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INTRCDUCTION

In our discussion of fightereversug=bonhes tactics, you will
recall, we determinsd the capabilitiss and limitations of our weapons
aystems. On having learned these parameters, we then developed our
fighter=versus=bember tactical dectrine, In our diseussfen of fightar=
versua-fighter tactics, wa Will employ this same procedura. The orpder
of discussion will be a3 follows:

1. Basic Limitatione of ATM=9E Againsat a Maneuvaring Target
2, Fighter Mansuvers |
3. Tsétical Formation
4, Flight Ia;_tfi'cs ;
When analyzing1Eighteruvarsus~fighter tactlics, by way of the.fnur-
m2jor phases aobove, wa will ecploy the ecase system = a plan wherehy

"we examine poasible hypothetical sitvations which the pilet ‘may en-
comter in fighter-versus~Zishtew combat.




CHAPTER I

BASIC ITMITATTCHS OF ATH-0B AGATNST A MARRIVENING TATGET

In discussing the employment of ATM-UB against a nonemansuvering
target, we indicated that' the missile has four basie limitaciong =
IR, vange, G, and lambda ~ znd that these limitations foreced us to
deliver the missile tn a come 60° wide, emsnating from the tajl of
the farget asircraft, It was also shown that the lemgth of this cone
would vary according to altitude and delta Mach, At high altitudas,
with a peositive delts Mach, the cone (envelopa) will be considerably
.Longer than at lew alcitede, In our discussien of fighter-versus-
bember tactics, we defined this coae in terms of zngular velocity {max
performance cona}, By angular velocity, cnnét We mean an-etivelope in
which the attacking fighter msy deliver ATH~93 without excaeding 1ts
wanewvering linjtaticns. We gan sze, by applying this angular velocity
cme to any fighter-versus~bomber ar fighter-versus=fighter gitnation,
that the purpose of any tactics which we develop will be to place us
in this cofie, On the other hand, when in z defensive situation, we
will attempt to rotate this cone away from a given oppoment, By doine
thlz, we prevent him from gecuring a firing position.

When employing AIM=-9B against a manaovering target, the cone not
enly diminfshes in gize, it zlse changas in shepe. 'In other words,
the prometric shape of the mapewvering envelope will be congiderably
different than a nou~paneuvering eavelops. To fllustrate; When dis-
cuszing the nnﬁ-manauvaring'Envalnpe,.we found that its basiec ghape
was determined by four factors = IR, range, © and lsmbda., We noted
that these envelopes wers rather syemstrical in shapa, Maneuvering
envelopes, on the other hend, are not so symmetrical, Ths lambda and
Gelimitetions are piimarily rasponsible for this chenge fn shape. The
reason for this: Lambda limitarion may be exceczded because of a combe
inatica of low missiie velocity and high sngle off. IF we 'launch AlM-93
from long renge = within the effective range of the missile - at a man-
euvering targer, we fan espect the farzet to turn inte the attack. BHis
eblective %3, of course, to ratazie his angular velocity conz dway from
the launch aireraft. By doing this, the dafevder can force the missila -
to excesd ifs lambda limit, beczuss the missile is not culy slowing down
as 1t approaches the target, bur the sngle-afl is increasing, since the
defender is turning into the missile's line of flight, In ether words,
the angular velocity genezzred by the defendey forces ATM-UE to turn
farther znd farther in fzont of the target to maintzin its collision
courss, This, of courze, increzsas the resultant lembda anzls., In
addition, the missile i5 forced to turn evan ferthar in frout of the
target, baceuse of its continueus desresss in veleaity after rocket
weter bora-sut, pzeducing an #itramely large lembdaz angle. If AINM-93
18 launcksd paar its mox-offective renge and the targek turnz into the
2ttzck, the conbinetion of increasing angle off apd wmissile deceleras

tion can essily cause the mfssile to weesed its Iambda limitaefen, If
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stops the gyro and the missile loses suidanea,

this oeeurs, the gyro seeker rubs agsinst its mechanical stops, which

The attacker can do two things to avoid exceeding lambda limitation:
{1) Rzduge his remge befors launch, which results in 2 higher missile
velocity in relation to the target, and therefore, a smzller resulcent
lambda angle, and (2) reduce angla off. Thae emaller the angle off, tha
lowar the resultine lambda angle. It is pow obiveous that the best ar-
tack can be {nitiated from the six-o'clock posftion at a réduced ringe.
It Iz als¢ obvious that lambda is the greatest missile limitation against

& mansuvering targetc.
lets eramine fipures 18 and 19.

To 1llustrate khe magnitude of this limitation,
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Figure 13

- Hhen ATM-9B is launched from a .8 Mach attzeker against a .8 Mach
maneuwvering target which is perfotming 'a 3-G turn into the attack, we
note (from figure 18} that effective missile vinge 15 scmevhat less
than that available gzainst a dan-mansuvering target. We alas note
that wax angle off from which ATDNM-9B mzy b2 launched iz less than 209,
Tae reduction in range is necessary beczuse of the 350 lambda Iimik,
while the redused angle off is caused by a combination of lambda and
G-~limitations (S-limications will be disecussed later). If.the target
pulls move than 3 &, tha mansuvarieg envalopa will become even smaller,
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lambda limftation, but alsa with the some limfitations encountered in
an attack azainst a non-zmonguvaring targaf - IR and @, Thase iinitae
tions forecs the sttosker to diminish his rong2 vntil he ean dicemiminate
betwaen IR backzround cluttor and Earget zizoal and for oveid exceoding
the lambda Iimitation. This m2ans that in a .9 tiach co=apaad attack
agalnst a mwomguvering tarset, the attacker will be forced to fire at
less than 20° angle-off, otherwlse, he will eicced his 2G limitatica.
(see figure 20), Rcpocber, in an overhesd attack, the diffarence
batween total and redial & {3 considerably less than in tha high-zide
or the underside atfack (Ot = Gz + CosB), thezefore, to stay within
the 26 limitation, the attskeer wust launch from longer ranges (at a
given angle-oif). For example, 1f an attacker parforms an overhead
w9=Hach co-spoed attack « to prevent himself from exceeding the 26 lavach
limltation at 30° angle~off - . he wost launch frem g range of at least
13.450 fest. Under the sams conditions, he can launch from e ronze of
6,840 feet at 30° angle off In a high-zide op level attack, In an
underside attack, hn can lsunch as nesx as 4,130 féet ar 30° anglo=off
and still be within the 2¢ lsunch licitation, '

Frem the above analysis, it is @pparent thar the ovarhend attcach
is the worst pozsaible bocause of the limttarions impogzd by IR, G ond
lambda, Unlike an overhaad -attack egainat a non~maneuvering tarset,
the sttackar will find it difficvlt to acquire the low angle-off
necessary for leunch. - Instead; sinee the tarset 1s turnins {nte the
attack, the.ansle off will fncrease and the opportunity to launch will -
be lost, Ou the other hand, thers {s a slizght advontesa gince tha toye
got Lo forced to turn into the attack - he will be forcad to pull up
and will consaquently expericnce speed decay., The atteckzr will havs
& pozitive delta Mach and.a higher missils velosity in ralntion to the
terget, and, therefore, & grester range from which he can launch AIH-D3
before lowbda limit Ls reached, This advantage is not & real advantags
hewaver, because the attacker can s£ill bz foreed to execed the IT ond
G'param:texs. He know, from cpr study of ALd-05, that 1f we force the
migallo to excead any onz of the four parzmaters = IR, ronge, G or
lambda = & ki1ll will ba vnlikely. From & tactics standpoint, wiilcson
the defensive, the attack most eaay to defend against iz an ovarhead
attack with a negative delta Mech. Im this situation, wo forco the
attacker to exeeed & preater numezr of his limiting poromateors than
in any other wttack,

The underside, or gimec'aloaB-low attack lg tha best posgibla
attack which we can exacute against a minsuvering tarsek, It was
noted in cur analysis of this attack agalust a nea~monsuvaring target
"that we acquired zdvantarns in In, @, purprise, and parformince.

Vhen attaeking a Rancuvaring targat, wa retaln these advontnnns, but
acquire & disadvantage frem lambSa licitation, Tha lami=la diandvantars
1, hewaver, cverridden by tha adwvantazca, This {7 o bosapia tha
edvantages of IR and G aller tha abtackay to Iavmgh ot ralativaly
shortar ranges at hish ennlas-all, Without exeending tha 27 launzh
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.
lmitetion., (Remember, in an wudarside attack, radial G fs greater
than total-G.) In othar words, the attacksr reeeives the benefit of
1G gravity, thus allowing him to positien himself closer to the tar-
gat at a.higher angle off without exeeeding his 2G limitation (total
G). This means that the attecker can reduce his range to stay within
the lembda limitgtion and s£ill be within his 2G launch limitation.
In zfiact, the attacker is provided greater frocdom of mETEvvYeT ko
successiully launch ATM-9B, In an undarside attack, this freedom of
maneuwver fg greater than in any other attack, From the dafender's
viewpoint, it is certeinly the most difficule attack te defend against, o
In pummary we may say: The best attack for AIM-9B 15 the undersids
aitack and the worst attzck ia the overhead attack - espescially if
the attacker has a negative delta Mach, _
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FIGATER MANTUVERS

Te escqidre en understanding of the sciznce aof fighter-versus-
fightar combat, z complate knowledze -of the spatial relationships in-
volved in this fumm of zarial combat, is necessary, Bafore he can
achiavsa this wnderstanding, eny tacticfan must he ablé to define or
imagine a f{rzme of referance, within which he myst gparats, In addi-
tion, he must know the basie toola vhich he may ewploy in this frame
of raferense. Simply stated, this mzane that the pllot must under-
stand the geomatrie space relationships and how to apply this insight
to 2 piven fighteraversusfighier situaticn, Qur purpose, in fightar
maneuvers, will be two-foldr (1} To defins and precent geamatris ree
lationships nzeded for fighter-versus=fightar combat, snd (2) te show
how to properly apply thess relatioaships in fighter msmeuvers,

In dimcngaing fighterversus-fighter combat, it is evideat that
many pllots believe there are an infinite number of situations and

solutions in a given tactical encountar, Such 15 not the caze!
The fi=ld fa which a Fighter pilot mpse operate 1s8 three=dfmansionsl

aud finite, The size and shape of the field is datermined by the pull

of 1G gravity and the pevformence Iimitations of the airepcfr and its
pilot. We cer Imagine this f{s1d to be gpherical in shape, with a
fisttenad northara hemisphers and an elongated southern hemisphare,

See figuze 21. The gphediral shaps is generated by g manervrering
fighter's rurn and velocity operating through three dimepsions, The
elongation results from the effeat of 1d gravity on tha fighter in

this thrae=-Iimensional. £fia1d of maneuver, Turn, spesd and the forge
Of pravity derernipe the gparating snvelopes and wa nead ci:ly vadep-
stand spatial relationships praseqted by these factors to develop
effective fighter munewvars, To know bow to secure an zdventage over
an opponent, a» attacker naed only visualirze turn, velocity and £ pre-
Jectad onte thiz sparoid shape., He has no control over the force of
gravity, of course, but he cen evercige complete contyol over aircraft
turz and velosity! Az a rasult, he c2n maneuver in g mannes to effec-
tively vaz the pull of Eravity in a given tactical situstion, Thus,

in 2 fighter-versus-fightar situation, the pilot can do twe things to
zain an advantage over ar opponant: Changs tuznm and for velocity, in
respact fo his opponznt, He czn sccomplish either or both by maneuver-
ing through both the wvertiesl and hcriznntal;planea by smploying either
@ two-diminsional maneuvar through thpee-diménsional gpaca, or a threa-

dimsnsional manevver (barrel roil}.
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To apply thass principl=a cozractly, we nezed ouly recall what we
determinad praviouzly Iin regard to wazpons capabllity., Ws daterminsd
that to successfully employ ATM=52 or the 2wm cannuou, We must attain
& lezunch or firing position in ths angular velocity cons emanating
from tha tail of gur oppoment. Applying the three-dimsnzicnal coma
cept of tura and velocity, this ma2ans Ehat we must reduce one or both
of these factorz in order to securs an adventage. . Employing theae
spatial relationships agalnst a piven oppoment will provide inzfght
&8s to the type of maneuver which we must employ to defeat him.

In our dizcussion of fighter manetuvera, we will keep 4in mind this
concept of turn and velocity within a thres-dfmensional field, As
stated earlier, we will use tha case system to determins not only what
manguver Lo employ, but alao how to employ it to acquire mowimum beie-
£fit. In discussing fighter-versus-fighrer tactics, ovr first msneuver
For discussion will ba the dsfemsive turn, We choose to start with this
maneuvey because it L5 the basic waneuver by which the defendsr tries
to nullify sy attackes's advantage. This may cause our apoprosch to
appear ta be defsnsfive In nsture, however; we feel that this 1z nzeces-
gary since acy offensive aztion fs directly dependent on the pracise
manawver which the defendant choosze to awecure, If the dafendez's
koowledge 1z limited in soope, the attacker'a corresponding msneuvers
wlll refiest this Iimitation,
Defunzive Tusm -

The purpose of the dafersive turn fs ro pravent an opponent from
gchieving a launch op firing pesltion., As srated earlier, the objective
of this manenver iz to rotate our angular velocity cone awsy from che
attackez. The best way fo achisve this {3 to turn inteo the plane of
the attack. This means that In ap overkasd attack, we will pull up
inte the attack; in an underzide attack, we will dive into tha actack;
and if the attack iz from aix=o'elock, we will turm in whichever direc-
ticn provides the presi=st +-ctieal advzntage,  Assuming that an
attacker-armed with an IR missile 1= approzching our angular velecity
cone Irom sixve=s’elick, how would we defend against this attack? First,
perform a hard.turn with a alight dive. This turn should not be =a
break or mazimum perfocmence maneuver. IF g0, we Wwill expenience higt
zpead-decay end loss of manervering poteatizl, eventually diminizshing
our angular velsclty. 4s'a result we will probably succezsfully
defend againgt the misazle attack, but ocer atiacker will ©e in posi-
tion for a followeup pun attack. . If wa smploy the hard turn and the
slizht dive, we generate erough enpuiar velocity to preziuvde a missile
Tgunch at long range, and at the same time, we Terain future mansuver-
ing potantial. As ranga diminishas, the attsckeyr will ha locking for
an oppottuzity to launch & missile; however; since he is 1 a pursuit
CUrv: attack, his rate of turm is & Functfon of -target spaed, angle-
off and rapgs, At -lone zénge the rate of turn required for the sttacker

LIS4=¥Y 2y I

to Lrack 1@ considerably less than curs. Consequently; ths attacker's
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angle~off and rate of elosure will ircrease, The fncrease in engle-
off demands a further reductien in range before rthe attzaker can
successfully launch without exceeding the lambda limitation. This
forces the attacker to get closer and, since he {8 on a curve of
pursuit, his engle-off i3 continuing to increase as hiz ranse de-
creases, ‘Tke rate of tyrn formuis {(=_¥t % 5in8) indicataes that

. Range -
rate of turn will fncreass 4f angle-off inereases {Sin®) and rangs
deczeases on an attack agalnst a mansuvering tarzet, Both of thesge
conditions eccur. This means that the attacker generates a rapid
build=up in his rate of turn, and by the time he reaches the point
at uhich he can laswnmeh without exceeding lambda Ifmit, he eyceeds the
26 launch limftarion, With a .9-Mseh co-gpead attack ar 35,000 feet,
thia wlll occur at a ranze of about 7.000 feet from the target. If
the attazker gets cloger, he muszt forego a micaile attack and Sttempt
Lo set vp a 2em cannon attack., This iz necessary because when attack-
ing a mansovaring target, once the Gelimir {s exceadad, T cannot be
Teduced = it wfll contimue to bulld up 2z rzuge diminishes,

435 2 defender, we are now forced to nullify our opponent?s subsa-
quant gun attank., To zacomplish this, lar vs once again anelyze our
relative positions: Tha atfacksr, noting that he has lost the opper-
tunity to deliver g mizsile, w11] attempt to raduce his angle=off and
slide into our siues'clock position, To prevent this, we mnst focragse’
G and rotate our angular vealosity cone away from our opponent. QOur
concern now 1s fo acquire 3 smaller turn radius than the attacker. This
will force him outsfde our turn end prevent him from achieving a track-
ing selution, To accomplish this chjective, we mugt Play the korm in
Tespect to ths attacker, Tha moment wa notice his attempt to diminish
angle-off, we inereasze ocur &, to prevent him from diminishing hig
angle=off znd sliding roward oup six-o'clock position. If he comtinucs
to press tha attack, tishten the twrn to provent hinm fram staying on
the {ns?d= of tha tuzn, In effent, we arce Lrying to place him on the
other side of our anguiar valocity cone. If we play this meneuver
correctly, ha will be unable to mateh our turm radivg. The formula

for turn radfus:

R = vyl
32.24
where B = Tum radjus in feer .
NE

= Fighter velocicy in feet!secopd
N = Nimber of radial G
indicatez thar the fighter with the Iower velocity andfor greater G
bis 2 smallar tuwg racfua, In this situztion, the sttacker's spead
ad @ oare cliréctly dependent upon ths defenderts 2ction and if we
T4l a certain numbar of G, the attackar cennot pull the szme amount,

ST T To23. his race of turn will equzl ours, and, szt the end- of a




13&? tirn,; the attacker baecmzs the defander and we the attacker., OfF
course this will pot occur, becouse the attacker will be forced to
play his turn fn raspact to our position. This mzans chat his @ will
be less, and as a result, hic speed decay will oot he as rapid .as gurs,
#¢ ia shown by the sbove formula, the attacher will have 2 greater turn
radius for two zeasona: (1) higher speed, znd (2} -lower 6. A&z a .
resalt, 1f the sttacker concinuss &g press the attack in the plans of

our turn, he mist overshoot. This providas the attacker little oppor-

tunity to tfack the tarzet and places him, geomatrically, en tha othap
side of cur fI{ght path. Of vourse, this presupposes that wa, ag the
defender, are.turming near or 2t maxioum rate. If not, the attackar
would be able to slide toward f=oTcleck, pull a higher G, diminich aire
spead and aveld an ovewsheoot, As we will sse later, the laceral scp-
aration provided by this overshoot is a "must" for the dafender's gub-

sequent actions,

i
Progedures for the Defensive Turm

1. Estimate range and angle-off of tha attacking aircraft,

2. PFerform 2 hard turn. if the attackér ls mear ATM-9B launch

Tange. This Is 3 planned maneuver to preclude 2 successful mizsils

launch.

