed and before the high 
defender reaches your line- abreast position. 

4. Perform a fluid separation and allow your wingman to force 
the low defender dmm and out of the fight. This maneuver should be 
performed only if the wingman is fairly experienced. He should not 
attempt to destroy the low defender, but should force him down and 
out of the fight as quickly as possible, while maintaining a visual 
look-out on the leader. If your wingman is relatively inexperienced, 
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(and/or untrustworthy) you should maintain close element integri ty 
and simply switch f rom l ow to high defender. 

5. Rejoin the leader as soon as the low defender has been defi­
ni.tely _committed out of th~ fi ght. Do not follow the low defender 
too far or element integrity and all mutual support will be s acrificed. 

6. Complete the attack with a two~against-one advantage. The 
wingman shoul d continue to closely observe the low defender to prevent 
any counter=z ttack . 

Defending Two when Attacked by ~2 

The defend i ng element should maneuver as a single unit to counter 
a missile launch arid a follow=up 20rmn cannon attack. The tactics 
illustrated in fighter m:1neuve.rs apply equally as well with an element 
as with a single aircraft. The defensive s-pnt should not be employed 
to counter the miss:ile attack . To successfully deliver AIM=9B agains t 
a maneuvering defending el-2.menti; requires a launch at ranges in excess 
of 5,000 feet. A laun~h under these condit ior.s can be easily nullified 
by genera ting angular velocity. A split is not necessary. If employed, 
the defending element wi ll b.e fol!'.'ced :tnto a pe rmanent separa tion, with­
out the necessary mutual suppot't to counte r the foll ow~up gun attack. 
The attacking element 9 at its leisure, may move in for the kil l against 
one defender without interf erence f rom h is teammate . The defensive 
split shoul d be employed when there is no possibility of shaking t he 
attackers as they app~oach gun firing range (3,000 feet). To set it 
up, the defending leader should declare the split. On signal, the 
inside defender (usually the wingman) should tighten up his turn in the 
plane of the attack . The other defender {usually the l eader) should 
maintain h is turn and sp;:'.'ead out, as wel l as up, to effect the split. 
If the spli t is condu~ted in the horizontal plane, this -means that the 
i.nside defende r w:Ul be t urning level or in a slight nose=down attitude, 
while his teammate wl1.1 be. t urning in the horizontal plane and also up 
through the vertical pl.&ne . See figure 41. At the t ime the spl it is 
decla_red, certain r eaponsibili.t:i.es exist between the inside and outsid<:2 
defenders. The :Lnside defende r no longer provides visual cross=coverage 
to his teammate . Instead 9 he devotes hi.s entire attention to the 
attackers in oTder tha t he may play t he at tack and det ermine the at= 
tackers u subsequ,,mt act:.i.on . The high=outside defender, on the other 
hand, determines the magnitud,3 of the split by playing his posit i on in 
respect to his tea;:nma te as wel l as to the attacking element. Con= 
fronted wit;_h the spli t, the at tacking element must now make a dec i sion 
as to whethe r to e. tta,::k the low=i.nside defender , attack the high-out= 
side defender~ or spl i t and continue t he attack against each defender. 
In cons i.deri.ng t hE:se thr ee possibi lities, the attacking element -can 
initiat e one of f:i.ve pos sible courses of acti.on: (1) Att ack the low 
defender, (2 ) Att gck the high defender, (3) Solit and attack each 
i nd ividual defsnd~~, (4) Initiate or feint an ;ttack against the 
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low~inside defender , then switch and continue the attack against his 
high-outside teammate , or {5) Initiate an attack against the low 
defender and perform a £:.uid separation iii which the attacking 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 gain 
an offensive advant age. At the same time, 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 defender does not compromise 
his position to set up his teammate. in the attacking element Os six~ 
o'clock position. It is the high defender 0 s responsibility to gain an 
offensive advantage without a compromising assist from the low defender. 
If the low defender can achieve an immediate offensive advantage against 
the attacking element, the hi gh defender should i mmzdiately clear his 
teammate and allow him to set up for the kill. ;Mutual support of this 
nature enables the defending -element to exploit any advantage with 
dispatch. 

