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) INTRODUCTION

Tactics - fighter-versus~bomber, fightar-versus fighter, or
even ground attack - are deveiopad zccording to the psrformance
cepebilitizs or limitetlions of thz weapons or weapons systems
vsed, In other words, effsctis tactics reflect the best way to
ecploy a given wzapon against a givan enemy with known or esti-
wated capabilitiss. Assuming this to be twue, tactics are
functioral ~ that is, they reflect the capabilicries and limitations
of the opponsnt's wezpors as wzll as our own. Therefore, in our
discussion of a=zrlal attack, wz must determine the operating enve~
lxpes of our waepons systams {this Includes the aircraft and its
associatad azmzmsnt). After having lzarned these envzlope para-
meters, the discussion will canter on how to best employ our
weapons systzms in-a given fighter-versus-fighter or fighter-
versus«tombar gituation, %n which w2 assumz that our opponent has

comparable capabliitias.

ill be cover=zd first. 1In this
‘fighter attanks a non-maneuver-
zroversus~fighter phase, wa assume
©OA wmareurering targat. Since the
as oaiy ons variable - the

Fighter-versus~bombar tactiss
phase, we assuaz that a maneuvvami
ing target; wherszs in tha fight
that s eanzuvering fl hler etta
fighter~versusebeaber gitua h

mansuvering fighter « 2 more axect Sachnical analysis can be ac-
complished on it. In additiom, fighter-versus-bomber theory is a
fundamental depavture point for fighter-versus~fighter combat.
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BASIC LIMITATIONS OF THE DISTURBED SIGHT AND THE 20MM CANNON

- = _ !

To adequately employ the disturbed sight and the 20mm cannon, we
must understand the limitations of this equipment in any tactical
situation.

{

The operating range of the ASG-17 disturbed sight is from 600 to
6000 feet. It will compute the proper prediction angie for a target
throughout that range,.from the ground up to 50,000 feet and from zero
to nine G, if the pilot can track the target properly. However, it is
improbable that a pilot would be able to deliver a lethal burst of fire
at a rshge -greater than 3000 feet because of the difficulty in tracking

beyond that range.

To accurately predict the lead requirement,-any disturbed sight
requires the following basic information: range and target angular
velocity. In the disturbed sight, range is provided by the ranging
radar, and target angular velocity information is acquired by tracking
the target aircraft. Since the pilot is forced to turn his aircraft
at a certain rate, this rate of turn is a representation of target
motion and is directly proportional to target speed. The angular veloc~
2+v of the attacking aircraft is set into the sight through gyro action,
"he infownaction s then married to the input from the radar and the
propaz predietlon zngle is computed dy placing an electrical restraint
(stiffzess currert) on ths gyzos. At long ranges, little restrzint is
applied, whi:e au short ranges 2 grazt amount of restraint is gpplied.
At renges bevond 3,000 feet, little restraint is applied, thus produc-
ing a tracking index which is quite loose and difficult to control.
Since the pilot's responses arz not precise enough, rasults are usually
poor, even though the esquipmzrnt may be working properly.

Anc-her iimitation is the cone of dispsrsion of the 20nm cannon.
For the M-39, harmonization criteria specifies that 807 of all rounds
fired must impact in a 4-mil cone. As we increase firing range,
bullet density will be decrezsed by a function of the square (if range
doubles, bulict demsity quarters). At 3,000 feet, bullet censity will
be decrezsed to 1/9 that at 1,000 feet., As a result, an actacker must-
fire over a longer time span im ovder to deliver a lethal burst. At
the same time, he must track a targe: smaller in perspective. Since
it is ex=remely difficult to track with the disturbed sight at ranges
greater than 3,000 feet, and the 20mm cone of dispersion causes loss
o0f effective bullet demsity at this range, wesconsider our maximum
range for the disturbed sight /20mm cannon as 3,000 feet.

BASIC IIMTTATIONS OF THE ATM-9B (GAR~8) MISSTLE ACAINST A NON-MANEUVER-

ING TARGET .

2, launched in the
fixed sight. After
sion course with

ATIM~9B is a supersocnic infra-red-homing missi
targec’s tail cone on a pursuit course, using the
launch, the missile mzneuvers to estabtlich a colil

B et ¥
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the target. In other words, the missile determines wiere the target
is going and hzads for that point iz spaca. To succassfully employ
Sidewinder in a given tactical situation, you must be within its fir-
Ang envelope. This firing envelope is determined by: (1) The radia-
tion pattern of the target and (2) The performance envelope of the
missile. The radiation pattern of z particular tarset is the area in
which you can detect its IR radiation, Ihe performance_envelope is
determined by: Range of the missile, number of G whizh the missile
can pull and lambda (look-angle) limitations. Thus, the basic limita-
tions of the missils against a non-maneuvering target, are determined

R

by: Infra-red pattern, range, G and lambda. Since tactics are devel~-

oped according to the performance capabilities or limitations of the
waapors used, discussion of the limitations is in ordax.

IR Pattera
SRR . .
The missile gvro-seaker locks onto the strongest point-sourze of
IR radiation., For a tazget in military pover, the strongest point-
source is the hot metal of the jet's tailpipe. Approximately85% of
the IR signal generated comes from this hot metal and the ramaining
157 comes fuom tha hon st exhaust, For 2 target opevating ‘n aftar-
burner, tha primazy souzce of radiaiion iz the hot exiaust flame.
Approwlmazely 80% of the slgnal gemarated comes from flame and 407 is
the hot matal of tha tailpipe. In the discussion of
weNms, 1t s nacassacy te keep in mind the shape of the
:exutt with shielded tailpipes, radiztion patierns are
nd relativaly narsow; vhereas, in airaraft which do
ded tailbipes, the patterns are long and wide. In
fightar-iype alverafr, the radlation pattern is generally long and
relatlvely naxuow since the gaometzy of the aire=zft shields the tail-
plpe. This appiles in military powsr only., In afterburner power,
raturalliy, the pzitern is long and wide, since the flame of the after-

-
-

burner Is not shieldad by the jet's aft fuselage. In both English
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ard Sovint bombesviype a2irplaves, in the horizortal plane, the jet
tzilpipe is shielded by the swzep-back of the wings, thus presenting
& long memsow pattern, In the vertical plane, however, the pattern
is long and wida, since the wings de nct shield the hot metsl and the
jet exhaus:., USAY bhombar-tys: aiveraft, on the other hand, present
long and wide horizontal patt:rs, since the engine naczliaz are gue-

providing the gyro-sesker =z relatively unre-

pe-...ded D nE.

stricted view of the jet esthaust. In the overhezd vertizal plane, the
rattamn s Ieng and narwow, since the wing shields th: IR radiation
Z“rom the gyro-sseker. Radiavion paZtacns vary with tailpipe tempera-
fure as well as with axvea of the zouwrce. In other woris, the gresater
the temperature, the greater the radiztion pattern; and, logicaily,

the lavger the source, the greater the radiation pattern., To illius-
tzale: A bombew with 8 engines in military power, as compared to a
fighte ne engine in militery power, would generate a much

larg icn patzern bacause the area of the sourse s much greater,
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Background IR sources are signiricant ractors affecting the .size.
and shape of radiation patterns. Important background IR sources
are (1) Sum, (2) Clouds, (3) Water, (4) Snow and (5) Terrain,

(1) Sun: The sun is the strongest source of infra-red energy
known. You cannot fire Sidewinder at targets flying directly between
you and the sun, since the sun's radiation will decoy the missile
away from the target. Therefore, do not fire at a target which is
within 25° of the sun. Also, do not continuously point the missile
directly at the sum for more than ten seconds, or the lead sulphide

detector may be permanently damaged.

(2) Clouds: Clouds reflect IR radiation from the sun - par-
ticularly cumulus clouds. If you must fire at a target which is
framed against a bright cloud background, in all probability you will
be forced to reduce your slant range to 6,000 or 8,000 feet (AFMDC ADJ
S8-845) to obtain proper signal discrimination. If the target is hid-
den by clouds, the clouds will confuse the target signal so that the
missile will not home. The signal which you receive will be the back=
ground radiation reflected by the clouds. A good rule-of-thumb for
flying in clouds oz gainst a cloud background is: diminish range until
it is possible to discriminate between the background and the target

signal,

(3) Watar: Water, like clouds, reflects IR energy from the sun.

Calm watez is & tremendous background radiator when the sun’s image
can actually be seen in the water. Rough or choppy water, on the
other hand, reflects IR radiation in all directions and the attacker
need not be in a position where he can see the image of the sun on
the water. As when operating against a cloud background, diminish

range until you can achieve proper signal discrimination.

(4) Snow: Snow, like water and clouds, reflects the sun's IR
energy. When firing against z snow background, as compared to a
water or cloud background, -»u will have to diminish your slant range
much more in order: to get proper signal discrimination. There is a
good possibility that you will be forced inside the missile’s minimum
range, thereby precluding a missile attack.

(5) Terrain: Terrain background reduces maximum missile range,
as do clouds and other previously mentionsd backgrounds. Light
terrain in particular, such as dry lakes and ‘sand, provides maximum
background radiation. When firing against the three previously
mentioned backgrounds, under an overcast, max range is not diminished
nearly as much as when firing under CAVU conditions, since the clouds
zct as a device for shielding out the sun's IR radiationm.




Range:

AIM-93 has both minimum and maximum range restrictions. Basic
minimum range for launching is 3,000 feet. This is determined by
three factors: (1) Time for the influence fuze to arm, (2) Time
for the missile to set up a collision course, and (3) Delta Mach.

To be assured of a kiil, all three of these factors must be considered.
Eizrst. time for the influence fuze to arm: It has been proven through
empirical testing, that approximately 85% of the kills achieved have
been through influence fuze action. Since it takes the influence

fuze about two seconds to arm - at rocket motor burn-out - a minimum
range must be considered. Second, time for the missile to set up a
collision course: After launching, the missile does not begin to
‘guide until it clears the launch aircraft. This delay lasts for

about 1/2 second, at the end of which time the missile receives its
first guidance command and starts to set up a collision course,

Ihird, Delta Mach (rate of closure): At rocket motor burn-out, the
missile is traveling about 1.7 Mach above the speed of the launch air-
craft. If the launch aircraft has a high rate of closure, the missile
has a faster airspeed relative to the target. Since it takes a def-
inite tim: for the influsnca fuze to arm, and a definite time for the
migsila to set up a collision course, the missile must trave” a greater
distznce, relazive to the target, before either one of these occurs.
Missile firing range can be determined by use of the following formula:
Minimum ranga is equal to 3000 + (Deita Mach X 3000). To iliustrate:
-If the launck aireraft is traveling at 1.2 Mach and the target air-
craft at .3 Mach, we have a Delta Mach of .4. Applying this to the
formula, we gee that minimum range is equal to 3000 + (.4 x 3000), or
4200 feet, The general "rule-of-thumb" for minimum range, so-airspeed,
co~aititude, however, is 3000 feet. Maximum Rance: . Maximum range is
determined by three factors - guidance timz, air density and delta
Mach, Missile guidance time is approximately 18 seconds, which is a
constant value applied to both air density and Delta Mach. Air den-
sity is an imporrzant factor, in that the higher the air density the
greater the aerodynamic drag, thus the shorter the range over an 18-
second time period. Delta Mach is important in that the faster the
launch aircraft, the faster the missile in relation to the target;
thus, over an 18-second time period, the greater the distance the
missile will travel. Many max-rangz charts have bzen developed by

both the Air Force and the Navy to depict the maximum range at var-
ious altizudes, airspeeds, azd Deltsz Mach relﬁtionships; however, it

is virtuvaily impossible to remember all these relationships,

The following “ruleSuoﬁﬁtbumb" may be used by the pilot to determin:

max range:
(1) For co-speed attacks against trzns~sonic bombers - one mile

for altitudes below 10,000 feet, a2dd one-haif mile range for each
additional 10,000 feet increase in altitude,

R, .
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(2) For co-speed attacks against supersonic targets - one mile
range for altitudes below 20,000 feet and add one~half mile for each
additional 10,000-foot increase in altitude. 1In applying the rules-
of-thumb we can see that Sidewinder's max~-effective range against a
sub-sonic target at 30,000 feet would be two miles, or, roughly 10,000
feet slant range. Against a supersonic target at 30, OOO feet, the max-
imum slant range would be approximately one and one-half mile, or,

roughly 7800 feet.

(3) Delta Mach "rule-of thumb'': Add one thousand feet for each
.1 Delta Mach when above 30,000 feet altitude. To illustrate: A .8-
‘Mach target, at 30,000 feet, is being attacked by a 1.2-Mach fighter
at. the same altitude. Applying'the sub-sonic rule-of-thumb, we find
that the max-effective range at which we can launch the missile is
10,000 feet, or approximately 2 miles, for a co-speed condition.
Add:.no 4000 feet for .4 Delta Mach, we compute a new max-effective

range of 14,000 feet, -

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

S

where X = size of the target in mils
WS = wingspan of the target in feet
S = range of the attacking fighter from the target

-

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

Examples:

1, Size of Badger (wingspan 116') in mils when range is 10,000°

{

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

This means that at 10,000 feeu, the Badger wingspan will subtend 1/3
of a reticle radius (35 mils). At .20,000 feet the Badger span will
be 6 6 mils and will subtend 3 plpp°r w1dths. At 5,000 feet the Badger
span will be 23 mils and will subtend 2/3 of a retlcle radius.

[, |}
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2. Size of F-100 (wingspan 39') in mils when range is 10,060 feet
|

1
X =39 x 1000 = 3.9 or approximately 4 mils
10,000

At 10,000 feet the F-100 wingspan will subtend 2 pipper widths. At
20,000 feet it wiil subtend 1 pipper width, and at 5000 feet, 4
pipper widths or approximately L/5 of the radius.

G

AIM-9B can pull approximately .10 G at sea level and approximately
3.5 G at 50,000 feet. The 10 G maximum at sea level extends almost
all the way to 30,700 feet. From that altitude upward, the capability
decreases until, at 50,000 feet the missile can pull approximately
3.5 G. In other words, Sidewinder can pull 10 G from sea level to
30,000 feet and approximately 3.5 G at 50,000 feet. Maximum fighter
G, when launching, is approximately 2 G below 40,000 feet and 1.6 G
above 40,000 feet. The G~capability of the missile determines the
G-limit on the fighter at launch. To illustrate: The rate of turn of

the fighter in a pursuit curve is dependent on target speed, angle off,

and range, as indicated by the foilowing formula:

W = ¥ x Sinf

Range -
where W = - Rate of turn in radians per second
Vt = Target velocity in feet per second

Sin® = Sine of the anglie-off

By examining “he formuls we wen sce that the rate of turn (W) in-
creases any time target velocify or angle-off increases, and decreases
as range increases. The numbex cf 2 which the fighter pulls, at a
given rote of tumm. is directly nwoporticnel te fighter speed, and may
be represented by the following formula:

W = 32,2 W
VE
where N = Number of radiai G
VL = Pighter velocity in feet pzr second
W = EKate of turn in rzd-ans per sacond

We can see from the formula that any time fighter velocity increases,
we must also increase ¢ (), in an effort to maintain a given turn
rate,

Fate of turn required for the missile to ser up a collision course is
dependent upor five factors: 1) target speed, (2) angle-off,

e et .
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(3) range, (&) enabling time, and, (5) the navigatiornal censtant,
Tne number of G which the missile pullg, for a given rate of turnm,
s directly proportional to missile speed. The higher the speed, the

higher the G. If the missile is launched' from & Mach 1 fighter pulling

2 G, how many G must the missile pull in order to maintain the same

rate of turn as the launching fighter? As shown by the formula

(N = Vf z W ), since the missile (V} going 1.7 Mach above the launch

32.2

aircraft's velocity, or 2.7 Mach, it must pull 5.4 G, in order to

maintain the same rate of turn as the launching fighter. Why, then,

are we committed to pull a maximum of 2 G when the missile can pull

10 G, an amount considerably greater than the 5.4 G which we just

computed? AIM-9B does not begin to guide until 1/2 second after launch,

at which time it receives its first guidance signal to set up a col-

lision course. During this enabling period (1/2 second) the missile

has the characteristics of an ordxnary rocket, Because of this, an

add*tiona1 »ate of turn is necessary to set up its collision course,
set up the collision course Sidewinder turns 3 1/2 times the rate

of turn of the gyro-seeker - this is a navigational constart. Bacause

“of this, the rate of turn generated by the missile, in the first man-

enver, is greatzr than the rate of turn of the launching fighrer.

-

1
is

the number of G pulled by the missile and figher is equatad to
T tumn and veloeity, it is chvious that the Z G limitation of
:zer ot lawch 15 tied to the 10 G limitation of the misgsile,

Wi b

tne 23
Z£ moee chan 2 G is pulled, the :r:chlng rute of the gyro-sezker is
exceeded by the iine-of-sight rate, thus the secker losas the target.
Another means of exceeding the tracking rate of the gyrc-3 eeker is
to launch the missile with an angle-ocf-attack in excess of 12° {the
ang;c between the wmissile's longitudinal axis and the launch zircraft's
f£1light path). For the F~100, since the missile launchar 1lin: is
a“Jgned 7° below the fdutla‘t reference line, the maximum sirzcraft
argle of attack is 14°, If launched with a greater angle of attack,
_ Sidevinder will jump toward flight path, causing the trackinz rate of
the gyro-seeker to be exceeded by the line-of-sight rate, consequantly
the gyro-seeker will lose tae target. When this happens, the missile
goes bhallistic, To avoid exceeding a 14° angle of attack, the F-100

- e )

should not be flowm at less than 170 knots in a 1 G conditioa and 230
knots in a 2 G condition.

Lambda | (0:f mp L s szekn )

s 7
Lambda limit is simply the max loohwanﬁle'befvecp the axis of the
gyro-seekex and the longitudinal axis of the missile - & 25-degree cone
with its center along the longitudinal axis of the missiie. Why are

wa interasted in this lambda limitation? It is possible for a pilot
to satisfy cthe conditions of IR, range, and G, yet b2 outside the

lzmbda capability of the missile. ZLamdda ii ~t: may be exzeeded by a
combiration of two factors: 1w missile w2locity znd bigh angle-off.

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

POINT

FAST MISSILE

Figure 1
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(2) High Angle-Off, the other basic cause of lambda-limiting is
understood by considering a missile which, immediately upon launching,
could turn onto the collision course. The line-of-sight angle would
remain constant and the gyro-seeker would thus remain with its axis
along the initial pursuit heading. It can be seen in figures 3 and 4
that the collision course for launching well off the tail differs in
direction from the initial heading much more than does the collision

course for launching slightly off the tail.
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"Consequently, the higher the angle-off, the greater the lambda angle,
At long range (within max missile range) lambda limitation occurs at
smaller angles-off, because of the effect of lambda-limitation on
decreasing missile velocity. At short range, lambda limitation is
.caused by the sharp turn which the missile must perform. You will
recall that if an attacker fires with any appreciable angle-off at
short range, he will be very near his 2 G limitatién, or near the 10 G
limitation of.the missile itself, This means that the missile is turn-
ing sharply to set up its collision course. The sharper the turn, the
higher the missile angle of attack., As shown in figure 5, the angle
of attack adds to the lambda angle so that lambda limit is reached, .
When lambda limit is exceeded, the gyro-seeker bumps against a mechan-
ical stop, slows ‘the gyro to a halt and the missile goss ballistic.
Since we have no instrumentation available to measure lambda limit,

-~we provide an artificial means to represent this lambda limitation = .
do not fire at angles~off greater than 30°. Ar 40,000 feet and above,

%\L ' | Cromr
AY POINT
/ —= t —0

Figure 5 -« SHORT RANGE LAMEDA LIMITATION
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do not excead 10° angle-off - this is primarily because of servo-
bias . {poor burning of powdexr). This will preclude the possibility
of an attacking pilot exceeding the lambda limitation of his missile.

In order to kill with Sidewinder, you must be within the firing.
envelope as defined by the infra-red, range, G and lambda limitationms.
If a pilot excseds any one of these limits, kill-probability drops
drastically. For practvcal purposes, we can define the missile fir-
ing envelope as a 60° cone emanating from the tail of the target air-
craft, with its length dependent upon altitude and rate of closure
(Delta Mach). For future use, we will describe this cone as an
angular velocity cone or a cone of maximum performance.

MECHANICS OF TEE PURSULIT CURVE

To fully comprehend the l;mltatlons of our weapons system, so
that we may develop ‘effective tactics, we need to know something of
-the nature of the attazk in which we wzll be employing Sidewinder =
the pursuit curve attack. _A pursuit curve attack is ba51ca11y an
attack in which the flight path of the attacking fighter is continu-
ouslv po*n*ed at a moving target, To provide an insight into this
“type of attask, we w11; emp’oy the foliowing formula..

where S = Range
V£ = Fighter velocity in feet per second
V& = Targei veiccity in fzet per second
SinB = Sine of the angle~off of the attacking fighter
N = Num>-=z of radial Gs pulled by the attacker

With th2 atove formulz, we can compute the range for a given G and
angie~off for any combination of target and fighter speeds. It
should be noted kowaver, tiat the formula does not consider lead for
target motion, nor does it represent the flight path of the attacking
aircraft, Insiead it represents dlstanﬁe/beavlng relationships for a
given s:t of values at a specific point in sgpace.

Despite the above limitations, the formula is still valid, in that it
rrovides an insight inito the problems associgted with the pursuit
curve., Study of the formula yeveals: '

The smez of vulnerability is a narrow cone emanating from the
of the zarget alvevaft, Thig can be amply illustrated in the
ormula ahove by =ndl"z:1g figura €.
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1.2M = 693 KIAS = 1,170/S |
::::>ss,ooo'

VE

Vt = .8M = 463 KTAS = 782'/S

S = V£ Vt SinB8 = 28,450 (SinB)

32.2N N
[ s
S = 9,480 Sin® 15° = 2,460" .
N = 3 20° = 3,240'
25° = 4,010'
30° = 4,740'.
S = 8,130 Sind 152" = 2,110
N = 3.5 , 200 = 2,780
25° = 3,440 -
30° = 4,060
Figure 6

As shown in figure 6, the cone becomes narrower at firing ranges if
the fighter velocity arnd/or target velocity is increased. In other
words, the attacking fighter will be forced to fire at smaller angles-
off if he does not wish to increzse his firing range. Reducing angle-
off against bomber-type targets places. the attacking fishter in the

bomber's effective cone of fire, Therefore, if the velocities of the

target and fighter increase, and wz do not reduce angle-off, the range
must, of necessity, increase.’ The increase in range will be in pro-
portion to the velocity increase of the fighter or the target., If
both target and fighter velocities are increased, the increase in
range will be a multiple of the increases of the fighter and target
velocities (for example - if Vf and Vt are doubled, the range will .be

quadrupled).