3. Do net make an imstentanecus max-performance turn, This will
kill off sirspead verny Tapidly and reduce future angular velocity as
wall 25 maneavering potentiai,

4. Play the turn to gaintain the attacksr at g high angle=-off,
This will foree him to diminish his range and exceed tha 2-G launch
limit, at sbout the time when he is within lambda limit,

5.. Increase rate of turn steadily to maximum performance as the
attacker zpproaches gun=Iiring rangs. This will prevent him from
acquiring a tracking solutiun and sliding toward your six-o'cleck

position, '
Advorse Fay

Adverse yaw is defined as the tendency of the aircraft to yaw or
roll away frem the intended turn, In the F-100, this condirion is
present in the subesonie speed range, and iz espeelally noticasble in
high-angle-of-zttack maneuvering. Lf proper technique iz net empioyed
to countarzet adverse vaw in highwangle-of-attack maneuvers, mireraft
maneuverability is seriously compremised. Inm fighter-versus~fighter
conbat, since manewverability iz a key to guccess, inability to handle
adverse yaw will produce disastrous rasults., Ve can see this upon ex-
awirning ths dafensive tuwn. In defernding zgainst an ATM-IR attask,
the speed and § which we were ulling preduced & low angle of atteock,
Dofending azains: 2 follew~up gin attack, however, preduced 2 high
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angle of attack., TIf conventimmal technique is Bttempted when max per-

formance iz necessary, the rasult will aot be maximm performance, To

preclude performance degradation, the pilot must-develop two entiraly

dffferant techniques to control the F=100 under low-angle-of-attack -

and ‘high-angle-of-zttack conditions,

In low=angle-of-attack MANSUVEYE, conventional technigue will te
employed. Thet is, atlerons will be primary control for directional
changs, fn eitHér a turn or & roll, and ruddar will he secondary, It
will be used to counter the small zrount of adverse yaw tg keep the
turn or rall coordinated, Riek pressure will be employed ko control

the rate of tum or the Intensicy of the roll, "

In high-sngle=ofegtrack maneuvers, the follewing techidques will
ba emploved; Budder will be used tg control directiong] change.
Allerons will ba moved to the newira} position and back presgure will
b2 employed to control the rats of turn o inteasity of the roil. TIn
d high~anglercfwattack situstion, 1f the Pilot employs atleion as pri-
wary for dirzctionsl changs, he will induce 2 roll-off in the direc-
tion away from the fntended furm,- The more afléron he appliss, the
faster the rolleaway. This is tree because, in a tum, the induced
drag on the inboard wing is less than that on the outboard wing, If
akleron is employed, the faboswd glleron i3 daflacted up and ‘the out-.

_board aileron 1s' deflecred down.  This condition impeses an addltional
increment of drag upon the ouiboazd wing, Asg. s result, the airerafr
yaws toward Ehe high-drag area; or in a direction away from the datendad
twm, In low-znglz~ofw-attack Dansuvers, -this yaw can be corrected hy .
applying rodder unedd rhe ball'is cantaved, ‘In a high~angle-caf-attack

-mEneuver with the F-100; this technigus 1s not satisfactory, Az the

" angle of Attack incraasss, the smount of adverse yaw generated by tha
loduced drag and deflected ailerons Increases, The yaw increase causes
the gutboard wing to meet the relative wind at 2 velocity less then
the inboayd wing, The decreage in veloeity, plus the downwsrd deflec-
tion af the sutbogzrd atleron, ‘causes the ailaren to stall out, conse-
quently, there will ba less 1ift over the outboard wing, . The alrcraft

will roll in the direction of the yew, If additional alleron is
applied to correct this Toll-off, the rate of roll wiil inereagse znd.
the adverso vaw and stall conditieons will ba magnified.. IFf rudder

is employed - aleng with ailerom - ths adverss ¥2w gensrated may be
cancelled by the favorable yaw induced by the rudder, Eowever, as the
angle of attack builds up, the adverse yaw gengrated by induced drag
and deflected aileron beeomas groater £hen bhe Tevorable vaw gen-

erated by the zudder, Thus, 3 zo0ll-off will still cceur, however, at

& slightly highar angle of attack, On the other hand, 1f wa neutralizs

- aileron and exaploy zudder as Peimary for dirsorional cantroel, We con

Eenerate a maximum parformance turn vithout a subsequant rolleoff,

To determine whether wa should use cenventional techniques or the
redder fedhniovs, we nzed 6nly reccgrize the "feel of the sirecrafe,

The moment che autbf:xi,ri;ﬂ-:;;ﬁaﬂnxﬁaxlzzheavy, the pilot sheuld
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nevtralize ailaron apd apaly ruvdder to wontrel tha tum or rell. ®ull
rodéer should qor be enployed, otherwise the pilet will experience g
loss of'diractinnal1contrul. Instead, apply rudder smoothly znd as
needed £o maintaln dirasctional contzol, If thisg 4z acéomplishad, the
ball will be centered snd & max«parformance manauver fg possible, Do
not_arblerarily wse Full mddar and onposite ailexpn rp achieve o maya=

performance tuzn, If this 1s sccomplished, a large amaunt o faverable

- ¥aw will be geoerated and a ghap=roll or spin will Probably decur,

Tha Sc;saprs Manauver

The gcissors i3 a defernsfve manewvar ip which 2 serlas of tuen
reversels 1a anecuted in am attespt to zchifeve offensive potential
aftar an overzhaot by an sttacker. To Succesgfully employ the scise
§0rs, the defender needs Zn inftial rurn ovarshoot, In & defensive
Burn, 1< an atracker sttespts to position himself in his opponent's
angular velocity cone by rerzining in tha plans of his Eurti; the de=
fender is provided the oproTtunity to gemarate an overshook,  The-
overshost places the attacker on the opposite side of the defendez's
angular veloeity core. If the defender contintes to turn in the same
direction afier tho ovenshool, the attacker will be presénted the
cpporturity to mancaver towzyd his opponent’s sixeo'cionk position,
simply becainze the defender will e- turning gway frem the attack, To
preveat this, the defender must infelscs o fum reversdl ag the -
stiscizer passes theough his Flipht path. The decision as fo when to
Sxecute Chis revarsal will depend upon the attacker’s pate of averw
shoot and his sngle~off. A good Mrula-cf=thumh® is: rapid tumm over-
shoat, early Leversal; alow turn overshoat, late reversal.. The turn
reverszl will rotate the cefendar's ansular velocity cone avay from
the attacke», This will place the attacker at g high angle-off and
will czuae him, once again, to cross the defender®s flighe path. Ses

' figure 22. The defender has mow forced the attackep into & scissors

maneimra,

We cen sa2s - by geomerrt. inspection - that the airersfe winich
Las the shorter tumn radive snd the lowes velocity, will forea the
other to the 12-a’clock position. In thia manauver, thne dafender has
the advantage, By viriue of forcing the artacker to overshoot, ke
has lower vel celty and if ko employs the proper technigue, he ean
easily place the artacker =t 12-5%eleck, 7o accomplish this, esch
turn reversal shevled bta g rudder reverzsl, at max-performance, If
gileron ig z2pplied, the defender will roll aff in the wrong direction,
ot be forced £o release back-prezaure to ex2cute the reversal., This,
of course, will iperegas tura radivs, 4 pese-hizh attitide fccomplizhes
two things: {1} It reducss the defender's horizantal turning cemponent,
and (2} It redeces the defendar®s vecter veloeity in the borizontal
Plans, The redverion in the korizontel turning ecuponent and vector
velocity 1e o weonie of mansuvering thoough boik thp vertical and

herizental plepes, 7n cthaer words, wa ars employing the prll of
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otte=G pravity to provide e proater radied G and a2 lower velocity,

Maw i miim PoT should te wged Ir this NEREIvar, bheczuse its foreas
Veilor opposas the one-g Eravity and ia dizected Ltowerd the ingide

of the turning cizcie, Thiz provides che defander the opporkunity to
maneuver through the vertical plave, apd thereby diminish his hori«
zontal torning component, In 2idition, sipece power provides 2 lower
stall speed, it allows rhe dafsadar to tighten his turn radius ar =
given airspeed zz wall as radece 2izsipesd Lo the Iowest rossible point,
This mzans that £ the dafender peoforms g nese-high mudder reversa]
with power on, hé wili rzduce his turs ang velocity components Eo thelr
smallast state and, 17 the attacker deesn't counter £n like mamner, he
Will be guinkiy Fovcad to the 12-o'sleck position, The defender now
becomas the stragher, _ ! ' - :

If the abtacker comnesrs 2ffsatively, and forces the defender be-
lew him, the defendar should HA%avEe in phase with the dttacker, Thig
Pravidss the sttanke: g vizuedl disadvantage sinee the defendar wWill be
directly beneath him. In zn attemst o mansuver, in relation to the
defendew, the attacker will be fornad tg roll excessivaly in one direc-
tioe or the o-has. This incresszi his 8tall spaed and forces bim for-
wand end door egueas R
8T Dovigas thin, ha Frobeniy wAlT mafnes hig bank and maneuver as
smasthly az tha defonis LA a2 zasuleant standeff. If, and when,
tRla onemima, thae Cafendanr powe s Loy Sffanburnsr, relsx @ and dive
1807 muay Foom hi S OR 1 enld inftists this maneuver frmad-
fately aftas tha SETERA? bag 1mda tig lase ob32rvation, when the
Ettacker deas won pags e, A tontzer, Thig &ffozds the defondar the
orportunliiy wo puin cossidarahla Ioacitydinal $2paration ‘and places
b aftankae M oar guwerugnd 2203%R with a nesstive delrs Mach., The
dafender w117 ta gup e gus 3% id the attacker will be provided
She wmomue pongenss slumnnlon, Fuz om Weuila lzmel, HOTE:  Tactieal

enalysly of Eha divaeiwey will ba if rcugeed latsx,) -

Wheit emploitng £ha saiegorg Menewver, g pilot gheutd attempt to
Secure an adventage 28 juiekly g8 pozaible - certalnly by the gzcond
turn perasaal, L5 na%, he w1l laga airspaed Tapidly, therefora mage
euvarzh’lity, and will ba Fevencad Srom ever zagut piao 50 advantags,
instead, ba will f#ing Blms:iy 4n g Stendory, with wmargina) cantrel -
AT edFy seleup for anothess aitunizar {or his immediats oppanzut, {f the

OFponent has a supemior Elrcrait),

' 'n
s Memdtnre.
__',._"?.__hqu.'é

Fronedirees Lor cha Frlza

L. Fatmzees 2w of tupm irro tha Zautek unt2l the aitazsker overs

Fhoot: o ERvas evtelda the myea,

eusel with powes on as the
e Mmleanfarhemp for tyrpe
TEVETEIl: slow Eorp overshoot,

2. Exzcuhse g tonechligh rioddar e
atLezkex paugss FoUr £zfl :

TEVErSsal e,

"2 Sanre sath, The moment tha sbtack-
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3. BRepeat 3 nos2=high reversal asek time your oppanznt slidas
through your Ilight path to the outside of the turn. If vou Pass nose-
-high above Your. oppoment, he will begin to 2lide forward,

4. Perform z roll-off ar "5" dawn to the six-o'cloat: position,
after ¥ou ebtain a position aboys #nd behind vour oppoment,

) A, Place yourself it phase with ¥our oppeonent 1f ¥ou are undez-
neath him; then, st the earliest pogsible moment, perform the lage

dive-gway,

Counterine the Seisznrs Mrnauver.

In our diseussion of the acizsorg WANSUVET, We stated thak 4f is
a defensiva maneuver designed to take advantage of ap attacker's prere
shoot. We then proceedad to show how the defender would react to gain
this advantags, The laplication iz clear = 8N attacker places himself
dn-a vary serlons position Lf he misjudzes the defendar's turn and
overshoots. To prevent this, it 1g Suggzested that the attacker employ
the high-spaed yovyo any time-he believes hig rate of closure may be
sufficient to causa g turn orersheat. In thisg manecr, the attacker
can retain his offensiva advaataga, howaver, we will still have the
problem: What can ap ditacker do in the svent he mizjudges hig CREowu
nent's turn and iz forc&d.intp A1 overshoot? The purpoas In discussing
maneltvers aftsr 3 turn overshaoot iz tg Polnt out an effective countar
to the zecissors and, by means of this counter, show that the scizgsoig

is highly ovenrratad = an e2sy method by whish ro achieve gn offensive
advantaga, - ' . :

To know how to cotnier a scissors maneuver, we muest first determine
the attacke='g mazeuvering potentisz) in respect to tha defender: The
attacker has a gignificant disadvantage in terms of welocity; hotaver,
this disadvantage can b2 converred to an_advantage 1% the attackar knows
how to employ 1f PIOoperly, Menearvering into a nose-high aclssors i
(ROt proper smployment as this will place him forward or above his oppe-
Deat in & stalemare condttion. On the other hand, if the atbacker sm=
ploys this velozity io the verties] plane, in a ZO0nt manzuver, ke epan
Eendrate z Eignificant advantage, - How can this advantage he gafnzdy
As the attackap notes that ha 1a overshooting his oppoment'’s turw, he
should relax @ and deliberately s1ide around the outside of the turp,
Relaxing & serves & fuerfold purposs; (1) It 'meduces induced drag,
thereby allowing the attacker te maZptein an dirapaed advantaga, and
{2) It incrsgaes latersl sgparztion on tha ovarshoot, This reduaces
the attaeheos's valocity compoment aleng the gxis of hig opponant g
flight path, thus allewing the atfasker to maintain nose-rai} fepara-
tion.. The defendar, observing the evershoot, will ta enticed tp exe.
tute a nose-~high reverszl in AR attempt to gain offenzive advantagae,

If the dafendew continrves the turn, the attacker cza play the mireuver
and, once agaia, siide into the defender’s engulaz velocity cone, Im
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view of this, a raverszl 1z almost 2 sure thing, Az the defender
Taverses, the attackar rolls winps-level and- zooms, at a mexerotaticn-
angle, through the vertical plane. Sez figure 23. The defender will
be unablé toe match the attzcksr's rotatiom angle and subszequent zoom
bacauat of his alrspezd dizadvantags., This msans that the attacker,
even though he has 2 higher alrspesd, ray reduce his horizontal vector
velocity to a smaller value than that of his opponsnt. Az a rasult,
the attacker will be on top with nose-tzil separation, and the defender
will have éissipated his 2irspead, with a consaguent logs of mareyver-
ing potential. 'The attzcker need only roll off to the defender's sixw
ofelock position. ' o

If the ﬁefander pulls up Into a hé;kad sttitude, toward the attacker’s
rotation, the height of his pull=up will be even less. This iz-the Te=

'sult of two factors: {1) The defander's pull=-up is only a component of

a straight pulleup « his rotation angle is through both the. varticsl and
herizontal planess, Since ha'is 4n g banked artitude, this weans that
his rotation amgle in the vertisal plece must be less than a straight
pull-up. {2J° The dafender's stall spead 13 higher. In 2 banked atti-
tude, stall spesed ineraases because laze lifting surfacs is zvailable
to countexr the pell of gravity. Higher atall spesd causes: the rotation

componient in the wvertical plsne to be ayen less. A3 & result af theszs

two factors, the defender’s rotatien angle is reduced, This mesns that
the height ef the zocm in the vertical plane is less and vector veloo
¢ity In the hozizontal plane is increased. This forces the defender
to turn balew, in front of and acrose the attacker's line .of £light.
The atiacker need only roll off in a directienm opposite his oppement’s
turn and move towaxd the six-o'clock pesitiom, - The roll-off incrzeses
nose-cail sepazsticn and prevents a peszible overshoot by the attacker.

To mansvwar egainst the attacker's counter, the defendar sgimply cane
net refuse to reverss and conticme his defensive turn. If he doas, the
attacker will not be gbligated to toll wings=level and zoom in the
vertical plane, The defender will tum awiay and place his angular
velocity cone in fromt of the attacker’s flight path, As a consequencs,
the attacker will simply play his oppensntts turn znd meneuver toward
the six-o'elock position. If the defender canpot pull up and turn into,
or 2uay, how then will he meneuwver zgainst the attacker's counter? As
the attacker overshootz his turn, the defender will exacuts a nose-high
reversal. This wil1l force the attacker to rell wings-level, rotate :
through 2 large angle in the wvartical plane and zoom for altitude. This
action is designed to reduce vestor velacity™n the horizomtal plzne to
2 valuae legs thap the defander's valecity, If the attacksr fails to-
Eemerate thiz largs rotation, kis vector velocity will be grester, and
he will be forced toward the defendar's twzlve-o'clock-hizh position,

S0 we see, the attasker has no choicz, he nust retate through 2 lazge
vertical angle when the defender exacutes His nose-hicgh gttituda and
provides considerahle vertizal displacemant in respsst to the defendsr,
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in the vertical pleme, relaxes G, lights afterburner and dives for -
separation, (The defender muct eccomplish his turn before dizsipat-
ing too much airspesd and acquiring an extrame nose=high condition.)
Woting the dive for separation, the attescker must turp - frem an
extrems nose-high pesition « 180° in the vertical plane to regain an
effensive position at stx-o'cloek., The pull of one=@ gravity causes
the attecker to dissipate considerable airspesd, thus placing him in
an owerhead attack with 5 negative delta Mach outside of BUO range,

Rempwber:  The counter to the slezsor maneuver is nétHing more than

& bigh-speed yo-yo fnitiated after a_turn overshoot. The only difference

is that the sttacker relaxes =, Tolls wings~ltvel and rzooms in the
vertical plame, =o that he way regain nese-tail separation,

Fracedurcs for Domnterineg the Seissors Maneuver
SEGEEIUTeSs 3 AZEN

‘1, Realize that you =re overshooting your oppoment's turn and can

]

oo longer effect g ¥oo¥o maneuver, _ .

2. Do not attempt to pull fnto the target's radius of turn, This
will Impose high G-lozds, and possibie buffet or stall will oeceur. All
airspeed advantage will be losg, )

3. Relax G, slide azcund the cutsids of the turn, and thereby
maintain an airspeed advantage, ' :
4, Roll level, and zoom up (eings~level) as your oppouent reverses
into you. Whea your epponent reverses, he will be unsble ta match yaur
- zotm, because he will have killed some of his airspeed on the reversal,
besides having less airspesd to begin with, . .

Z. Continue to pull up, wings-level, and force your opponant for-
ward aid below your Iine of f£light. If he pulls vp into & banksd attie
tude, he cannot eounter your maneuver, since: (2) His stell spied is .
higher, and (b} Hia pullewp is only a component of a straizht pull-up,
If wour opponent pulis up wisgselaevel, he cannot mateh our rotation,
bocause of your alrspeéd advantzzs, In GIY tése, your rokation in the
vertical pldne will be preater then youz opponent's, This will place.
him below and forward of your line of £lisht. You wili have noge~tzil
separatrion, ' '

6. Roll off « roll in 2 direction avay froh your opponent's turn

if he 12 in 2 banked attitude - and @cve inte his six-oleclock position,

Tha roll-off will provide additional .nose~tzil separstion and will pra-
vent a possible ovarshoor. T )

Prosedurss for Manguverine Asainst a Beicsors Counter
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2. Revarse nose=high, as wou observa your eppenent overshooting
your turn radius, Remember: A desision as to when to reverse will
depend upon how rapidly the attacker is aliding to the outside - rapid
tuin overshoot, early reversal; zlow tum overshoot, late reversal.