If the attac.king element attacks the high=outs ide defender, the 
high .. outs.i _de defender should immedia tely play the at tack tn an effort 
to acquire an offensive advantag2. Once again, the defender under 
attack .(high defender) shoul d not compromise his - posi t i on to set up his 
teammate to gain an advan t age . Tb.i s means that the high defender must 
force the attackers to overshoot.. The overshoot may be generated by 
executing a max=performance turn into the attack or by employing the 
high=G roll undernea th, see .figure 43. Cons i dering the geometri c pos i= 
tion of the two defenders, the hi.gh=G roll underneath would be the 
better maneuver. The roll un~erneath will not compromise the high 
defende:cas position, yet it will make it easier for the _J.ow defender 
to move into the attacking ele!llent 0 s vulnerable six:=o 1c 1.ock position, 
because the final por tion of the roll wil l be away from the low defender. 
The moment the inside=low defender observes the at t~cking element dri v= 
ing after his high tearr,ma t 2~ he shoul d pull out of hi s defons!.ve · turn 
and drive toward the attacker 0 s s l.x=o 0 c l ock pos i tion, If the high 
defender performs a h:i.gh=G roll underneath, -the low defender can achieve 
a 'lethal pos it.ion by exec•sti.ng a simple reversal or a roll=off maneuver . 
(See figure 43) . If the high defender- turns -dqwn i n to the attack, toward 
the low defender, the low de fend e r will be ·forc ed tto execute a nose~high 
reversal followed by a rol l c•off to move into the attacking element Os . 
six-o' clock pos:i.tion within 20mm cannon r ange. In this position, the 
low defender either for,;e3 the a tt ackers to break off or he clears his 
leader, in the event . his l eader gsins an offensive pos:i.tion. 

If the attacki ng element splits (each attacker taking a defender) to 
count e r a defens ive spl it , the defenders must break element integri ty 
and fi.ght as si.ngle a:i.rc!:.:1£t i.n an eff or t to elude the attackers. 
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During this portion of the engagement, each defender must dis.regard 
his tearmnate' s actions until he i.s able to succe13sfully evade his 
opponent. The purpose of this act i on i.s to prevent the defenders 
from compromising their res pective defensive p_osi_tion. The first 
defender able to elude h~s attacke r should maneuver to support his 
teannnate as soon as possible. If the attacker is an especially 
aggressive t;ype, 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 element. 
However, this is necessary to preclude .. loss of both members of the 

.·defending element. 

If the attacking element initia tes or feints an attack against the 
low defender (in an effort to _drive him out of_the fight) then switches 
the attack to the hi.gh defender :i (fi.gure 44) the defending element 
nr..ist maneuver initial ly as though the attack were directed agai'nst the 
lo,, defender. During the init'ial "portion of this engngen:ient - before 
the· switch is _att empted - 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. 
Ins tead, he should roll wings.=level and zoom in_ the vertica l plane. 
Since the attackers have dissipated t.hei.r maneuvering airspeed -they will 
be _unable to match the high defender as rota tion angle and subsequent 
zoom (see section on Maneuvering after a Turn Overshoot , in .Fighter 
Maneuvers) .. The attacking element will be forced belmv and in front 
of the high defender. During the switch, if the low defender has rolled 
nose=high out or' his defensive turn , he will move toi-1ard the attacker's 
six-o'clock~low pos ition and the attacking element will be caught, with 
l _ittle or no maneuvering airspeed _in a ·vert ical s andwich in front of 
both the high and l ow defenders . •• If the.y remain in thi s position, the 
high defender need cn ly execute a roll~off :'" toward the _attacker 0 s ;-six­
o'clock position. Ii the attackers attempt to dive away, they will 
position themselves in front of the low defender. In either cas·e, the 
defending element now has the advantage. If the attacking element does 
not bleed off airspeed = by pr olonging the attack aga:i.nst the low deQ 
fender - prior to executing a switch, the high defender must turn down 
into the attack or perform a high =G roll · unden}eath, · to counter the 
swi tch. See figu r e 45. Although the high defender i s provided less 
opportunity to gain an advantage by this action, the l ow defepder is 
provided a greater opportunity. The reason for the low defender's 
greate r opportunity i s tha t he wil l not be .forced to stay in his max­
perforrna nce' turn so long. This means that he will have more maneuver-
ing airspeed, hence a greater oppor tunity to maneuver into the attac'ker' s 
six-o'clock position after they perform the switch. As a result, the 
l o~,, defende r can cl ear his t eammate~ in the even t he gains an advantage, 
or he can quickly provide mutual support and for ce the attacker to 
b cak of f his attack o~ t he high defender. 
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If the attacker's perfo:.:m a ".fluid separation" as a means of 
countering the defensive split, the defenders will be hard-pressed. 
To them, a fluid sepa ration will appear as an offensive split. There­
for_e, they will be forced to initially treat t~is tactic as .a ·spiit, 
end maneuver accordingly. The first indication that the tactic ii a 
fluid separation, rather than, a split, will be when the· attacking 
~ing~an breaks off , the in~ide defender and rejoins the leader in an 
attack against the high defender. The moment the attacking wingman 