2, The cone becomes narrower with an increase in altitude (the
formula is a function of fighter velocity, G, and angle-off). It is
a recognized fact that the available G of the fighter decreases with
an increase in altitude and, as shown in the formula, any such de-
crease in G will be accompanied by an increase in range.

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

W = Vt x SinB
Range
where W = Radians per second
Vt = Target velocity in feet per second
Sin® = Sine of the angle-cff

e o
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On the basis of the formula, if angie-~ o:f‘ﬁlmlnlshps move rapldly
than the range, the rate of turn will decrease (this will occur in
some part of the pursuit curve vhen the fighter velocity is less

than twice the velocity of the target). If range diminishes more
rapidly than angle-off, throughout the curve, the rate of turn or G
will increase (thzs will occur when the fighter velocity is more

than twice as great as the velocity of the target). To find the
parts of the curve where we will achieve these increases or decreases
in rates of turn, we can use the following formula:

s

CoSin of the angle-~off where maximum G occhrs“= VE
2xVt

Fighter velocity
Target velocity

where V£
Ve

NOTE: These two velocities may be expressed in knots, miles per
hour, feet per second, or any other appropriate unlt, as long as Vf

and Vt are expressed in like values,

This formula will enable us to determine the point on the pursuit
curve where maximum G will be encountered. For example: If we have
a fighter with a velocity of 1.2 Mash att acking a target with a veloc-

ty of .8 Mach, thz polat of mex~G will be about 41,.4° angile-off.
There‘ore, in effe.t t, we ave saying that at angles greater than 41.4°
the rate of turn f(or G) is incsieasing, At angles of less than 41. 4°
the rate of turn is decreasing. To further illustrate - if we have a
fighter traveling at twice or greater than twice the speed of the tar-
get, the max-G point will occur at zero~degrees angle-off. In other
words, there will be a @ buzld-up or an increase in the rate of turn

throughout the entire pass.

In pursuit attacks with today's fighter-bomber velozities, a
fighter is forced to fire under conditions where its velocity is less:

tharn twice that of the target. In this type of attack, the fighter
is not only forced to fire <t longer rznges, but alsoc to fire where
his rate of turn is decreasing. We carn see from studying figure 7

that the attacker's rate of turn is uot only decreasing, but it is

decreasing at an increasing rate. In other words, the attacker is

being "sucked" or forced'in ~trgili, As Lxlusrrcted in figure 7, the

attacker loses .19 G/sez at 30° ang’e of At 25° angle-off he loses
.27 G/sec and so on until at 10° cngle-off he ,Joses .45 G/sez,
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VE = 1.2 Mach
::::>as 80,000"
vt .8 Mach

Angle of Max~G = 41.40 /

Nr = & @ 41.4°

8 N TN S
41,40 4 0 4620
30° 3.83 .19 3660
25° ;;64 .27 3260
20 | 3.3 .35 2850
150 2,97 .41 2440
10° 2,49 - .46 1960

Figuré 7 |

If the attacker decreases hls G at the max-G- p01nt (Wlth the same
fighter velocities.as shown in figure 8, he will be able to diminish
his rate of G bleed-off. Hqwever, this Wlll force him to fire at
longer ranges. Naturally an attacker does not want to do this, because,
as range increases, his bullet density decreases by a function of the
square (if range doubles bullet density quarters). As a result, an
attacker must fire over a longer time span to deliver a lethal burst,
At the same time, he must track a target smaller in perspective. Under
these conditions, it becomes quite difficult to deliver an effective
burst.,

1.2 Mach

j:::>>35 -80,000"
.8 Mach

Angle of Max-G = if;l.lr-°

VE

Ve

Nr = 3@ 41.4°




8 N N s
41.4° 3 0 6180
30° 2.88 .11 4870
25° 2.74 .16 4330
20° 2.53 .20 3790
15° 2.23 .23 3250

'10° 1.87 .26 2600
Fiéure 8

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

~ shown,

VE = 1.2 Mach
‘ j:::>>3s-so,ooo'
Vt = .8 Mach ~

Angle of Max G = 41,4°

Nr = 5@ 41.4°

ﬁ = Rate of change of G/sec2
8 N N s
41.40 5 0 3710
30° 4.80 .30 2920
25° 4.56 .43 2600
200 4,21 .55 2280
i§° 3.72 .63 . 1950
10° 3,12 72 1560

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

To accurately predict the lead requirement (prediction angle) any
sight requires the following basic information: range and target
angular velocity., In the disturbed sight, range is provided by the
ranging radar and target angular velocity information is acquired by
tracking the target aircraft., Since the pilot is forced to turn his
aircraft at a certain rate, this rate of turn is a representation of
target motion and is directly proportional to target speed., The angu-
lar velocity of the attacking aircraft is fed into the sight through
gyro action. This Information is then married to the input from the
radar and the proper prediction angle is computed by placing an elec~
trical restraint (stiffness current) on the gyros. At long ranges,
little restraint is applied, while at short ranges, great restraint
is zpplied, In other words, the disturbed sicht is directly tied to
the responses of the pilot and. to the dynamics of the aircraft when

computing for target motiom. !

.

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

i. The rate of turn necessary to track the target diminishes as -
the range decreas=s,.

2. The stiffness curreat to tke gyros in the sight increases as

LRy

the range decreases.

.Because of these two conditions, a pilot closing for the attack ex-
perlences a sensation that the pipper is drifting in front of the.
target. To corre«t for this, he relaxes back-pressure to reduce his
twrn rate. This, in turn, creates a lower rate input to the sight
gyros, which causes the pipper to be repositioned to match the new
turn rate. So, once again, the pilot must change his turn rate to
reposition his tracking index, which agains repositions his pipper

and -so on. Yet, for the attacker to hzve the proper prediction

angle, he must continually make these corrections and also track the
target one-half to two-thirds the time of flight of the bullet, to
allow for sight solution time. As we caz see, & pilot may nullify
this effect of chasing the Pipper by firing at lower G. However, if
ke does, he will be forced to fire zt longer range. His sight will
Lave even less restraint and his target will be smaller in perspective.
if ke fires at higher G (shorier rangs) his sitght will have more
regtraint, but the prediction angle will zontinuously change in greater
magnitude, As a resul:, the attacker has very little choice as to the
type of pass he may execute. He is forced into a:narrow attack cone
to avoid either extreme. ' : :

. To solve this problem of G bleed-off, we must refer back to the _
mechanics of the pursuit curve. You wfll recall that if an attacker’s




veiocity is twice or more than twice that of a target, there will be
an increase in rate of turn, In attacks of this nature, a different

situation exists.

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

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

In an attack where these conditions exist, the pipper tends to remain
on the target because the forward drift of the pipper is cancelled by
the demand for greater G as range diminishes, In this attack, as the
prediction angle is changing less in magnitude, the pilot has a more
stable tracking index, and comsequently, is more able to track for the
required time to achieve sight solution. Naturally, this would be the
ideal attack for us to perform; however, this is. impossible, because
the disproportionate increase in fighter and target velocities has not
only pushed the firing range out, but has also created conditions
vhere the sight prediction angle is continuously changing in consider-
able magnitude., These conditions seriously impair our ability to
destroy & non-maneuvering target with a2 gun attack.

ATM-9B Missile

Sidewinder %s not affected by the iimitations of a .computing sight
because, in a missile attack, the pilot uses a 70-mil tracking cone
with a fixed sight. This allows him to track the target quite success~
fully. The G bleed-off characteristics of today's pursuit attacks
actually kelp the attacker to position himself within the 60° launch
cone behind the target aircrafi, since the acrtacker is being forced
into the trail position - behind his respective target - with a G
bleed-off. '

TYPES OF PURSUIT CJRVE ATTACKS

Until now, we have made a genexal analysis of the type of attack
we will be performing against high~speed targets. Now, we will dis-
cuss specific types of pursnuit cunve attacks and see if one or more
cf these attacks offers advantages over the others. There are four
basic types of pursuit attack: "

1. The High-side or Level Attack
2. The Overhead Attack
3. The lnderside Attack

&, The Nose-quarter Aitack

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

The High~-Side Attack

N = VE x V&t x §in8 .
32.28 ’

The radial G expressed here represents the lateral acceleration of

the fighter in the horizontal plane. It does not represent the total
G on the aircraft, since it meglects the pull of gravity (1G). Total
G is the resultant of radial G and 1 G pull of gravity acting through
the vertical axis of the aircraft. This total G determines angle of
attack - the angle between the mean chord lire and the relative wind.
Since total G determines angle of attack, the aircraft stalls on total
G. In view of this fact, and because our previous formula considerad
only radial G, we must determine the exact relationship between total
and radial G. It may be expressed as follows:

ct? = Gr2 + 1

Total G

vhere Gt
Gr = Radial G

1

1 G gravity

We can see, by the formula, that total G will always be greater than
radial G. This is a disadvantage,. because the rate of tura which an
attacker needs to track a tazget, or the range to which an attacker
can approach a target is dependent upon radial €, not total G. This
disadvantage becomes. less at higher G values because the difference
between total and radial G is less. Example:

If Gt = &
er = Yot -1 = Vi6-1 = 3.87
If Gt = 2 —
er = Yer-1 = -1 =73
The difference between 2 and 1.73 = ,27 whereas the difference be- .

tween 4 and 3,87 = .13,
Since a greater difference exists between Gt and Gr at lower G values,

the rate of turn is reduced not only because less total G is available,
but also because an even greater loss of radial G is experienced.

P }




The Overhead Attack

The overhead attack, ‘as compared to the high-side or level attack,
has the apparent advantage of maintaining airspeed and G because the
thrust vector and gravity act together to provide a greater total
force. However, to determine whether or not there is a real advantage,
let's examine the difference between rate of turn (GR) and total G. To
digress, let's assume that an aircraft is in straight-and-level flight,
How many G will show on the G-meter? One G. Now, let's assume that an
aireraft is in straight-and-level flight, but upside down. How many G will
show on the G-meter? One negative G. Now remembering these relation- .
ships, let's note the total and radial G relationships at four points
around a loop - the pullup, the 90° point, the 180° point, and the 270
point. For example: let's assume that the aircraft is pulling &4 total
G at the pullup as illustrated in figure 10. How many radial G is it
pulling? Three. Then, in effect, we have added 3 G to the 1 G needed
for straight-and-level flight, to give us 4 total G at pullup. At the
90° point, when pulling & total G, we will also be pulling 4 radial G.
At this point, gravity is 90° from our vertical axis, thereby exerting
no pull along this axis - instead, it is a drag factor action 180° from
the aircraft line of flight. At the 180° point, when we are pulling &
total G, we will have 5 radial G, thercby giving us a turn rate - at
a given airspeed - greater than &t any other point ou the loop. 1In
other words, as ccmpared to the pullup, gravity (1 G) acts in the
opposite direction, thervefore gravity must add to, rather than sub-
tract from total G, to provide g gr2ater radial G. At the 270° point,
once again, total G equals radial G except that gravity acts in the
same direction as the aireraft line of flight, From the 270° point
on, radial G diminishes in relation to total G until the pullup poiat
is reached, £t this point we again have 1 G difference between total
and radial G. s

(o}

In an overhead attack, tc determine the difference between total
and radial G, we may use the following formula:

Gt = Gr + Cos®
vhere Gt = Total G

Gr Radial G
Cosé@ CoSine of the angle-off

It is obvious, from the formula, that the relationship batween total
and radial G is considerably different from that experienced in a high-

side pass. Example:

In a Level Pass where Gt =

Gz
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In an Overhead Pass at 30° angle-off where Gt = 4,

Gr = Gt =CosB or Gr = 4 - ,866 = 3.14

As shown in the example above, if an attacker is forced to fire
inside an opponent's maximum performance come - at angles of less
than 30° - this means that from .866 to 1 more G, above radial G, is
necessary to track a given target, Thus, as compared to a high-side
attack, even though an attacker may have an apparent advantage in
maintaining ﬁigher G, it is largely wiped out by the greater differ-
ence between radial and total G, The important thing to keep in
mind here is that the overhead attack offers no significant advantages

over the high-side attack. '

Underside Attack

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

Gt = Gr - Cos®

If we assume the same attack conditions as illustrated in the over=~
head pass =~ 30° angle-off, &4 total G - we get the following results:

Gr = & + .866 or

Gz 4.866

In terms of G, this.attack seems to provide an apparent advantage,
however this does not always hold true. For example: If an attacker
performed an underside attack in an F-100, he would experience a
rapid speed decay, because of gravity as well as induced drag. As a
result, since speed determines G available, the attacker would have
much less total G. . In addition, becausé of airspeed decay, the at-
tacker would diminish the fighter-target ratio. As a consequence,
the attacker's max-G point would be forced farther out =- in angle-
off, and range - causing a further reduction in both total and radial
G. As a result, the F-100 would not gain appreciably by this attack,
since total G available is veduced sufficiently to cancel out the
advantage of z higher radizal G. However, if this same attack were
executed in an aircraft with z very high power-to-weight ratio and a
low-drag profile - such as the F-104 - the attack could be invaluable,
since high speed decay and G bleed-off would not occur.

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

Nose-Quarter Attack

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

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

further,

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

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

1, Overhead Attack
2. The High-side Attack
3. The Six-0'clock Attack

4. The Underside Attack

Overhead Attack

The Overhead Attack has two basic disadvantages - IR and G, As
you will -recall, IR tone contrast against sunlight-reflective back~
grounds - clouds, and ground - forces us to diminish our effective
slant range, until we are ar >roximately 6000' to 8000' from our tar-
get. This IR limitation, combined with the 2G limitation, allows an
attacker to fire only at low angles off, To illustrate, by figure
11, if an attacker pulls 2 G inside an opponent's cone of max per-
formance - angular velocity cone - he will generate a radial G con-
siderably different.than the total G on the G meter, For example,
at 30° angle off, applying the formula Gt - Gr + Cos@, we find
that the attacker is only able to generate 1.¥34 Gr.
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VE = .9 Mach = 873'/s
- ' >35 - 80,000°
Vt = .9 Mach = 873'/S
Gt = 2 :
6 = 109, 20°, 30°
Gr @10°= 2 - ,985 = 1,015
Gr @ 20°=2 - .9 = 1.06
Gr @ 30° = 2 - ,866 = 1,134
S = Vf UVt Sin8 _ 23700 Sin® )
32.2GR - Gr’ ’
S = 23,700 x .174 = 4.060
1.015
& = 10° -
S = 23,700 5: 342 Y= 7,650
1.06
0 = 20°
S = 23,700% .5 = 10.450
: 1.134
6.= 30°
Figure 11

At 20° angle-off, apply:.no the same formula, we find that the attacker
can generate 1.06 Gr. . At” 109:angle -0ff, he:can :generite- only 1.015 ¢rx.
Now let's assume that the fighter maklno this attack is going .9 Mach -
against 'a .9 Mach target at 35,000'. Applying the formulsy

S = V£ Vt x Sind

32.2N -
vhere VE£ = ,9 Mach or 873'/s B I
Vt = .9 Mach or 873'/s TR

Sim .0f :30° = .5 o

we find that, at 30° angle-off, an attacker ¢an get no closer than
10,450', At 20° angle-off - where Sinf '=',342 and N = 1.06 ~ we
find that an attacker can get no closer than 7,650'. At 10° angle-
off, using the samz procedure, we find that an attacker can get no
closer than 4,060'. Since an attacker cannot receive proper IR dis-
crimination at ranges greater than 6000'to 8000 feet, he will be
forced to launch his missile inside 20 degrees an01e-off in order to
secure a kill, Certainly this pozes no great problem, as the
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attacker will be forced in-trail since the fighter/target ratio is
much less than 2 to 1. However, despite this aid from a low fighter/
target ratio, the overhead attack is the poorest possible for employ-

ment of AIM-9B. (This will become especially apparent when we discuss
fighter-versus~fighter tactics.)

High-Side Attack

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

VE = .9Mach = 873'/s
::::>as - 80,000°

Vt = .9 Mach = 873'/sS
6t = 206r = 1.73.
Gt = 1.6 Gr = 1,25
S = V£Vt Sin@ = 23,700 Sin®
32.2 Gr Gr
S = 13,700 Sin® ~ 10° = 2380
Gr= 1.73 20° = 4580
30° = 6840
S = 19,000 sin®  10° = 3300
6r = 1.25 20° = 6490
30° = 9480
Figure 12

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

We can see, by comparing the high-side attack with the overhead
attack, that the high-side is better, because of less limitatioms
in IR and G. 1In other words, we have greater freedom of maneuver
to successfully launch Sidewinder.
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Six~0'clock Attack

In a six-o'clock attack, IR tone contrast occurs at greater
ranges because the horizon does not reflect as much background IR
radiation, Since we are at 0° angle-off, there will be no G or
lambda limitation, therefore we can fire Sidewinder from any range
between maximum and minimum. In view of these facts, the six-
o'clock attack is-the best so far, because AIM-9B is not forced to
operate near its limiting parameters. In addition, because of our
position in relation to the target, we achieve an element of sur-

prise.

Underside Attack

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

1. IR S
2, G
3. Surprise
4, Aircraft Performance
IR Tone contrast is maximum aoalnst a blue-sky background., Here,
the 1ead sulphide cell can discriminate between the hot metal of
the jet's tailpipe and the blue sky. At ranges of 20,000 feet and
greater, the IR pattern becomes longer than the range of the missile.

The G limitation, in relation to missile range and IR tone contrast,
ls almost non-existent. (see figure 13)

VE = .9 Mach = 873'/S<_

Vt = .9 Mach = 873'/S

Gt = 2.
& = 10°9, 20°, 30°
Gr @10° = 2+ .985 = 2.985
Gr @20° = 2+ .9% = 2.94
Gr @ 30° = 2+ ,866 = 2.866
S = VE£VtSind = 23,700 Sin8
32.2 6r Gr

S = 23,700 x .174 = 1,380’ S = 23,700 x .342 = 2,760*

2.985 ‘ 2.9
g = 10° e = 20°

S = 23,700 % .5 = 4 130!

2.866
6 = 30°
Figure 13 !




This figure shows that, as we approach our cone of maximum perform-
ance, we find that we can generate 2.366 radial G while pulling 2
total G. Applying this value to the figure above, we find that we
can launch Sidewinder at a range as near as 4,130 feet at 30° angle-
off without exceeding our 2-G limitation. At.20° angle-off, while
generating 2.94 radial G, we find that we can launch as near as
2,760 feet without exceeding the 2-total-G limitation, At 10°
angle-off, we can launch at a range as close as 1,380 feet. To put
it another way, when we launch our missile against a target from an
underside attack, the missile must turn in the direction of gravity
to set up its collision course - thus, gravity, acting in the direc-
tion of the missile's turn, actually causes the missile to fall
toward the target. In other words, the missile has a maneuvering
advantage, since it generates a radial G greater than its total G.
This advantage we have already considered in the previous illustra-
tion. Surprise, the third major advantage, is greatest when attack-
ing a target from underneath, or from six-o'clock-low, since this 1is
the target's blind area. Aircraft Performance, the fourth major ad-
vantage, can be understood by referring to figure 14, ‘

UNDERSIDE ATTACK

Figure 14
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Here, we are an attacker ready to launch AIM-9B against a target trave
elling .9 Mach at 40,000 feet. Applying a rule~of-thumb for co-airspeed,
we see that the fighter can launch frem a max range of about 13,000°'.
Now, 1f the attacker sets himself up to launch from 30° angle-off, this
means that he can launch from a position 6,500 feet below the target.
"To achieve this launch position, an attacker may start his attack at
even a lower altitude - the distance below dependent upon his airspeed.
For example: An F~100 at 1.1 Mach may start his attack with an alti-
tude differential of at least 10,000 feet - in this case, at 30,000
feet altitude. From this illustration, we can see that ATM-9B gives

an attacker an additional performance capability, in that the attacker
is not required to attain the target's altitude.

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

EEST TYPE OF ATTACR AZAINST A NON-MANEUVERING TARGET WIfH THE 20MM

CANNON )

As you will recall, beczuse of the characteristics of the pursuit
curve, our fire control system limitaticns, and the capabilities of
our opponent's da=fensive fire, we consider the pursuit curve a poor
attack at best, when using the 20mm cannon. It does not matter whether
we are in an overhead, a high-side or an underside attack. The prob=-
len now is, how are we going to attack a non-maneuvering target if we
do not choose to use the pursuit curve as illustrated praviously.
The solution we propose: Plan an attack in which we combine the charac~
teristics of the pursuit curve and the collision course. To explain:
On a collision course attack, the target will be allowed to fly right
through our bullet stream. The bullet stream itself will have no
angular velocity as generated in a pursuit curve type attack., A 100-
foot target with a speed of 800 feet per second, at 30,000 feet will
require approximately 1/8 of a second to fly through our bullet stream.
Assuming that we can fire 6,000 rounds per minute - the combined rate
of fire of 4 M-39 cannon - this mzans we fire at a rate of approxi-
mately 100 rounds per second., If the target requires 1/8 of a sescond
to pass through our bullet stream, we can expect about 12 hits if we
set up a perfect attack. This is not acceptable. In a pursuit curve
attack, we do not have this problem, because the angular velocity of
our buliet stream matches the angular velozity of our target., In
other words, our builet stream is constantly supsrimposed against
the target vwhich is being tracked. The only disadvantage of this
attack is that it forces us into our opponent's defensive conz of fire.
To counter the disadvantages of tha pursuit curve and the collision
course, we assume attack conditions against an imaginary target end
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apply them against 3 real target. To illustrate: We set up an attack
so that the angular velocity of our bullet stream matches that of a
target going slower than .8 Mach = say .5 Mach. This allows us to
fire at a higher angle-off, at a given range, because of the slower
target. Then we apply this imaginary attack - against a .5-Mach tar-
get - to the .8-Mach target. To do this, we place our reticle in
front of the .8-Mach target, gemerating ths G necessary to track a
.5=Mach target which means our real target (.8) closes upon our bul=-
let stream (.5) with a delta Mach of .3 which, at 30,000 feet, is
300 feet per''second. Firing 100 rounds per second, this allows us
to put ‘approximately 33 holes in the target with a perfect pass, as
compared to 12 in a collision course.