- 3, - Detemmine if your opponsnt rolls wings«leval, rotatas and zoons

in the vertical plane or commits himzelf to the scissors meneuvey, If
Ha zooms 1n the vertical plane, follow the procedures below; otherwisa
employ the prozedures specified for the scissors manzuvar,

. 4. Force your opponent into an eitveme nose=hish attftude snd g _
high resulting zocm, by pulliag nose-high tovard his liné of fifghr. -
 The ettacker must rotate nose=high and zoem for considerable altitude
to counter your nese-high pull-up, His purpose 1=, of course, to
raduce his vector veloeity in the horizontal Flane in order to maintain

nose=tail separation,

5. "Turn 180° in a vertical plane, relax @, 1ight afterburmer and
dive for separvation. This maneuver should be {nitiated prier to digoi-
pating toeo much ajrspeed - otherwiea, 1t will be difficult to gain aepe
aration. If done properly, the attacker will be placed fn an overhead
attack with a negative deita Mach cutsids gun Tange, a

The Attsclk

The purpose of the attack fs to position curselves in the defender's

angulay velocity cone, so that we may deliver pur ordnsnecs and effect
a kill., Since the angular velocity cone of ATM~9R is considerably,
greater than the 20wm cond, we will fizit tzy for a setsup to lainch

a4 misglile, Fnewing AIM3E3 capabllities, we will try to attack cur
target from siz=o'elock low, If the defender notds our position, wa
.Ca&n expact him to perform a defensive turn into the attack so as to
' rotate his angular velocity cone sway from us. 1€ he accompliches this,
we will be wunable to successfnlly lamech a missile because of fts lambda
limitation, , Tustead, we wil® ba forced to dimintsh range until we
reach 2 point where lambda Iimit sili not be exceeded. If wa attempt

£o £1y a pursuft curve attack - track the target with our fixed sight--
te this peint, our engle=off will increase and g further redustion in
range will bte required before launch. By the time we reach the range

at which we can launch without excecding lambda limit, we will have )
exteeded the missile's 26 lavnch limicatien. As we get closer, G will
eontirus to build uwp and the CRpoYLunity to employ AIM-0B will be loze,
We are now forced to initiate a gun zttack,

(uz position is net satisfactory for a gum sttack; In our pursuit
Surve approach, we built up & substantial angle~off, but now we are
faced with the prospect of diminishing this zngle~off in order to
reduce our sngular veloeity te enable us to teacl tha target, Az we
attempt ta accozplish this, we ean expect the defender to tighten his
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turn to prevent we frem doing so. We, in turn, will be forced to
counter. BResult: If we ¢ontinue the attack, in the plane of our cppo-
nent's turn, we will slide through his flight path and to the opposite
slde of the angelar velacity cowe. Under the circumstsaceas, we ean
expact (hae defender to counter with a saissors maneuver, To prevent
thiz, we have to employ a different techuique In the Initial attack,

I the initial missile attack, the worst eveor whilch we can ecommit
is te fly a pursuilt curve attack - in other words, continueusly track
the target with our fixed sight in an attempt to launch ATH-9B. - This
forces us-to continuously increase our angle-off and prevents us from
ever launching. It also pravenis vs from salvaging the szituation by
initizting a gen attack, At the same timsz, the pursult curve causes a
tumm overshoot and sets up the defender for a successful scissors . men-
euver. To prevent the defender from generating these favorable rela-
tionships, we should not fly our gunsight (pursult curve) aftar the -
defender initiates-hiz defensive turn. Ingtead, we should attempt to
generate a rate of turn almost egqual to that of the defsqdar, (e must
not mateh hit rate of turn, for if we do, he will have rotated inte the
position of attacker at the end of 1809 of turn.) By deing this, we
keep our flight path or frselage in the same relative direstion as the
defendar, Ia other words, we pravent the large dincresse in angle-off,
This prevents us from launchine ATI~DE; howsvar, as we approach pun
rangs, this positfons us at 2 smaller angle-off and muoch nesrer our
opporent's angular velocity coma., ~To eeunter, the defender 15 forded
to tighfen up his turn much scomer rthan inm.2 pursuit curve attack,

This meens that the defender is Fforced to maintain a8 max-performance
ture for & longer time perlod, im an attempt to generate an overshoof:,
This cauges a graater speed decay, a less of angular velocity and a.
.loss of future menetyering potentizl as we enter gun firinz rangs. A=
a result, the defender hag 2 meoye difficult time generating an. ovar-
shoot and a svbsequent scissops. IF he exerciges poor judpment and is
clacking in stick &nd rudder technigue, he may never effect the over-
ghoot, The result is cbvious: Te simply shoot him dosm, On the other
band, if his judgment and ¢ cick and rudder technique ars excellent, we
will still. be forced to overshoot If we continue to press the atfack
in the plane of his turn,

" To prEVEﬂt‘EE overilagot, we sheuld zoom or yo-yo off the defender
1f we are unable to stey inside his turn radiihs.

Procedures for the Initisl Attack h

1. Stalk your targef in an aitewpt to position vourself for g
siz-o’clock=low missils atratk, ’

2. Do not attempt to track or lainch ATH-5A at max-erfective
range, 4£ the defender turns inio the attack. Instead, pesition the
=
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3. Check thatr ¥your fusslage is ﬁninting in the sams relative
direction as the dafeader's fusalass, This will help prevent over=

shoot,

4. Continue the cuteff to closa upon the targer, Howaver, attempt
te gradwally reduge engle=off gz range diminishes, im an effort to
launch 2 missils, If thiz iz Impossible, disvegard the misgiie and
- eentinus. the antofs o set wp for a gun attack,

: 3. PFlay the cutoff, in an effort to reduce angle=off and alide
inside the defender’s 20mq angular velocity cona. :

8. Prass tha atteek until you zealize 1 will be impossible to
stay ineide the defenderfis turn radius. At this point, zoom or yo-yo
off the targat to prevent overshoot and g subsequent seissons manewver,

HishoSpesd Youva .

The high»spéed'yn-yo is an offemsive tactic in which the attacker
mensuvers throush both the vertical and horizental planes to prevent .
an overshoot in thks plona of the dafenderTs tigm, See figure 24, From
this definition, tha purpose of the manzuver is obvioug: To maintain an
offensive advantage by kesping nose~taij separation betwemn the attacker
and defender. In othap words, the high=speed yoeyo is a counter for the
defengive turn apd the scisgsors mAneuver, As an attackar, vhen it haw
comas appazent that it will be impossible to stay ingide the defender's

turn rading, employ tha highe=spead ¥o=yo, - :

To paerform the TEReUver correctly, timing is essential. To 11}~
ustrate: If an attackep 1s conservative and yo-yo's high early, he
can expect the defendax o lover his noze and dive for separation,

The defender, noting the eariy Jo-yo, raalizes it will be foolhardy

to contimue hig tuzn or to pull up Into the -attack.: *If he continueg
the turn, the defonder will dissipate his alrspsed and his angulay
vaquity_,_Cansequently, the zttacker will ba Permiittsd to reduce Tangs
and slide 'down fnte the defender®s angular velocity cone. If the
defendey pulle vp into the attack, Le dissipates airspeed and angulay
velozity even mora rapldly. Again, the attacker iz providsd the
OPpOrtunity o dim’nish range znd poll or slide into his opponent’s
aungular velocity come. 'The defender cannor counter, bezawse he Ras o

furcher mansuvering potentizi,

1

. . 3 !“

In view of the above, the defender's best manetver 1s to dive avay
and gain separation, By doing this, he places the attacksyr out of gun
renge and in an ovarhead attack with-a negative delta Mech = the ‘wopst

Possible attack with ATH«5E,

If the attacker yo-yo's late, 4t will be difficult for him to majne
tain noge-tai] separation, He will either ba direetly on ton af the
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defender or wily slide to the defendar's twelva-o'cluck-high posi-
tion, If this OSCHIS, We ¢gn expact the defender rg Teverse and
‘pull up inta the attackey, By doing this, he wiig dissipace hig ailr-
speed and reduce-hig vector velonity aleng tha horizontal axls, thus
giving the defender tha CPROTEURiEy to Daneuver toward rhe attacker's
six=o'clock-1on Position, The steackar oW becomes the dafender.

We can sea thar rq maintain cffensive ddvantage, the attacker muse
ot be topg congervative and ¥o-¥o early nor tgg fpsressiva gnd ¥Yo-yo
late, Rather, he must blay the ¥oryo for a middle Position in order
Lo prevent tha defender frem diving away or pulling up intgy the attaclk,
Excellent tining and skilisyg stick and ruddar technique are reguired
Lo attain thig positfon, .

_ The moment rhe atiacker realizes phar he will be wnabla to stay
1osfde his opponantts Furn radius, he shoulq Tell avay from- the
defender?s tyen and pull his Bose through the verticzal plans. The
PUrPose of this actian ig to diminish hig turning component and wvecteor
velodity in the plane of the defender's turn, To acquire pax effactive-
Ress, the attacker muse maintain back Bressura and euploy rudder ag
Primary céntrn] for diredtiopa] change 4n the veTtizal plane, Pop
Broper Perspective, this meang thae the attackor rolls toward rhe
Verlical plane Just encigh to provide him ag gngle of bank sma]ler
than that of iz Ppponent, This forpesg the attacker's flight path to
deseribe an gpe through both tha vertical apd hmrizontal'planes fwe
g5eums thar the defender ig turning, more gr leas, throngh the horizontal
plane). A4z 2 result; the &ftacker's tureing componens 2nd ventor walg-
city-are diminished in Taspact to the defender's turning and velocity
Componants in the Plane of ths defendarfs turn, This allows the 2Lfacker
Lo maintadn nose-tajil separatian while turning inside hig Copottent, Ag
the same time, the con*rol Lechinigus employad - pack Pressure -and yuddsap
4% primary controi for the maneuver - not only allows the 2ttacker to
reduce his turn znd velocity COMBOnAnts to rheiy smalleszn valua, buyr
also raducas his yo-yo apex. This provides the defandar vary little
Maneuvering fresdon With which &g countey the high~zpecd Fu=yo. If the
#ttacker doss nor yge Tuéder as primary contyol for the voll inte the
YO-3& e will be forged to relax back pressura, His turn radins ang
veloeity wil] Ineresss and hig induced drag will decresse, So, to
maintsin Rose-tail ‘separation apg Frevent z pyep OvVErzhoot, the attackar
¥ill be forced g ¥a ¥0 E0 3 higher apex point, This brovides the
defender the option of diving W&y to gain separarion end, of course,
places the aLtacker in ap over-hszd atrack With a negzative delta Magh,
if the Btlacker atiampts to employ ailerons and maintain back PERSEUre,
adverse yoyw Will pracludes eqe YO*¥D maneuver, Ag a Tesuls, the attacker
will Probably be forced to fvarshoot hig Sppanent znd will pe cauzht in

4 seissors Hanapyver,

If the attackear erplovs the high-5p§ed FOTY3 correctly, the affoer
of one~g Eravity oa turn apd valosiey will provide floze-Lail seporarian




with little vertical displacement - Iow 7o-yo zpex, The attacker nead
only roll er slide down to his opponent’s six-oleleck poaition. The
attackar should empley roll if ke has little nose=t2il scepavation,

The roll reducas his vector veloeity along the auis. of the roll, This
provides the attacker separatiom and thus prevents a possible ovars
steot, To perform the roil successfully, the attacker should contin-
wously relezse back pressure as he rolls from 90° up to the inyerted

position = 130% - then gradually increasa back=pressure as he approaches

the 270° point and continue the inecrgase of back pressure until the 34¢°
point, TFrom the 180° throtigh to the 3609 point, the attacker should
employ top ruddsr. If the attacker fafls ta employ this stick and
Tudder technique, he will roll undermeath his Spponant’ ia an obvions
avar-zhoot - his affensive advantage seriously compromised. From cur
discussion of the high-speed ¥o-¥o, we may have Iimplied that this man-
euver is the ultimate in counterins a perfactlyewexecutead defensive turn
with & follow-up seissors. This fs not the case. If the attacker yo-
yo's too far behind or too high, the defender can relax G, 2ight after-
burner aud dive away fer separatien. This Places the attacker in an
overhead gttack with a negative delta Mach, If the attacker yo-yo's
high and mafatains very little nose-tail separation, the defender can
pull up into the attack and secura a six-o'clockelow position, If the
attacker perfectly exacutes the high-speed yo-yo, the defender still

has an out if he exercises excellent judgment and skillful techaique.

Ia counter the high-speed ¥Yo-yo, the defender must #irsk play the
attack in an attempt to force 2a overshoor, WNaturally, we can axpact
the attacker to yoeyo-high to maintain his advantage. The dafender
must now determine the attackar's ralative position and attitude be-
fore waking tha rext move, If the attacker gensrates extrema vertical
separation, the defender must immediately relax @, light afterburmer,
and dive 180° away. If the atifacker executes the kigh-speed yo-yo
properly, the defender has little opportunity to dive away. If the
defender pulls up, he will only position himealf at 12-o%elock; and if
he mafntains his turn, he will dissipate his airzpesd and angular
velocity. The attacker will then merely slide down to his six~o'ecloek
position ard finish him off, To underszand the counter which the
defender must employ, let's examine the spatial reletionship of tha
attacker in respect to the dafender. ~The attackar, although In & most
favorable positicn with his nose-tail separation sed low yo-yo apex,
is not set up in the defender’s ansular veloeity cone to deliver his
weapons at this instant. However, if the defender takes no sgtion,
the atkacker will zssume the proper positien for weapens delivery,

The defender, realizing this, knows his szlvatioa 1ies in mInSuUver-
ability - alrspsad and angulax velocity. Therefore, the defender mugt
relax G when ths atracker yo=vo's off and, st the same time, he should
maintain his engle of bank. Az = resudt, his noge will drop slighely
below the horizan, thus helping him to keep his maneuvering atrspeed,
Also, ag we shall ses, 1t forces the attacker to commit himself, oo
observing the graater turn radius and tha tose-down sendition, tha
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attacker hagz the option of ﬁaintaining hiz yo-yo Epex or committing
himself to an attack agafnse the dascending defandez, It is obvipus
that the attacker is compitred to prass his advantaga, If not, the
defender will Incresse separation ang Place the attscker in an un-
desirable overnead position with a negative delta Mach, ¥nowing this,
the attackar dxops his nose and attempts to gep Up for & mizsile Iaunch.
or 20m attack, The dafendar, observing this commitiment, employs top
rudder and back pressure ta pull up 4into the attack, Hs hag approxi-
mately two seconda to start thisg Daneuver - rhe amount of time which

the attacker needs to suceessfully dalivery an IR missile or tq initi=
ate g 20mm cannen attack, If the defender walts. for the committmant
and comters corracely, the attachar will be placed in a noze=10w condi-
tion, whils the defsnder haz a nose~high artitude, The attacker's
2irspeed, fin respeat to the deferder, will he increased and his rate of
tura will he jesz. - {If the attacker's rate of turn wers tha same op
Ereater than that of rhe defender, he would bloak out the defendar and.
slide in fromt.} Aar the -same time, gines the attacker 13 approaching
the horizonia? position and tha defender the verticasl position, the
atltacker's radial G, In respect to hig total &, is less ag comparsd tg
the dafender's radial G in rezpect to bis total g. Sinca the dttackerls
airspasd s Ereater, his vate of ruwy 12 less, and because he has a
lower radial ¢ Telationship, hts radies of turn muge b2 greater (padius
of turn = Fighter velocity squared divided by rate of turi}. The
result is chvious: The dttazker will ba forced into an overshoot,

below and forward of the defender's line of Flight. BSee figure 25,

To gain the offensive, the defender peod tuly roll of alide GOUn to the

‘attacker's sixeo"clonk positicn. Opea again, if the defender bhas lirtla

hose-kgil separation, and CTOUER Vertical disylacement, he shonig employ

the roll in order te achisve an advantags,

4

To Buccessfully manguver againgt a defenderts Ecuntering pull-up,
the atrackes gmge keep fn mind the relatianships invelved: "The pull
of one-g Evavity causes the attacker’s aipgpeed and” turn radius ro
lncresse in respect to the defendar, Therefore, the atracker?'s advan-
tage liag ot in turm, but fn airspeed in respect to the defender, e
stated that the purpose of the ‘hish-zpaad FO=Y0 was to maintain nose-
tall separation and that it wae acguirad by furning throuzh the varticgl
Plane as tha defender turps through a plans intersecting the plane of
the defender's turn, Besult: The attackes's line of flight provides
nosa~tail Separation, along with seme laterzl sepavation in the vartical
plane. HNoze-tail Feparztion prevents g Fogsible reverge by the defenday,

In otir present situation, tha dttackar has the same problems of try-
fng to maintain noze~tail sépsraticn,_however, he csn maintain this sep-
aration by turning in a plane avay from rhe defand=r's turn, The
attacker merely rolls oge QUarleT awsy from the defender's line of
Elight at the instaat he obsarves the defendar’s relling Pull-zp, A:
the samz time, he bezins 2 smeoth Fuileup behind the defender's 1ine

= T T et

68 i
_




Flzure 25
T e, T
G




(=T . o Y

e |

of flight. G8ee figure 26. The attacker plays kis pull-up so that he
does uob overshoost the dafandar's original altituds, (An uvershoot
here would be the same as an sversheoct in the horizontal Plane before
execufing a high-spaed yo-yo). Since the attacker starts frem a high
position, his airspsed at thz borton of the pull-up will be graater
than kis opponent's at that sams level, with a consequant advantage.
If the defendar continuss his pullecp, the attacker zacaze sbove znd
rolls behind the defendsr ~ the attacker's #irspeed advantase pays
off. I1f tha defender dttanpts to dive gvay, 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 attacke:r Is near the bottom of his pulleup, his airspecd iz

max; wWhnile the defendar, near the Lop of the zoom, has minizuem Zirapsed,
The attackey has not only generated nosa=tail -separation but also lace-
eral separvation in the vertiesl plane, To eounter this situation, the
defender mist rotate his anguiar velocity cona =way from the attacker,
In other words, he turns from a nose~high to 2 nose=1low position,-
through the - vertical plane, into the attack, This places the defendep
In 8 nose-lov, nosa-guartes attack, with the defonder's zirspead in-
creasing and the attacker's alrspeed deereasing. The defender new
relaxes G, lights afterburner and dives for Separation, Maanwhile,
the attacker must turn 1IR0° through the vertical plane, to acquire 2
six-o'clock position, Duzring this 'minsuver, the attacker continues

to dissipate airspeed. By the tfme he completes tha maneuver, he is
placed in an overhead attack with = negative delta Mach, well cutside
#0um cannon range, The defender can easlly frustrate a possible mig-

glle Jaunch,

EProzeduras for the Hieh~Spaed Yo-Yo

1. Attempt Lo reduce anzle=off and ftay on the Inside of the turnp

a8 range diminishas,

2. Maintain backeprassurs, emnloy Eop rudder and roll awzy from
the turn, up throegh the vertical plane, when you czn no longer stay
inside your oppomant's turn radius. As the plpper slides behind the
targat = you are no longer witehing your opponant's turn - ¥ou mpuse
zoom off to prevent an avershoot. In othey words, any tima it bocemas
impossible to maintain parzliel=fuselage with youp opponient, your angle-
off wIll be too great and you must zoem into .2 highespzed yowyo,