-breaks off and attempts, to regain normal element integrity with his 
leader, the low defender discontinues 'the defensive turn. He will 
reverse-roll, nose-high and naneuver toward the attacking wingman's 
six-o'clock position. Meanwhile, the high defender shoul<l be turning 
down through the vertical plane into the attacking leader. A high-G 
roll underneath may or may not be performed, depending upon the cir­
cumstances. If there is considerabl~ separation between the attack-
ing leader and his wingman, a roll underneath may force the attacking 
leader to overshoot. However, because of the separation, it can easily 
place the attacking wingman at the high defender 0 s six~o 0clock position. 
To preclude this possibility, the high defender 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. wingman. 
If there is not considerable saparation bet~een the attacking leader 
and his wingman, the hi gh defender may employ the high~G roll under~ 
neath in an effort to dr ive the attacke rs forward. At the s ame time, 
this will enable the low defender to more easily clea r or provide 
mutual support. If the fluid separation is performed correctly, a 
great deal of pressure i s exerted against the defensive split. The • 
defending element must exerc ise ski llful maneuvering technique along 
with excellent judgment and timing to counte r the attacking element's 
advantage. It can be accomplished, but it demands a maximum in team 
coordination. 

Procedures for Employing the Defen"s i ve SJ?l_it 

1.. Per.forming the Defensive Split. 

a. Perform a defensive ciplit if unsuccessful in eluding an 
opponent by all other maneuvers. This split should be initiated \,hen 
the attackers are app r oxima tely 3000 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 out s ide when maneuvering as a leader. 
You should play the pull~up to maintai n a supporting position upon the 
wingman. 

d. Do not kill off airspeed by abrupt or violent maneuvers. 
You are attempting to force the atta::kers to concentrate their efforts 
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on one defender, therefore you must maintain sufficient airspeed for 
future maneuvering. 

2. Executing the Defensive Spli.t when the Attacker Selects the 
Low Defender. 

a. Continue a leve l 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. Attempt to 
as the high defender. 
defender will attempt 
tential. 

sandwich the attacking element when maneuvering 
While you are per.forming this maneuver, the low 

to generate an overshoot and gain offensive po-· 

c. Play the low defender as evasive maneuv·ering to achieve a 
firing position. If the low defender ma neuvers onto the offense, you 
should support the attack. 

3. Executing the Defensive Split when the Attacking Element Selects 
the High Defender. 

a. Perform a ha.rd turn into the attack or a high-Groll 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 attackers select the. high defender. This will force 
the attacking element into a sandwic.h. 

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 h:i.gh defe;,.Jer 0 s evasive act{on {when maneuvering 
as low defender ) to achieve a firing pos:i.tion, if he is unable to 
elude the attackers. 

4. Playing the Defensive Spli.t when the Attacking Element Splits 

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

b. Maneuver ~s necessary to elude your opponent {see section 
covering Fighter Maneuvers). 

c. Disregard your t eammate 0 s actions until you are able to 
successfully evade your opponent. By doing this, you will not com­
promise your defe nsive posl tion. 
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d. 
possible. 
a rejoin,-

Attempt to rejoin and support one another as soon as 
You may be forced to destroy your opponent before effecting 

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

a. Maneuver initiaU.y as outlined in the Section describing 
the attack on the low defender. 