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

1, Lead for target motion.,
2. Lead for gravity drop.
3. Teajectory sulfin,

If we use a fixed sight, we will have to determine all three com=
ponents. £ we use vadar, or kesp the sight pegged at the range from
vhich we plan to Zize, gravity drop and trajectory shift will be
completely computed and lead for tazget motion partially computed.
We'll use pagged sight, to simplify our lead problem. Radar is not
applicable because the overiead neaded to set up the attack takes us
out of ovr radar tracking come. To determine the additionzl lead we
need to enable our pegged sight to indicate the bullet impzact area,

we use the following fomawla:

Lead =’ Yt x Sind x 106090
‘]p
where Vt = rate cf closure of the target, in feet per second

toward the bullet stream
Sin® = Sine of the angle-off.

Vp = average projectile velocity (dynamic gravity drop
tables)
Lead = additional lead in mils
The lead in mils which we zcquize from the above formula is placed in
the sight reticle, so that the oukter dismond indicates the bullet im=
pact area ag the target passes through the reticle. To compute the
lead for inmgertion into our sight retlcle we us2 the following fornaula:
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WS = 2% lead in mils
Firing Range * 1000

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

Step I

To find the firing range and angle-off, we assume a ,5-Mach target

Vi

vt

30°

=

It

¥, .
-and solve in'the following manner:

3

309, 25°, 20°

VEVt SinG - 873'x 485 (Sin®) nt
399N 56,6 4380 (Sing)

"8 = 4380 (.5) = 2190'

259

S =
200

S =

Step II

4380 (.423) = 1850°
4380 (.342) = 15090!

To find the additional lead (in mils) needed against a ,8-Mach
target we solve in the following manner: .

vt (Sirn®) 1000

Vp

201" ¢.5) 1000 = 38 mils
3840
291 7,423) 1090 = 32 mils

3880 i___‘__--_,__ “___.w;,._m_. ‘




20° '

1 =291 (.342) 1020 = 25.5 mils
3920

. Step III

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

At 300 ardgle-off

Ws = 2 (lead in mils)
Firing Rznge 1000
ws_ o _ _76
2190 1000
WS = 16

s - 64
1850 10090
WS = 118

At 20° angla-off

Wws_ _ 51
1500 1000
WS = 76

From Step III we can sse that it will be impossible to set up the
additional Jead by placing the wingspan lever on 166 since 120 is the
maximum setting. This me2ans that we can either fire at 1850', 25°
angle~off (steps I and IT with the wingspan lever at 118 or at 1500,
20° angle-off with the wingspan lever at 76. Since we want to fire
at max angle-off, we'll set the wingspan lever at 118 and fire at
1850', 25° anglzs-off. -

Now to perform the attack. We do not use the conventional pursuit
curve approach, &s this dozs not aliow us to dstermine target speed
and directlion, and we neecd these factors to apply the attack we have
just computed., To apply this attack corzectly, we use a barral-roll
type of 2ttack. To sel it up, we fly in the samz direction as the
target and sdout 3,000 to 4,007 fast zbove it. From there we turn

-

about 10 from his lire of flight, bawwsel-roll = in the direction of
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the turn - down to a key point, trying to maintain an almost constant
angular relationship between us and the target, See figure 15. From
here, we place the sight reticle well out in front of the target, in

line with his flight path, and pull the G necessary to track the imagin- -

ary target. As we close to our firing range and angle-off, tha target
will move toward our sight reticle. As the target starts to cross the
outer diamond, we depress the gun trigger and hold it down until the
tail of the target passes through the outer diamond.  From there we
recover and set up another attack by kicking in afterburner and roll~
ing back to the same position on top of the target.. '

v .

This attack has definite advantages: It allows the attacker to fire
at a higher angle~off than in a pure pursuit curve attack. It allows
the attacker to fly through the target's defensive cone of fire at a
faster rate than is possible in a normal pursult curve attack. Since
he is flying a ccmbination of a pursuit curve and a collision course,
another and probably the most important advantage is that the attacker
finds. it easy to ceposition himself for consscutive attacks, .. This. is
possible because the attacker is always close enough to the target to
Judge relative positioning. The big diszsdvantage of the barrel-roll
attack - as we employ it - is that it provides the attacker less tims
for ‘lethal fire. However, in view of the fact that a fighter can per=
form more consecutive attacks thzn in 2 normal pursuit curve, this
disadvantage does not &ppear to bs too rastrictiva, '

In summary, we do not advocate the barrsl-roll attack as a cure-all
for fire control problems ercountered when firing against bomber-type
aircraft., Imstead, we comsider it somewhat of a “Rube Goldbarg" affair
designed to surmout the problems associated with today's normal pursuit
curve attack, when using gums as the ma2ans for ordnance delivery, Al-
though 1t appears difficult to perform, pilots ave able, with just a
minimum of practica, to set themszlves up gulte succesafully.

MANEUVERING FOR THE ATTACK

Success, in air-to-air combat, depsnds on the ability of a pilot to
place himself in a pesition from which he can deliver his fire power,
In fighter-versus-bombzr combat, time is important also and can be con~
sidered a m2asurement of succesz, To illustrate: If we have a bombar
attempting to destroy a given target, we must not only position ocur=
selves to deliver oux fire power, but must also expedite our position-
ing before the bombs:r »eaches "bombs away" point. Since timing is so
critical, we must use the very best method by which we can position
ourselves for this attack. As we have shown, the best weapon in terms
of performance and ease of delivery, is ATM-9B., The best attack with
this weapon and our aireraft, is the underside attock. Positioning.
for this attack depends upon the space relationship between you and
the target. Considar this relatlonship, GCI may provides a set-up
from three poszsible pozitions. -

¢

s

"".wy




CNOVLLV 3ars-Ti0Y




'l. Nose=quarter
2. Abeam, or 90° '

3. Tailequarter

Assuming VFR conditions, it wiil ba the rzsponsibility of each attacker -
upon visudlly acquiring the target - to mansuver from any onz of these
set-ups to the firing envelope behind the target. To get into this
position quickly, en attacker must maneuver in a thresz-dimensional field
to acquire the maximum benefits from airspeed and turn, If the attacker
does not understand three-dimensional maneuvering, he will be little

more effective than GCI in manevvering from & setup or approach, to a
final firing position (GCI will place him in the firing envelope through
the use of two-dimensional mansuvars). ‘ )

The Nose-Quarter Attack: 1In performing the rnose-quarter attack, we

do not choose to approach our target from a direst headeon position,

If we do, we will be forzed to perform a 180° changes of direction by
executing a level or & climbing turn (high=speed yo-yo) to aprproach
our targat from a sixeo’clock poalfion, The tfmz consumsd in a level
turn aliows the target to genervate a gr=at amount of longitudinal sep-
aration., This &llows the target afrcraft to make considerable penetra-
tion of a defense area bsfore the attacker can set up a missile attack.
The climbing turn or highespeed yoe=yo allows the attacker to complete
his change of dirzction in less time; hdowever, ‘at the end of this man-
euver, the attacker will find himself with considerable longitudinal
-separation in relation to the target, since his airspeed has decayed
considerably below that of. the targat, Once again, the targat air-
craft will effect considerable penatratiom before the attacker can
position himself to launch AZXM-9B., If the attacker is directed by

GCI for a noscequarter attack, ke should request GCI to set him up on
an anti-parallel course to an offset point 15,000 feet to one side

of the target's lire of flight. When the attacker visually acquires.
the target, or when GCI ind cates that he Zs ten miles from the target,
the attacker should apply full afterburnar power. At the same time,

he should dive to an altituds about 5,000 feet below the target, so he
will be offset in both the ve=ticzl and horizoatal planes, This pro-

- vides the attacker with mancuvering asirspsed and a position from which
to execute a fhandelle followed by a low speed yosyo (a dive bzhind

and below the target) to the attack come behind the target. See fig-
ure 16. Compared to a level turn, this maneuber allows the attacker

to complete his 180° change of direction move rapidly. In addition,
since the attacker iz turning thzough both the vertical and horizontal
planes, his horizontal turning component is reduced. As a result of
these two factors = fast turn rate and small turn radius ~ the ‘attacker
will be in a position much nearer the target's attack-conz. To pre-
vent the target from penetvating the defense area excessively, the
attacker must dive behind and below the target at the completion of 909
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of turn. This will aid the attacker ir recouping the speed lost in the
chandelle. Also, it allows him to turn inside the target's line of
fiight, because he is able to reduce his horizontal turning component
by maneuvering through both the vertical and horizontal planes. Result:
The attacker quickly poaitions himself ~ at six-o‘’clock=iow ~ to launch
Sidewinder.

The Bzam or 90° Approach: In a bsam approzch, our problem remains
essentially the samz as that in a nose-quarter attack. That is, we
must quickly place the attacker in a launch position, to reduce pene-
tration time. The best means by which to accomplish this, upon visually
acquiring the target, is to use afterburner and parform a diving turn,
below and behind the target's line of flight. Once again, afterburner,
coupled with a descending turn, will increass rate of closurz, because
of rapid acceleration., At the'same time, since the turn is through both
the vertical and horizontal planes, a cutoff is easily effectad. Result:
the attacker is quickly set up for a missile attack from six-o'clock=low.
If the beam attack starts fromi a high position, the same procedures
should still be used. Remzmber, the attacker wants to reduce the target's
penetration time. At the same time, he wants to set up for the best
possible attack. A diving turn or low-spzed yo~-yo will sztisfy both of
these conditions. If a beam attack iz initiated from a low position, the
previcus proceduras still apply, since the attacker is trying to reduce
target penztration time by rapid closure and a cutoff inside the target's
line of flight.

In a2 tall-guarter attack, the problem of defense arza penetration.
is most critical. To reduce this penstration timz and to allow the
attacker to pcsiticn himself for the best possible missile attack, he
must accomplish & dive telew and insida his opponent's line of fl¢ght
up to an attack position {inside yo-yo)}. Since penetration time is so
critical, the proceduze will rzmain tha sam2 whether the attack starts
from & high or low position. -
' FLIGET TACTICS

Tactical formation, hence flight tactics, are designed primarily to
provide meximum mutual support and visual cross cover and retain maximum
maneuverability for any air-to-air operation. 1In other words, tactical
formations must provide both defensive and offensive capabilities. To
provide these capabilities, a compromise betwsen maximum mutual support
and maximum maneuverability must be accomplished. The extent of the
compromise will depend upon .the typz of mission flown. Though our mis-
sion - fighter-versus-bomber ~ emanates from a,defensive situation, it is
offensive in nature, in that the.fighter is trying to destroy the bomber
aircraft and iz not p*lmarlly intarested in providing security for him-

self.
The present concept of weapons employment (nuclear weapons) in-

dicates that a givsn enemy will employ saturation-type tactics rather
thzn a concentration of his force over a given target area. In other
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vertical planes to maintain position. He will siide high when over-
shooting, and drop low to the inside when falling back. 1In other
words, the mansuvering technique is basically the same as that of the

patrol position,

If the leadar iz unable to deliver a successful attack against a
bomber aircfaft, the wingman w2ll taks over the lead position and injiti-
ate the attack. If neithezr the wingman nor the leader can deliver a
successful missile attack, they will press in - with afterburner - and
zoom above the target aircraft, rom this position, they can execute
coordinated barreleroll attacks agdinst the bomber aircraft. When
the leader comazs out of his rell, and into the firing position, the
wingman may start down. Whan the leader slides to a new high position
on the target, the wingman will be in the firing cone, and the cycle
Just repaats itself, ) :

If the bomber is too high to permit successful employment of the
barrel-roll attack, the fighters hzve no recourse. They will be forced
to approach the target from below and from the six=-o'clock positicn.
If this.tactic must be employed, it behooves the fighters to fire at
the extrems range of the Fizz cont=ol system, Since the bomber is
much larger, es compaved to the fighter, their opportunity to secure
a lethal burst is certainly as good « if not better = than that of
the defending bomber. The important thing to remsmber: the bomber

" must be destroyed, regzrdless™of the tactice used, or the weapon
employed.

SUHPMARY

In our discussion of Asrfal Attack, we stated that tactics were
developed accordirg to the pearformance capabilities or limitations of
the wezpons sys<wm szed - oux Wwezpons as well as the opponent's.
Recognizing this, we set dbout to determine the performance parameters
of our weapons syatems - the F=100 equipped with AIM-9B and the 20mm
cannon. Study revealed: To successfully employ AIM-9B, it nust be
launched within 2 given firi ; envelope., The firing envelope is de-
termined by the radfation pattern of the target and the performance
envelope of the missile. The parameters of this envelope are deter-
mined by, (1) the siza of the target's infra-red pattern, (2) the . )
range of the missile, (3) G=capzbility of the missile, and, {4) AIM-9B
lambda limitation. To sucessfully employ the 20mm cannon, the pilot
must be within the theoretical capability of the fire control system,
and have control respensss precise enough to centrol this equipmant.

We thén appliad the information provided by this study - the
limitations of ATM-93 and the 20mm cannon = to the pursuit curve, to
find the best attszk envaiope for each system. We found that the best
attack envelope for ATM=93 is an underside or a sit-o'clock-low attack.
For 20mam cannon, we found that the bugt attack would have to be a
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barrel-roll attack, ccmbining the characteristics of the pursuit

curve and the collision course. Comparing this information revealed

that AIM-9B is a far superior weapon for a fighter-versus-bomber inter-
cept, since its firing envelope and rssultant attack cone is much

greater than 1s possible when employing the 20rm cannon, Sidewinder's
main disadvantage, in a fighter-versus-bomber intercept, is its inability
to discriminate target IR radiation from background IR clutter, This
disadvantage can easily rasult in the attacker being forced to use the

20cm cannon attack. NOTE: Keep in mind that the advantage which AIM-9B -

enjoys over ordinary armament, in a fighter-versus=-bomber attack, is not
near as great in a fighter-versus-fighter situation. (e will elaborate
on this in Part IT of this manual.), o

Since AIM-9B provides a largar attack cone and a greater capability,
tactics will be predicated upon this advantage. Whether an attacker
approaches. the target from the nose-quarter, beam or tailequarter posi-
tion, he will set up to deliver AIM-9B. If conditions preclude missile
delivery, he will press in and employ 20mm cannon., Bafore the attacker
reaches this weapon delivery point, he must maneuver through both the
vertical and horizontal planes as-it is his responsibility to provide
positive guarantee that individual bombers in a saturation-type strike
will be intcrcepted. Two=-ship sScrambles will be employad., If more
than two aircraft are used, the fighter defemse is spread too thin,
Simply stated, thz dictum, "economy of force'" would be violated with
little gain in effective ccmbat potential,
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INTRODUCTION

In our discussion of fighter-versus~bomber tactics, you will
recall, we determinéd the capabilities and limitations of our weapons

systems,
fighter-versus=bcmber tactical dectrine.,
versus~-£ighter tactics, we will employ this same procedure. The order

On having learned these parameters, we then developed our

of discussion will be as follows:

1.

2..

3.
4,

Basic Limitations of AZM-9B Against a Maneuvering Target
Fighter Maneuvers
Tactical Formation

Flight Tacfics ;

3

When analyzing fightereversus-fighter tactics, by way of the four
major phases above, we will employ the case system - a plan whereby
*we examirne possible hypothatical situations which the pilot may en=
counter in flghter»verbus-fign : eombat,

L

In our discussion of fighter-



CHAPTER 1

BASIC LIMITATIONS OF ATM-OB AGATINST A MANEIVERTNG TALGET

In discussing the employment of AIM-9B against 2 nonemaneuvering
target, we indicated that ths missile has four basic limitations =
IR, range, G, and lambda =~ 2nd that these limitations forced us to
deliver the missile in a cone 60° wide, emanating from the tail of
the target aircraft. It was also shown that the length of this cone
would vary according to altitude and delta Mach., At high altitude,
with a positive delta Mach, the cone (envelope) will be considerably
.longer than at low altitude. In our discussion of fighter-versus=
bomber tactics, we defined this come in terms of angular velocity (max
performance conz). By angular velocity, cone, we mean an-envelope in
which the attacking fighter may deliver AIM~9B without exceeding its
maneuvering limitations. Ve can see; by applying this angular velocity
cone to any fighter-versus-bomber or fighter-versus=fighter situation,
that the purpose of any tactics which we develop will be to place us
in this cone. On the other hand, when in a defensive situation, we
will attempt to rotate this cone away from a given opponent. By doing
this, we prevent him from sscuring a firing position.

When employing ATM-9B against 2. manauvering target, the cone not
oanly diminishes in size, it also changes in shape. In other words,
the geometric shape of the maneuvering envelope will be considerably
different than a non-~maneuvering eavelope. To illustrate: When dis-
cussing the none-maneuvering envelope, we found that its basic shape
was detemmined by four factors = IR, range, G and lambda. We noted
that these envelopes were rather symmetrical in shape. Maneuvering
envelopes, on the other hand, are not so symmetrical. The lambda and
Gelimitations are primarily respounsible for this change in shape. The
reason for this: Lambda limitation may be excesded because of a comb-
inaticn of low missile velocity and high angle off. If we launch AIM-93
from long range - within the effective range of the missile = at a man-
euvering target, we can expect the target to turn into the attack. His
objective is, of course, to rotate his angular velocity cone away from
the launch aircraft. By doing this, the defender can force the missile -
to excead its lambda limit, beczuse the missile is not only slowing down
as it approaches the target, but the angle-off is increasing, since the
defender is turning into the missile's line of flight, In other words,
the angular velocity generated by the defender forces AIM-9B to turn
farther and farther in front of the target to maintain its collision
course. This, of course, increasss the resultant lambda angle. 1In
addition, the missile is forced to turm evan farther in front of the
targest, bacause of its continuous decrease in velecity after rocket
motor burn-out, preducing an extremely large lambda angle. If AIM-9B
is launched nsar its max-effective rangs and the target turns into the
attack, the combination of increasing angle off and missile decelera-
tion can easily cause the missile to excsed its lambda limitation, If




‘this occurs, the gyro seeker rubs against its mechanical stops, which
stops the gyro and the missile loses guidance.

The attacker can do two things to avoid exceeding lambda limitation:
(1) Reduce his range before launch, which results in a higher missile
velocity in relation to the target, and therefore, a smaller resultant
lambda angle, and (2) reduce angle off. The smaller the angle off, the
lower the resulting lambda angle. It is now obivous that the best at-
tack can be initiated from the six-o'clock position at a réduced range.
It is also obvious that lambda is the greatest missile limitation against
a maneuvering target. To illustrate the magnitude of this limitation,

lets examine figures 18 and 19.
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. When AIM-9B is launched from a .8 Mach atfacker against a .8 Mach
maneuvering target which is performing a 3-G turn into the attack, we
note (from figure 18) that effective missile range is somewhat less
than that available against a non-maneuvering target. We also note
that max angle off from which ADM-9B may be launched is less than 20°.
The reduction in range is necessary because of the 25° lambda limit,
vhile the reduced angle off is caused by a combination of lambda and
G-limitations (G-limitations will be discussed later). If. the target
pulls more than 3 G, the maneuvering envelope will become even smaller.
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lambda limitation, but also with the sams limitationg encountered in
an attack against a noa-mancuvering targst - IR and G. These linita=
tions force the attacker to diminish his range until he can discriminate
betwean IR background clutter and targst signal and/or avoid excecding
the lambda limitatioa. This m2ans that in a .9 Mach co-spaed attack
against a mansuvering target, the attacker will be forced to fire at
less than 20° angle-oif, otherwise, he will exceed his 2¢ limitatica.
(see figure 20). Romember, in an overhead attack, the differencae
between total and radial G is considerably less than in the high~side
or the underside attack (Gt = Gr + Cos@), therefore, to stay within
the 2G linmitation, the attakcer must launch from longer ranges (at a
glven angleeoff), For example, if an attacker performs an_ overhecad

«9=Mach co-spaed attack - to prevent himself from exceeding the 2G launch

limitation at 30° angle-off -.he must launch from a range of at least
10,450 feet, Under the samz conditions, he can launch from a range of
£,840 feet at 30° angle off in a high-side or level attack., In an
underside attack, he can launch as near as 4,130 feet at 30° angle=off
and still be within the 26 launch linitation,

Frem the above analysis, it is apparent that the overhead attack
is the worst possible bocause ‘of the limitations imposad by IR, G aad
lambda. Unlike an overh2ad -attack against a non-~maneuvaring target,
the attacker will find it difficult to acquire the low angleeoff
necessary for launch. - Instead, since the target is turning into the
attack, the.angle off will increase and the opportunity to launch will
be lost. On the other hand, there is a slight advantage since the tare
get 1s forced to turn into the attack = he will be forced to'pull up
and will consequently cuperiecnce speed decay, The attacker will hava

& positive delta Mach and.a higher missile velocity in rzlation to the
target, and, therefore, a greater range from which he can launch ALM-93
before lambda limit s reached. This advantage is not a real advantazga
hcuever, because the attacker can still b2 foreed to exceed the IR ond
G paramaters. We know, from our study of AIM=93, that 1f we force the
migsile to exceed any one of the four paramaters = IR, range, G or -
lambda = a kill will bz unlikely. From a tactics standpoint, whilevson
the defensiva, the attack most easy to defend against is an ovarzhead
attack with a negative delta Mach. 1In thig situation, we force the
attecker to exceed a greater numbar of his limiting par¥amaters than

in any other "attack.