- 3. TFlay the zoom so as to maintain nese-tatl sepavation and yer
retain 2 low yo-yo mpen. If prezerr stick and ruddar techriqus iz em-

ployed, thiz 15 ezsily accennplishad,

4. Roll, or slide deun te your opponent’s gix-o'elech position.
Eoploy the 2oll, iF you hava nsSz.call stperarlon, U fnguime a gin-
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3. Use extrems cautiog when dropping down to Four opoonent's
siz~a'clock pazition. Do not acquirs a stesp nose-dowm atritude,
etherwise vour oppoment maYy reverss up ints you. Tnils ig g diffi=
cult situarion to recover frem. Howavar, 1f ft dees tccor, employ

the following procaduraes,

6. Roll Sne-quarter furn away from ¥our opponent's Iine of flighe,
the Instant your apponent beginz s pulleun, and FOU recognize = steap
nose-low attitude aa you approach tracking range, This maneuver will
provide nost-tail separation sad Tareral separation in the vertical

plane,

7. Initlate 2 smooth pull=up = after tha quarter~roll - without
ovarshooting your opponant's eriginal altitude, coatinue the pualleun,
turn and zoom toward his slx-o'elock position, I¢ YOur gmoonent ab-
tempta fo dive away, cut off in the horizental Plane and slide towzrad

hiz six-0'clock positidn.
Procedures for Countsving the Hizh-Spe=d Yo-To

1. 'Piax the actack In an attampt to force your opponant to overs
shoot. This will force him Lo counter with a ¥oryo maneuver, in order
te malntain his offensive advantage, -

2. Detarmine whather or not the attacker 1s going high aud to the
rear. If he has an extremely high rzte of closure, he may be forced
into extremz alcitude separation. If so, employ the dive=auway for sep-
aration and place the attacke~ in an overhead attack with 3 nagative

delta Mach., If the dttacker mainteins nbse—tail_séparetian, and a low
“yo~yo apex, employ the procedures outlined below: :

3. Maintain angle of bank and relax G, as Your opponaat slides
high., This will rlace you in a slight descent and will allew ¥ou Lo
maintain airspeed for futurs ndneuvering potential. Ar the sama tims,
it will force your opponant.te comnic himself to & noso=loy attack,

Goncinue ko waneyver yntll he dozs mol '

4. 'Perform a hard-tolling reversal - with rudder and back prese
surz = up intg rhe atesck,. This will cause your opponent to overshoot
below and forward of your line of flight, or force him to employ the
quarter roll-away. If he ave=shoots below, simply roll or "§" dewn
toward hiz six=o'cvlock position. 1If he employs the quarier rell-a-ay,

exploy the procedures below,

5. Continue to zoom, and kurn through the verrfecal plene down
toward your oppenent as he croszses your flight path and beging his
zoom tovard your angular valesity cona,

g,
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6. Relax G, light afterburper and dive for separation, This
forces the atracker to perform a 180° turn through the vertical plane
to gat back into your siz-o'clock position. By the tims this is
accomplished, you will have placed him out of 20mm canmon range snd
Iu au overhesd actack with a negztive delta Mach,

Barrel-Bnll Atkack

The high-speed. yo=yo appears to be an excellent offansive maneuver
to use any tims an attacker has a rate of closure and coonot mateh an
opponent's defenaive turn. Generaily, this ia true; however, in a sit-
wation in which an attacker apprcachas a defendar at high sngle-off
{409 or more) and leng ranga (10,000 feet or more) tha high speed yo-yo
has guestionable valuz.  Under these eircumstances an attaclher would
have to yo-yo to an extremely high apex to maintain nose-tail separa-
tion and stay inside his oppoment’s turn radins. Nagurally, 4+f this .
eccurd, We dan expact the defender to immedistely dive for separation
and alrspeed. The attacker is placed In an overhead attack with a
negative delts Mach, This means that he must initiate a new attack.
Hoting this, the defender turna Into the attack and generates a high
angle-off at long rangs, and forces the attacker into another Fo=¥O
with high vertical displacement. Ouce agsin, the attacker performs a
new atrack and the process vepeats irsslf, . The result is obvious: If
the defender counters each attaek suceessfully, the attacker zains
- little additional advantage and a stalemate exists. The purpoge of

‘the barrel-roll attack is to prevent this stalemate from developing.

Ceomatric examination of this sftuation = high anpgle-off, leng-
range artack = revezls that the zttacker would nmot prefer to erecute
the yo-yo in this manner. 3Instead, he would appreciate the opportunicy
Lo reduce his angle-off and slfde into the defanderfs angular velesity
cone, without the defender being able to gafin lemgitudinal separation.
In ather werds, the attacker weuld like ro reduce his valosity, cut
eff, and turn inside bfs opnoment, them regain his wvelocity after he
diminishes his anela-off, aid slide toward his opponent's six-o'clock
pesition. Is this possible? Yes, if we know how te correctly anply
the thres-dimensienal concept of turn and velocity. 4y praviously
stated in the introduction to fighter maneuvers, it is possibla to
‘reduce turn and velocity by two mecheds: (1) Through borh the vertia
cal and korizenmtal planzs by ecploying a twa=dimensional mancuver
(yo=yo) eor (2) Maneuver through both the vertical and horizontal
planes by employing a thres-dimensional maneuver (barrel-roll). Thes
far, our emphasis has been on che first methed., Now, w2 will employ
beth matheds to solve our present dilemma « to reduce airspeed and
sngle-off, then regain afrspeed to prevent longitudinal separation.

How do we apply this three-dimansional concept? If the attacker
attempts to barrel-rell, in the plane of the opponent's turn, he will
reduce his vector velacity along the axis of the rell. However, the

|- ]




roll will provide a lins of £light tangent to his intended turn,
which will {p--ozse Ris anglue-oif and Improvs tha passibllity of en
overshoot, If the roll iz condusted In the vertZizal plane - comdined
with & highespacd yoe-yo - there is a diffepent result: (1) There 1s
lesz wvertical dicplacemene than In an erdinary yo-yo, bacavss vector
velocity along the 2wis of the 7oll, in tha wvertiessl Flana, 1z dimin-
ithed, (2) Compoment velozity, in the plane of the defender’s turn,

iz diminished az a result of the yoryo and tha roll, (3} Aircrafc
veloeity 45 greater, as a rasult of the lawor ¥o=yo gpex ard the
shortening effsct whieh tha roll has on the velociby vastor in the

Plane of the defendex®s ture, Tha shortaning effect allews the attacker
to dimlnish his rotztion zngla thraugh the vertical plzpz, This oro-
vides iess apzed dezay, hence gosatar airovafe valocity, ard (&) There
will be no ovarshoot, 45 & —masult of the roll, since the roil ig net
conducted In the plac: of the defends='s turn, Tpon furthzr exasising-
tlon, wa Cam.sex that 2f the steasker £z sble to fnftiate this yo-yo
with a roll, from balow h's cpponant, k2 insrassss his apportunity to
gain a favorabls poslefan. By initiating the waneuver from an inside=
low position, the attacker Iowers the apex of the mansuver, This pro-
vides the defender lass opportunity Lo gain separstion. The only prob-
lem now i3 that “he sn%22las moeed be mhly oa stply thl: coccept of tumn

and velocity against his oppon=nt,

To sel up tks manswres, the astizker mist dive below and inside
. his opponsnt’s dafenszivs tum, %o 2ssum? that the attazcher haz the
range/angle~aif mplicisnshlp spacisiad sbove, and a dive below will
grovide tha srtacher zpma additicnal airzp:=d, Hawever, thiz will not
lncrazse hiz vevideal drplacemint shove his opronent, £'nee ha can
eapily ki1l sizspasd upon Big forthcoming -rotation through the vertical
plane. £ the attacker rppresehss tha targat from balow and et z hizh
angle~aff, bLa comiinuss %o ot 2If, du an attsmpt to raduce angle=off,
until ke reaches his polleup poine, The attacker pulls up on the in-
gside of his oppoment's dafenzive tum, then baresl-rolls ip a direction
avay from his opponent®s tum, If his apponent’s defensive turn is
towvard the left, ha rolla oghty 4f the turn 4s toward the r.ght, he
*0lls left. Tha zoll 72 nor a hizhaf barseleroll (the attaclier is Ery-
ing ko kILl vertor veleclny, nok #4-:ract velozityd, As the attacker
Tolls nose~high throwsh tha inverced pouition, hr plays beekepressure
and kicks botiom rudder £o obtaln ¢ nase~low 2709 chanse of dizcction.
See flgu=e 27, During this peztlon of the mancuver = from the inveicad
positicn to the 2,09 palnt of the wall . the attacker mzcelves the
benefit of iIG gravity which asz.:'.-¢ Bn in gaining 2 rapid changz of
Sirection towsizd tha defendos’s sfdea’clonk po:zition: IZf th: artacker
has played the entirz par:iver = frem Fuil-up through the rall - en
the inside of the oppniit’a dufansive turn, hz will find hinzelf ahova,
at a rzduced angli~ofi ard in a posizion fo div: below hi: opponznt's
line of flight for & ¢7 ¢ 37¢lackelay poiitlon, Longitudipal soparation
will not be gveat, for fus r.gepeos L} Vustor veloclcy 13 reduced)

but & higher alrorair VELSLTLy Is ritzlvid, and, (2) The enti-e R T HIE
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1s pexformed ifnside tha defender's turn radius, The offensive roii.
avay places the Bttacker sotgidd of Bult Tanga, but insida AIM«93 wansa
at six-o'elock lew, Whather the attacker can launch or net, depends

en hew his opponent plays the defenzive turn, If tha defander tightens
his turn znd arttenpls to counter the Daneuvar, he will exparience high
gpead decay, his angular velozity will ba reduced dnd the attacker wili
find it easy to set up for a miszile laimeh. on the other hand, If the
: defender does not tighten his turn, his airspeed and angular veloeity
will ba greater and the attacker will have tg maneuwver further, #f the
defender tightens his turg 2s tha atracker 2Ltemats to launch, In any
cdge, We can see that the tell-zuay provides an effective method by
which to reduce angle-off, pravent Separation and get fore an opponant’s
angular velocity cone. It iz tailored to the performance of the AIM.-9B,

‘To coontar the harrel-reli atiack there may appear to ba certain
alternatives such a5 a hizhu@ roll by the deferder when the atkackesr
pexforms his 270% change of dirserion, or a Pullsup . (under the same
¢ircumstances)., The high«G roll is ineffective because this will
cause the defender's line of flight to be tangent to his defensive turn,
In addition, his vector velocity will ba teduced. Az g result, the
2ttacker can easily play his mareyvar to 5lide toward his opponent’s
eix~o'elock position and have lass longitudinal Separation, ginece hisg
cpponent reduced hils veckor veloaity. The pull-yp ix ineffective, asince
the atkacker Is not comaitted to 2 noseelow pasicion by employing
bottom ruddaw, Instead, he way empley top rudder when rolling from the
Iaverted position. At tha sama tima, the defendar must roll zway from
his defensive turn to Siecule a pull-up. This providas the atrackar
with sufficiant longitudinal separation and fims to Play his top rud-
der. Resultr The attackes vells toward his opponent's Elx-o'clock
position, with his oppanent framad against blug sky « a.perfect get-yp
for a misstle launch. The only effsctive countap fer a properly ex-
ectited roli-away is a dive for separation and airepred, The moment tive
abtackar fnitiztes higz pulleup, the defander should turmn noseelew Ecwa
the pull-dp, rejax G, light afterburner and dive for separastion. This
forces the attackar, even though he way use the roll=away, to perforn
8 1809 change of dirscrien in the verrical Plana. If the attacker pulls
considsrable G 4n acquiring chig change of direcrion, he diminishes air-
speed considerably in TGapact to the defendar, If the attagcker plays
the maneuver with less G, bfs vartieal displagemznt {s greater, No
matter which actiea he enploys, he will be Placed {n an overhead attaclk

vith 2 negative delta Mach,

To mansuver against this couater, aa attackaz may employ scma dezepe
tion. The purpese of the dizepefon {3 eo preveat the dafonder fro-
emaloying che dive fop gcnaritioa, Iostead of bulling vp insida tha
defendez’s turm, from an irsids=lew posiclon, the attacker will pull-up
Eo the outsids of Ris oppenant’s turm, thus mzintafaing nogsa-tail soa-
dration., To the defendar, this w'll appear as an ovarshoot, Thereforn,
h, in an 2ffart to Gcissor che

W2 ¢2n exporet him to reversa Rozonhd s
T, | W Eale—— A Y L _-".?
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attacker forward, Howaver, 4f the attacker plays the WATEUVE Y DI«
erly - overshoot and zoom = this will ba inpossible, The attacker has
& three-fold advantage in teormy of alrzpzed, nose~tall Ssaparation, and
8 high rotation angle in the vertical plane. This meang that the
attacker may zoom shove end behind, but outsida hig oppenent's turn,
The defender will be wnable to mateh the attacksz's zoecm, If the
dafender raverses {ha mest Iikely will) thais will place the attacker
&bove, behind and to Ehe inside of hig opponent’s turn, The atfacker
nead enly roll off in a direction away from his opponent's turn, This
will raducef vector velazity, provide nose-tail separation and thyus
allow the attacker to rell demm toward his opponent's six-otelock posi-
tion, The defender will be in a poor position tgo Eounter, since he hag
diminished airspesd and- angulsr velocdty as a result of his turn and
nose-hizh revarsal, Should he attempt to pull up fnte che attacker,
the attacker nesad ooly employ top ruddey ogp his roll-off toward the
defendec's sixeslelgek Position. If the dafender dives away, the
altacker employs bottom rudder on bhis rellwoff o Prevent separation,
In either case, the ftiackar will be in a favorable position to f£ire
the 20mm cannon or laumeh & missile, Mora than Iikely he will be set
up for a 20um csnnon attack, If the defender does not reser with a
reversal, Yo counter the ova=shas: and relleoff, but ingtesd dives away
for sepdration, ha wilt place the attacker 1A an overhesd attack with
? negative dalta Mach. The separation from this barreleroll attack _._
will be greater then from the one conducted on tha imside of the turn.
It is difficult to detemine which 'attack is best. However, 1if the
defendex's conditf{oned rellexes are oriented toward a sclssors mameuver .-
in tha event of an avershoot = thz attackey should employ the outside
method; if not he shouid employ the inside methed.

The barrel=roll BLtack, ‘or roll-off maneuver, neead not be 1imited
te the conditions speciiicd zbova, It 2y be employed at shoreer
ranges and lower anglac=off. The PUrpos: Is Lo reduce rate of clasurs
and angle~off and provide the defender 1itrle Opportusity to gain sep-
aration. As gtated earliar, chis is an aspeelally good mancuvar b
which to slide {nte an oppc, 2nt's AIM-9B angular velocity cone, since
it provides the attacker a bettar oppertunity to launch agsinst a wane

¢uvaring tsrget.
Proceduras for the Bizrel-Rnll Arrank
'—_-—IF__-_

1. Stalk your tazgel and attempt to reduca angle-off as much ag
posslale. IF this 1s impossible, employ the procedures outlined bolow:

2. Dive Below and inside your opponent®s tupn radiuns, maintaining
nose=tail separation throughout the maneuvers. The dive below should
be initisted far enough out 5o the forcheoming zeem may ba played in-
side or outside the defandep's turn,

F'-_'--'-T-.-—.'.'_—.___""ﬂ-_'—_—'-—':m =2 __".-_."_"l‘l

| —

—

e e e . .

————



3, Pull up and zocm inside your opponent's tuwn radius 1f you feel

he is not strongly orieated toward the soissors maneuver (2cmatimes
this 15 difficult to determina),

4. Barreleroll, nose=high, in 2 direcrion away from your opponent's
turn, If he turns right, barzel-roll laft, and vice versa, Tha roll
- will reduce vector velocity and the height of the yo-yo apex, while
waintaining 4 higher aireraft veloeity,

5. Continue the roll and employ bottom rudder as the aircraft
comes through the ncsashish {nverted pesition, This wili provide a
270° change of direction and place you with longliudiaal ecparatiém,,
2t a yeduced angle-off above your opponent, diving toward g six-o'claock-
low position. The longitudinal separation will be lass than ehat acquired

frem ar erdinary yo-yo.

6. Do mnot employ bottom rudder 1f your opponent rolls away from
the tura gnd pulls up into the attack. Instead, employ top rudder and
continue the roll from the inverted pesition. This will place you in
4 noze~high attituds at six=o'cleck-low = g perfact set-up for e missile

launc-h - '

7+ Pull up and zoom to the cutside of your sppenent's turn radiug
1f you feel you can sucker him Into a Eurn-raversal. If he roverses,
continue with the following procedugas,

8. Roll in 2 direction oppasite your opponent's turn-reversal,
This will reduce your vector velocity and help maintain longitudinal

Separation,

.2 Flay top or bottam nudder, accoyding to whethar your opponent
. pulls up or dives away after the: reversal. If he pulls up, emploay top
rudder. This will 2llew you to poll nose-high Coward a six-o'cloel=lcw
position. If he dives away, ewploy bottom rudder. This will ailes you
£o roll nose-low and prevent your opponent frem obtaining extrems longi~

tudinal separation.

Frocedures for Countorine the BappslaBsall Manauver
—-_'“—‘_—'_-'—'—'——r—u-‘-—-_“-__-_____'__

* L. Play the attack in an altempt to generate angle-off apd prevent
yeulr opponent from setting up for a missile launch, If your cpponent
counters with a dive below and to the inside of your turn radius, cen-
tinue with the proceduras oytlined below,

2, Turn, noge=law towari the attack, as your opponent inittates
his pulleup from an inside-lcw pesitfon. This will imevecnse his ansle-

off, since you are tumming into ths plane of attacl,
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3. Belax G, light aftezburnes and dive for separation, Tnig will
force the attacker to turn 180% It the vertical plane tawvard your lina
of flight, Duying this menzuver, he will be diszipating airspeed whila
you will be Inereasing airspead. As a result, ac the end of thig 1500

turn, he will pa placad in an everhead eltack with a negative dalta
Mach, bayound gunfire Tange and in a poor positfon to launch & missile,

The Lows=Spazd YouYo

Tntil ﬁ%w, our central thems i discussing tactics has been the
problem of ovezrshopt, The defender's maneuvers have been predicated
upon rate of closurs, He naasds Tate of closure tp Eenerare an over-
shoat in order to el Iify an attzelk and galn en offensiva advantagn.

00 the othar band, the Attacker attownts to countar rate of clasure,

by maneuvering through both the vertieal and horizontal planzs, Dig-
cugsing thesea maneuvers - by the attacker and defender = we ggsumad

that the attacker hag 2 definite rate of tlosure, Mow ler ug invesci-
gate an drea fn tacties in which an attacker does not have an initial
rate of closure. Assume ap attzchew i5 at six=o'clock, outside nizsila
range. How wogld he 83in posicion to lnuneh g misgile or deliver & 207m

cannon atiack?