b. Observe to determine whether OJ:'. not the attackers prolong 
their attack on the low defender. If the _attackers attempt to stay 
with the low defender too long, they will lose airspeed very rapidly. 
If this condit ion prevails, the high defender should roll wings•leyel 
wh-:;n the attackers_· execute their switch. If the attacking element has 
killed its airspeed D it will be unabie to match the high defender's 
rotation angle and will be for~ed below at:i-d forward. During the switch 
the low defender should perform a nose-high reversal to catch the 
attackers in a vertical sandwich. 

c. Turn down into the attack or execute a high=G roll under­
neath ·when maneuver:i.ng as a high defender, if the attackers do not 
decrease airspeed prio:c to e.xecuting· the switch. 

d. Execute an immediate roll=out when maneuvering as a low 
defender. This maneuver should be tnitiated after the switch to the 
high · d,efender. 

e. Play the high de.fe.nde:c' s subsequent action in order to 
gain a firing position or to support any offensive action taken by 
the high defender. 

Attacking Four with Two 

To · gain maximum advantage, an attacking elernent should strike at 
six~o 9 clo::.k= low in an effort to deliver AIM=9B. If the flight of four 
fails to detect the e.ttack the attacking element should pkk out the 
nearest target and launch a missile. If the flight .of four wheels 
around in an effort to nul l ify the attack, the attacking element should 
re-position behind the defending tr.ailing elern_ent. From here, the 
attacking element should drive in and set up for a secondary mis s ile 
attack - by employing the bar.r:el=roll attack= or a folJ.ow=tip 20mm 
cannon att.s.ck, in the event it is impossi.ble to reposition for AU1=9B. 
If the flight of fou,.~ splits i nto t'\W separate fighting el,:;meats, the 
attacking element should switch to the outside t ra iling element and 
continue its attack~ Dud.ng 'the switch, th e attacking wingman should 
closely obs erve the defending element to de termine if it will provide 
mutual support to the ele.:nent under attack. If the free element can 
provide mutual suppo""t th 0 attar•k1ro el,=.m<> nt should roll wings=level, c~-· -· 
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zocm1 in the vertical plane, and once again reposition behind the trail­
ing element. See figure t~6. When the defending elements are no longer 
able to p~ovide mutual support , the attacking element should move in 
for the kill nehind the trai ling defending element. 

Attacking a Flight of ~our with Four 

To attacka flight of four, AIM~9B~equipped attacking elements 
should maneuver into the defender 0 s blind area in an effort to set up 
for a missile afrack without being detected. If successful in this 
endeavor, each attacking element should line-up bebind a respectiwe 
defending, element in the flight of four. On signal, the attacking 
element leaders should launch their missiles. If the defenders fail 
to maneuver, they will lose two aircraft (one 'out of each element) and 
be set up as individual defend~rs with a twb-to-one dis advantage against 
their respective attacking ele~ents. In describing this type of attack, 
a better method may appear obvious: To have e~ch individual attacker 
launch AIM=9B agains t the individual defenders . This may be accomplished, 
however the coordination and timi ng needed befor e the defenders execute 
e 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 maneuv:er against 
it, the attacking elements will be unable to maneuver line-abreast and 
launch thei r missiles simul taneous ly. 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 elements. If the attack­
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 £om: . . If each attacking element se·· 
lects ·a defending element, mut ual support becomes almost i mpossible, 
since each defending element must maneuver against its respective 
attacker to counter a possible miss ile launch. Considering AIM-9B, 
this means that the defending elements can no longer maneuver in respe~t 
to one another, but must maneu , er in respect to their individual at­
tackers. As a result, the four-versus-four engageraent becomes two in­
dividual two-veisus - two engagements, with each attacking element attempt­
ing. to. set up for a missile att.ack or a follow-up 20mm cannon attack. 
If the attackers are forced in-train and the two defending elements 
attempt to separate for mutual support, t he l ead attacking element 
should att empt to drive the ins ide defending elem~nt into a permanent 
separation. Before the lead at tacking element c ompromises his posi-
tion and dimini shes his airspeed, he should switch the attack to the 
high-outside trailing defending element. See figure 47. At the same 
timer the second attacking element should drive after the inside defend­
ing element. This double switch by the attacking element counters the 
defenders' pos s ibility of se tting up an effective sandwich on the lead 

element and the f~~~:::r-versus-elen:ent engagement 
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with the attacking eJem~nts enjoying the advantage . See figure 48. 
If the defenders maneuver as a flight of four, the attacking ~lements 
si~ply drive in after the trailing defending element, destroy it; then 
~ontinue 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'~lock-low. Thi'S will position you in your opponent's blind area . . 