The uvnderside, or six=-o'clockelow attack ig the best possible
attack waich we can execute against a mansuvering tarset, It vas
noted in our analysis of this attack against a nenemanzuvering target
“that we acquired advantages in IR, G, gurprise, and parformaince.
When attacking a manauvering target, wa rotain thess advantanes, but
acquire a disadvantage frem lambda limitation. Tha lo-tida disadvantase

-~
o 4

is, hewever, overridden by the advantages, This 13 tiun bagausa the
advantages of IR and G allcy tha attackar to lavash at ralativaly
shorter ranges at hich anglas~ofZ, witheout enceading tha 23 launch
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limitation. (Remember, in an uncderside attack, radial G is greater
than total.G.) In other words, the attacker receives the benefit of
1G gravity, thus allowing him to positilon himself closer to the tar-
get at a.higher angle off without exceeding his 2G limitation (total -
G). This means that the attacker can reduce his range to stay within
the lambda limitation and still be within his 2G launch limitation.
In effect, the attacker is provided greater freedom of maneuver to
successfully launch AIM-93, In an underside attack, this freedom of
maneuver 1s greater than in any other attack. From the defender's
viewpolnt, it is certainly the most difficult attack to defend against.
In surmary we may say: The best attack for AIM-9B is the underside
attack and the worst attack is the overhead attack = especially if
the attacker has a negative delta Mach.
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CHAPTER II

FICHTER MANTUVERS

To acquire an understanding of the scisnce of fighter-versuse
fighter combat, a complete knowledge of the spatial relationships ine
volved in this form of aerial ceombat, is neceszary. Before he can
achieve this. understanding, any tactician must be able to define or
imagine a frams of reference, within which he must operate, In addi-
tion, he must know the basic tools which he may employ in this frame
of reference. Simply stated, this msans that the pilot must under=-
stand the geomatric space relationships and how to apply this insight
to a given fighter-versus-fighter situation. Our purpose, in fighter
maneuvers, wlll be two-fold: (1) To define and present.geomatric re~
lationships needed for fighter-versus-fighter combat, and (2) to show
how to properly apply these relationships in fighter maneuvers.

In discussing fighter-versusefighter combat, it is evicent that
many pilots believe there are an infinite number of situations and
solutions in a given tactical encounter, Such is not the caze!

The field In which a Ffighter pilot must operate is three-dimensional
and finite. The size and shape of the field is determined by the pull
of 1G gravity and the performence limitations of the aircrzft and its
pilot. We can imzgine this field to be spherical in shape, with a
fiattened northern hemisphere and an elongated southern hemisphere.
See figure 21. The sphetical shape is genarated by a menewvering
fighter's turn and velocity operating through three dimensions. The
elongation results from the effect of 1G gravity on the fighter in
this three-dimensionzl field of mancuver. Turn, speed and the force
of gravity determine the operating envelopes and we nes=d cnly under-
stand spatial relationships presented by these factors to develop
effective fightar maneuvers. To know how to secure an advantage over
an opponent, an attacker need only visualize turn, velocity and G pro-
jected onto this speroid shape. He has no control over the force of
gravity, of course, but he can exarcise complete control over aircraft
turn and velocity:. As a result, he can maneuver in a manner to effec-
tively use the pull of gravity in a given tactical situation. Thus,
in a fighter-versus-fighter situztion, the pilot can do two things to
gain an advantage over an opponent: Changz turn and/or velocity, in
respect to his opponznt. He can accomplish either or both by maneuver-
ing through both the vertical and horizontal planes by employing either
a two-dimensional maneuver through three~diménsional space, or a three-

dimensional maneuver (barrel roll),
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To zpply these principles corractly, we nz2d only recall what we
determinad previously in regard to weapons capability., We determined
that to successfully employ AIM-9B or the 20mm cannon, we must attain
a launch or firing position in the angular velocity cons emanating
from the tail of our opponent. Applying the three-dim2nsional con-
cept of turn and velocity, this means that we must reduce one or both
of these factors in order to secure an advantage. Employing these
spatial relationships against a given opponent will provide insight
as to the type of maneuver which we must employ to defeat him.

In our discussion of fighter maneuvers, we will keep in mind this
concept of turn and velocity within a three-dimensional field. As
stated earlier, we will use the case system to determine not only what
maneuver to employ, but also how to employ it to acquire maximum bene=
fit. In discussing fighter-versus-fighter tactics, our first maneuver
for discussion will be the dsfensive turn, We choose to start with this
maneuver because it is the basic maneuver by which the defender tries
to nullify an attacker’s advantage. - This may cause our approach to
appear to be defensive in nature, however; we feel that this is neces-
sary since any offensive action is directly dependent on the precise
maneuveyr which the defendant chooses to gxecute, If thz defender's
knowledge is limited in scope, the attacker's corresponding maneuvers
will reflect this iimitation.

Defensive Turn

3
e,

The puzpose of the defensive turn is to prevent an opponent from
achieving a launch or firing position. As stated earlier, the objective
of this maneuver is to rotate our angular velocity conme away from the
attacker. The best way to achieve this is to turn into the plane of
the attack. This means that in an overhaad attack, we will pull up
into the attack; in an underside attack, ws will dive into the attack;
and if the attack iz frem six~o'clock, we will turn in whichever direc-
tion provides the grazt=st toctical advantage. " Assuming that an
attacker -ammed with an IR missile is approaching our angular velocity
cona from six-o'clock, how would we defend against this attack? First,
perform a hard.turn with a slight dive. This turn should not be a
break or maximum performance maneuver., If so, we will experience high
speed-decay and loss of maneuvering potential, eventually diminishing
our angular velocity. As a result we will probably successfully
defend against the missile attack, but our attacker will be in posi-
tion for a follow-up gun attack. - If we employ the hard turn and the
slight dive, we genervate ecough enguiar velocity to praclude a missile
launch at long range, and at the same time, we retain future maneuver-
ing potential, As range dimirishes, the attacker will be looking for
an opportunity to launch & missile; however, since he is in a pursuit

P
curve attack, his rate of turn is a function of -target speed, angle-
off and range, At-long range the rate of turn requized for the attacker i

to track is conziderably less than curs. Consequently, the attacker's




angle-off and rate of closure will increase. The increase in angle-
off demands a further reduction in range before the attacker can
successfully launch without exceading the lambda limitation. This
forces the attacker to.get closer and, since he 13 on a curve of
pursuit, his angle-off 4s continuing to increase as his ranga de~
creases. "The rate of turn formulaz W=_Vt x Qigg) indicates that

. Range
rate of turn will increase if angle-off increases (8in®) and range
decreases on an attack against a maneuvering target. Both of these
conditions occur. This means that the attacker generates a rapid
build-up in his rate of turn, and by the time he reaches the point
at which ke can launch without exceeding lambda limit, he exceeds the
2G launch limftation, With a .9=Mach co-speed attack at 35,000 feet,
this will occur at a range of about 7,000 feet from the target. If
the attacker gets closer, he must forego a missile attack and attempt
to set up a 20mm cannon attack, This is necessary because when attack-
ing a maneuvering target, once the G-limit is exceeded, G cannot be
reduced - it will continue to build up as range diminishes.

As a defender, we are now forced to nullify our oppoment's subse=-
quent gun attack. To accomplish this, let us once again anz2lyze our
relative positiozs: The attacker, noting that he has lost the oppor=-
tunity to deliver 2 missile, will attempt to reduce his angle-off and
slide into our six-s'clock position. To prevent this, we must' increase
G and rotate our angulaxr velocity cene away from our opponent. OQur
concern now is to acquize a smaller turn radius than the attacker. This
will force him outside our turn and prevent him from achieving a tracke
ing solution. To accomplish this objective, we must play the turn in
respect to tha attacker. The moment we notice his attempt to diminish
angle-off, we increase our G, to prevent him from diminishing his
.angle~off and sliding toward our six=o'clock position. If he continues
to press the attack, tighten the turn to prevent him from staying on
the inside of the tuzn., 1In effect, we are trying to place him on the
other sidé of our angular velocity cone, If we play this maneuver
correctly, he will be unable to match our turn radius, The formula
for turn radifus: ’

R =

ve2

32.2N

where R = Turn cadius in feet .
£ = Fighter velocity in feet/s2cond
N = Numbter of radial ¢

indicates that the fighter with the lewer velocity and/or greater G
Pes a smaller turn radius. In this situation, the attacker's speed

4 G are directly dependent upon the defernder's action and if we
721l a certain number of G, the attacker cznnot pull the same amount.
-* 72 dois, his rate of turn will equal ours, and, at the end of a

E




180° tirn, the attacker beccmes the defender and we the attacker. Of
course this will not occur, because the attacker will be forced to

play his turn in respect to our position. This means that his G will
be less, and as a result, his speed decay will not be as rapid.as ours,
As is shown by the above formula, the attacker will have a greater turn
radius for two reasons: (1) higher speed, and (2) -lower G. As a .’
result, if the attacker continues to press the attack in the plane of
our turn, he must overshoot. This provides the attacker little oppor=
tunity to track the target and places him, geomatrically, on the other
side of our flight path. Of course, this presupposes that we, as the
defender, are.turning near or at maximum rate. If not, the attacker
would be able to slide toward 6=-o'clock, pull a higher G, diminish air-
speed and avoid an overshoot. As we will see later, the lateral sep-=
aration provided by this overshoot is a "must" for the defender's sub-

sequent actions.

Procedures for the Defensive Turn
1. Estimate range and angle-off of the attacking aircraft.

2, Perform a hard turn. if the attacker is mear AIM-9B launch
range. This is a planned maneuver to preclude a successful missile -

launch,

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

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

5.. Increase rate of turn steadily to maximum perfo*mance as the
attacker approaches gun-firing range. This will prevent hlm from
acquiring a trackino solutivn and slldlng toward your six-o'clock

posxtion.

Adverse Yaw

Adverse yaw is defined as the tendency of the aircraft to yaw or
roll away from the intended turn. In the F-100, this condition is
present in the sub-sonic spead range, and is especially noticeable in
high-angle-or-attack maneuvering, If proper technique is not employed
to counteract adverse yaw in high-angle-of~attack maneuvers, aircraft
maneuverabvllty is seriously compromised. In fighter-versus-fighter
combat, since maneLverablllty is a key to success, inability to handle
adverse yav will produce disastrous results. We can see this upon ex-
amining the defensive tuyn. 1In defending against an ATM-OR attack,
the speed and G which we were pulling p&cduced a low angle of attack

Defending against a follov~up gun attack, however, prcduced a high
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angle of attack. If conventional technique is attempted when max per-
formance is Necessary, the result will not be max{mum performance., To
preclude performance degradation, the pilot must-develop two entirely
different techniques to control the F-100 under low-angle-of-attack .
and high~angle-of-attack conditions. :

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

In high-angle-of-attack maneuvers, the following techniques will
be employed: Rudder will be used to control directional change.
Allerons will be moved to the neutral position and back pressure will
be employed to control the rate of turn or intensity of the roll. 1In
a high-anglenof-attack'situation, if the pilot employs aileron as pri-
mary for directional change, he wiil induce a roll-off in the direc-
tion away from the intended turnm. The more aileron he applies, the
faster the rolleaway, This is true because, in a turn, the {nduced
drag on the inboard wing is less than that on the outboard wing, If
atleron is employed, the inboa=d aileron is deflected up and the out=.

_board ailevon is deflected down, This condition fmposes an additional
increment of drag upon the outboard wing. As.a result, the aircraft
yaws toward the high-drag area, or in a direction avay from the iatendad
turn, In low-angle-of-attack maneuvers, .this yaw can be corrected by .
applying rudder until the ball'is centered. ‘In a high-angle-of-attack

-maneuver with the F~100; this technique is not satisfactory., As the

" angle of attack increases, the amount of adverse yaw generated by the
induced drag and deflected  ailerons increases. The yaw increase causes
the outboard wing to meet the relative wind at a velocity less than
the inboard wing. The decrease in velocity, plus the downward deflecw
tion of the outboard aileron, causes the aileron to stall out, conse-

quently, there will be less lift over the outboard wing. - The aircraft
will roll in the direction of the yaw, If additionzl aileron is
applied to correct this roll-off, the rate of roll will inerease and-
the adverse yaw and stall conditions will be magnified.. If rudder

is employed - along with aileron = the adverse yaw gensrated may be
cancelled by the favorable yav induced by the rudder, Bowever, as the

_ angle of attack builds up, the adverse yaw gengrated by induced drag
and deflected aileron becomss grzater than the favorable yaw gen-

erated by the rudder. Thus, a roll-off will still occur, however, at

a slightly higher angle of attack. On the other hand, if we neutralize

alleron and enploy rudder as primary for dizectional control, we can
generate a maximum parformance turn without a subsequent roll-off,

To determine whether we should use conventional techniques or the
rudder technigus, we need only recogniza the "fezel"™ of the aircraft.
The moment the outbn:riqxizzzaggzazgsgazézzheavy, the pilot should

SEays, i




neutralize aileron and apply rudder to control the tuwn or roll., Full
rudder should not be employad, otherwise the Pilot will experience a
loss of directional control, Instead, apply rudder smoothly and as
needed to maintain dirsctional contzol, If this is accomplished, the
ball will be centered and a max-performsnce mansuver is possible. Do
not arbitrarily use full rudder and onposite 2ileron to achieve a max-
performance tuzn., If thisg is accomplished, a large amount of favorable
yaw will be genarated and a suap-roll or spin will probably occur,

The Scissors Mansuver

The scizsors is a defensive maneuver in which a series of turn
reversals is exscuted in an attempt to achieve offensive potential
after an overshoot by an attacker. To successfully employ the scis-
sors, the.defender needs zn initial turn overshoot. In a defensive
turn, if an attacker attempts: to position himsalf in his opponent's
angular velocity cone by remaining in the plane of his turn, the de~
fender is provided the opportunity to gensrate an overshoot. The
overshoot places the attacker on the opposite side of the defender's
angular velocity cone. If the defender continues to turn in the same
direction aften the overshook, the attacker will be presented the
opportunity to maneuver towaxd his oppoment's six-o'clock position,
simply because the defender will be-tumming away from the attack. To
prevent this, the defender must initiate 2 tuwn reversal as the -
attacker passes through his £light path. The decision as fo when to
execute this reversal will depecd upon the attacker's rate of over-
shoot and his angle-off. A good "rule-cf-thumb" is: rapid turn over-
shoot, early weversal; slow turn overshoot, late reversal. The turn
reversal will rotate the defender's angular velocity cone avay from
the attackex». This will place the attacker at a high angle~off and
will cause him, once again, to cross the defender's flight path, See
figure 22. The defender has now forced the attacker into a scissors

maneuver,

We can see - by geometri: inspection - that the aizcraft which
has the shorter turn radius and the lower velocity, will force the
other to the 12-o'clock position. In this maneuver, the defender has
the advantage. By virtue of forcing the attacker to overshoot, he
has lower velocity and if he employs the proper technique, he can
easily place the attacker at 12~o'clock. To accomplish this, each
turn reversal should be a rudder reversal, at ‘max-performance. TIf
ailleron is zpplied, the defender will roll off in the wrong direction,
or be forced to release back-pressure to exscute the reversal. This,

of course, will increase turn radiuvs. A nose-high attitude accomplishes
two things: (1) It reducés the defender's horizontal turning component,

and (2) It reduces the defender’s vector velocity in the horizontal
plane, The reduction in the korizontal turning component and vector
velosity ie 2 weguit of maneuvering through both the vertical and

<
horizontal plznes. In other wor 8, we are employing the pull of
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one=G gravity to provide a grezter radfal ¢ and a lower velocity,
Maximum power should be used in this maneuver, because its force
vector opposes the one-G gravity and is directed toward the inside
of the turning circle. This provides the defender the opportunity to
maneuver through the vertical plans, and thereby diminish his horie
zontal turning componsnt. In addltlon, since power provides a lower
stall speed, it allows the defeadar to tighter his turn radius at. a
given aizspeed as w2ll as raduce aizspead to the lowest possible point,
This means that if the defender pe=forms a nose=high rudder reversal
with power on, he will razduce his turn and velocity components to their
smallest stzte and, 1f the attacker doesn’t counter in like manner, he
will b2 quinkly forced to the 12-o0'clock position. The defender now
becomes the attacker. ‘ ‘ .

If the attacker counters effectivaly, and forces the defender be-
lov him, the deferder should manzuver in phase with the attacker. This
provides the zttacker a viazwil disadvantage since the defender will be
directly beneatk him. In an attempt to manzuver, in relation to the
defender, the attacker will be foread to roll excessively in one direc-
tion or the oiker., This increases his stall speed and forces him for- )
t's Zlight path, The momant the attack-

his bank and maneuver as
nt standoff, If, and when,
t=

wand end dowm toweres hlg emann
er nocleas thiz,
smoothlv az &ha d
this oceuma, fha dafe:
180° wway £rom hiu opnons

S
lately after the attacker bas uasds b t obszrvetion, when the
attacker dung uof kave visuzl coatact, This affowds the defender the
opportunity to ga: ‘czrable longitudinal separation and places
the aftachkesr u an overnmad 2tiack with g negative delta Mach, The
dafender w1l te out of gua rangz and the attacker will be orovided
¢ siuunnton, a m' leanck,  {NSTE: Tactical

Iveewwsy will ba dizcu latzar.) ' C
When emploiing tha saiessres mz2neuver, a pllot should attempt to
Secure amn adventage as guickly as possible - certainly by the second
tern reversal., I not, he will loze elrspeed vrapidly, therefore man-
euverabllity, and will ba prevented from ever axquiring an advantage.
] £

Instead, be will Find bms:lf in a standofr, with mavginal control -
an eazy set-up for amother ettackar {or his immediate opponsnt, if the
opponent huz a superlor airarait),

Fronedu=es fior ks Scizzors Mardysram-
A 2

1 Tacmesz zote of turn into the zztack until the attasker over=
- -
L

. Y
3 or moves outsidas the fiwen,

v ruddar reversal with powe= on as the

: Remamber the "ruleeof-thumb" for turne-
ouvarskoot ) ea=ly rsversalj slow turn overshoot,

2. Execute
attacker paius:
reversals.

latz mevewes:
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3. Repeat a noss-high reversal each time your opponent slides
through your flight path to the outside of the turn, If you pass nose-
high above your opponent, he will begin .to slide forward,

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

J. Place yourself in phase with your opponent if You are undere
‘neath him; then, at the earliest possible moment, perform the 180°

dive-away.

Counterine the Scissors Manauver .

In our discussfon of the scissors mansuver, we stated that it is
a defensive maneuver designed to take advantage of ap attacker's over-
shoot. We then Proceeded to show how the defender would react to gain
this'advantage. The implication is clear « an attacker placesg himself
in-a very serious position if he misjudges the defender's turn and
overshoots, To prevent this, it ig Suggested that the attacker employ
the high~-speed yo=yo any time.he believes his rate of closure may be
sufficient to causa a turn overshoot, In this manner, the attacker
can retain his offensive advantage, however, we will still have the
problem: What can an attacker do in the event he misjudges his oppo=

nent's turn and is forced. into an overshoot? The purpose in discussing‘

maneuvers after g turp overshoot is to point out an effective counter
to the scissors and, by means of this counter, show that the scissors
is' highly over-rated as an gasy method by which to achieve an offensive
advantage, ‘ . .

To know how to counter a scissors laneuver, we must first determine
the attacker's maceuvering potential] in respect to tha defender: The
attacker has a significant Eisadvantage in terms of velocity; however,
this disadvantage can be converted to an advantage if the attacker knows
‘how to employ it properly, Maneuvering into g nose-high scissors is
not proper amployment, as this will place him forward or above hig oppe-
hent in a stalemate donditiqn. On the other hand, -if the attacker em=
Ploys this velocity in the vertical plane, in 3 200m maneuver, he can
generate a significant advantage, - How can this advantage be gainad?

As the attacker notes that he is overshooting his opponent’'s turn, he
should relax G and delibe ately slide around the outside of the turn,
Relaxing G serves a two-fold purpose: (1) It™educes induced drag,
thereby allowing the attacker to maintain an airspeed advantages, and
2) 1t increaszes lateral separation on the overshoot, Thig reduces
the attacker's velocity component along the axis of his opponent!'s
flight path, thns allowing the attacker to maintain nose=-tail separa-
tion.” The defender, observing the overshoot, will bpe enticed to exe-
cute a nose-high reversal in an attempt to gain offensive advantage,
If the defendex continues the turn, the attacker c2n play the mancuver
and, once again, slide. into the defender’s angularivelocity cone. In
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view of this, a reversal is almost a sure thing., As the defender
reverses, the attacker rolls wings=-level and zooms, at a maxerotation-
angle, through the vertical plane. See figure 23, The defender-will
be.unablé to match the attacksr's rotation angle and subsequent. zoom
becausé of his airspead disadvantage. This m2ans that the attacker,
even though he has a higher airspeed, may reduce his horizontal vector
velocity to a smaller value than that of 'his opponent. As a result,

the attacker will be on top with nose-tail separation, and the defender
will have dissipated his airspead, with a consequent loss of maneuver-
ing potential., The attacker need only roll off to the defender s sixe~

o clock position.

If the defende" pulls up into a banked attitude, toward the attacker's
rotation, the height of his pull-up will be even less. This is-the re-'
‘sult of two factors: (1) The defender's pull-up is only a component of
a straight pull-up = his rotation angle is through both the vertical and
horizontal planes. Since he'is im a banked attitude, this means that
his rotation angle in the vertical plane must be less than a straight
pull-up. (2)° The defender's stall speed is higher. In a banked atti-
tude, stall speed imcreases because less lifting surface is available
to countex the pull of gravity. Higher stall speed causes the rotation
.component in the vertical plane to be even less. As a result of these
two factors, the defender's rotation angle is reduced. This means that
the height of the zoom in the vertical plane is less and vector velo-
city in the horizontal plane‘ls increased., This forces the defender
to turn below, in front of and across the attacker's line of flight.

The attackezr need only roll off in a direction opposite his” opponent's
turn and move toward the six-o'clock position.  The roll-off increases
nose-tail sepazation and prevents a possible overshoot by the attacker.

To maneuver a2gainst the attacker's counter, the defender simply cane
not refuse to reverse and continue his defensive turn. If he does, the
attacker will not be obligated to roll wings-level and zoem in the
vertical plane. The defender will turn away and place his angular
velocity ceone in front of the attacker’s flight path. As a consequence,
the attacker will simply play his opponent's turn and maneuver toward
the six=o'clock position. If the defender canmot pull up and turn into,
or away, how then will he maneuver against the attacker's counter? As
the attacker overshoots his turn, the defender will execute a nose-high
reversal. This will force the attacker to roll wings-level, rotate
through a large angle in the vartical plane and zoom for altitude. This
action is designed to reduce vector velocity ®n the horizontal plane to
a value less. thzan the defender's velocity. If the attacker fails to:
generate this large rotation, his vactor velocity will be greater, and
he will be forced toward the defender's twzlve-o'clockehigh position.