To galn positien quickly, the attackar must light afterburner and
dive below his opponentfs flight pach, In other worde, trade altftude
for airspacd, After rexching an altituda of no wore than 10,000 feet
below his Opponent, ke should lavel our and press the atrack from 2
six=o'elockelow position, Ihe airspeed gained fn thie maneuver will
2llow the attacker to quickiy cloze upen his opponent. In addition,
it places hin ig the defender's blind gpot, with the Possibility chat
the defeuder will nae manduver to proteat himgelf, If he dgec net,
the attacker gimply closes the distanca, axecutes g puileup inside
missile range and Yaunches,

If ke has ne wissile, the attasker moves in closer and executes a
gradual pull-up and positio..s himself for a gun atiack, The entipe
naneuver depictad here - g dive for airspeed apd 2 Pull-up for posi

£ may b2 amployed in 2 running baotele
er in a turning fight any time an attacker hag insufficient rate of

In a turning fighet, 2n atracker may fing Rimself in a eircular cafle
chase unable to close upan an Ofponent. I he tightens hig turn, his
Opponent countarg in 1ike wancer and ths agtacker's Position reraing
unchanged. The rogylt {s a Iufbery nameuver - a stalemate fn which
the attacker and defender bleand off alrcpsad and altitude, IF tha
3ttacker atrempts a high-sp22d yo-yo in an atteant to brazk the stale
Bate znd gain a mope favorable Position, ho will break the stalemate
but will lo-a rather than gain a ropa favoreble pesition, To empléy
the highespeed ¥e-yo, the attzalior wusk peil Ay frox the circular

[ =y 7




tail-chase and zoam in the vertical plame, The tolleaway decreases i
turn rafe and inereases turn radius, whereas tha zoom disgipatas air-
speed and also decreases tupn rate. The defendar now has an alrspaad
and rate-of-turn advantagz. Result: He moves around the lufbery cirela

avay from the attacker's nese, toward his tail,

To galn & more favorable position, the attacker must be ablae o cug
off and close wpon his oppanagnt. The purpose of 'a low~gpeed yomyo is
to provide cut-off and rtate of ¢losure, Te employ Ehe low=speed yo-yo
when In & turning fight, the attacker sioply maintains his bank and
lowers his ness to the inside of the tum {see figura 28}, He i3 now
turning through Both the vertical and hovizontzl planes, The pull of
gravity increases aircraft velosity, thus incteasing turn radtus through
tha vertical 2nd herizontal planes: however, in the horizental plana -
the plana of the defendar’s turp - his turn radius s decreased (in
this plane, turn radius i only 2 component of aseual turn), As g re-
gult, the sttacker turng below and inside his opponent. The attacker's -
angle-off and alrspeed increase and his distance = in r&spsct to his
cpponent ~ decreszses along the horizental plana. 7o prevent an over-
shoot, tha attacker must tell wings-level, pull up and zeom toward the -
defendar’s six-o'cloek position. The sntire maneuver mist bz azeccomplished
pricr to raaching the defender's Iine-sbresst posit{on, If done cor-
rectly, the attacker will find himself at a redeced angle=cff and at a
diminishad range, If he ig 8till not in g lethal pasition, ha need enly
repeat the process. The gttacker gains an advantage In employing thiz
mAneuver, becauss airspaed losa is fess than the afrspeed lost by the-
defender. When the attacker dives to the inzida, ke inecresses alrspoed
and reduces angle of attack, The incieased &irspeed provides greater
airflow mass to the engine, hence the angine generates more thrust,
The decrease in angle of attack raduces induced drag and as a resulk,
in the dive portion of tha maneuver, the attackev not only has an aip-
speed advantage, but alsp a thruzt advantacs. On tha pull-up ta the
horizon, angle of attaek and induced drag fncrease, Thiz prevents
any further increase in 2irspeed, However, at this point, the at-
tacker still has a considerable airspoed advantapge. Ta the zogom por-
tion of the maneuver, the pull of one=G gravity starts to diminish
&irspeed, the loss of airspeed starts to increase angle of atrtack;
however, angla of attack 15 lass thag ths defender's because of the
greater radial ¢ available in the vertical and horizontal plame as
compared to the horizonral plane alone, Becausa of this, the loss of
airspeed in a low-gpaed yowyo iz lass tham the loss of airspesd {u a
horizencal ecuzn through the sama distance, Therefoze, tha attacker
gains a2 moze favorable pasition even though he go2z through a greater

distance.

If the atracker employs gfterbumnar, he will find the mansuver
even more effective, even though his opponsnt cay ceuiter in like
manaer. The afterburner is essantfally a ranjet tanies to 2 turhe -

enzine,’ therefore, fts thouse . like 2 remiar, mulrfcilies EOOTHOUS ],
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45 speed Increaseg, Becausz of the addftional spead thug Benarated,

the attacker nead only employ the ¥o=yo one timz {n grder to gain

2 favarable pogttion, The aftérburner can hest be ysed during the
descent and zoom portion of the yawyo, not during the pull-tp to the
korizom, If afterburner is used from puli=up to the horizen, the cog-
ponent of afterburner thruse 4cts in the same direction as the pull

of gravity, Unlika max Fower in a horizontal turn, this causes the
aftackear to describe a widetr are during the pull-up, This may reduce
the effectiveness of the manegver. Qa the other hapnd, 1f eonsidarebla-
longitudinal Separation exists, and the low=spasd yo=vo may be parformad
inside the ddfender's turn, employ afterburner throughout the enrfre man=
euver, This will enable the attacker to quickly reduce range and zoom
inte his opponent's angular veloeity cone.

-4 defender cannot effectively counter a properly-crecutad low=spead
yaouyo by tighiening his turn, Initiaring 3 reversal, or parforming a
bigh-G barrel-roll, If the defender tightens hig turn, he dissipates
hiz airspeed rapidly to 2 point whare he reduces his angular velocity
end increases his tupp radius. The attacker then has no graat problem
in zooming up toward his opponent's six-olclock posicion, Ths attackey
may even play the zoawm - gut of a lowespeed Fo=¥0 = so that he will
avershoot Wis opponentts £light path in the horizontal plane. If the
defender Ieversas, the attacker rolls ¢ff in & direction cpposite the
defender's tum Loward his sixeo'clock position. If the defender ini-
tiares a reverasl as the artacker scaprs into nis low=spead yo=yo, the
defender will pe twndng away from tha attack, hence rotating hie angu-
lar velocity cone toward the actacker, Tha attacker simply pulls up
on the ingide of the reversal and manewvars toward his oppenent's six-
o'eloek position. The veversal allows the attacker to reducs more G
than 15 possibla 4gainst a tipht turn, and az a result, his tate of
closure Increasas to enzble him to gain 4 favorable position mers raplde
1y. If th: defender executes a hiph-g Toll, sut of his tumn, he reduces
vVector veloeity and fiys tangent to the intended turn, thus peroltting
the attacker to zoom our of hiz low-spead yo=yo and quickly secure a
six=o'clock position. The defender wi1l ba in 4 Poor position to
counter, since tha rolil kills hig airspeed and maneuvering potential,

To counter a low=spead ye=yo, the defender must votatas his angular
valocity cone away frem his “rpenent. In prher vwords, he must turn
into the plane of the attack, From this explanation, 2n obvious
cotmbter-measure appears tao ha z diving turn the instant an attackaer
begins his low=spead yo-yo, This totates the dafender inro tha plane
of the attack and cancels a possibla lowespeed yo=ya, OFf course the
two antagonists will be foreed to the deck tather quickly. If the
defander rolls aut of tha turn his opponimt will bz posirfoniad ar siy-
o'clock. Thus the defendsr recefvos oaly & respite from a stalermatea
situation, We can see frem this f1llusteatica that a defender must not
only rotztz his angular vilocity cone away but also do it {g such a .
MINNET 35 to complecaly naliify hog opponent’s lowssprced Yosva,  Ha
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can acecmplish this in the follzwing manner:  tha defender allesss the
attacker Lo dive below and insida his tumn until a pull-up 15 bagun,

At this point the defender is In ne immadiate danger, since the attackar

Is diving away from his anzular velocity cone. 4s the sttacker bazina
his pull-up, from z nose-low attitude, the defender voils avay from his -
turn and zooms im the vertical plane in a banked ertitude, By this

“action, the defender rotates his angular velocity eone toward the at-

tacker's Iinz of flight., Observing this, the attacker continues his
pull-up in an efiort to mova towvard the dafender's sixeo'clock=low posi-
rfon, By the tim= the attacker's noss reaches the horizon om his pull-
wp, the defender will be nose-high in a bank toward the attacker with
considerably less airspzed than the attacker,
rotates hia angular velocity cone away from the attacker by turniug,
& nose-hizh to 8 nose-low position, through the vertical plan= into tha
attack,
the defender's airspeed increasing and the attacker's airspeed deers
ing. The defender mow plays his action aecordins te the attacksr's in-
toations, If the artacker eontinues hiz zoom and turns 1809 throuzh
the vertical plane, without ecutting off, the defender relawes G, lights
afterburner and dives for separativn. This places the attacker in azn
overhead astack with a negstiva delta Mach, On the other hand, {f the
attacker cuts off and overshodts his opponant in the vertical plane,
the defander may employ 2 different counter = the werticzl ¥olling

seizsors.

Progedures for the Low-Spesd ¥o-Yo

1, Dive belew and Inside your opponent's turn, if you are in =
circular tail-chase, and have little or no rate of closure. This man-
euver will incrazse a2irepeed, diminish your horizantal turming compo-
vent, and aliow you to set up a vate of elosure and manesuver insida

-

your opponznt's turn.

Employ zfterburner in the descent and in the zoom poriions of
the manenver. Do not employ afterburnsr during the puell-up from the
nose-low {0 a'moge-level pusition. The use of afterburmer in tha des-
cent and zoow pertion of the minsuver Incraases sud helps to maintain
rate of cloaure, When afterburter {e enpioyed duzring the pull-up, a
wider are Im described, possibly ruining the effectivensss of the man~

enuver.,

2.

3. Do net burble the aircrzfr, otherwise drag is locressed, air-
gepeed 13 decreessd aod consequantly, zoom capability is dfminiched,

4. Shallow out your turn and begin a pull-up touwa
six~o'clock position, This should be accomplished frem an fnside-low
pecition before you rzach z pesition line-abreast of your oppanene,

Al——
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At this point the defender
from

Tais places the dafender In a nose-low, nose-quarter attack with

rd your opponcnt’s;



_ 5. Employ afterburnar as.your e com2s through the horizop apd
zoont Loward your opponsnbt's six-glelock position,

_ 6. Repeat tha low-spead yo-yo - 4f Recessary « until a4 launeh or
firing position i3 reached,

Proceduyss for Counterinr the LowsSnacd To-Yo

1. Continue te turn and observe your opponent's dive Balow and to
the Insidz yntil a 'pull-up 43 begun, You are Attempting to gain lac-
eral separation in the vartical Planz befors initiating vour counter-

manauver,

2. Roll away from the turn and zoot in & banked atsitude toward
Your oppeonant 2: he baging his pull=up. This will diminizh alrspeed
and rotate your angulap velocity cone toward Four cpponent, He will
maneuver I an attempt to gain position inside this cone at gix-g'eclock
iow, As his noze resches the horizen, in this attempt, mansavar ap

cutlined below,

3. Turn, from a aose=hicgh to 3 nosa-low atititude, through the

vertical plane inro ths attack. Tals will place ¥ou in a nose«low,
Aosac-quarter attack with your airspeed increasing. Your attacker will

be in & zoom with firspeed decrazsing.

4., Relax G, 1light aftsrburnes and dive for separation if your
oppenent does not cut off and overshoor your flight path, If he at-
tampts to suk off and overshoots your £light path, employ the warties]

rolling seisacrs,

Counterdng tha Overhaad Atkselr with & Nacordva Dalta Marh

in our diacussion of Previous maneuvers, we have encountarad many
situzticns in which the defender had to dive for separation in an
effort to gain maneuvering alrspecd and to provide the attacker the
Vorst possible position for @ mizsfle attack - an ovarhsad attack with
2 negative delia Mach, Ve will now discuss poes3lbla céuntara to this

attaek,

In an overhead atteck, with a negative delea Mach, the attacker is
in the worst possible positlon to lanach and IR missile. The attacker
mist not only consider IR background clutter, but the lambhda and ¢
limitations of his missile., Th. lambda limic 1s espocially imosortant
because of the attacker's nszaciva rare of closure in respsct tg tha
targec, 1If the dafander porions any defeasive maneuvar at all, = low
relative missile velocity will ba ceabinad wich an incrazsing angle-
©ff. As a resule, the defendor €an easily prevent a suecessful mis-ile
launch, ¢ is significant because the attasker st mineyyve s azainsg
one~G gravity, This mrans he will 2a23lly oxcead the twe-2 ]-unsh
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limitation andfot the anglzesfealtack Ymitatisg 2zainat 2 maneuvering
defender, Tq eludz an stticksr, the defendar nztd only rotate his angu-
lar velocity cone avay from the attackev’s Yips of flighe. In an ovars
- head attzek with 4 negativa dslra Mach, ha P2y sccomplish chisg in fope
ways: {1) Pull uwp to tha horlzan, wings 2evel, and pizform a dafensive
turn left or right (the dirgctlen depandent upcn whsther the attacker
is high to the 1:Ft ar bigh to th= Tight)., i2t%z discuss each alterna-
tive in derail, Fivat the pull-up amd zeom in tha vertical plane,

The momeut the defender observes h18 appoment lining up for a possi-
.ble missiiesshot, ha Pulls up and zooms in rhe vErticsz! plape, Buring
the pulleup = from tosaelow to nose~level = he does neot erploy after-
burner. As hir noss hirs th: hor’lszon, he iights afterturner gnd zooms
in the verticgl plzpa. The attacksr, faced with this counter, has one
of twa altemmatives; {1} Cutr off, in an attempht to sicurs a six=o'clogk-
low pasition 53 the defanise Zo7o: through the vartical Plane, or, (2)
Do not cut off put Ily the same ralative £iigkt parh 2z the defendar.
In all provability, the Bbtacker wiil bz enticed fneq 2 cut=-off, becauge
he thinks the auteoff Wil quickly position him for a missile launch.
Inle, howevar, f3 what rha dafander 1z actualiy hoping and waiting for.
If the atfacker curs off, he will not take adventage of the pull of
ETaviEy Lo balid up rig 2lrape I “lesafors, at tha battom of his pull-
out, he Wil gansrace @ Icwer 2ispred rthan di¢ the defender when the
dafender was af ths BEaepon of his pullegur; The SuL-3ff and lowaer aire
spaad force the attachus to reducs his rotation angle in tha vertical
Planz In regpact £a the defznd=-=, This means that hes will ba umable ro
S8cure a eiv-c'clack pazitian, Inctaad, he witl ba forced Ee aecept a
smallsr rotition angls, hen:y g £l%ght path ovatshoot in tha vertieal
Plane {sea fiziws 29) . Mzsnwhile, the defender with his airspeed margin,
can pull toward aw pazs ks verticel and execura 2 toll-gff = not g leop
~ down towsrd tha dtfacksr’s 3ix-glclonk positlon, To counkter, the
attacker wi'l atpsame sp crmEt-te Y zoar ard rI12-0fE; howiver, the
aftackem wlil Toun ovr paoass o Kls Znitial fowes al-7pe:d on his
first cuteoff and %73 Su2i.3T rotation angle, As g result, the defendar
will quick?ly sain an advantage gnd move tovard the attackeriy six=0'cladk
position. 17 the attscker “ad por cut off on the in’tial pull-up and
zoom, bul hed puliad i 2nd zoynad through the same are as the defender,
he would not kive lgar Ris advantazi, 4z rhe defender teached the paar
Vertical, the attzckzs wirle %2 near sixw0’cliotk. This mrang tha do-
fender would be tasbla to suec23sfully «0ll off and ga,n 3 six-o'elock
advantage, since he Wodll not Fave an ov.rshool in the vertical plan=, ;
If he did, ths attzekar woud gimpiy fol.ow and gain a mare favorable po- !
sition. To previne tRis, the fxferiaw most purg 1852 througt, the -
Vertical plars and onne crai:. z
attacker, neting this, wii. pe fac:d witl the choi~z of attoucping to
cut~off or zooo pest the defendez £hrocsh the sams tusning point ro
complzre g lap? changs of airacs, on towsird th: defende:cig Sixwn'closk
poszition. If the atracis-— attempte to ecubt off and ovessheo:rs his ;
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opponent In the vertiea] Plara, the defender may employ the vertigaj
rolling scisapys 8% 4 counter, Qp tha ather hand, 1§ rhe attacker
doas not eyt Off, the ovarhaad atrack with 5 negative delta Mach wil]
be repeated once 4gain. To countar this zecond attempt, the defander
DAy execute tha segond alternative - a Pull=up to the horizon and g
defensive turn, Jesr or right. If the ettacker {s to the pear amg
off to rhe left, tha defender will turm left, and vicea versa, If tha
dttackar prasges tha :

fender'tsy Eyra, be will deseribe & noge-loy Epiral, Ag range
diminishes,’ the 2ttacker's airspecd and G will build up., The defender,
observing his opponent g attack, will tiphren up Ris defensive rurn as
the attackarts ranga diminishes, Tf the atrack tg continued, the
nase-low spiral foreag tha attacker into ag overshoor below the dew
fender., The pesult iz obvious: The dafender 8inply Tolls off and
BANeuvers toward the attacker's six=oleloclk position. If tha attdcker
attempts to vo-yo out of thiz nose-lov spiprgl - befora overshaoting
below hig Spronent’s flight Patd - he must relj vwings«level fn ordar
to pull up and zpog in the vertical bPlane. This TaANeuvar provides
f0se-tail separation for the attacker; however, it alsg Providas
lataral Saparation for the defender, I this instance, the dafondep
has taken™ the advantage, Afras rolling wings-level the atracker has

2 nose=low attituda whilz the defender has = fosa~level attitydes,

This means thae the attrcker myse Pvll from this attitude to noge-
level befors ha <87 zaomt in the vartical plane, During the process,
the attacker incresges hig horizonral valocity componant, This causns
him'to overshoot the defender’s flight path before ke can execure hig
2oom.  If, during the Pull-up and zpem by the dttacker, the defendor
counters with a nose-high teversal, he will diminish hig horfzontal
Semponent. The resulr 1g obvious: The attacker is forced oye fromt
by bis Puli=up and zoon, The defender wii: be in position, ar s5ix-

o'clock low, for a misgije attack.