2. Switch you~ at~ack to the lea~ element after the high element 
is _well committed in a defensive maneuver. If the high element should 
reverse, pull high and position y~urself behind the · trailing element 
while you still have an airspeed advantage . 

3. Drive in again and attack the trailing -element. If the defenders 
a_ttempt (and are able) to provide mutual support, slide high once again 
behind the trailing e lement. 

4. Continue this procedure until the <lefending elemen~s a~~ unable 
to p_rovide mutual support, then drive in and attain a firing pos ition 
behind the ·trailing element. Your wingman sho.uld keep. you infcirt11ed as 
to the whereabouts of the free element , to prevent _any possible counte r­
at _tack . 

R.focedures for At t acking Four with Four 

1 .. Attempt to maneuver yo~r 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 attack­
ing element leaders wil l launch missiles to eliminate two of the de­
fenders. If the defending elements observe this attack and maneuver 
to counter it, employ the following procedures. 

2. Continue the attack, element against element, in an eff6rt to 
prevent the defending elements from setting up a mutual-support situa­
tion. If the deferiding elemen ts' ma~euvers force you to at tack in- · 
train, they may separate the elements and att~mpt mutual support. To 
counter this tactic, employ the following procedur_es . 

3. Drive in (a s lead attacking element) after the inside defending 
el ement, in an effort to fo r ce the defending elements int·o a permanent 
separat:i.on . 

4. Switch your attack to the high outside defending element before 
you corr,promi se your posi tion and diminish your airspeed. At the s ame· 
t itue , switch your fluid element (second element) behind the defende r as 

f r cE element. This double switch prevents t ~e defenders from setting 
U? mutual support in order to Sandwi ch the lead attacking e l ement. 
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Press the attack as separate elements. This allows each element 
advantage of its superior position. Also, it prevents the de­
from effecting a re-join and subsequent mutual supp~rt. 

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 executed. 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 rnove-:i.nto 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 of 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 fo r ced to maneuver in respect to the other defend­
ing element. Such a t actic, with an attacking element in l ethal posi­
tion, would be disastrous. If the attacking elements maintain flight 
integrity, mut~al suppor t may be initiated. The element under attack 
turns away from its supporting element. If the attackers continue 
this attack, the suppor ting or fluid element drives in and sandwiche~ 
the flight of four. During the attempt for mutual support, if · the 
attacking lead element switches the attack to the outside defendi~g 
element , and the attacking fluid r element driVes in after the inside 
defending element, th~ defending elements must maneuver as separate 
elements. 

Procedures for Defending_I.£ur when Attacked by Two 

1. Check to be sure the re is only one element performing the 
2ttack. 
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ROLLiNG OFF BEHIND THE ATT.~CV!NG FREF" ELEMENT 



.. 

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

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

in on the attackers, ~f the attack 
The attackers are sar:dwiched once 

Procedures for Defending Four when Attacked by Four 

1. Fight as separate elements, if the attacking elemen_ts initiate 
simi:iltaneous attacks against each defending element. Mut:Ual support, 
attempted against this tactic, will only compromise the position of one 
of the defending eJements. 

2. If the attacker~ maintain ilight integrity and attack 0 ~ither 
one .of the defending elements, _ employ mutual support and 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 elemen_t; maneuver as separate elements. 

SUMMARY 

In discussing fighter-versus-fighter combat we have emphasized the 
· importance of rn 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 t~ prevent a successful missil.e launch 
and/or a 20mm cannon attack. · This .means that "nigh-speed tactics" can­
not be distinguished from "low-speed tactics" since the entire field 
of maneuver and capability must be considered. As long as fighter 
pilots are committed to rear-hemisphere attacks, the concept depicted 
in this study will hold ~rue. New weapons iuc& as the F~l04 and F-los · 
aircraft and the AIM-9B missile may change the maneuvers per se, how-
ever th~- principles involved will remain the same. • 
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