So we see, the attacker has no choica, he must rotate through a large

vertical angle when ths defender executes his nose-high asttitude and

provides considerable vertical dlsplecement in respzct to the defender,
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in the vertical plane, relaxes G, lights afterburner and dives for
separation, (The defender must accomplish his turn before dissipat=
ing too much airspeed and acquiring an extreme nose-high condition.)
Noting the dive for separation, the attacker must turn - from an
extreme nose~high position = 180° in the vertical plane to regain an
offensive position at six~o'clock. The pull of one-G gravity causes
the attacker to dissipate considerable airspeed, thus placing him in
an overhead attack with a negative delta Mach outside of gun range,

Remember: ~ The counter to the sicssor maneuver is nothing more than
a high-speed yo-yo initiated after a.turn overshoot. The only difference
is .that the attacker relaxes G, rolls wings-lével and zooms in the
vertical plane, so that he may regain nose-tail separation.

Procedures for Countering the Scissors Maneuver

1. Realize that you are overshooting your opponent's turﬁ‘andlcan
no longer effect 2 yo-yo maneuver. '

2. Do not aﬁtempt to pull into the target's radius of turn. This
will impose high G=loads, and possible buffet or stall will occur. All

airspeed advantage will be lost. ’

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

4. Roll level, and zoom up (wings~level) as your opponent reverses
into you. When your opponent reverses, he will be unable to match your
" zoom, because he will have killed soms of his airspeed on the reversal,

besides having less airspeed to begin with.
5. Continue to pull up, wings-level, and force your opponent for-
ward and below your line of flight. 1If he pulls up into a bankad atti-
tude, he cannot counter your maneuver, since: (2) His stall spéed is .
higher, and (b) His pull-up is only a component of a straight pull-up,
If your opponent pulls up wings-level, he cannot match our rotatien,
because of your airspeed advantage. 1In any case, your rotatiom in the
vertical plane will be greater tham your opponent’s, This will place.
him below and forward of your line of flight, You will have nose-tail

separation,

6. " Roll off - roll in a direction away froh your opponent's turn
if ke is in a banked attitude - and move into his six-o'clock position, -
The roll-off will provide additional -nose~tail separation and will pre-
vent a possible overshoot. o ‘

Procedures for Maneuvering Asainst a Scissors Counter

n an attemp

fe

1. Play tha defensive tur

overshoot your flight path..
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2. 'Reverse nose~high, as you observe your opponent overshooting
your turn radius. Remember: A decision as to when to reverse will
depend upon how rapidly the attacker is 6liding to the outside = rapid
turn overshoot, early reversal; slow turn overshoot, late reversal,

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

4. Force your opponent into an extreme nose~high attitude and a
high resulting zoem, by pulling nose~high toward his line of flight,.
The attacker must rotate nose=high and zoom for considerable altitude
to counter your nose=high pull-up, His purpose is, of course, to
reduce his vector velozity in the horizontal Plane in order to maintain

nose~-tail separation,

5. Turn 180° in 3 vertical plane, relax G, light afterburner and
dive for Separation., This maneuver should be initiated prior to dissie
pating too much airspeed « otherwise, 1t will be difficult to gain sep-
aration. If done propesly, the attacker will be placed in an overhead
attack with a negative delta Mach outside gun range,

The Attack

The purpose of the attack is to position ocurselves in the defender's
angular velocity cone, so that we may deliver our ordnance and effect -’
a kill, Since the angular'velocity cone of AIM~9B is considerably.
greater than the 20mm cone, we will first try for a setzup to launch
a missile. Rnowing ATM-9BRs capabilities, we will try to attack our
target from six«o'clock low, 1If the defender notes our position, we
.€an expect him to perform a defensive turn into the attack so as- to

to this point, our angle-off will increase and a further reduction in
range will be required before launch, By the time we reach the range
at which we can launch without exceeding lambda limit, we will have
exceeded the missile's 2G launch limitation. As we get closer, G will
continue to build up and the opportunity to employ AIM-9B will be Ilost,
We are now forced to initiate a gun attack,

Our position is not satisfactory for a gun attack. In our pursuit
curve approach, we built up a substantial angle-off, but now we are
faced with the prospect of diminishing this angle-off in order to
reduce our angular velocity to enable us to track the target. As we
attempt to accemplish this, we can expect the defender to tighten his
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turn to prevent us from doing so. We, in turn, will be forced to
counter. Result: If we continue the attack, in the plane of our oppo-
nent's turn, we will slide through his flight path and to the opposite
side of the angular velocity cone. Under the circumstances, we can
expect the defender to counter with a scissors maneuver. To prevent
this, we have to employ a different technique in the initial attack.

In the initial missile attack, the worst error which we can commit
is to fly a pursuit curve attack =- in other words, continuously track
the target with our fixed sight in an attempt to launch AIM~-9B. " This
forces us-to continuously increase our angle~off and prevents us from
ever launching. It also prevents us from salvaging the situation by
initisting a gun attack. At the same tim2, the pursuit curve causes a
turn overshoot and sets up the defender for a successful scissors .man=
euver, To prevent the defender from generating these favorable rela-
tionships, we should not fly our gunsight (pursuit curve) after the
defender initiates-his defensive turn., Instead, we should attempt to
generate a rate of turn almost equal to that of.the defender. (Ve must
not match his rate of turn, for if we do, he will have rotated into the
position of attacker at the end of 180° of turn.) By doing this, we
keep our flight path or fuselage in the same relative direction as the
defender. In other words, we prevent the large increase in angle=-off,
This prevents us from. lannchlna ATM~-9B; however, as we approach gun
range, this positions us at a smaller angle-off and much nearer our
opponent's angular velocity cone. To counter; the defender is forced
to tighten up his turn much sooner than inm.a pursuit curve attack. .
This means- that the defender is forced to maintain a max-performance
turn for a longer time period, in an attempt to generate an overshoot.
This causes a greater speed decay, a loss of angular velocity and a

_loss of future maneuvering potential as we enter gun firing range. As
a result, the defender has a moxe difficult time generating an. over-
shoot and a subsequent scissors. If he exercises pooz judgment and is
.lacking in stick and rudder technique, he may never effect the over=-

shoot. The result is obvious:  We simply shoot him down. On the other

hand, if his judgment and ¢ .ick and rudder technique are excellent, we:
will still be fozced to overshoot if we continue to press the attack
in the plane of his turn.

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

Procedures for the Initial Attack . »

1. Stalk your target im an attempt to position yourself for a
six-o'clock-low missile attack.

2. Do not attempt to track or latnch ATM-9B at max-effective
range, if the defender turns into the attack. Instead, position the

aune-u aht wmetdaTla oahoad n¢ +tha +arecat
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3. Check that your fuselage is pointing in the game relative
“direction as the defender’s fuselage. This will help prevent over=

shoot.

4. Continue. the cutoff to close upon the target, However, attempt
to gradually reduce angle~off as rangs diminishes, in an effort to
launch 3 missile, . If this is impossible; disregard the missile and
- continue. the cutoff to set up for a gun attack,

: 5. Play the cutoff, in an effort to reduce angle=off and slide
inside the defender's 20mm angular velocity cone. ‘

6. Prass the attack until you realize it will be impossiblé to

stay inside the defender's turn radius. At thig point, zoom or yo=yo
off the target to prevent overshoot and a subsequent scissors maneuver,

High«Spead Youvo ‘

The high-spééd'yo~yo is an offensive tactic in which the attacker
maneuvers through both the vertical and horizonta] Planes to prevent .
an overshoot in ths plane of the defender's turn, See figure 24, From
this definition, the purpose of the maneuver is obvious: To maintain ‘an
offensive advantage by keeping nose-tail separation between the attacker
and defender. In other words, the highespeed yo=yo is a counter for the
defensive turn and the scissors maneuver, As an attacker, when it be-
comes apparent that it will be impossible to stay inside the defender's

turn radius, employ the high~speed yo=yo,

To perform tha maneuver correctly, timing is essential, To il]l-
ustrateé: If an attacker is conservative and yo=yo's high early, he -
can expect the defendes to lower his hose and dive for separation,

The defender, noting the early yo=yo, realizes it will be foolhardy

to continve his tuen or to pull up into the -attack.: "If he continuesg
the turn, the defender will dissipate his airspeed and hig angular
vequity_'_Consequently, the attacker will be permitted to reduce range
and slide ‘down into the defender's angular velocity cone, If the
defender pulilg up inte the attack, he dissipates airspeed and angular
velocity even mora rapidly. Again, the attacker is provided the
opportunity to diminish range and roll or slide into his opponent's
angular velocity cone. The defender cannot counter, because he has no

further maneuvering potential,

. . ) 2
In view of the above, the defender's best maneuver is to dive avay
and gain Separation. By doing this, he places the attacker out of gun
range and in an ovarhead attack with-a negative delta Mach = the worst

possible attack with AIM-9B,

If the attacker yo-yo's late, it will pe difficult for him to maine
tain nose-tai] separation. He will either be directly on top of the
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defender or will slide to the defender's twelve-o'clock-high posi-
tion. If this occurs, we can expect the defender to reverse and

Pull up .into the attacker, By doing this, he wil] dissipate his air-
speed and reduce -his vector velocity along the horizontal axis, thus
giving the defender the Opportunity to maneuver toward the attacker's
six-o'clock-low position. The attacker now becomes the defender,

We can see that .to maintain offensive advantage, the attacker must
not be too conservative and yo-yo early nor too aggressive and yo-yo
late. Rather, he must Play the yo-yo for a middle position in order
Lo prevent the defender from diving away or pulling up into the attack,
Excellent timing and skillful stick and rudder technique are required

to attain this position.

The moment the attacker realizes that he will be unable to stay
inside ‘his opponent's turn radius, he should roll away from the
defender's turn and pull his nose through the vertical plane, The
purpose of this action is to diminish his turning component and vector
velocity in the Plane of the defender's turn. To acquire max effective-
ness, the attacker must maintain back Pressure and employ rudder as
pPrimary coéntrol for directional change in the vertical plane, For
pProper perspective, this means that the attacker rolls toward the
vertical plane just enough to provide him an angle of bank smaller
than that of his opponent. This forces the attacker's flight path to
describe an are through both tke vertical and horizontal'planes (we
assume that the defender is turning, more or less, through the horizontal .
plane), As 2 result, the attacker's turning component and vector velo-
city are diminished in Téspect to the defender's turning and velocity
components in the plane of the defender's turn, This allows the attacker
to maintain nose-tail Separation while turning inside his opponent, At
the same time, the control technique employed - back Pressure and rudder
as primary control for the maneuver - not only allows the attacker to
reduce his turn and velocity componants to their smallest value, but
also reduces his yo-yo apex. This provides the defender very little
maneuvering freedom with which to counter the high-spead yo-yo. 1If the
attacker does not use rudder as Primary control for the roll into the
yo-yo he will be forced to relax back preéssure. His turn radius and
velocity will increase and his induced drag will decrease. So, to
maintain nose-tail ‘separation and prevent a turn overshoot, the attacker
will be forced to ¥0-yo to a higher apex point. This provides the
defender the option of diving away tc gain separation and, of course,
places “the attacker in an over-~hezd attack with a negative delta Mach.
If the attacker attempts to employ ailerons and maintain back pressure,
adverse yaw will preclude the YO=y0 maneuver, As a result, the attacker
will probably be forced to overshoot his opponent and will be caugzht in

If the attacker employs the high-Spged JO=yo correctly, the effect
of ona-G gravity on turn and velocity will provide nose~tai} separatio
_— -
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with little vertical displacement - low yo-yo apex, The attacker need
only roll or slide down to his opponent's six-o'clock position., The
attacker should employ roll if he has little nose-tail separation.

The roll reduces his vector velocity along the axis of the roll., This
provides the attacker separationm and thus prevents a possible over-
shoot, To perform the roll successfully, the attacker should contin~-
uously release back pressure as he rolls from 90° up to the inverted

position - 180° - then gradually increase back-pressure as he approaches:

the 270° point and continue the increase of back pressure until the 360°
point. From the 180° throtugh to the 360° point, the attacker should
employ top rudder. If the attacker fails to employ this stick and
rudder technique, he will roll underneath his opponent in an obvious
over=shoot ~ his offensive advantage sseriously compromised. From our
discussion of the high-speed yo~-yo, we may have implied that this man-
euver is the ultimate in countering a perfectly-executed defensive turn
with a follow-up scissors. This is not the case. If the attacker yo-
yo's too far behind or too high, the defender can relax G, light after-
burner and dive away for separation. This places the attacker in an
overhead attack with a negative delta Mach. If the attacker yo-yo's
high and maintains very little nose-tail separation, the defender can
pull up into the attack and secure a six~o'clocke-low position., If the
attacker perfectly executes the high-speed yo-yo, the defender still
has an out if he exercises excellent judgment and skillful techaique.,

To counter the hfgh-speed yo-yo, the defender must first play the
attack in an attempt to force an overshoot. Naturally, we can expect
the attacker to yo-yo-high to maintain his advantage, The defender
must now determine the attacker's relative position and attitude be=-
fore making the next moveé. If the attacker generates extremes vertical
separation, the defender must immediately relax G, light afterburner,
and dive 180° away. If the attacker executes the high-speed yo-yo
properly, the defender has little opportunity to dive away. If the
defender pulls up, he will only position himself at 12=0'clock, and if
he maintains his turn, he will dissipate his airspeed and angular
velocity. The attacker will thenm merely slide down to his six-o'clock
position and finish him off. To understand the counter which the
defender must employ, let's examine the spatial relationship of the
_ attacker in respect to the defender. 'The attacker, although in a most

favorable position with his nose-tail separation and low yo=-yo apex,
is not set up in the defender's angular velocity cone to deliver his
weapons at this instant. However, if the defender takes no action,

the attacker will assume the proper position for vieapons delivery,
The defender, realizing this, knows his szlvation lies in maneuver-
ability - airspeed and angular velocity, Therefore, the defender must
relax G when ths attacker yo-yo's off and, at the szame timz, he should
maintain his engle of bank. As a result, his nose will drop slightly
below the herizon, thus helping him to keep his manauvering airspeed.’
Also, as we shall see, it forces the attacker to commit himself. Upon
observing the greater turn radius and ths nosz-down condition, the
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attacker has the option of waintaining his yo-yo apex or committing
himself to an attack against the descending defendar, It is obvious
that the attacker ig committed to press his advantage, 1If not, the
defender will increase separation and place the attacker in an up-
desirable overhead position with a8 negative delta Mach, Knowing this,
the attacker dr Ps his nose and attempts to set up for a missile launch.
or 20mm attack, The defender, observing this committment, employs top
rudder and back pressure to pull up into the attack, He has approxi-
mately two seconds to start this maneuver - the amount of time which
the attacker needs to successfully delivery an IR missile or to initi-
ate a 20mm cannon attack, If the defender waits.for the committmant
and counters correctly, the attacler will be placed in 2 nose~low condi-
tion, while the defender has @ nose-high attitude, The attacke;’s
airspeed, in respect to the defender, will be increased and hig rate of
turn will be less. ° (If the attacker's rate of turn were the same or
greater than that of the defender, he would block out the defender and,
slide in front.) At the same time, since the attacker is approaching
the horizontal position and tha defender the vertical position, the
attacker's radial G, in respect to his total G, is less as comparad to
the defender's radial @ in respect to his total G. Since the attacker's
airspeed is greater, his rate of ruprn is less, and because he has a
lower radial @ relationship, his radius of turn must be greater (radius
of turn = Fighter velocity squared divided by rate of turn). The ‘
result is cbvious: The attacker will be forced into an overshoot,
below and forward of the dafender's line of flight. See figure 25,
To gain the offensive, the defender need only roll or slide down to the
"attacker's six-o'clock position. Once again, if’the'defender has little

nose=-tail Separation, and enough vertical displacement, he should employ

the roll in order to achieve an advantage,

To Successfully maneuver against a defender's éountering pull-up,
the attacker mugt keep in mind the relationships involved: " The pull
of one-G 8ravity causes the attacker's airspeed and turn radius to
increase in respect to the dafendar, Therefore, the attacker's advan-
tage lies not in turn, but in airspeed in respect tg the defender. We
stated that the purpose, of the ‘high~spaed yo=yo was to maintain nosg-
tail separation and that it wagz acquired by_turning through the vertical
Plane as the defender turng through a plane intersecting the plane of
the defender's turn. Result: The attacker's line of flight Provides
nose-tail Separation, along with some laterszl Separation in the vertical

plane. Nose-tai] Separation prevents a Possible reverse by the defender,

. i .
In our present situation, the &ttacker has the same problems of try-
ing to maintain nose-tail séparation,.however, he can maintain this sep-
aration by turning in 2 Plane away from the defender's turn, The
attacker merely rolls one quarter away from the defender's line of
flight at the instant he observes the defender's rolling pull-up, At
the same time, he bezins 2 smooth pull-up behingd the defender's line

o T LT
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of flight. See figure 26. The attacker plays his pull-up so that he
does not overshoot the defender's original altitude. (An overshoot
here would be the same as an overshoot in the horizontal plane before
executing a high-spzed yo-yo). Since the attacker starts from a high
position, his airspeed at th2 bottom of the pull-up will be greater
than his oppenent's at that same level, with a consequant advantage.
If the defender continues his pull-up, the attacker zocas above and
rolls behind the defender - the attacker's airspeed advantage pays
off, If the defender 'attempts to dive away, the attacker cuts off
through the horizontal plane and moves into the defender's six-o'clock

position.

The defender can counter the attacker's one-quarter roll-away,
When the attacke- is near the bottom of his pulleup, his airspescd is
max; while the defender, near the top.of the zoom, has minirmm airapeed.
The attacker has not only generated nose-tajl separation but also lat-
eral separction in the vertical plane. To counter this situation, the
defender must rotate his angular velocity cone away from the attacker.
In other words, he turns from a nose-high to a nose-low position,

. through the vertical plane, into the attack. This places the defender
in a nose-low, nose-quarter attack, with the defender's airspeed in-
creasing and the attacker's airspeed decreasing., The defender now
relaxes G, lights afterburner and dives for separation. Mezanwhile,
the attacker must turn 180° through the vertical plane, to acquire a
six-o'clock position. During this ‘maneuver, the attacker continues

to dissipate airspeed. By the timz he completes the maneuver, he is
placed in an overhead attack with a2 negative delta Mach, well outside
20mn cannon range. The defeader can easily frustrate a possible mis-

sile launch.

Procecures for the Hich-Sp2ed Yo-~Yo

1. Attempt to reduce anzle-off and stay on the inside of the turn
"as range diminishes.

2. Maintain back-pressure, employ top rudder and roll away from
the turn, up through the vertical plane, when you can no longer stay
inside your oppeonent's turn radius. As the pipper slides behind the
target - you are no longer matching your opponent's turn - you must
zoom off to prevent an overshoot. In other words, any tima it beocemes
impossible to maintain parzllel-fuselage with your opponent, your anglc-
off will be too great and you must zoom into -4 high-speed yo-~yo.

. 3. Play the zoom so as to maintain nose-tail separation and yet
retain a low yo-yo apex., If propar stick and rudder techniquz is em-

ploycd, this is easily accciplished.
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4. Roll, or slide dewn to your opponent's six-o'clock position.
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5. Use extrems caution when dropping dovm to your opponent's
six~o'clock position., Do not acquira a steep nose-dowvn attitude,
otherwise your opponent may reverse up into you. This is a diffi-
cult situation to recover from. Howzver, if it does occur, employ

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

plane.

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

his six-o'clock position.

Procedures for Countering the Hich-Speed Yo-Yo

1. Piay the attack in an attempt to force your opponent to over-
shoot. This will force him to counter with a yo=yo maneuver, in order

to maintain his offensive advantage.

2. Determine whather or not the attacker is going high and to the
rear, If he has an extremely high rate of closure, he may be forced
into extrema altitude separation. If so, employ the dive-away for sep-
aration and place the attacker in an overhead attack with a nzgative
delta Mach, If the attacker mzintains nose~taill separation, and a low

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

3. Maintain angle of bank and relax G, as your opponeat slides
high. This will place you in a slight descent and will allow you to
maintain airspeed for futur= maneuvering potential. At the same time,
it will force your opponent - to commit himself to a nosc-low attack.
Continue to maneuver until he doas so,

4. Perform a hard-rolling reversal - with rudder and back pres-
sure - up Iinto the attack. Tais 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 overshoots below, simply roll or "S" down
toward his six-o'clock position. If he employs the quarter roll-away,
employ the procedures below.

5. Continve to zoom, and turn through the vertical plane dowm
toward ‘your opponent as he crosses your flight path and begins his
zoom tovard your angular valccity cone.
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6. Relax G, light afterburmer and dive for separation. This
forces the attacker to perform a 180° turn through the vertical plane
to get back into your six-o'clock position, By the tims this is
accomplished, you will have placed him out of 20mm cannoa range and
{in an overhead attack with a negative delta Mach.

»

Barrel=-Roll Attack

The high-speed.yo-yo appears to be an excellent offensive maneuver
to use any time an attacker has a rate of closure and cannot match an
opponent's defensive turn. Generally, this is true; however, in a sit-
uation in which an attacker approaches a defender at high angle-off
(40° or more) and long range (10,000 feet or more) the high speed yo-yo
has questionable value, Under these circumstances am attacker would
‘have to yo-yo to an extremely high apex to maintain noses-tail separa-
tion and stay inside his oppoment's turn radius. Naturally, if this -
occurs, we can expect the defender to immediately dive for separation
and airspeed. The attacker is placed in an overhead attack with a
negative delta Mach. This means that he must initiate a new attack.
Noting this, the defender turms into the attack and generates a high
angle~off at long range, and forces the attacksr into another yo-yo
with high vertical displacement. Once again, the attacker performs a
new attack and the process repeats itself. .The result is obvious: If
the defender counters each attack successfully, the attacker gains
little additional advantage and a stalemate exists. The purpose of
thé barrel-roll attack is to prevent this stalemate from developing.

Geometric examination of this situation = high angle-off, long-
range attack = reveals that the attecker would not prefer to extecute
the yo-yo in this manner. Instead, he would appreciate the opportunity
to reduce his angle-off and slide into the defender's angular velocity
cone, without the defender being able to gain longitudinal separation.
In other words, the attacker would like to reduce his velocity, cut
off, and turn inside his opooment, then regain his velocity after he
diminishes his angle-off, a.d slide toward his opponent's six-o'clock
position. Is this possible? Yes, if we know how to correctly apply
the three-dimensional concept of turm and velocity. As previously
stated in the introduction to fighter maneuvers, it is possible to
reduce turn and velccity by two methods: (1) Through both the verti-
cal and horizontal planzs by employing a two-dimensional maneuver
(yo-yo) or (2) Mancuver through both the vertical and horizontal
planes by employing a threc-dimensional maneuver (barrel-roll). Thus
far, our emphasis has been on the first method. Now, we will employ
both mathods to solve our present dilemma - to reduce airspeed and
angle-off, then regain airspeed to prevent longitudinal separation.