Prozedures for Cauntering the Dverkead Attack wirh g Hezatfya Delea

——

ch

————
]

1. Determine if ggn attacker 15 in z
attack with a Regative delfa Mach, This can be 2ceottplished by ghsary-

ing tha atrackar’s previcus maneuvers and his Present relat{ve position,

br

2. Ruil Up from a nose-tow attitude and zoom ip the vertical plana
{(wings level). <This should he aczomplished the momene the defomlar
observes his oppomnant flying up for a Passible micsila shor,

3. Employ afterburnar during the diva angd Zoom portfions of tha
maneuver, Do pot cuplay afterburasy during the pull-up from Aose=1ou
Lo noseJovel. e of the aftirburnap during the dive and zoan por-
tiens of the maneuver and neot durj g thz pell-up allows the defenda,
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to pEmErate sufficia1t_angu1ar velooity and, 2t ths sams tiza, maine
tain a substantisl zoom cepabilicy,

4. Observe and determine 4f JOUL Opponent attempts 3 cut-off 4g
an effort to Secure advantape, If ha does, ha will not tape sdvantage
of the foree of gravity to build up his airspaed, Therafore, 1n tha
bottom of his pull=out, ha will have a lower airspead, hence g lower
2oom potential as well as g redeced rotation angle,

5. Roll off, as you approach tha vertical, and mapegver down to=-
vard your owponent's six-¢'elock position, This should pa aecemplishod
88 youUr opponant starts in the zoom portion of his maneuvar, This will
prevent him from gatting near Your six-o'clock posftion, A~ the same
tims, 1t 2llows Fou to gain toward his gix-o'elozk pesition,

€. Repsat the Precass. This mzane thar you will dive toward tha
attacker's six-o'clock position from your roll-off, Thiz winl place
You at the bottem half of the mansuver, Your attackay, attempting ko
complete his zoom, will yell off toward your six-s'ecioek position,
However, wou will g3in on him bacausa of his inicial lowar alrapaed
when he performs hig fizat cuteoff,

7. Do not attempt the volleoff 4f tha attacker does not cut off
on the initlal manayver, Inatead, turn 1809 to the vertical plans,
ralax G and dive for feparation, If the attacker does not cut wif,
he w11l ba naar yous 8iX-~o'cleck position ag you reaash the negp-
vartical. To provids him Ifttla advantage, you must turn 18g9 into
the attack, divs fop separation, and onga again place him in an ovaps
head attack with a Rsgative delta Mach, _

8. DBetermine, once agiin, when the cttacker iz in an overhead
attack with 2 nagative delta Mach, thap Eet Taady to emalay the
second alcernative,

®. Pull up to the horizon with wings level, then petform a2 defen-
sive turn loft or right (th= dizaction is dapandant upon whether the
attack is high to the left or high to the right), If the attacker
counters the first sltemative, he will et the second fin an effore

ta gain an advantage.

10, Continue tha turn and obsarve the attacker. If he pressas
the artask in g surved plane intgrc;pting Jouzr turn, proseed as -
follous:

11, Tighten 1z the turm, z3 tha attacker's ranga dininishes, and
BELIipl to ferca Riw beleow your line pf tlighe, ST attampt ko forca _
hiz fute g Jeu¥a cur to the side, TIF ha continuas tha BEtack, ho will™

be fovced ingg ap overzhoot balow you.
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12. Roll off and maneuver tostard the attackerts six-e'clockeloy
position if the attacker continues tha attack and is forced into an
overshoot balow you, If he yo-yo's out to the side, employ the fnl-
lowing procedures, :

13. Revarse nose-hish ko forca the attacker telow and out frent.
Since the attackar must pull up bafora he can zoom, hiz horizonta]
velocity will carry tim below and forward,

L5, Roll off and maneuver toward the attackar’s siweo'clock=1ow
Pesitien as he complates hig pull-up and proceads inm the zoom poriipn

of his maneuver,

Maneuverins from An Overhesd Attack with a Magative Delta iaeh

You will recall, fram our Previous discussions of the everbead ae-
tack with a negative delts Mach, that an attacksr W3Y expact Lwo pog-
sible counters to his atrack: (1) A pull-up from a3 nose-lew attitude,
followed by 4 z2oom in the vertical pPlane, or (2} A pull=up to tha
horizon, wings level, followed by 2 defensive turn lefe or right. Qur
purpose in discussing the overhesd attack with a2 ncgative delta Mach
is to point out wanauvers which can be uszed dgainge aicther pna of thesa

Countary,

. To- maneuver asainst the first alternative - Pell-up from a noze-lew
attitude with 2 zoow in the vertica’ plane = wa Ftated that the attzckar
should not cut off and pull-Lp and zoom. Instesd, ha ghould fly the
same rvelative flight path as the defender. By doing this, the atracker
would force the defender to turn 1309 In the vertical Plane in an at-
Eempt to gain longitudinal Separation. We can see, by geawstrically
wxanining this sltuation, that the atrackor has an apparent shoiee of
either cutting off his oppanent "in tha vercical plane, or Zoowing past
the defender through the same turning peint to complets a4 1§00 ehange
of divection teward the defender’s sixeo’elock position, If the zt-
tacker attempts to cut aff and OVEr-zhoots his opponent's descending
fI1ght path in the vertical plane, he can expect ilte defandar to
counter with the wertfcal roelling seissors, This will £0s5t him his
offensive advantage, On the other hand, {f he deas not cur off, Lhe
overhead atback with 2 negitiva delta Mach will te Tepeated ance azain,
and he will gain lfreie additional advantage., To prevent elther sic-
uation fronp occurTing, the attzeker nead only employ & bapral-roll

{rolleavay) i{n the vertical plans, 33 he starts to move past thz dezgend-

ing defender. This will reduvze the apex of his zoom, haeause iz vuoc-

Bor velocicy (alomg the axis of the roll)} in tha vartieal plena is dic-

inishad, Ag a Tesult, the atvacksr will roll ay through 2 1207 ehin-s
of direction to positian Mimsalf at his apponzng’ & sixha’CIGCkulcwn;n;i-
tion, in the vertigal plone, with oorh less tanzitedinnl sepzraticn. I
the defender Fepeats the pull-up and zoom, follacad by 2 1209 tuen <n
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the verticzl plave, the antankar need only Fepgat the process te gain
an even moze favorable pesition. Ea may then set up for a micsile or
20mm cannon &ttozk.

To counter this rolle-sway, thz defender pzad only add backe-pressure
and roll towsrd the roll=-sway, or dive for whatever longitudinal sapara-
tion ha eezn get to amploy his second ziternativa. IF ths defender rolls
toward the rolleswzy, this wili plaze the attacker at a high augla-cff
in the verried] plaan, a3 shown In figuve 30. T2 maneuver out of this
posicion, the attaciker muat roll 1B9% towswyd ths defenler's fllght path,
Meanshils, the deferdar can ralax G, dive for saparation and Zttempt
his second alternative, '

To maneuver agsinst ths gscond aternstive « & puli«up ko the hari-
zon, wings-level, wish & dafansglve turn le=ft or vight - the attasker
must not launch an ovechozd attask in a cuzved pians ageinst the rim of
the defendey's howrirootal tumn, Thisz means that *7 tha atrack 13 press-
ed, the attacker has the option of descending ovtside his oppoment's
turning cirele or descanding inside the turning efrcle, T£ ths attackar
descends outzide his ozposantts turning ciccle, his zate of turm will be
less than tha delemdws'y. ThI; wai-s tha dafenda« wil? ba turning awey
from the zitacker's toss, cowe=d his Esil, a8 the attackev approaches
the defendez's l4sa o2 flighe, &z o ragatt, the defender will maneuver
toward the zitackarts aln-s'olosk porivien, Oa the othzy hand, if tha
atiacker deacends Ina'de the tusstag strzin, he le not cammitted to
gensrate 2 tutm wate leds ard & tum radivs gwsster than his opponent,
as would bz the ense 47 ha i=friated a pursult curve attack, in 2
curved plane (elihir {nte eptling ths defend=pr's horizental turn or
descending outsids hiz tutalng eirxalal, By dercznding in:zide the horie
zontal efzele, the sfteibar Jezostis B rosesDyw #pleel. in vhich his
rate of torn, alocg thz hocsizongal axle, is govizaad by his spiral or
roll rate along the vasiI:al ax’s. Eis radius of turn elong the heori-
zoatal axfa L3 govauned by the sleps of his descending :pixa’, Lf tho
attzcker inceeazas his o511 pete (4n the spira') and stcepens the
spiral, he Increzses his bazirvental tumm ata and dicre:szs his nori~
zontal tumm radlus. X effuce, th: attickap will be Flrouzthing down
the exle of the dsleadax's baslzoats? tuwn, This, of rcouvsa, 1]l
c2use tha attackser to buil2 up exczzcive viloeicy for his fouthooming
maneuver unless ke redica? povar. As the abtachar pulls wall inzida
and belew the dafu-Zan's furiling c'z:le, ha malls out of the splral
aud exzeutes £ pilleup 2
“{en.  {OIn otha:r wesis

e zoo towawd the defardar's sinea"elock posie
he zaplews 2 varfarion of tha low-spazd yo-ya.)

I e -
i1 the acttuckaz's 57: . nErvslve and At appesys that tho risulna
ing zoom may oo 3 i sndlor to the ootefde of tha do"andes's
turaing sf==lz, bz : LMpiy empioys tha barralevall atiaal in
an aifor: o szcnca T Ifrirg pacdrlion,
To sauntor the Ju-iloel -0 oo smar Cona Igwegznnd ya—yo ar tha
barralevall zigas™) oy 2f eho oo od sinzek otk a rizutlor dolea
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Mach, the defender nead only entloy the countews suggasted for .2 low-
spead yo-yo and/or for the barrelersll attack,

Prosgduras -for Monmeuverineg frem an Cverhnad Attack vith a Macative
Dalea Hach

1. Observe your oppoment and determine if he employs altarnative
1~ apull=up from a nose-low attitnde and & zoom in the varctical
plane - or altarmative 2 = a pull-up to the horizon, wings-lavel, end

a dafensive thrn left or right. If he employs the firsc glternaktive,
uze the following procedures,

2. De not cut off 23 your opponent beging his pull-up for.z zoom
in the vertical plane, A cute-off now will praovide you a leower alrspaed
and a smallar rotation angle for your fortheoming zaox,

3. Dive = A/B on-—= and {nitiats 2 pull-up ‘and zoom through tha sama
arc which the defender deseribed., This technique will enable vyou to
genetate & high wetation angle in your zoom, hence, prevent a flight-
path overshoot, in the vertical piane,

4. Determine If your oppement ceounters with a2 roll-uff or s 180°
turn through the vartical Plane in za effort to manauvaer you out gf hils
six-o'clock position.” If he employs the Toll=off, 3imply roll with
him and manesuvar towa=d his gix-o'elack po3ificn. If he emnloys = 1809
turn through the vertical plane in an efert to gain separaticu, empley
tha follewing proceduras, i .

5. Initiate a barrel-roll (roll=-away) as you begin to zoom ﬁast
your descanding oppenent, A rolleaway will reduce your vecteor velegity
in-the vertical plana; herce, provide your oppousnt less lengirudinal

geparation,

8. Complete the barral-roll (roll-away} acd maneuver teward your
opponant's six=o'clock positionm fn the vertical plane. Your opponent
%ill now either repsat tha pull-up znd zoom ¢r proceed te his geecond
alternacive, If he repeats his pravicus manevver, simmly repsat your
toll«off and galn position for 2 missile or 20=m cannen shet, If ha
exploys the second alternative, use the folleuing precedures.

7. Do not press the attack in 3 curved plare intczcepting the rim
of the defendar's turn. Tots will force you to airtheyr. ovarszhept belesr
Yaur epponent or Lo yo-ye out to the side In a noge=lev attitude. TIn
either case, he will gain an advontzpe {(sae section on countering ths

ovorhead attask with 2 negative delta Moch),

B. Spiral inside your epronent's horizontal turn to mateh his
turn and b0 cut Win off. Thiz miy ke secezplished by adjusting vour -
rate of spiral apd the ale-e of the spiral, .
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3. Continve the spiral, inside your opponant's turg, until you
start to move below and inside his Iine of flighe,

10. Roll wings-level, Pull-up inside your opponent’s turn and zocn
toward his six=oleloak pesition, If vou have excess airspead opF ara
not splraling well inside your cpponent's horizontal turn, you may be
forced to pull up and zogm outside his turning circle, In this cage,

employ the following precedurss,

. 1. Zotm ocutside your opponent's horizental turning circle = ig you
ara unable te complete your Pulleup {nzide his horizental turn radiug.e
then turn bael eoward him if he continuas to turn oz attempis to divae

away,

12. Zoom to the ourside and barrel=-voll (rolleaway) towsrd your
opponant's gixes’elosk position, 1if ha 2ttempts & reversal o counter
¥OUT Zoox ko the outsids, _—

Ihe Verticsl Relling Scissarg

The wvepriaa? T2lling s0dasors iz whar the name Implies - 2 dafensive,
descending, rolling manauver in the verkical plane.” The purposze of thig
maneuver is to gain an offensive advantage {f zn °ppenant overshootz a

defender's £light pach, and sltdeg through his angular velocity cone

while descending in tha vertical plape, Sae figure 31, The folleuing
situations bay be vaed to zet rha stage for enploying the maneuver!
(1) At high altitude, when the defender has g high Mach with 4 1o
indicated airspeed, In chig case, the defender wi]} be forced to per=

form g descending defenaive turm to maintain futuwe manesvarins potantial.

If the attacker with a fatir vare of ¢losurs, thinks chae his oppenear ig
attempting to gain separation, he may cut off in an effore to preveng
bim from doing so, With his hizher airspeed, his radiug of turn during
the cutwoff will be gredter than the defepder's. a5 4 resulb, ha cpg
b2 easily forced to overshoot the defendsr's descending flighe path.

(2) Ima omm=mansuver in, iidch the attacker 1z attempting to 2pproach
@ zooring defender’s gix-g'olany pesition, The defender, observing the
&ttackar's pegition, uszaz the PUil of gravity and =xecutes & 1209 tuypg
through the verrical Fianz im an effort to gaia separation and thus
Place the attacker ig an ovarhead attack with a nezative delta Mach.
in an effore to prevent this, the attacker cuts off, During the cur-
off, his rad?us of tuzm {9 grater than the defendap's btcauze 6f this
tigher alrspeed, and as 2 vésulz,” he overshoots the defender's doscend-
ing £light pach, (32 A six-o'vlockelow miss:ile attack, in whiel ag
attacker 1s approzehing his pull-un polnt for izunch, The defander,
observing the attackar, may execute one of two mancyvars: AD iraadiaee
defentive turn down into tha attzek, or a pull-up and zoom Follovad by
2 180° turn, {n ehe veziicel plznz, dowm into the zZeoming atteeckep {this
i5 the sama rrocsdute uzcd 33 5 counter o tha lou-speed ¥oeya}, JIn
eithar of those c22¢3; .F the attizker Atenprs a substancial eureglf
ba ean B2 forses L2 ovilhoue his oppoazncis desgerding £lighe parn,
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With the stage set, we can now discuss the meshanics of the vartical
Tolling scissors, Ler's 23sums that we have a defsndar zooming io che
vertical plana, with an attacker inftizting a Pulleup In an effort to
manauver teward the zooming defander’s $ix-o'clock position. The da-
fender, observing his epponant’s position, turng 130° through the vortf-
cal plana, down inte the dttack in an apparent 2ttempt to galin 5€pATE =
tion. Observing this maAnauyar, the sttacker decides he can ¢ither cur
off, or zoom-and turn 1840 through the defendapfs turning cipcla,

Since he knows thIt a tum through .tha defender's.turningmctrclé wili.
place him in 2n ovarhead attack with a negative delts Mach, he elects

to cut-off,’ Observing the cut-off, the defender knows that the attacker
will be performing his 1gpo turn through the verticsl Plane a2t a higher
airspaad. Therefors, the attacker's turn radfus Will be greates; hence,
he will overshoot the defender's descanding flighe path, Understanding
this, the defender reducas power to slew his rate of descens {ha may
deceive the attackar in this power reduction by momzntarily lighting
afterburnar, then reducing power, to make it move apparsnt that the dee
fender is trylog to dive for separation) then waits until the attacker
overshoots his flight path znd is comiitred to a2 nose-low attitude, Ak
this instant, the defendar comag in wvith baek preasure and reverse-rolls
into rhae avarashoocing attacker,. This will plac= the defendar below the
attacker and 180° cut of phase, with a less nosa=loy attitudel .herce, a
lover vector velecity 2long the vertfcal axig, The attacker, noting
that he 15 out aof phase, and ig descending more rapldly than the defender,
Will actempt to roli.]lgnd toward the dafandap's descending £1ighe path.
Observing the attackers #ction, the defandep rolls in the s&me direction,
This prevents the dtbackeyr from flying into his oppotlent®s six-o’'clock
Position. Ar the pame tive, it prevents him from reducing his nosz-low
atticude, 45 3 agult, the attacker, with hiz higher vertical vector
velocity, has rolled 18p° Out of phase, down and below che defander,

The defender now has tha advantage and he need only toll into the ae-
tacker's six-o'clock Posltion. )

To countar the vartical rolling scissors, a zooming ateacker should
Dot attempt to cut off a descending defender when he haz 3 substantial
girspeed advantape; Instead, he ghould roll away or barrel-reli tg
reduce his ascending vertical vector velocity, hence his ¥o-yo apax,
Iz &n effort to prevent the dafénder from gaining lonzirudinal Zapara=
tion, the attacker need. only inftiate his toll-away as he starts to
2scend past the diving defender. This will 21lew him to completa higs .
180° change of dZyecrion with less vertipzi displacermsnt and wil] post-
tion him at the divinsa defandar's sfx-o'clock position with less logzi-
tudinal separztion gnd less negative rate of clesure. To mansuver fop
¢ launch or firing pesitlion, the attacker nead only mansuvar 2gainst [

any fortheoming courtaps by the defender. If the defender hag neag, ;

the atracker maves in for tha kil].
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Procedures for the Vertieal Eolling Sadssors

1. Observe the attacker's position., If he 45 fn a slx=c'clock-low
position, perform the following procsdures,

. 4. Pull up zud zoom in the vartieal plane, or perform an immediate
descending defensive turn, If your opponank has nat set up 2 zoom for
a launch '¢r firins pesitien, you wmay employ the pull-up aod zoom, If
he has, lonediately employ the descending defensive turn,

3. Turn 480° through the 'vertical plane, if you zoom, of tomtinve
the diva if forced to perform a dascending defensive turn,

4. Observe your opponent to datermipe whether or not he will cut
off. If he cuts off, employ the following procedures,

3. BRaduce pouer to slow rate of descent,

§. PReverse-recll, towzrd your opponant, when you observe his over-
ghoot and nose-low committment, A reveise-roll should be accomplished
with back-pressure and rudder (highwsngla-ofaattack maneuver) to reducs
your nosg-lov attitude and your vertical vector valecity. '

7. Do not allew Jour opponent to roll toward your Flight path -
“keap him 1809 vut of phasa. To accomplish this, roll in the same
directicn as your opponent if he attempts Eo acquire your sixwo'elgek

~positicn.