How do we apply this three-dimensional concept? If the attacker
attempts to barrel-roll, in the plane of the opponent's turn, he will
reduce his vector velocity aleng the axis of the roll. However, the
S —————— e - e T = =
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roll will provide a lins of flight tangeat to his intended turn,
which will increzse his angle-off and improve the possibility of an
overshoot. If the roll iz conducted in the vertizal plane - combined
with a high-spaed youyo - there is a different result: (1) There is
less vertical displacement thzn in an ordinary yo-yo, bzcavss vector
velocity along the axis of the woll, in the vertizal planz, is dimin-
ished, (2) Componsnt velocity, in the plane of the defender's turn,
is diminished as a result of the yo~yo and the roll, {(3) Aircraft
velocity is greater, as a rasult of the lowar yo=yo apex ard the
shortening effect which the roll has on the velocity vector in the
plane of the defendex's turw, The shortening effect allows the attacker
to diminish his rotation engle through the vertical pleans, is pro=
vides less spzed dazay, hence gzsatar aizeraft velocity, and (4) There
will be no overshoot, as & rzsult of the roll, since the roll is not
conducted in thz plarz of th= dzfendzz's turn., Ypon further examina-
tlon, w2 cam.ses that if the attacker Is sble to fnitiate this yo«yo
with a roll, from balow h's cpponant, ha incrzas<s his opportunity to
gain a favorable position, By initiating the manecuver from an inside~-
low position, the attacker lowers the apex of the mansuver. This pro-

vides the defender lauss opportunity to galn separztion. The only prob-
he =Fls  srply thi: coucept of turn

lem now is that “he shsackas= g
and velocity against his opponant,

To set up the menaurer, the aztazker must dive below and inside
.his opponent?; defencive tum., W¢ assumz that the attacker has the
range/angle~off welarionshlp speciif-d e¢bove, and a dive below vill
provide tha attacker some additional airzp:zed., However, this will not
increese his vewtical d’splacenznt above his opponert, since he can
‘easily kill aizspied upon Eis forthcoming -rotation through the vertical
Plane. If thz attacker épprezchss thz target from bzlow and at a high
angle~off, ta zomi # S0 it off, dn an attempt to raduce angle-off,
until ke reaches his poileup point. The attacker pulls up oa the in-
side of his oppoment's dafensive tim, thsn barsa2lerolls in a direction
avay from his opposent’s tum. If his opponent’s defensive turn is
towvard tke left, ha rolis z.ght; 1f th2 turn is toward the r.ght, he
rolls-left, Ths zsll s not a highe% barzeleroll (the attacker is try-
irg to k211 vacto:s velcainy, not fir:rast velozity). As the attacker
rolls nose~high through tk: Znverzed position, hz plays backwpressure
and kicks botiom rudder to obtain ¢ nose~low 2709 change of dircction.
See figu=e 27, Duzing this postion of the mancuver - froa the inverted
position to the 2,00 po’nt of che =51l = the acttacker receives the
benefit of iG grev. .ty which az:’:%s hin in gaining a rspid changs of
direction tow:zd tha defendiz’s sfge0’cliozk po:ition: IZf th> attacker
has played the entirz mar:iver = from puilevp through the rall - on
the inside of tha oppirsiils dufensive turn, he will find hinself above,
at a r:duced znglz~off ard in a position to divs balow his opponcnt's
line of filight for & <ix-2'clackelax pPealinlon. Longitudinal separation
will not be grezt 1) Vuztor veloctty is reduzed,

d rlelnac, and, (2) The ent.-c rincuver

[
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1s performed inside the defender's turn radius, The offensive roll-
away places the attacker outside of gun range, but inside AIi-9B range
at six-o'clock low, Whether the attacker can launch or not, depends

on how his opponent Plays the defsnsive turn, If the defender tightens
his turn and attempts to counter the maneuver, he will experience high
speed decay, his angular velocity will be reduced and the attacker will
find it easy to set up for a missile launch, On the other hand, if the

: defender does not ti i

will be grea
defender tightens his turn as the attacker attempts to launch. In any

case, we can see that the roll-awqy provides an effective method by
which to reduce angle-off, prevent separation and get into an opponent's
angular velocity cone. It is tailored to the performance of the AIM-9B,

"To counter the barrel-roll attack there may appear to be certain
alternatives such as a high-G roll by the defender when the attacker
performs his 270° change of direction, or a pull-up.(under the same
circumstances). The high-G roll is ineffective because this will
cause the defender's line of flight to be tangent to his defensive turn,
In addition, his vector velocity will be reduced. As g result, the
attacker can easily play his manauver to slide toward his opponent's
six=o'clock position and have less lomgitudinal separation, since his
opponent reduced his vector velocity, = The pull-up is ineffective, since
the attacker 1s not committed to a nose-low pPosition by employing
bottom rudder. Instead, he may employ top rudder when rolling from the
inverted position. At the sam= time, the defender must roll zway fron
his defensive turn to &<eécute a pull-up. This provides the attacker
with sufficient longitudinal separation and time to play his top rud-
der. Result: The attacker rolls toward his opponent's gix-o'clock
position, with his opponent framad against blue sky = a-perfect set-up
for a missile launch, Toe only effective counter for a properly ex-
ecuted roli-away is a dive for separation and airspaed. The moment tie
attacker initiates his pull-up, the defender should tumn nose-lcw tcward
the pull-dp, relax G, light afterburner and dive for separation, This
forces the attackasr, even though he may use the rollezway, to perforn
a 1809 change of direction in the vertical Plans. 1If the attacker pulls
considerable G in acquiring this change of direction, he diminishes air-
speed considerably in I&spect to the defender, If the attacker plays
the maneuver with less G, his vertieal displacement is greater. No
wmatter which actioa he enploys, he will be Placed in an overhead attack

with a negative delta Mach,

enter, an attacker may employ scza decep-

To maneuver against this co
pPrevent the defender from

tion. The purpose of the deczeption is to
employing thz dive for Scparatioa. "Instead of bulling Up inside the
defender's turn, from an insice-les position, the attacker will pull-up
to the outside of his oppcnant's turn, thus maintaining nose-tail sen=-
aration. To the defender, this wrll 4ppear as an overshoot, Therefore,

We can expact him to reverse noso=hish, 4n an 2ffort o Scissor the

b




attacker forward., However, if the attacker pPlays the maneuver prop=
erly - overshoot and zoom = this will ba impossible, The attacker has
a three-fold advantage in terms of airspeced, nose-tail separation, and
a high rotation angle in the vertical plane. This me2ans that the
attacker may zoom above and behind, but outside his opponent’'s turn,
The defender will be unable to match the attacker's zoca, If the
defender reverses (he most likely will) this will place the attacker
above, behind and to the inside of his opponent's turn. The attacker
need only roll off in a direction awvay from his opponent's turn., This
will reducée'vector velozity, provide nose-tail separation and thus
allow the attacker to roll down toward his opponent's six-o'clock posi-
tion., The defender will be in a poor position to counter, since he has
diminished airspeed and angular velocity as a result of his turn and
nose=high revezsal. Should he attempt to pull up into the attacker,
the attacker need only employ top rudder om his roll-off tcward the
defender's six-o'clock position. If the defender dives away, the
attacker employs bottom rudder on his roll-off to prevent separation.
In either case, the attacker will be in a favorable position to fire
the 20mm cannon or launch a missile. More than likely he will be set
up for a 20mm cannon attack. If the defender does not react with a
reversal,-to counter the overshos:t and roll-off, but instezd dives away
for sepdration, he will place the attacker in an overhead attack with

a negative delta Mach. The separation from this barreleroll attack _..
will be greater than from the one conducted on the inside of the turn.
It is difficult to detemine which 'attack 1is best. However, if the
defender's conditioned
in the event of an overshoot = the attacker should employ the outside
method; 1f not he should employ the inside method,

3

The barrel-roll attack, 'or roll-off maneuver, need not be limited
to the conditions specificd zbove. Tt may be employed at shorter
ranges and lower angle:~off., The purpose is to reduce rate of closure
and angla=-off and provide the defender little opportunity to gain sep-
aration. As stated earlier, this is -an especlally good maneuver by
which to slide into an oppc,.ant's AIM-93 angular velocity cone, since
it provides the attacker a better opportunity to launch against a man-

euvering target.

Procedures for the Barrel-Roll Arcack

1; Stalk your target and attempt to reduce angle-off as much as

possible. If this is impossible, employ the procedures outlined below:

2. Dive below and inside your opponent's turn radius, maintaining
nose-tail separation thsoughout the mancuvers, The dive below should
be initisted far enough out so the forthcoming zoom may be played in-

side or outside the defender's turn.
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3. ?ull up and zocm inside your opponent's turn radius if you feel

he 1s not strongly oriented toward the scissors maneuver (sometimes

this is difficult to detevmine),

4. Barrel-roll, nose-high, in a direction away from your opponent's
turn., If he turns right, barrel-roll left, and vice versa.  The roll
- will reduce vector velocity and the height of the yo-yo apex, while
maintaining a higher aircraft velocity,

5. Continue the roll and employ bottom rudder as the aircraft
comes through the ncsevhigh inverted position, This will provide a
270° change of direction and place you with longitudinal separation,,
at a reduced angle-off above your oppounent, diving toward a six-o'clock-
low position. The longitudinal separation will be less than that acquired

from an ordinary yo-yo.

6. Do not employ bottom rudder if your oppoment rolls away from
~the turn and pulls up into the attack. Instead, employ top rudder and
continue the roll from the inverted position. This will place you in

a nose~high attitude at six-o'clock-low = a perfect set-up for & missile

launch. :

7. Pull up and zoom to the outside of your opponent's turn radius
if you feel you can sucker him into a turn~-reversal., If he reverses,

_continue with the following proceduzes,

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

separation,

9. Pla& top or bottom rudder, abcording to whether your opponent
. pulls up or dives away after the reversal. If he pulls up, employ top
rudder. This will allow you to roll nose-high toward a six-o'clock-lcw

position. If he dives away, employ bottom rudder. This will allcy you
to roll nose-low and prevent your opponent from obtaining extreme longi-

tudinal separation.

Procedures for Counterine the Barzael-Roll Manauver

: 1. Play the attack in an attempt to generate angle-off and prevent
your opponent from setting up for a missile launch., 1If your opponent
counters with a dive telow and to the inside of your turn radius, cen-
tinue with the procedures outlined below.

2. Turn, rose-low toward the attack, as your opponent initilates
his pulleup from an inside-locw position. This will increase his anzle-
off, since you are tumning into the plane of attack.
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3. Relax G, light afterburner and dive for separation. This will
force the attacker to turn 180° in the vertical plane toward your line
of flight. Duxring this maneuver, he will be dissipating airspeed while
you will be increasing airspeed. As a result, at the end of this 1800 |
turn, he will be placed in an overhead attack with a negative delta
Mach, beyound gunfire range and in a poor position to launch a missile,.

The Low=-Spead Yo-Yo

Until ﬂ%w, our central theme in discussing tactics has been the
problem of overshoot. The defender's maneuvers have been predicated
upon rate of closure. He needs rate of closure to generate an over-
shoot in order to nullify an attack and gain an offensive advantage,
On the other hand, the attacker attempts to counter rate of closure,
by maneuvering through both tha vertical and horizontal planzs, Dis-
cussing these maneuvers - by the attacker and defender - we assumad
that the attacker has a definite rate of closure. Now let us investi-
gate an area in tactics in which an attacker does not have an initial

‘rate of closure. Assume an attacker is at six-o'clock, outside missile

range. How would he gain position to launch a missile or deliver a 20zm
cannon attack?

To gain position quickly, the attackar must light afterburner and
dive below his opponent's flight path, In other words, trade altitude
for airspeed. After reaching an altitude of no more than 10,000 feet
below his opponent, he should level out and press the attack from a’
six-o'clock-low position. The airspeed gained in this maneuver will

‘allow the attacker to quickly close upon his opporent, In addition,

it places him in the defender's blind spot, with the possibility that
the defender will not mancuver to protect himself, 1If he does not,
the attacker simply closes the distancs, executes a pull-up inside

missile range and launches.

If he has no missile, the attacker moves in closer and executes a
gradual pull-up and positio..s himself for a gun attack. The entire

maneuver depicted here - a dive for airspeed and a pull-up for posi-
tion = we define as a yo-yo. It may be empleyed in a running battle

or in a turning fight any time an attacker has fnsufficient rate of
closure, ‘ .

In a turning fight, an attacker w2y find himself in a circular tail-

chase unable to close upon an opponent. I he tightens his turn, his

opponent counters in like manasr and the attacker's position rerains

unchanged. The result is a lufbery mancduver - a stalemate in which
the attacker and defender bleed oif airspeed and altitude, If the

attacker attempts a high-spead yo-yo in an atteapt to break the stale-

wate and gain a more favorable position, he will break the stale-ate
but will lesa rather than gain a rmore favorable position. To empléy

the high-speed yo-yo0, the attzclier must roll avay from the circular

| =, )
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tail-chase and zoom in the vertical plane. The roll-avay decreases ||
turn rate and increazes turn radius, whereas the zoom dissipates air-
speed and also decreases turn rate. The defender now has an airspead
and rate-of-turn advantaga. Result: He moves around the lufbery circle

away from the attacker's nose, toward his tail,

To gain a more favorable position, the attacker must be able to cut
off and close upon his opponent. The purpose of 'a low-speed yo=yo 1is
to provide cut-off and rate of closure. To employ the low-speed yo=yo
when in a turning fight, the attacker simply maintains his bank and
lovwers his nose to the inside of the turn (see figure 28). He is now
turning through both the vertical and horizontal planes, The pull of
gravity increases aircraft velocity, thus increasing turn radius through
the vertical and horizontal planes; however, in the horizontal plane -
the plane of the defendar's turn - his turn radius is decreased (in
this plane, turn radius is only a component of actual turn), As a re-
sult, the attacker turns below and inside his opponent, The attacker's -
angle-off and airspeed increase and his distance = in respsct to his
opponent « decreases along the horizontal plane, To prevent an over-
shoot, the attacker must roll wings-level, pull up and zoom toward the -
defender's six=o'clock position. The entire maneuver must be accomplished
prior to reaching the defender's line-abreast position, If done core
rectly, the attacker will find himself at a reduced angle-off and at a
diminished range. If he is still not in a lethal position, he need only
repeat the process. The attacker gains an advantage in employing this -
maneuver, because airspaed loss is less than the airspeed lost by the:
defender. When the attacker dives to the inside, he increases airspaed
and reduces angle of attack. The increased airspeed provides greater
airflow mass to the engine, hence the ongine generates more thrust,
The decrease in angle of attack reduces induced drag and as a result,
in the dive portion of the maneuver, the attacker not only has an air-
speed advantage, but also a thrust advantage. On the pull-up to the
horizon, angle of attack and induced drag increase. This pravents
any further increase in airspsed. However, at this peint, the at-
tacker still has a considerable airspead advantage. In the zoom por-
tion of the maneuver, the pull of ore-G gravity starts to diminish
airspeed, the loss of airspeed starts to increase angle of attack;
however, angle of attack is less than tha defender's because of the
greater radial G available in the vertical and horizontal planc as
compared to the horizontal plane alone. Because of this, the loss of
airspeed in a low-speed yo-yo is less than the loss of airspead in a
horizontal turn through the sama distance. Therefore, the attacker
galns a more favorable position even though he goos through a greater

distance.

If the attacker erploys afterburnzr, he will find the mancuver
even more effective, even thouzh his opponant may ccuater in like
manner. The afterburner is essantially a ramjet tandea to a turbo
engine, therefore, its thrust, like a Tzmjet, multiplics cnormmously
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as speed increases. Because of the additional speed thus generated,

the attacker nead only employ the yo-yo ome time in order to gain

a favorable position., The afterburner can best be used during the
descent and zoom portion of the yo=yo, not during the pulleup to the
horizon. If afterburner is used from pull-up to the horizon, the coa-
-ponent of afterburner thrust acts in the same direction as the pull

of gravity. Unlikas max power in a horizoatal turn, this causes the
attacker to describe a wider arc during the pull-up, This may reduce
the effectiveness of the maneuver. On the other hand, if considerable-
longitudinalwseparation exists, and the low-speed yo-yo may be performad
inside the défender's turn, employ afterburner throughout the entire mane
euver. This will enable the attacker to quickly reduce range and zoom

into his opponent's angular velocity cone.

A defender cannot effectively counter a properly-executed low~speed
yo-yo by tightening his turn, initiating a reversal, or performing a
high-G barrel-roll. If the defender tightens his turn, he dissipates
his airspeed rapidly to a point where he reduces his angular velocity
and increases his turn radius. The attacker then has no great problem
in zooming up toward his opponent's six-o'clock position., The attacker
may even play the zoom = out of a low-zpead yo-yo - so that he will
overshoot His opponent's flioht path in the horizontal pPlane. If the
defender reverses, the attacker rolls off in a direction opposite the
defender's turn toward his six-o'clock position. If the defender ini-
tiates a reversal as the attacker starts into his low-spead yo=-yo,. the
defender will be turning away from the attack, hence rotating his angu-
lar velocity cone tovard the attacker. The attacker simply pulls up
on the inside of the reversal and maneuvers toward his opponent's six-
o'clock position. ‘The reversal allows the attacker to reduce more G
than is possible against a tight turn, and as a result, his rate of
closure increases to enable him to gain a favorable position more rapid=-
ly. If thz defender executes a high-G roll, out of his turn, he reduces
vector velocity and flys tangent to the intended turn, thus permitting
the attacker to zoom out of his low-speed yo-yo and quickly secure a

To counter a low-spead yo-yo, the defender must rotate his angular
velocity cone away from his opponent. In other words, he must turn
into the plane of the attack., From this explanation, an obvious
counter-measure appears to be s diving turn the instant an attacker
begins his low-speed yo-yo. Thils rotates the defender into the plane
of the attack and cancels a possible low-speed yo=yo. - Of course the
two antagonists will be forced to the deck rather quickly. If the
defender rolls out of rha turn his opponznt will ba posiciondd at six-
o'clock. Thus the defender receives only a respite from a stalermate
situation. Wec can see frem this {llustratida that a defender must not
only rotats his angular velocity cone away but also do it in such a

manner as to complecely nallify hts opponent's low-spaed yo=vo. Ha
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can acccmplish this in the following manner: ' the defender alloirs the
attacker to dive below and inside his turn until a pull-up is bzgun.

At this point the defender is in no immzdiate danger, since the attacker
is diving away from his angular velocity cone. As the attacker begins
his pull-up, from a nose-low attitude, the defender rolls awvay from his -
turn and zooms in the vertical plane in a banked attitude. By this

action, the defender rotates his angular velocity cone toward the at-

tacker's line of flight. Observing this, the attacker continues his
pull-up in an effort to move toward the defender's six-o'clock=-low posi-
tion. By the tima the attacker's nose reaches the horizon on his pull-
up, the defender will be nose-high in a bank toward the attacker with .
considerably less airspaad than the attacker. At this point the defender
rotates his angular velocity cone away from the attacker by turning, from
a nose-high to a nose-low position, through the vertical plane into the
attack. This places the defender in a nose-low, nose-quarter attack with
the defender's airspeed increasing and the attacker's alrspead decreas-
ing. The defender now plays his action according to the attackar's in-
tentions. If the attacker continues his zoom and turns 180° through

the vertical plane, without cutting off, the defender relaxes G, lights
afterburner and dives for separation. This places the attacker in an
overhead attack with a negative delta Mach., On the other hand, if the
attacker cuts off and overshoots his opponent in the vertical plane,

the defender may employ 2 different counter - the vertical rolling

scissors.

Procedures for the Low-Spezd Yo=Yo

1. Dive below and ‘nside your opponent's turn, if you are in a
circular tail-chase, and have little or no rate of closure. This man-
euver will increcase airspeed, diminish your horizontal turning compo-
nent, and allow you to set up a rate of closure and maneuver inside

your opponsnt's turn.

2. Employ aftecburner in the descent and in the zoom portions of
the maneuver. Do not employ afterburnzsr during the pull-up from the
nose-low to a'nose-level pusition. The use of afterburner in the des-
cent and zoom portion of the maneuver incraases and helps to maintain
rate of closure. When afterburter is employed during the pull-up, a
wider arc is described, possibly zruining the effectiveness of the man-

euver. .
[

1

3. Do not burble the aircraft, otherwise drag is increased, air-
speed is decreased and consequently, zoom capability is diminished.

4. Shallow out your turn and begin a pull-up toward your Opponcnt's§
six-o'clock position. This should be accomplished frem an inside-low
position before you rzach a position line-zbreast of your opponent.

3
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5. Employ afterburnar as your nosé comes through the horizon and
zoom toward your opponent's six-o'clock position,

_ 6. Repeat the low~speed yo-yo - 1if necessary - until a launch or
firing position is reached.

Procedures for Countering the Low-Speed Yo-Yo

1. Continue to turn and observe your opponent's dive below and to
the insida yntil a‘pulleup is begun. You are attempting to gain late
eral separation in the vertical plane before initiating your counter-

maneuver.,

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

outlined below,

3. Turn, from a nose=high to a nose~low attitude, through the
vertical plane into the attack. This will place you in a nose~low,
nose-quarter attack with your airspeed increasing. Your attacker will

be in a zoom with airspeed decraasing.

4. Relax G, light afterburner and dive for separation if your
opponent does not cut off and overshoot your flight path, 1If he at-
tempts to cut off and overshoots your flight path, employ the vertical

rolling scissors.

Countering the Overhzad Attzeck with a Negative Delfa Mach

In our discussion of previous maneuvers, we have encountered many
situations in which the defender had to dive for separation in an
effort to gain waneuvering airspzed and to provide the attacker the
worst possible position for a miszsile attack - an ovarhead attack with
& negative delta Mach. Ve will now discuss possible counters to this

attack,

ith a negative d=lta Mach, the attacker is

in the worst possible position to lauzch and IR missile. The attacker
must not only consider IR background clutter, but the lambda and ¢
limitations of his missile. Th: lembda limit is especially important
because of the attacker's nzgative rate of closure in respact to tha

If the defender pocfoims any defcasive maneuver at all, a lox
relative missile velocity will ba conbinad with an incraasing angle-
off. As a resuit, the defendcr can easily prevent a successful miszile
ant tecause the attacker must maneuver azainsy

launch, ¢ 1s significa
°n2~G gravity. This mzans he will easily exceed the two-G launch

(e =i _—T el S S ur:-'.;]

In an overhead attack, w

target,
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ble missilesshot, he pu

limitation and/ec¥ the anglzeofegs-ack imitation against a maneuvering
defender. To eluds an attacksr, the defender nesd only rotate his angu-

lar velocity cons away from the attacke=’e linz of flight. In an over-

- head attack with a negativa dzlra Mach. he m2y accomplish this in tw
=4 y y P

ways: {i) Pull up to the horlzon, wings level, and pzrform a defensive
turn left or right (the directon dspandent upen whether the attacker

is high to the 12ft or high to ths right). Let®s discuss each alterna-~
tive in detail. First ths pull-up and zcom in ths vertical plane.

The moment the defender observes h's opponent lining up for a possi-
i1is up and zooms in the varticai plane. During
the pull-up = from nosz=lcw to nose-~level - he does not employ after-
burner. As his nosz hits th: horZzon, he lights afterturner and zooms
in the vertlecal plene. Th= attacksr, faced with this counter, has omne
of two alternatives: (1) Cut eoff, in an attempt to szcurz a six-o'clock-
low position as the definisar zooms through the vertical plane, or, (2)

Do not cut off but £ly the same ralative flight path as the defender.

In all prodability, thne attzcker wiil bz enticed Into a cut=-off, because
he thinks the cut-off will quickly position him for a missile launch.
This, however, is what the dafendar is actually hoping and waiting for.

If the attacker cuts off, he will not take advantage of the pull of
gravity to bulld up £3 z2lsspes ¥, “Les2fora, at the bottom of his pull-
out, he will genzrace a2 lcwer al-:peed than di¢ the deifender when the
defender was et ths bsttom of his pulleout. The cut-off and lower air-
spezd force tha attacksr to ~ecuez higs rotation angle in the vertical
Plane in raspect to the defzad<~. This @eans that he will be unable to
secure a six-o'clock positicn, Znstead, he wi'l bs forced to accept a
smallar rotaticn anglz, hen:: a £14ght path ovavshoot in the vertical
plane {(sea figurs 23). Mzzawhilz, the defender with his airspced margin,
can pull toward ¢z past bz viptlcel and execute 2 roll-off - not a loop
= down towzrd the attacke='s 5 x-o’clesk position. To counter, the
attacks wit? atteugt L¢ eemo-*s Y20 2091 ard To1l~0ff howzver, the
attackes wlil lo.e out becsuaz of ots Initial lewsr al-ape:d on his

first cut«off and %’s smal.zr rotation angie. As a rasult, the defender
will quickly gain an advanteage and movz tovard the attacker's six=o'clock
position. If the attzcker “ad not cut off on the initial pull-up and
zoom, but h:id pullad up znd zosmad through the same arc as the defender,

he would nct kave los® hig aivartag:, A2 the defender reachsd the near
This means the de-

vertical, the attecksc worle be near six~ocliozk.
fender would be ta=bla to succrssfully -oll off and gaun a six-o'elock
advantage, since he woulZ not Pave an overshoot in thes vertical plane.

If he did, the at:zcksr wousd simply fol.cw and gain a more favorable po-

siticn. To previns this, the feferiaw mest tusa 1832 througt the -
vertical plar: and once crair zilax & ird dive for szpiration. The
attaciker, ncting this, wii: te fac:d with the choizz of attzucping to
cut-off or zooam past the defenlder throvgh the samz tusring point to
complite a 1807 changs of airsct.cn towsrd the defendes’s stx-o’clock

position. If the atracke- attzmpts to cut off and oversheots his
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opponent in the vertical plane, the
rolling scissors as a counter, On ¢t
dozs not cut off, the overhzad attac
be repeated once again. To counter
may execute the second alternati
defensive turn, left or right.

off to the left, the defender will turn lef
S the attack, in a curved plane intercepting the de-

attacker presse

defendar may employ the vertical

he other hand, 1f the attacker

k with a negative delta Mach will -
this second attempt, the defender

ve = a pull-up to the horizon and a
If the attacker is to the rear and

t, and vice versa. 1If the

fender's tyra, he will describe a nose=-low spiral. As range

- diminishes, the attacker's airspeed
pponent's attack, will tighten up his defensive turn as

If the attack is continued, the
r into an overshoot below the de-

observing his o
the attacker's range diminishes.
nose~low spiral forces the attacke

and G will build up. The defender,

fender. The result is obvious: The defender sinply rolls off and

maneuvers toward the attacker's six

attempts to yo-yo out of this nose~low spiral - before

below his opponent's flight path -
to pull up and zoom in the vertical

-o'clock position. If the attacker

overshooting
he must roll wings-level in order
plane. This maneuver provides

Dose-tail separation for the attacker; however, it also provides
lateral saparation for the defender. 1In this instance, the defender

has taken” the advantage. After rolling wings
@ nose-low attituda while the defendsr has a

-level the attacker has
nose~level attitude.

This means that the attacker must pull from this attitude to nose-

level before he can zoom in tHe vartical plane.

During the process,

the attacker increaFes his horizontal velocity component. This causes
him' to overshoot the defender’s flight path before he can execute his
zoom. 1If, during the pull-up and zoom by the attacker, the defender

counters with a nose-high reversal,
component. The result is obvious:

he will diminish his horizontal
The attacker is forced out front

by his pull-up ard zoom. The defender will be in position, at six-

o'clock low, for a missile attack.

Procedures for Countering the Overhead Attack with a Newative Delta

Mach

1

l. Determine if an attacker {1
attack with a negative delta Mach,
ing the attacker’s previcus maneuve
If he is in a proper position, empi

2. Pull up frem a nose-lew at
(wings level). This should be aczo
observes his opponant flying up for

3. Employ afterburner during
mancuver. Do not employ afterburme

s in position to eXecute an overhezad
This can be accomplished by obsary-
rs and his present relative position.

oy the following prozedures.

titude and zoom in the vertical plana
mplished the momznt the defender
2 possible missile shot,

the dive and zoom portions of the
r during the pull-up from nosc-low

to nose-levzl. Use of the aft:rburnar during the dive and zocn por-

tions of the maneuver and not durin

r;n:-:—.-: IR

g the pull-up allows the defeadar
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‘to generate sufficient_angular velocity and, at the sams time, main-
tain a substantial zoom capability,

"4, Observe and determine if your opponent attempts a cut=off in
an effort to secure advantage. If he does, he will not take advantage
of the force of gravity to build up his airspeed. Therefore, in the
bottom of his pull-out, he will have 2 lower airspeed, hence a lower
zoom potential as wall as a reduced rotation angle,

t
5. Roll off, as you approach the vertical, and maneuver down to=
ward your oppoment's six-o'clock position. This should be accomplished
8s your opponent starts in the zoom portion of his maneuver., This will
prevent him from gatting necar your six-o'clock position. At the same
time, it allows you to gain toward his six-o'ecloak positien,

6. Repeat the process. This means that you will dive toward the
attacker’s six-o'ciock position from your roll-off, Thiz will place
you at the bottom half of the maneuver. Your attacker, attcmpting to
complete his zoom, will roll off toward your six-o'eclock position,
However, you will gain on him bacause of his initial lower airspecd

when he performs hig fi=s+ cut=off,

7. Do not attenpt the roll-off 1f the attacker does not cut off
on the initial manouver, Instead, turn 1809 to the vertical plane,
relax G and dive fer separation, If the attacker does not cut off,
he will be near your six-o'clock position as you reach the necar-
vertical. To provida hinm little advantage, you must’ turn 180° into
the attack, divs for Separation, and once again place him in an over=
head attack with a nzgative delta Mach,

8. Determine, once again, when the zttacker is in an overhead
attack with 2 negative del:a Hach, then get ready to employ the
second alternative, :

1
ey

9. Pull up to the horizon with wings level, then périorm a defen-
sive turn left or right (ths direction is dependent upon whether the
attack is high to the left or high to the right). If the attacker
counters the first alternative, he will meet the second in an effort

to gain an advantage.

10. Continue tha turn and observe the attacker. If he presses
the attzck in a curved plane interczpting your turn, prczeed as

follcus:

11. Tighten up the turn, as ths attacker's ranga dininfshes, and
attept to force hlin btelow your line of flighe, or attempt to force
him into a yO=yo cut to the side, If ha confinuas the attack, ha will™

be forced into an oversheoot balow you,
el e XTSI E——an.
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12. Roll off and maneuver toward the attacker's six-o'clock-low

position if the attacker continues tha attack and is forced into an
overshoot below you. If he yo=yo's out to the side, employ the fol-

lowing procedures.

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

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

of his maneuver.

Maﬁeuvering from An Overhezd Attack with a Negative Delta Mach

You will recall, from our previous discussions of the overhead at-
tack with a negative delta Mach, that an attacker may expact two pos-
sible counters to his attack: (1) A pulleup from a nose-low attitude,
followed by a zoom in the vertical plane, or (2) A pull-up to the
horizon, wings level, followed by a defensive turn left or right. Our

purpose in discussing the overhead attack with a negative delta Mach
is to point out manzuvers which can be used against either one of these

counters.

_ . To. maneuver against the first aiternative - pull-up from a nose-low
attitude with a zoom in the vertica: plane - we stated that the attacker
should not cut off and pull~up and zoom. Instead, ha should fly the
same relative flight path as the defender. By doing this, the attacker
would force the defender to turn 180° in the vertical plane in an at-
tempt to gain longitudinal separation. We can see, by georetrically
examining this situation, that the attackar has an apparent choice of
either cutting off his opponent'in the vertical plane, or zooming past
the defender through the same turning point to complete a 180° change
of direction toward the defender's six-o'clock position. If the at-
tacker attempts to cut off and over-shoots his opponent’s descending
flight path in the vertical plane, he can expect the defender to
counter with the vertical rolling scissors. This will cost him his
offensive advantage. On the other hand, 1f he doas not cut off, the
overhead attack with a negativs delta Mach will be repeated once again,
and he will gain little additionsl advantage. To prevent either sit-
uation from cccurring, the attzeker need orly employ a barrzl-rcll
(zolleavay) in the vertical plana, 55 he starts to move past thz dezcend-
ing 'defender., This will redusze the apex of his zoom, because his vec-
tor velocity (along the axis of thz roll) in ths vertical plana is5 dii-
inished. As a result, the attackar will roll away throuzh a 120° chinc
of direction to position himsalf at his opponznt’s six-o'cleck~lcy pesi-
tion, in the vertical planz, with mush lese iongitudinal sepcoratics. If
the defender repeats tha pull~vp znd zoom, folicied by a 180° turn :n

SR - 7




the vertical pglane, 2
an even mors favorable pesition,
20mm cannon attack.

To counter this roll-zway, the defender nzed only add back-pressure
and roll toward the roll-away, or dive for whatever longitudinal separa-
tion he cea get to 2mploy his second aitesrnativa., If the defender rolls
toward the rq}l-awayv this will plac2 the attacker at a high -angla-off
in the vertical plana, as shown in figuze 30. To maneuver ott of this
position, the attack:r must roll 180° towszrd the defender's flight path,
Meanshile, the defender can rzlax G, dive.for szparation and zttempt

his second alternativa.
To maneuver against thz second alternative = a pull~up to the hori-
zon, wings-level, with a dafensifve turn left or right - ths attacker
head attack in a cuxzved pianz 2gainst the rim of
al t

must not launchk an over
the defendex's horizont urn. This means that 7f the attack is press-

ed, the attacker has the option of descending outside his opponent's
turning circle or descerding inside the turning cirale. 1If tha attacker
descends outgide his ovponant’s turning cizcle, his rate of turn will be

less than the dufander's, ThL; wnirs the defende= will be turning away

from the attacker's nosz, towezd his tall, as the attacke~ approaches
the defendex's I1dima of £lighr, As a ra ilt, the defender will! maneuver

toward the asifackez's slu-o'clock pozitien, Cn the othzas hand, if the
attacksr descerds Ins'de the Surstag cisile, he f8 not committed to

generate & tirnm vate leds ard & tuwn radius grsater than his opponent,
as would be the case LI Lz izitiated a pursuit curve attack, in a
curved plane (=ithz: ints:2spting ths defendsr's horizontal turn or
descending outsida his turalng cir~la) By descending inside the hori-
zontal clrale, the zttsziler Jessstsoz z=l9W spirezl, in vhich his
rate of turn, aleng th: hosizonral ax? ovaraad by his spiral or
roll rate along the varii:al axis., BEi s of turn 2loag tha hori-
zoatal axis 13 govarnazd by t escending :pizal, If the
attacker increaszes hi k) a') and stucpens the
spiral, he increzses wn ratea and dzere:z2s his hori-
zontal turn radius. zzker will ba pliroustting down
the axle of the def:azda: zo tewn,  This, of couwvsa, will
cause tha attacker to b selve vzlocicy for his forthcoming
maneuver unless he radce @2r.  As the attazhar pulls wall inside

P 13 out of the spiral
22 toward the defendar's six->"clock posi-
p 2 variation of tha low-sp:zd yo-yo.)
ve aud Lt app2:zrs that the risult-

.
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Mach, the defender nead only employ the counters suggested for .a low-
speed yo=-yo and/or for the barrel-roll attack.

fron an Overhaad Attack with a Nacative

Proceduras - for Moaneuvering

l. Observe your opponent and determine if he employs alternative
1 - a pull~up from a nose-low attitude and a zoom in the vertical
plane = or alternative 2 -~ a pull-up to the horizon, wings=level, and
a defensive thrn left or right, If he employs the first alternative,
use the following procedures.

2. Do not cut off as your opponent begins his pull-up for.a zocm
in the vertical plzne. A cut-off now will pProvide you a lower airspaed
and a smaller rotation angle for your forthcoming zoom. ‘

- 3. Dive - A/B on-- and initiate a pull-up ‘and zoom through the same
arc which the defender describad, This technique will enable you to
generate a high rotation angle in your zoom, hence, prevent a flight-

" path overshoot, in the vertical plane.

4. Determine if your opponent counters with a roll-off or a 180°
turn through the vertical Plane in an effort to maneuver you out of his
six-o'clock position.  If he employs the Toll-off, simply roll with
him and maneuver towazd his six-o'clozk position, If he employs @ 180°
turn through the vertical plane in an effort to gain separation, employ

-

the follcwing precedures, . , -

5. Initiate a barrel-roll (rolleaway) as you begin to zosm ﬁast
your descending opponent, A roll-away will reduce your vector velccity
in-the vertical plane; hence, provide your opponent less longitudina}

-separation,

6. Complete the barrel-roll (roll-away) ard maneuver tovard your
opponent's sixeo'clock position in the vertical plane. Your opponent
will now either repeat the pull-up znd zoom or proceed to his zecond
alternative, If he Tepeats his previcus manevver, gimnly repeat your
roll-off and gain position for a missile or 20=m ¢annon shot, If ha

employs the second alternative, use the follering prozedures,

7. Do not press the attack in a curved plane intezcepting the rim
of the defender's tura. Tais will force you to either. ovarshcot below
your opponent or to yo-yo ovt to tha side in a nose-lcu attitude. In
cither case, he will gain an advontzge (see section on countering tho
overhead attazk with a ncgative delta Hach).

8. Spiral inside your oproneat's horizontal turn to match his

tern and to cut hin off. This r1y be a2ccecaplished by adjusting your -
rate of spiral and the slere of the spiral,

-
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9. Continue the spiral, inside your opponsnt's turn, until you
start to move below and inside his line of flight,

10. Rell wings-level, pull-up inside your oppoment's turn and zoom -
toward his six-o'clock pecsition., If you have excess alrspeed or are
not spiraling well inside your opponent's horizontal turn, you may be
forced to pull up and zoom outside his turning circle, In this case,

employ the following procedurss. .
pponent's horizontal .turning circle - if you

pull-up inside his horizontal turn radius.-
he continues to turn or attempts. to dive .

. 11. Zotm outside your o
are unable to complete your
then turn back toward him if

avay.

12. Zoom to the outside and barrel-roll (roll-away) toward your
opponent's sixe-o'clock position, if he attempts a reversal to counter

your zoom to the outside,

The Vertical Rolline Scissors

The vertical rolling szissors is what the name implies - a defensive,

descending, rolling maneuver in the vertical plane. The purpose of this
maneuver is to gain an offensive advantage 1if an opponent ovarshoots a

defender's flight path, and slides through his angular velocity cone

while descending {n the vertical plane, See figure 31, The folloving
situations may be used to set the stage for employing the maneuver:
(1) At high altitude, when the defender has a high Mach with a low
indicated airspeed, In this case, the defender will be forced to per-
form a descending defeansive turn
If the attacker with a fair rate of closure, thinks that his opponeat 1is
attempting to gain sepzration, he may cut off in an effort to prevent
him from doing so. With h’s higher airspeed, his radius of turn during
the cut-off will be greater than the defender'’s. As a result, he can
be easily forced to overshoot the defendar's descending flight path.

(2) In a zoom=-mansuver In .huich the attacker is attempting to approach
a8 zooming defender's six-o'closk position. The defender, observing the
attacker's position, usas the pull of gravity and executes a 180° turn
through the vertical Flanz in an effort to galn separztion and thus
place the attacker in an overhsad attack with a negative delta Mach.
In an effort to prevent this, the attacker cuts off. During the cut-

" off, his radius of turn is grsater than the defender's because of this

higher airspeed, and as a resulc, ne overshoots the defender's descend-
ing flight path. (3) A six-o'clock-low nmissile attack, in whizh an
attacker i{s approaching his pull-up point for launch. The defender,
observing the attacker, may execute one of two maneuvars: An icmadiate
defensive turn down Znto tha attzck, or a pull-up and zoom follewrad by

a 180° turn, in the ve=ticcl planz, dewn into the zooming attacker (this
is the same proceduve uzed as a counter to ths low-speed yo-yo). dIn
either of thes 5. .7 the attazker attempts a substantial cut-clf
he can ka2 fore ove lhoot his opponincis descending flight path.
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With the stage set, we can now discuss the mechanics of the vertical
rolling scissers. Let's assumz that we have a defender zooming in the
vertical plane, with an attacker initiating a pull-up in an effort to
maneuver toward the zooming defender's six-o'clock position. The de-
fender, observing his opponant’s position, turns 180° through the vertie
cal plane, down into the attack in an apparent attempt to gain separa-
tion. Observing this maneuver, the attacker decides he can either cut
off, or zoom-and turn 18Q° through the defender's turning circle.

Since he knows that a tum through .the defender's. turning circlé will.
place him in an overhead attack with a negative delta Mach, he elects

to cut-off,” Observing the cut-off, the defender knows that the attacker
will be performing his 180° turn through the vertical plane at a higher
airspeed. Therefore, the attacker's turn radius will be greater; hence,
he will overshoot the defender's descending flight path, Understanding
this, the defender reduces power to slow his rate of descent (he may
deceive the attacker in this power reduction by momentarily lighting
afterburner, then reducing power, to make it more apparent that the de-
fender is trying to dive for separation) then waits until the attacker
overshoots his flight path ‘and is comuitted to a nose~low attitude. At
this instant, the défender comes in with back pressure and reverse-rolls
into the overshooting attacker. This will place the defender below the
attacker and 180° cut of phase, with a less nose-low attitude .henge, a
lower vector velocity along the vertical axis. The attacker, noting
that he-is out of phase, and is descending more rapidly than the defender,
will attempt to roll.l180° toward the defender's descending flight path.
Observing the attacker's action, the defender rolls in the same direction.
This prevents the attacker from flying into his opponent's six-o'clock
position, At the same time, it prevents him from reducing his mnose-low
attitude. As a result, the attacker, with his higher vertical vector
velocity, has rolled 180° out of phase, down and below the defender.

The defender new hkas the advantage and he need only roll into the at-
tacker's six-o’'clock position. i

To counter the vertical rolling scissors, a zooming attacker should
not attempt to cut off a descending defender when he has a substantial
airspeed advantage. Instead, he should roll away or barrel-roli"to
reduce his ascending vertical veetor velocity, hence his yo-yo apex. -
In an effort to prevent the defénder from gaining longitudinal separa- ;
tion, the attacker need. only initiate his roll-away as he starts to
ascend past the diving defender. This will allow him to complete his ‘
180° change of direction with less verticzl displacement and will posi-
tion him at the diving defender's six-o'clock position with less longt- !
tudinal separation and less negative rate of closure. To mancuver for
a lauach or firing position, the attacker nced only manesuver against
any forthcoming counters by the defender. If the defender has none,

the attacker moves in for the kill.
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Procedures for tha Vertical Rolling Scissors

1. Observe the attacker's position. If he is in a six=o'clock-1lou
position, perform the following procedures.

. 2. Pull up and zoom in the vertical plane, or perform an immediate
descending defensive turn. If your opponent has not set up a zoom for
a launch ‘6r firing positicn, you may employ the pull-up and zoonm. 1f
he has, immediately employ the descending defensive turn.

3. Turn 80° through the vertical plane, if you zoom, or continue
the dive if forced to perform a descending defensive turn,

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

5. Reduce power to slow rate of descent,

6. PReverse-roll, tovard your opponent, when y&u observe his over=-
shoot and nose-low committment, A reverse-roll should be accomplished
with back-pressure and rudder (high-angle~-of-attack manauver) to reduce

your nosa-low attitude and your vertical vector velocity.

7. Do not allow your opponent to roll toward your flight path -
“keep him 180° out of phase. To accomplish this, roll in the same
directicn as your cpponent if he attempts to acquire ycur six-o'clock:

~ position,

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

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

Procedures for Countering the Vertical Rolling Scissors

1. Do not attempt to cut off as a zooming attacker against a de-
scending defender 1f you have a substantial airspeed advantage. Under
‘these conditions, a cut~off will force you to overshoot your opponent's

descending flight path,

2. Roll away or barral-zoll as you move vertically past your da-.
scending opponent., This maneuver will reduce your zoonming vector wvelo-
city, hence vertical displacemzont, in your zooa,

3. Continue the roll-avay to acquire a 180° change of direction
arnd a six-o'clock-lew position against your diving opponcat., This pra-
vents ysur opponant froam gaining a considerable lonzitudinal separation

and at the sac: time redusos your negativa rate of closure.