8. Continue thig rolling maveuver, with yeur opponent out of phase,
until he rolls down and belew you. He will be forced into this posi-
tion because his vertical vactor valocity {1z greater than yours,

9. HBoll inte your oppement’s six-o'clock positien and maneuvar fogy
the kil], '

Erocedures for Countarine the Vertieal Rolling Scissors

1. Do not atbempt to cut off as 2 zooming attacker agsins: a da-
scending defendar if you have a substantial airspaed advantage. Under
‘these conditions, z cut-off will force vou to overshost Your apponant's

descending £light path.

2. Roll away or harzal-zoll aa You move vertieally past your da-.
ecending opponent, This maneuver wil®l reduce ¥your toomlng vector wvele-
eity, hence vertifcal displazemont, in your zoom,

3. Coatinue the voll-svay to acquire 2 180° change of direccica

ard a sixnwo'clockelew pasition against your diving opponeat. This pras

vents your oppoitaab from goining a considerable losgitudinal sepzrarien

and at the gam: tine rodozaz youT napative rate of 2lasuga,
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4. Maneuver' againge any fortheoming countey throwa at you by your
oppottent. _ _

The Hizh-g Barzel-anll i

There wny coms a time, In a tacedcal Bituation, in wileh you find
that you cap nuilify 4 migsile ghtack, bug hava lesg Success in Counfors
ing = fnllow—up 20z canmmon’ attack., You will recall thas a8 defendor
¢an frustrate a migstla attack by eiceeding the migsilals lambda and/op
G=capabilitiag, The mansuvers needad Lo accomplish this gpe net too
demanding, Broviding the dafender has visual vontacr with the attachar,
On the other hand  a much higher degrea of skijl - In respect te mag-
auvering = fz poaded td counter ap agzressive, skillfully-execurad
followaup Bunt attack, Under these clrcumstances even the most profi-
cient dafender may find himself iy 4 gerious defenstve Position, with
an atkacker at eix=o’clonk inside gun firing tange. To gar gui of this
situation, any dafender knows he must forca tha 2ttacker to evershoor
hiz flight path, 1g other words, he muse totate his angular velozity
¢ofe fn such 2 mapmer 48 b0 acquire lateral separatfon. Tuwm angd vale-
¢ity, married to tha Pull of grayiey, datermine his field of manauver,
and his ability to rotate his angulazr veloclty cone, fHa must emplay
thesa factows in PIopar perspeceive to gain an overxshoot, In thig glt=
wation, thiz maans thar the defandarn musr reduce his turn znd velocity
more quickly than hig opponent 1f he fs to force his opponent our of
his six-o'clock Position. From our previous discussions, it is obvigus
that g barrel-roll t¥pe maneuver offers the best opportunicy to quickly
change direction and reduce vectow velocity, In this case, since the
aftacker iz at s8ix~0"clock insida gun firing range, the defender must
perform a max-perfornance or 5 high-g barral=roll o prevent bis oppoe
nent from matching his change of direction and veduction of veckor
velocity., Befors initiating‘the maneuver, his anly remaining problem
iz teo deterizine fn Which direseien the high.g barrel-rall sheuld he
Sfecuted. Ta angwer this, let's agsume that the defender ig in a
defensive typn with an attacker ar s1x-0'clock undar the conditions

Epecified ghove,

In an attempt to fopca the attacker fo overshoor, the defendar can
eithar exscnee a barral-pel] over the top ar g barrel-rolt undernesth
Out of his defenzive turn, If the ateacker iz gt high speed - 300
kNots or mors ig the F-100 - and pe performs 3 high=-8 barrel-rpl;
undernaach, the pull of gravity will zce in the same dircetion 25 hig
thrust vector, This maens that he Will experlance considerable difft.
culty in reducing hig vector velocity mare gufekly than Ris oppotant,
0o the orhep hand, 1f ha perfarms a high.g barrel-toll over tha tonp,

1s thrust Vector azeg {n a3 diveectrion oppesite the pull of gravity,

This m2ans thar Be will reduse his vecter velocity much more rapidly

In respect to his epporane, To illuscraee both sftuations: If the

defender pollg underngath, he myse Ciecvie the maneyver firsc, since

the attackar ig RAnsuvering in Terpact to him, Tais E23ans that the:

pell of EYavity will acr 1n the g divizrion.as tha defendar's thruat
r:.-.:“—r-ﬁ—ﬂ'l - ATE he = e —'ll

| -~




. | A
and velocity, before it actg on the attscker, Az z rasult, the defender
will exparisnce difficulty in reducing his veector valasity mors rapidly
than his oppoment. On the other hand, if the defendes rolls over the roy,
oucd agalinm he pust executs tha manzuver first, since the attacker is mane
euvering in raspect to him. In this case, the defendey can reduce his
vector velocity more repldiy than his opponent sinme thae pull of Zravity
acts against his Chrust and velozity, before it zats dgainst the attacke
er's thrust and velocity., It ig obvious from this dissussiaon that iF z
defender, 'at high spead in a2 defensive turn, Ras an atfacker at six.

~e'clock Inside gun firing range, he should execure rje hizh-G barrel-
roll over the top, rather than underneath, in order to galn a2 overshoot,

If 2 defonder does not have the necazsary spaed to exscute the high-G
roll over the top, he should not attempt to do 39, becausze the nizh anzle
of attack requirad to successfully zccomplish the mzneuver and the pull
of graviery will cawsa his speed to dacay very rapidly, If the defender
attempes te zoll over the top, this means that he will stall gut and La
unshle to complete the manewver, and the attacker will zer Up at a six-
e'elock position for an ¢asy kill, To prevent this, the defender with
insufficient speed Eo execute 2 roll ovar the top, should perform &
high~G roll underneath (fn the F«100, this naneuver chould be indefsted
with an airspeed of 250 knotrs or lesz), In this situation, a defender
needs tha pull of gTavity to successfully complete the mznenver., He
wil]l be maneuvering with a high angle of attaeck., Tha inducad drag gen-
erated by this angle of attack will provida & deceleration Eraater than
the accelerztion genarated by the pull of gravicy, Hence, if tha
defender executes a kigh-@ roll undernaath, he can stil] changs direc-
tioen and reducs velocity move rapldly than his opponent, Whyl Eocouge
the attackzr wmst stf1l manstver in respect to the defender. The at=
tacker's rate of turn and veeror valoclcy are dependent upon his aagle
of attack, whick, Iin turn, is dependant upon his pate of turn, which 15 -

dependant upon the dafendeyly valovity, angle-off ang rgnge_ﬁg -Vt x Sinﬂ).
. Range

Now that we understand the neod for the bigh-G barrel-rell - buqh
over the top and underneath - and when it ahould be emplovad, lat'g
‘discuss the machanies of each mancuver, .

The Hizh-G Barral-Ball ever the Top

As indicated abovz, ths high-G barrel-rell over tha top 1s desizned
for use against an attacker at sir-pfeleck inside gun firing ranpe, when
the defender £3 in 2 defencive turn and {3 vnable £o shatz tha actackey,
Hore specificslly, tha attacker should be in falrly close - a range of
around 1500 feet or less. If tha ittacker is at a ranse mueh Ereater
than thig, tha high.n barzel-rell, hocouse of its rapid redvection of

“the delendayfs velezity, will only serva to bring him clozer rouazd
tha dafendar's sim-o'elcok pesition. In ether words, this pancuver )
should not b2 seployed ac chs lomzar zun firing ranges or as a dafens:

L:rw_-—'—-‘-l‘-iviﬂ—r-_—-_". T . -._-."-:-F;._-]
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2gainst a misaile atback, rIf 80, the attacker will simply play the
maneuver to reduce longitudinz] faparation Eo meve fnte positien fer
a kill. .The dafender will pa in a poor positien to counter, since

he will have killed all his mansuvering velozity,

With thess conditfons 4n mind; the mement tha defender realizes he
is unable to shale his °ppacent, he should sgart to ex2cute thae roll
{ses figure 32)., Ha sheuld not delay, otherwise the atfacker may make
the k111, To exscute the maneuver Properly, a defender should meintain
back=-preasura and start hig Toll over the tep without releasing any @,
Tais weans"thar ha must exerciss proper rudder and aileron control ;
otherwise adverse yaw will prevent him from parforming the meneuvear
(some atleron may be required during the starr of the rpll, hewavar,
a5 the ppl] progresses, his angle of attack increases and mora rwider
Will be neaded). Az the defander comes throngh the invertad position,
be should maineain back=preasurs and increass his woll rate, If he
falls to matngain béck-prﬂssure, he will not reducs vector velocity
rapidly encugh, and will pec foree hisg oppotient around the gutside of
the rell. If he fails to inerzase his roll rate, he wil] not succesga

fully complete it, since rapid 2irpseed decay s reducing his maneuver-

ing potential. A4s the defender reaches the 2700 pelat = the opposite
side:of the roll « he should play top rudder to prevent dish-guer, and
visunally ascertain the dttzcker's position. If, in an affort to sacyye
2 kill, the attacker has followed thd dafendar around the roll, he will
be forced outsgide the defender's roll, fThis m2ang that at tha 2700
polnt he will pe high, toward tha rear and outside tha rpll {if the
Attacker has not reduced very much of his velocity dugine the roll,

he will simply ba high and to the outsida). If, while the attackar is
In this position the defender continues his roll=out - holdine top
rudder to maintain g nose=high attitude - 1 forces the attackar to
slide Below ang fnrgard in 2n ebvious overshoor, The defender then
simply increagag his reserup attitude and ralls op 8's tovard the .

dttacker’s aix-o'clnchpcsitian.

To counter the high-G roll, thé attacker DAY Atbempt to'yomyo out

-the top of the roll or Teversa-roll’out of the top in an effort te

Ezcure 8 six-o'elock positien, If the attacher yo=ya's out rhae top,
the Intent Is sbvious = he iz artempting to reduce his veetor valogw
¢ity along the axis of the Tell by yo-yoing in the vertical plana, In
this way he can maincain 3 sixwo'elock-high Pesition after the defender

. ccmpletes the roll, r# the attacker reverse-rolls, he will roll

through a wider are in the opposite direction, If he vaintaing back
Pressure whila doing this, he con veduce vegtor velozficy aleaz the suis
of the defender's roll uore rapidly than the defender, As g result,
¥pan cempletion of the roll by the defender, the attacker will be ac
six=o'clock. To maneuver 2gainst either of thess eo
must ascertain the attacker’s position 25 he apprenches the 2709 paing

in his roll, #He vill b2 un=ble to determine the atrscker's positicon

Prior to this, since the ¥orra out, or tha reversa~roll, places th.
(= =y
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attacker in the defendar's bitnd SpPot - toward the naderside of hig
aireraft, At rhe 270@ poiot, if the defender noteg the atracker's
Position as being toward the rear, at the top of his canopy {by "rop

of the canopy",” we mean thar the atracker will ge in the horizonta]
plane when the” defender 15 a¢ Ehe 270° point of Ris roll) the attacker
has performed & Teverse roll. If the attacker 1s in thig kesicion,

the defender doss nat complete tha raij. Instead, he performs a horf.
zontal turn intg the attacker and forpes him to ovarshoot, and diveg
for S=paratios to .gain airspzad apd Place the attacker in an overhead
altack with'a negalive delrs Mach (the defender daes not attempt 4
Sc1S50rs, since he dogs not have the dirspead after performing che
high-G voll), ar the 2709 pofine, if the dafendar obsaxves the actacker
to be high and to tita rear (off the lefr side of the canopy in a high.g
rell to the left, and off the right side of tha €anopy in a2 high~C rell
to the right pv the defender), The defendar turng 1309 through the
vartical plane, undar the attacker, relaxes G ang dives for separation,

To follow, the attacker must un eut of hig nose=hizh vo-yo toward thea

diving defender's sixwo'clock position, This allows tha defendey to
g2in latera] Separation and places the attacker in an overhead actack
with a negacive delta Mach,

The Hirh-G Rol? Undernozth

In discussing tha high=C rall underneath, let'y Azsume that we have
2 defender in » defensive turp with a0 attacker at six-g'glpek inside
gtn firing Tange. If the dafendar doas not have tha fecessary airspeed
to executs g high=-5 o1} OVET the top, he will be committed kg 2 high-g
roll underneath, 14 the F-100, this means that if the defender's air-
SPeed has dropped belew 300 knots, he should not attempt the high-g
roll over the top, Howsver, befgrs eXecuting the roll underneath, ha
should maintaig G, and allew hig $p2ed teo dissipate to 250 knots oy .
less, With these conditions Prevailing, the defendey should frmedigtely
SLart the high=g roll tnderneath {n zn £ffort to shake his attacker,
He should notr delay, otheruwise he will experience considarable Epead
decay, and wiil encounter considerable difficulty in eXecuting the -
manevver. To exscura the roll undernsath, the dafendey maintaing back
Prassure, employs rudder In the directfon of the roll = botepm rudder -
all the wWay around the rol1, If done pProperly, the maneuvar will desa-
criba g barrel-rol1 uadérneath, 7o the attacker, Just after the mape
euver hag Started, fe wil) APPRIT 33 3 gplir.§, This illusion g
created by the high angle of dtLack genarzted in performing the man-
euver (this deception will cause the Atfacker to cut aff in an effort
Lo counter hjjs opponent’s apparant dive for Separation. The cut.off
Yill place the attacker in a stesp nospedoun ateitude), 4Ag the defender
rolls past the Iaverced, Nlar-vertical pesition, to the complation of
the manzuver ~ 2 wings~lavel acd 5 Bedr-noasc-lavel attitude - £ha
dttacker will ovcrshaeor Belew the defender's line of flipht a¢ A hirher
Yelative airsprad, geq flgure 33, The attacker 13 foreed into ¢hqi-
OYErIhost brosuse his steep nose-dova geterudg combined virh his Trro
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of roll andfor rurn - which is d=pendent Upon the defander‘s rgre af _
rell and cumg - forces him below his OPpeRant with 2 higher veotor
valocity zlong the =zris of the Righ=G rol!., 45 a masule, Upon_comples
tiott of the mangwver, ehe defander w11] Be above and somewhsr towvargd
the raar of hig Hronsnt. To gain a firing posicfon, the dafender
need only roll off or Mg down to the attaclker’s six~o'clock pozitien.

To counter the hizh-@ rol: underneath, it ig ebvious that the ac-
tackar muse pot Bensrtate 3 stiep gogss-low attituds  Fhep attempt to
follow ths mansuver, In other words, ks must nat interpr=t the roil
undernesth as an appapsat dive far separation. To determine whacher
the mancuver is g roit undeenzatk or a diva for SrpaTation, thz ate
tacker nead only observe the dynamizs of the defender’s initial mova
down and out of Ehe defensive turn. 1If the defendar app2acs to fly
through his longitudinal %13, he is in 3 diye for sepzration, TIf ha
2ppPears te plvet or rotace avound his longitudinal Axig, he f: performa
ing the high.2 rpil undammeath. The attacker must abserve the defeucer
vary carefully to cazch this diffarence, If ha dogs, and notes thar
the defendar is Tofating acound his longitudinal aXis, he should ot
cut off. Instead, he can pull up, delsy momentarily, then foilow rhe
defender around the rell, i3 will provida the attackar the opnor-
tunity to play kha Teneuver, hensza pravent ap aversioot below the
defender. As g second alternative, the attacker can pull off apd roll
in the opposite dirertion, By doing thiz, ka {3 acr cepandant upcn a
G and rate of roll governed by the defendaris velacity, anzle off and
Tange. Instead, the attacker can pull the ¢ neéseldsary to play his
Tate of roll to peduse vector veiocity and pravent am avershoot below
the defander. Ir done properly, the reverse~roll will placs the at-
tacker at the defender’s Six-o'clock position. Ar completion of the
defendar's roll underneath the defender can wove 252105t either ons
of thege countars, by obsarving tha attacker’s asctions, 7Tf the
attacker pulls off ro initiate either counter, the dafendar dopes not
complete the mansuver, Instzad, he relaxes g and dives Fur separation, -
I1f the attacker s tulling off and up in ef{cher case, ehlg will place
him in an overhesd atizc™ w.th 2 negative delrg Mach. Houzver, the
separation gained in this gltuztion is not ag gr28t as in the other
over-head attacks with » negative delta Mach, Therefocs, a greac deal
MOTE pressurs is exerted on the defender, unless he can dezzfve tha
attacker {nto follewing his highug barzel-roll uadaynzath, Ta the
other hand, the high G roll undurnaatg has an advantane aver the high- |

€ roll over the top becauss the dafendar ¢an observe the attacker I .

throughout mase of the mansuver, whereas ip & Toll over the top, ha

caunot, This means thae 1f tha atracker counters with 3 roll undarpa i
[ =Y o

neath, the defender c4an take {rn:diare éction, wheress =n & Tobl
the top, he {3 forced to the 2707 point befors he cap eh3Erve the

attacker's counter.

L) 1 + - L h. - 'I,,‘;_. " -
Frocederes for the Bigh.C Eap-=1. Ai vir the Top »

1. Perfom a defensyye Tzt In oan effott to farea ¥your s+
overshoot. If ha doog rot, and {3 within gug firing ranze ac 5ix o cla!
{out 1500 fesr or less) uze rhe folimnng procedures,

=5 —rl. L —_—= LI
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2, . Barxel-rall over the top without velaxing any G forces, This
requires extrems rudd:r contrel aad vory littls ailaren wovement {zze
sectfon deseribleg zdverss vaw}., This maneuvar will give you 2 rapid
reduection ia vector velosity apnd %ill provide a gecsleration advantage
because your line of $1light will deseribe an arc above the horizea,
prior to your oppenentfs. Your opponant will be forned to barrel-roll
areund the cutsida of yaur roll, Ramembear, you muet have the necessary
airspead (300 knot: or mors In the F-100} bafore starting the mansuver,

3. Ubservg'yﬂur opponeat’s positien. When caming thraugh the 270°
polnt or devn the opposite side of the roil, kesp "coming in" with top
rudder and get him committed into a nese~low actiruda,

4, Comtinue rolling and kesp adding top ruddes to incrzase your

nose=up attirude. This will force your epponent Lo alide balow and

in front of you.

3+ Continus maneuvering to gain the advantage sz your dpponent
slides below and forward. Fithep toll off or 3" down inte his six-

o'clock posftion.

6. Try to kesp your opponcnt In sight throughout the mansuvar,
Be gure you have him fn fight a3 you reach the 270° palnt, If he ig
2t the top of your S4anapy, and te the r:zar, mansuver zs outlined

below,

-

7. Discontinus youe roll-out at the 270° polnt and turn through
the herizoaral plane inco the attack. Your opponsnt, having accomp-
lished & reversa roll-off, «ill be at an angle-off, in the horizactal
plane, when you are at the 270° point. To counter the reverse roll-
off, you must turn into the attask at this point.

B. Force your apponent iare an overshoot {n the herizontal plana
then relax G, light afterburner and dive for separation. If the ate
tacker attemps to turn in behtad you, he will be placed in an over-
head atrtack with 2 negative delta Mach, De not attempt 2 seissars
mareuver after your opponent overshoobs, You #ill nar have enough
maneuvering airzpesd ta suczessfully smsloy it,

2. If your oppoment is nesc~high in a ya=-yo manzuver {with nosc-
tail separation) at che 2707 point, turn 1807 through the vertical
Plane, relax G, light sfterburn=r apd dive for separation, If the
2ttacker sttempts to follow, he will be placed 1ia an overhzad attack
with 2 negative delta Mach.

10. Ar the 2707 paiat, concpaus your roll if your oppomcn: do-s
oL ye-yo gut fnta anm fittemc nozi chigh attitudz. Sirca he har failed |
Eo zeco sufficziantly in che veri.cal Tuna, Dis wector velmiity, aien:
the axis of the roll, will pa Er:iier than yours. This wil® foree =+,
forvoid and will plaze you =o . Trar <ard Below Rim.
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11. Maneuver (low=speeq yo-ya) for a firing posttion.

Procedures for the Lighed R-11 Lnderpearh

1. Perform s defensivs turn, Ia an sffore to force your attacker
into an oversheoor, If ¥OU are unabls rp 4o 20, and you ara within the
speed Yequirenant for the hish-g roll vndarneath (2530 krorz or laszz ip
the F=100) employ cha following Procedurss,

2. Rall wnderpeath withour T=leasing any force, This will pre-
vent any thsequent Incrzase n airspead and wil} tend 3 decaive Foup
eppiment Iorg Ehinking vou arm attzmpting & diye tor S&paration,

3. Hold rudder in the dizeceigy of the roll g1 the way argund
the roll ang Play power teo deceive your OPponent. By holding rudder,
¥ou will Successfully perform the high-G roj] undernsath wirhour fali-
ing out intg 3 i#teep nogeelow spiral and a subsequent eagy tracking
solution, If ¥OUT apponent was deceived fntq Cutiing off, he will be
forced pelow ¥ou In an obwigug overshoot. If phis QCCUrs, maneuverp

%, Complets tha Toll to a wings-leve], aose-level attitude, Tha
2ttacker will be ip 4 acge-low atrituda below your 1ine of flight wirh
a higher veator Veloed by,

3. Brimg your aircraft £0.4 nose-high albityds, then roll off
toward the attacker's $ix=0'¢lock pasitien, -

. 6. If tha attacker {s ner deceivad inpp Culting off apg following
You, aftayp you iniriate the rol], employ the fcllnwing Procedures,

7. Disconeinmge the roll, relax G, lighe aftarhurner ang dive fop
Separation, whap you observe your epporent pulling Up to delay, or ts
revarse-roll., Thig wiyy Place the attackar in an ovachead attack wirh
2 negative delta Mach, Howvaver, Separation wiil nge b2 great, there-
fore prepare g counter any subsequent action,

Haneuvering from a Huae-Quarter Artack

Mneil ROW, our interest hos boan dire:ted_tu the offengiv: and
defensive tacticg invalvad ip rear-hem{zphere ALrazks. Now ws witj
Concern curseiva; with fnrwardbhamisphere dttzcks, Fram £Xprrience,
we know many figh:er-vzrsusmfigh:ur CRZAEEDNES start with Lhe cpoaa:.
ing fighters approaching each orher's ROSe-quarter posfrion. Somoo
this 15 the tage, 1t bihoaves ui, as fighter Pilots, t3 undzyseons
the tactics mieded o gafn an sdvantag: from this positiogn, Incs
the rematnder of our discusiion, ip fizhter maaeuvers, wili g
cerned with tha MCSevqrarter zttack, Thiz wil] crmplate €he magogoe .
ing aspeet of fightErwvarsusnffgbtc: Combat apd wil] PTIpdre wy fa-
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the other elements of fightﬁr*versus~fightaf DFETATIONE = Tooiloal
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Formatien sod Flipht Tact:

Ta understand Faw we most gsin an advintsge from & noft=gustter
atcack, Ist's rafer back to our concent of tuen and valozity, 4g
previously stifed thews aro omly two basic thirgs thar an itracker
or 2 defendsr ¢zn do ir orie- ta g3in an zdvintage - chang: direction
{turn} andfor velocity, ARPlyirg thaze prinzirles in a n0f4=gquartes
ateack, we kiow that 2 givan attzcker must menevver inte the angulap
velocity come inythe r=ar hamisphere of his appenent kg Aucnezefully
lsunch a mizsile or deliver am effective 20am canron burst, Th's
mezns that In 2 uoss-quartar attack, 2n attazksr wiil aced 3 sghe
stantial rate of turn, s sm=1) tupn radius &nd 2 ¢lozing velocity ta
gain his opponent®s six-ofelack pasitian. °f the aftzckar fails to
maneuver =o that he 2cquizss all three of tha:e facrors, ke may never
gain an advantsge. Worss yer, he may provide hiz oppons=nt zn advantage,
With this in wind, 1st’s z:3ume thar an atbdacker notes thar he 4
approaching an opponane from a Doxge=quizter pozition, Th: momont the
attacker viswally scquifrtes hi: target, bs should dive and light aftegp-
burner to galn an airspeed advintaga, The distance he dives will
depend upon ths air-psfels accelevation and zoom capabilicies {in the
F=100, he can dive from 5,000 ea 10,000 feet Peiow his target). The
airspecd galned from this menewver will provide thé¢ sctacker 2 greater
fortheoning zoom than if he had nsictaingd straighteoasnd-Ilzvel flighe,
The zoom will provide him fresdem of maceuver in the wertical plane,
s0 that he may effectively use the pull of gravity to increzss his
rate of turn and raduce his turn radius slong the horizontal axis.
Another advzntage arquired by this dive mensuver {5 tha gismznt of
surprise, The diva frames his opponsnt again:t blue sky and frames
the attarker against tha ground (a::uming that the opponent doas not
counter with a lik: minavwver), Trom ciperiznce, we know {t 15 gen-
erally move difficuit ro maintafn visual contzat with ap advevsary
franed againat the grourd. In visw of this, the opponent may fail ro
maiacain visual eontact {eiperially at long tznge bafore Lha dive man-
euver s exszuted}. The possibla lack of visusl contaze erables the
atracker Eo 3ef up tha rext itagé of his mareuver = a turn for on.
offsar in the hozizonral piare. IL the defender f2i1z ea miintain
visual contact, the attazker will ea3ily ginevets thirs offser. To the
attacker this 15 tha {irst podfeat-.n aof Whethetr or pot 4z defenderp
actually has eontact {If not  the defender weil fail ro tusn, there-
fore fail to pr-vaat the attacke~ £rom echisving hiz affzer polnt),
Assuming that the dzfead 1ve3 €9 counter, Chis plesss the attackarp
balow and of{ ta1 gne 3:.! =% Opjonint, on &b artieparsila: cour:e,
Ihe attackec, with a= FLTHERAL 207 aze, f:onaw in woiiticon to exe.
“ute a turn thyough the verr-¢21 a-d harizenra] Fodms tawe:rd the rear

T Ia £olvd btz opponmnr

o

Ramisphar. of Fis QEE™MeaC.  Site s the zeei-T:
Ne may ceaer the mpamege g betzrg thr drdferdss reestia hiz io 1 Bgh
poiition, Bia fizere M. 1Fs ant ..y Will thim aa:zors @ chardeilz-
Lyp2 minzivir shighosz o2 430y gowe-d 5o 92t r. The fhindrtl,
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diminishes alrspzed and redices horizental curn vradivs, Thie vz pra~
vent an ovarahoot, haowsvar, 20 w{]} reduce biz rape af turn and dimipg-
fsh hiz closing valontry. ac he Zpproazhzz Ehe defendzz's resr hemi -
sphevs., To prayens «he dzfandcr feom arhieving conslderable Lopgityude
inal szpiratinn, sud to inireaze the attacker®s tuin rate toward the
defendar’s sixwn’cisck Postiion, the actacker shonld turn down through
th2 werilzal plans low-z2read ¥owyo} toverd ths defander’s.six-o‘clackv
low position. 824 figure 35, T4y turn dowm through the verticai plane
ceabley ths attseker to sffectively use the Pull of gravity 2n anhiey.
fng an increase ig alrspeed and tumm rate and & deatassze in rum Tedius,
1f the defendor Faiils en tounter, the attacker nz=og only drive in undar-
neath him, and set wp for o mizsile attack. 1If tha defender counters
with a turn or pulli=us, afcer ths attacker haz inftdated his chandaile
from his offsat point, the attacker :till has the edvantsge, Kz ne-d
only shallow oue hig chamdells 2nd zoom mors through ths verpfcsl plsne,
This will emable =im to play his opponznt’s countar gns dimipfeh his
borizentel turn padius, Brwaver, once 2gain, thiz will decrensa hisz
alrspaed, hence daprzage his turn rate a3 long as be remains in the
zoom, Therefore, to gzin Elrapesd and a more rapld chang= of dirsction
-{turn rate) than his Spponent, he should use the PUll of gravity to
turn down through the verticel plane intm 2 loti-gpeed Yoeyo balow his
opponent's Iine of flight, This will place him insfde his upponant’s
turn at a reducad 20gleeaff with = higher alrspeed, To further reduce
angle-of f and longZtudinsy separation, the attsckar need only repeat
the zoom and dive bzlow Bi: opponzne's lins of flight, or zogm and
perform tha parral-rell dttack (a roll-away m2neuver) tovard his Oppg-
Rent s aiweo'elacke? ow Position, Even If tha defender countared in
like MANNEY, affer the attzcker started to zoom from below amd put g
the side, tha areacker wiuld evaneually gain the advantage, sincs hicg
laitial dive for Zirspeed 2nd his offsat Eive him 2 mansuwvering advans
tage, Tha dlve far airrpesd provides an alrspeed and vate of tucn
advantagrs, Tha of£38t bslow provides an fnftial man2uveritg advantaza,

To effectively counter 2 RoFe=quirter attack of this naturs, ths
defender muse decide whother he {s trying to ave!ld a fight er to E21in
a kill. 7Tn aithes “aie. whin the artacker Jtartts to dive for vspe od
and a4 poszible offizt, the deferdes should countsr fg 1ike mannesr,
This will pravert the aiticker from Baining an alrspead edvantzze, T¢
“ill el#o pravent him froxm dttempiing an offset, sfnew sych 4 matztvar
undet thzgs condiegp: would be tha =zm: a3 reducing che defznderig
angle-off. This will provide the defender soms advantage, ¥ if the
attacker sppraaches ond *T2C03 Lo wove past the defender, he myse
decide if ks is ETy.nz ta cveld a Fight aor aot. If ke i: SLCempling
te aveld 2 fighct, ha shouts Pazl vt and dive fep Feparatforn, zr ehs
attickar artemprs Lo’z tuen ird give for s -0 iack posirion,
Tais minzuysp By the o fepdir it place rha dtticker inoan ove vk a4
R ulek 4 oncpacive deten Mach, with Triverz loreicedinal LA
tion, The artaafirp w:1; pa tnabls to siosr for a mise:i; sttack, On
the othep Rand, LF thy Iefipdes wcaea €2 stay and fighe| he zhoula -
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gopm and dlve in ths manner just discuased in an effort to gain am
advantage, 1f the atracker 1s az skillful as the defandar in employ-
tnz this technigue, this migat not be a wise decision.

If the defender dzsizes to countey 2n attacksr who Mas alrzeéady
affs=t belpw azd to the sfda, for hie fovtheemingy zoom and diva, the
defender stonld turn toward the offiaf aod dive for separation., Sines
the attacksr must pssfozm 2 1329 change of direction, this wili place
him in 2n ovechaad sttack with a2 negative dalts Mach, with entpane
iongltudinal ssgarzeisn.  Zf the defender sttempta to stay and fizhe,
instead of diviag For sepavation, the attacker will evemteally gainm
the advantzgs Beczuse of his highér sfrzpeed and better position (in
this situacion, ws ataume thai the attacksy will employ the proper
zoom and dive technigques to gain an advantage).

Frocedures for tha Moze-Ouapter Atbael

1. Lighe aftzrburmmer and dive immadiately below your opponent fo
galn enargy for your fortheoming zosm and maneuverability inm the wverti-
cal plane. A dive below wiil alsa provide you the slement of surprise
peadad for your nexl mova,

2. Tyrn ta an offzet peint in the norizental plans, This will
place you below and out to the side pf your gpponent on gn anti-
parallel coursa. If your oppansnt f£alls tc counter, you wiil have &
maneuvering advantage Iin terms of pasition a2 wWell aa sirspeed. In
this event employ the following procedures. :

3, Start 4 chandalle toward your oppeonsgnt, so that you will ke
neat the 20° point of the chandslle when you are approximately 90°
angle-off frem your spponznt., Tals maneuwver will reduce your turn
rad{us ani dgavaaze youy alrypesd.

4. Turn throogh the wartical plane out of the chandelle, inside
and below your opponest's liuna of {light, toward his six-o'clock-low
pesition. A4 turn through the vartical plane enables you vo galn your
opoonantts six-s"closk=low position without extrsma lomgltudinal sepe
aration and a posiible flight path overshoot in the haticomtal plane,
since you Incrasse youy airspesd 2nd furn Tafe, and at the sswe time,
further reduce your turn radits. To gain maxioun effect, 2 tumn through
the vartical piane should be Iniclated 27 you pass the 20% point of your

chandalle.

. 5. Assclevate Bolow vour opponent for an ATM-98 attack from six-
o'¢lack=low. LE your oppanent tounters with a defepsive turn or 2
publ-up azalnst yous divs towasd a six-o'eleck-low posicion, empioy
the follewing procedures.

6. Pull up and raom fodm yiuy insd
zoomedive teszhijqui L0 ga.n a0 advastag
. - [ PSS T u—!

¢ewlow poslitian and rapeat «ho
e, or barvaleragll {roll-awcy}
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eut of the zoom towerd vour opponent's six-uo'clock-low positioﬂ.
Generally, the goll-zway will enable you to gain your opponent's six-
o'closk«lovw position more guickly. However, the zoem-dive :e:h1xqua

may be more appropriate Lf you harvizontally overshoot your oppenent's
flipht path on the zoem, gnd he divas for separation after the over=

shoot.

Pracaduras for Cauntering the Negsa-Quartep Attack

1, Dive the Instant your opponent dives, to prevent him from
zalning an airgpeed and a possible offset advantage.

2. Do not zllow your opponent to offaef. If he attamwpts to do so,
turn toward the direction of tlie offset. Thiszs will reduce vour angla-
off toward his siz-o'zlock pesition, and will give you a slight advan-
txge if he offsers (under these circomstances, be most likely will not

attempt 1L},

3. Decide whether you will aveid 2 fighter-versus-fighter angage=-
ment of stay and fight. If you wish ro avold the engagement, simply
push over and dive for separation as your opponent movas past Jyou on an
anti-patallel couvse. Since your apponent mest perform e LE0° change
of direction, this willi provids you extreme longltudinal separation out-
side missile vange. If you wish to stay and fight, employ the follow-
ing procedares, .

4, Pull vp and zoom, in the vertical plana, towacd your oppoment =
ag your oppolent starts to pove past your line-abreast pesition on an
anti-parallel course - to reduce your horizontal turm radius. While
in the zoom, your alrspesd and turn rate will deqreass. Therefore, to
acquire E] ra?id chanze of direction and to accelerate foward your oppow
neat's six-o'clock pesition, employ the gracedures cutlined {n the fol-

lowing paragraph.

5. Dive out of your zotm, balow your opponent's line ¢f flighe,
in an attempt te gain 2 six-c'cleock-low position, If your opponent
fails to emulate your zoom=dive technique, you will gain an advantage
by reducing angie-off and movling toward hir six-c'clock position.

From this position, you need only vepest the proges:t or employ the

barrel-roll attack o move in for the kill., If your opponent emulates
your zooo-dive technique, you will be ztalewated, If this 1s the sit-
uvation, you must use your ounl judgmant to determine whethey you should

continug te fight or brzak off the engsgemant.
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CHAPIER XL

TACTICAL FPOEMATTON

In air=to-air cowbat, the primary purpose of tacticsl formation £s
rwo=fold: (1) Ta provide security agpainst attacks by enemy fighters,:
and {2} To cenduck offensive gperatiara azainet enermy bombers and/lor
fipghters. To gain secority, any formation muszt ba able te detect the
attack and mwaneuver against it befora the attackers achleve z lethel
pesirion. This means that the forwmation must be so constiucted that
attacking fighteys with air~go-air missiles can be detedted baefore they
are withig launch rangz. At the same Lime, thls Formztion wusk possasds
chargeteristics of mansuversbility and mutuel suppert st that iy can
counter the attack as wall 43 s2e it., These sam# charastsvistics ars
neceasary in conducting effenaive air-to-air oparaticona.

To gain wanimom lodhout sacarity against a reay-hemisphere attack,
the flight must he so conatruated that vizuasl ¢ross-cover 1s the max-
{mym attaingble., Two mains by which a fotmation can incesass its vis-
val erosg-gover ara: (1) Increase the number of alecvafs within the
basgiec manauvering formation, and (2} Flace Ehese girerafi line-abreast
at definire Jmrervals to inerease the fleld of cross-cover. By idcreas-
fng the number of airezaft, we provide meore fiight members covering the
rear hemisphere. Lf w2 ghack the £light linz-abreast, we provide |
greater cress=-cozer, thus lncraasing the pryobabdility of dekecting 2
rear-henisphete attack. This means that we increasae laok-out security,
but at the samsz time we decresse mansuveravilicy. To maxipize man~
euverability, & Flight must congisc of as few pembers as pessible (a
single sfiveraf:r is mors mansuverable than any formation cenaisting of
pore than one giverafr} wieh thess mephers stacked ln~trail. TFrom
exparicnde we know that when the wombex within the flight 1z reduced,

LiE bacomes easisr for the membeors te kRaap traszk of and aveld one another

during any maneuvering engagsmant., Experiencz alse indicates it is
mich easier to maneuver In-trall as opposed to line-abreast formaticn.

In order to acquire stcurity and mancuverability, we must ecmpro-
mise betwasn maximum lask-aut security snd mawimum maneuwerabllity.
The extent of tha ¢ompromise nzaded will determine the type {ermation
flown in a fightersvarsus-fighrer engagemsnt, The fncressed vange of
AIM-83, as opposed to the 20mm cannon, forces us to construtt a4 formas
tion in which the compremiss favors lock-out security. This means
thay the formation will be Flosm very nearly line-abreast at & speci-
Fied intarval to pisk up & misgile attack at vanged of greater than
15,000 feet, To malntain wanruvverabilivy and smrual support, the size
of the formation muet ba reztricted £o nd mora then four aiverafr. I
than Four £{s employed, manauverabilicy aed mutual
support beceme difficule and cocplicated, On the other hand, if less
than two zfireraft arzs exployed, the look-out capability is zeduced and
tutus) suppert becem:zs impossible. Therzfors, co pravide look-out

A aumoar greater
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