On the other hand, if he performs a high-G barrel-roll over the top,

ﬁ
-
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4. Maneuver' against any forthcoming counter thrown at you by your
opponent. . '

The High«G Narrel-Roll

There may com2 a time, in a tactical situation, in which you find
that you can nullify a missile attack, but have less success in ccounter-
ing a follow-up 20m cannon’attack., You will recall that a defender
can frustrate a missile attack by exceeding the missile's lambda and/or
G-capabilities. The maneuvers needed to accomplish this are not too
demanding, providing the defender has visual contact with the attacker,
On the other hand, a much higher degree of skill - in respect to cian-
euvering - is needed t& counter an aggressive, skillfully-executed
follow-up gun attack. Under these circumstances even the most profi-
clent defender may find himself in a serious defensive position, with
an attacker at six-o'clock inside gun firing range. To get out of this
situation, any defender knows he must force the attacker to overshoot

.hié-fléghg_pathi__ln_other_words7~he—must—rotate“hts—angular velocity

cone in such 4 manner as to acquire lateral separation, Turn and velo-
city, married to the pull of gravity, determine his field of maneuver,

~ and his ability to rotate his angular velocity cone., He must employ

these factors in Proper perspective to gain an overshoot. In this sit-
uation, this means that the defender must reduce his tum and velocity
more quickly than his opponent if he is to force his opponent out of
his six-o'clock position. From our previous discussions, it is obvious
that a barrel-roll type maneuver offers the best opportunity to quickly
change direction and reduce vector velocity. 1In this case, since the
attacker is at six-o'clock inside gun firing range, the defender rust
perform a max-performance or a high~G barrel-roll to prevent his oppo-
nent from matching his change of direction and reduction of vector
velocity. Before initiating the maneuver, his only remaining problem
is to deterniine in vhich direction the high-G barrel-roll should be
executed, To answer this, let's assume that the defender is in a
defensive turn with an attacker at six-o'clock under the conditions

specified above,

In an attempt to force the atracker to overshoot, the defender can f
either execute a barrel-roll over the top or a2 barrel-roll underneat? :
out of his defensive tum. If the attacker is at high speed - 300
knots or more in the F-100 - and he performs a high-G barrel-roll
underneath, the pull of gravity will act in the same direction as his
thrust vector. This mzans that he will experience considerable diffi-

culty in reducing his vector velocity more quickly than his oppoaant.

is thrust vector azts in a direction opposite the pull of gravity,
This m2ans that he will reduce his vecter velocity much more rapidly
in respect to his opporent. To i{llustrate both situations: If tha
defender rolls underncath, he must eiecute the ma2neuver first, since
the attacker is manzuvering in respact to him., Tals reans that the~

Pull of gravity will act in tha s2:-n di=zztion.as the defender's thruse
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and velocity, before it acts on the attacker, A4s a result, the defender
will exparience difficulty in reducing his vector valocity morz rapidly
than his oppsnent. On the other hand, if the defender rolls over tha toy,
once again he must execute the mansuver first, since the attacker is man-
euvering in respect to him. In this case, the defender can reduce his
vector velocity more rapidly than his opponent since the pull of gravity
acts against his thrust and velocity, before it acts against the attack-
er's thrust and velocity., It is obvious from this discussion that if a
‘defender, ‘at high spsed in a defensive turn, has an attacker at six-
~o'elock inside gun firing range, he should execute the high~G barrel-
~roll over the top, rather than underneath, in order to gain an overshoot.

If a defender does not have the necessary spzed to execute the high-G
roll over the top, he should not attempt to do so, because the high angzle
of attack requirad to successfully accomplish the maneuver and the pull
of gravity will cause his speed to decay very rapidly. If the defender
attempts .to roll over the top, this means that he will stall out and ba
unable to complete the maneuver, and the attacker will set up at a six-
o'clock position for an easy kill, To prevent this, the defender with
insufficient speed to execute a roll over the top, should perform a

~high-G roll underneath (in the F-100, this maneuver should be fnitiated
with an airspeed of 250 knots or less), In this situation, a defender
needs the pull of gravity to successfully complete the mzneuver. He
will be maneuvering with a high angle of attack. The induced drag gen-
erated by this angle of attack will provide a deceleration graeater than
the acceleration genarated by the pull of gravity. Hence, if tha
defender executes a kigh-G roll undernzath, he can stil1l change direc-
tion and reduce velocity move rapidly than his opponent, Why? Eecsuse
the attacker must stf1l maneuver in respect to the defender. The at-
tacker's rate of turn and vector velocity are dependent upon his angle
of attack, which, in turn, is dependent upon his rate of turn, which is -

dependent upon the defendex's valocity, angle-off and range {W -Vt x SinO).
. ) _Range

Now that we understand the need for the high=G barrel-roll - bo;h
over the top and undernmeath < and when {t should be employad, let's
discuss the mechanics of each mancuver, .

The Hish-G Parrel-Rnll over the Top

As indicated abovz, ths high-G barrel-roll over the top 1s desizned
for use against an attacker at six-o'cleck inside gun firing range, whcn
the defender is in a defensive turn and is unable to shale the attacker,
More specifically, tha attacker should be in fairly close - a range of
around 1500 feet or less. If the cttacker is at a range much greater
than this, tha high-c barrcl-roll, becouse of its rapid reduction of

~the delendeas's velczity, will oaly serva to bring him cioscr torard

tha defender's sin-o'eleck positien. In other words, this Lcancuver

sthould not ha cmployad at thz lonzer gun firing ranges or as a defenza
__J
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in his roll, He will be unzble to determine the attacker's position

g |

against a missile attack. If so, the attacker will simply play the
maneuver to reduce longitudinzl separation to move into position for
a kill. The defender will bz in a poor position to counter, since
he will have killed all his maneuvering velocity,

With these conditions in mind, the mcment the defender realizes he
is unable to shake his opporent, he should start to execute the roll
(see figure 32). He should not delay, otherwise the attacker may make
the kill, To execute the maneuver properly, a defender should maintain
back-presgyre'and‘start his roll over the top without releasing any G.
This means'that he must exercise proper rudder and aileron control;
otherwise adverse yaw will prevent him from performing the maneuver
(some aileron may be required during the start of the roll, however,
as the roll progresses, hls angle of attack increases and more rudder
will be needed). As the defender comes through the inverted positionm,
he should maintain backe-pressure and increase his roll rate. If he
fails to maintain back-pressure, he will not reduce vector velocity
rapidly enough, and will not force his opponent around the outside of
the roll. If he fails to increase his roll.rate, he will not successe-

‘fully complete it, since rapid airpseed decay is reducing his maneuver-

ing potential., As the defender reaches the 270° point - the opposite
side of the roll - he should play top rudder to prevent dish=-out, and
visually ascertain the attacker's position. If, in an effort to secure
a kill, the attacker has followed ths defender around the roll, he will
be forced outside the defender's roll. This means that at the 270°
point he will be high, toward the rear and outside the roll (1f the
attacker has not reduced very much of his velocity during the roll,

he will simply be high and to the outside). If, while the attacker is
in this position the defender continues his roll-out = holding top
rudder to maintain a nose-high attitude = it forces the attacker to
slide below and forward in an obvious overshoot. The defender then
simply increases his rose-up attitude and rolls or S's toward the

attacker's six-o'clochposition.

To counter the high-G roll, thé attacker may attempt to'yo-yo out

.the top of the roll of reversa-roll’out of the top in an effort to

secure 2 six-o'clock position. If the attacker yo-yo's out the top, t
the intent is obviocus = he is attempting to reduce his vector velo- ‘
In

city along the axis of the roll by yo-yoing in the vertical plane.

this way he can maintain a six-o'clock-high position after the defender
completes the roll. If the attacker reverse-rolls, he will roll ;
through a wider arc in the opposite direction. If he maintains back I
pressure while doing this, he can reduce vector velocity along the axis
of the defendsr's roll wore rapidly than the defender. As a result,
upon cempletion of the roll by the defender, thé attacker will be at
six=o'clock. To maneuver agzinst either of these counters, the defender
must ascertain the attacksr’s position as he appreaches the 2700° Foint

rior to this, since the yo-yd> out, or the reverse-roll laces the
’ 7 3 ’ i
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attacker in the defender's blind Spot - toward the underside of his
aircraft. At the 270° point, if the defender notes the attacker's
position as being toward the rear, at the top of his canopy (by ''top

of the canopy”,” we mean that the attacker will be in the horizontal
plane when the defender is at the 270° point of his roll) the attacker
has performed a reverse roll. If the attacker is in this position, '
the defender does not complete the roll, Instead, he performs a hori-
zontal turn into the attacker and forces him to overshoot, and dives
for separation to.gain airspesd and place the attacker in an overhead
attack with'a negative delta Mach (the defender does not attempt a
scissors, since he does not have the airspeed after performing the
high=-G roll). At the 2700 point, if the defender observes the attacker
to be high and to tlle rear (off the left side of the canopy in a high-G
roll to the left, and off the right side of the canopy in a high-G roll
to the right bv the defender). The defender turns 180° through the

.vertical plane, under the attacker, relaxes G and dives for separation,

To follow, the attacker must run out of his nose~high yo-yo toward the
diving defender's six-o'clock position. This allows the defender to
gain lateral separation and places the attacker in an overhead attack

with a negative delta Mach.

The High~G Roll Underneath

In discussing tha high-G roll underneath, let's assume that we have
a defender in a defensive turn with an attacker at six-o'clock inside
gun firing range. If the defender does not have the necessary alrspeed
to execute a high-G roll over the top, he will be committed to 2 high-G
roll underneath. In the F-100, this means that if the defender's air-
speed has dropped below 300 knots, he should not attempt the high-G
roll over the top. Howaver, before executing the roll underneath, he
should maintain G, and allow his speed to dissipate to 250 knots or -
less. With these conditions prevailing, the defender should inmmediately
start the high-G roll underneath in an effort to shake his attacker,
He should not delay, otherwise he will experience considerable spead
decay, and will encounter considerable difficulty. in executing the
maneuver. To execute the roll underneath, the defender maintains back
pressure, employs rudder in the direction of the roll .= bottom rudder -
all the way around the roll. If done properly, the maneuver will des-
cribe a barrel-roll undérneath. To the attacker, just after the man-
euver has started, it wlll appear as a split-S. This illusion is
created by the high angle of attack generated in performing the man-
euver (this deception will cause the attacker to cut off in an effort

to counter his opponen='s apparznt dive for separation. The cut-off

will place the attacker in a stezp nose-down attitude),
rolls past the inverted, naar-verticzl position, to the completion of
the manzuver - a winzs-lzvel and a near-nose-level attitude - the
attacker will overshoot beclow the defender’s line of flight at a hisher
telative airspzed. Sce figure 33. The attacker is forced into this
overshoct bcciuse his Steep nose-down attitude combined wirh his ror
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As the defencder
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of roll and/or turn - which is dependent upon the defender's rate of .
roll and turn - forces him below his opponant with a higher vector
velocity along the zxzis of the high-G roll. As a result, upon.compla=
tion of the mansuver, the defender will bz above and somswhat toward .
the r2ar of his opponzzt. To gain a firing position, the defender
need only roll off or "S" down to the attacker’s sixeo’c’oci position.

3
To counter the high-@ roll underneath, it is obvious that the ate
tacker must not generate a steep nosz-low attitude, then attempt to
follow the manezuver. 1In other words, he must not inrerprat the roll
underneath as an apparsat dive For separation. To determine whether
the maneuver is a roll underneath or a dive for separation, thz ate-
tacker nesd only observe the dynamics of the defender's initial move
down and out of the defensive turn. If the defender appzazs to fly
through his longitudinal axis, he is in a dive for sepzration. If he
appears to pivot or votate around his longitudinal axig, he is perform-
ing the high-G roll undsrneath. Thé attacker must observe the defender
very carzfully to catch this difference. If he does, and notes that
the defender is rotating acound his longitudinal axis, he should not
cut off. Instead, he can pull up, delsy momentarily, then follow the
defender around the roll. This will provide the attacker the oppor-
tunity to play the maneuver, hence prevent an overshoot below the
defender. As a second alternative, the attacker can pull off and roll
in the opposite direction. By doing this, he is not dcpendent upon a
G and rate of roll governed by the defender’s velocity, angle off and
range. Instead, the attacker can pull the G necessary to play his
rate of roll to reduce vector velocity and prevent an overshoot below
the defender. If done properly, the reverse-roll will place the at-
tacker at the defender's six-o'clock position. At complstion of the
defender's roll underneath the defendsr can move against either ons
of these counters, by observing the attackzr’s actions. If the
attacker pulls off to initiate either counter, the defendar does not
complete the mansuver. Instead, he relaxes G and dives for separation.
If the attacker is pulling off and up in either case, this will place
him in an overhesd attac™ with a negative delta Mach. Howszver, the
separation gained in this situztion is not as grzat as in the othsr

over~head attacks with a negative delta Mach. Thereforz, a great deal |

more pressure is exerted on the defender, unless he can dezcive the
attacker into following his high-G barzel-roll undsrn=ath. Ou the
other hand, the high-G roll undernzath has an advantagze over the high-

G roll over the top because the dzfendsr can observe the attacker

throughout most of the maneuver, whereas in & roil over the top, he

cannot. This means that 1f the attacker zounters with a roll undar-
neath, the defender can take {rm:diate action, wherees in a toll over !

the top, he i{s forced to the 270° point befors he can cbserve the
attacker's counter.

l
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1. Perform a defensive tuta, fn an effort to force your a
overshoot. If e do=s rot, ard i: within gun firing rzmge ac
(out 1500 feet or less) u:ze the f~llaving procedures. .
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2. Barrele-roll over the top without relaxing any G forces, This
requires extrems ruddsr control and very little aileren movemant (see
section deszribing zdverza yaw)., This maneuver wiil give you a rapid
reduction in vector velocity and will provide a decsleration advantage
because your line of tlight will deseribe an arc above the horizon,
prior to your opponent’s., Your opponant will be fowrzed to barrel~roll

around the outside of your roll,.
airspeed (300 knots or mors In the F=100) bafore starting the maneuver,

3

\

i » >
3. Observe'your opponeat®s position.
point or down the opposite side of tha roil, keep "coming in" with top

rudder and get him committed into a nose~low actitude,

p adding top rudder to incrzase your

4. Continue rolling and kee
de telow and

nose-up attitude, This will force your opponent to sli
in front of you, '

5. Continue maneuvering to gain the advantage a3 your opponent
slides below and forward, Either roll off or “S" down into his six-

o'clock position.

6. Try to keep your opponcnt in sight throughout the maneuver,
Be sure you have him in sight as you reach the 270° point, If he is
at the top of your canopy, and to the Tsar, mansuver as outlined
below, -

7. Discontinue your roll-out at the 270° point and turn through
the horizental Plane into the attack. Your opponent, having accomp-
lished a reverse roll-off, will be at an angle-off, in the horizontal
plane, when you are at the 27Q° Point. To counter the reverse roll=-
off, you must turn into the attazk at this peint,

8. Force your opponent into an overshoot in the horizontal plane
then relax G, light afterbuorner and dive for Separation. If the at-
tacker attempts to turn in bshidd you, he will be placed {n an over-
head attaci with a nagative delta Mach. Do not attempt a scissors
mareuver after your opponent overshoots, You will 22t have enough
Waneuvering airspeed to sucressfully smploy it,

9. If your opponent is nosc-high in a YO=yo manzuver (with nosa-
tail Separation) at the 279° point, turpn 180° through the versical

Plane, relax G, light zftecburn~r ard diva for szparation, If the
attacker attempts to follow, hes will pe placed ia an overhead attack

with a negative delta Mach.

10. At the 27009 FO1TL, continus your roll if your opponens do-g

Rot ye-yo out into an

to zocnm sulliciantly in the VeTlical plana,
the #xis of tha roil, uwill pe gro2cer than yours, This will force him

forvard and will plaze yzu 15 o4y. r:ar ard beiow him.

Remember, you must have the necessary

When coming through the 270°

! planz, his vzcror velocity, aiong

CAlrem2 noze high attitude, Since he has fajilcd
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11, Maneuvér (iow-speed yo=-yo) for a firing positioca.

Procedures for the Figh-a R211 Undernszath

1. Perform 2 defenzive turn, in an'sffort to force your attackey
into an overshoot, If you are unablz to do so, and you arz within the
speed requirement for tha high=C roll undsrneath (250 knots or lzss in
the F=100) employ ths following procedures. :

2. Roll underneath without'releasing any G force. This will pre-
vent any gubsequent increase in airspezd and will tend to deceive your
opponent into thinking you are altempting a dive for separation,

3. Hold rudder in the diraction of the roll all the way around
the roll and play power to deceive your opponent, By holding rudder,
you will successfully perform the high-G roll underneath without fall-
ing out into a steep nose-low spiral and a subsequent easy tracking
solution. If your opponent was deceived into cutting off, he will be
forced below you in an obvious overshoot. 1If this occurs, maneuver
as outlined below,

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

a higher vector velocity,

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

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

7. Discontinue thea roll, relax G, light afterburner and dive for
separation, when you observe your opporent pulling up to delay, or to
reverse-roll. This will place the attacker in an ovsrhead attack with
a2 negative delta Mach. However, separation will not be great, there-
fore prepare to counter any subsequent action.

Maneuvering from a Nose-Quarter Attack

Until now, our intsrest has been directed to the offensive and
defensive tactics involved in rear-hemisphere attacks. Now we will
concern ourselvas with forward-hemisphere attacks. From expcrience,
we know many fighter-varsus~figh:er engagements start with the oppo:-
ing fighters approaching each other’s nose-quarter position. Sin-e
this is the case, it b:hooves us, as fighter pilots, t5 undorscend
the tactics nzeded to g2in an zdvantag: from this position. H=ncse,
the remainder of our discussion, in fizhter maneuvers, will ke =c-
cerned with the neszequartsr cttack., This will complate the man-cv:r-
ing aspact of fighter-versus~fizkter combat ard will peipare us fé-

-, |
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To understand kow wz must gain an advantage from a noscequarter
attack, let’s rzfer back to oux concept of turn ard vzlozity. As
previously stzted thex= are only two basic thirgs that an attacker
or a defender can do ir order to gain an advantage = changs direction
(turn) and/or velocity. Aprplyirg thase principlas in a no:zzequarter
attack, we know that a given attzcker must maneuver into the angular
velocity cone inythe rza2r hamisphers of his opponEnt to sucaessfully

eliver an effective 20mm canron burst, This

“ter attack, an attacksr wiil need a sub-

mz11l turn radius and a closing velocity to

9Lk pazition., If the actacker fails to

all three of the:e factocs, ke may never

» he may provide his opponent an advantage.

at an attsaczker notes thact hz is

2=quarter position. Th: momant the

t, ke should dive and light after-
The distance he dives will

on and zoom capabilities {in the

00 feet nelow his target). The

11

launch a missile or d
means that in a noss-qua
stantial rate of turn. =
gain his opponent’s zi:
maneuver so that he ac
gain an advantage., Wors
With this in mind, l=t’s
approaching an opponant
attacker visually acquir
burner to gain an airspe r
depend upon the aircraft zlet
F=100, he can dive from 5,000 t> 10,0
airspeed gained from this mensuver wi provide the actacker a grsater
forthcoming zoom than if he hsd mairtained straight-and-level flight,
The zoom will provide him freedom of maneuver in the vartical plane,
so that he may effectively use the pull of gravity to increzse his
rate of turn and raduce his turn radius along the horfzontal axis.
Another advzntage acquired by this dive maneuver {5 the eiem:nt of
surprise, The dive fcames his opponznt again:zt blue gky and frames
the attazker against the ground (assuming thzt the opgonent does not
counter with a like mineuver), From experfsnce, we know 1t i35 genm=
erally mors difficult ro maintain visual contzzt with an advzrsary
framed against the ground. In view of this, the opponent may fail to
maintain visual contact {especially at long rzuge before th: dive man-
euver Is exezuted). The possible lack of visuzl concazt erables the
attacker to set up tha pext stag: of his marzuver = a tu=n for an.
cffset in the horizoatal Plare. If the defender f21is to mzintain
visual contact, the attacker will ea:ily gerercte this offset, To the
attacker this is tha first irdicarsow of whether or not th: defender
actually has contact {if not the defender wiil £2141 to turzn, there-
fore fail to pr-veat th: attickes from athizving his offsiet point).
Assuming that the dafendzr fi.'s to c¢ounter, this plarss th: attackze
below and off t ome s:.! -3 opgeotant, on an artieps course,
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cute a turn through the vert-c:l and biotizortal plin: towa:d she rees
fomisphars of bis opparent. Since th- atrickas Iz bolow hi: oppon-at
he may stacr the gomene g Befsrs thr daferle: zecsbie bhiz 1in- sbrooze
POSLPIOn. Scs figuze 3L. Tr: aft et will thin evscors & chardedce.
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diminish2s airspzed and redu-eg horizontal turn radius, Tuie¢ wili pra~
vent an ovarshoot, howzvar, £t vill reduce hiz rate of turn and dimip-
ish his =losing velonity, he approachzs tha defendsr's rear hemi-

y T from achieving considarable Iongitud-
:2 the attacker’s tywsn rate toward the
< lon, the attacker should turn down through
lowespeed yoeyo) toward the defender’s.six«o'clo:k~
igure 35, Tks turn dswn throughk the vertical plane

tac to effectively use the pull of gravity o achiev-
ing an increase in airspsed and tum rate and 4 decrease in tum radius,
If ths defender faii © counter, the attacker nz-d only drive in underw
neath him, and sat up for a missile attack, TI€ the defsnder counters .
with a turn or puli-up, after tha attacker has initfated his chandeile
from his offset point, ths attacksr still has the advantzge, Ha nezd
only shallow out hiz chandelle and zoonm more through ths vertics] plane.
This will enable “im to play his opponent's counter and diminish his
horizoatal turn radius, Hiwever, once again, thisz wili decrzase his
airspeed, hence dearzase his turn rate a3 long as he remains {n the
zoom. Thsrefore, to g2in zirspazd and & more rapid changes of dirzction

- (turn rate) than his OFponent, hs should use the Pull of gravity to

turn down through the vertical plane into a low-speed Yo=yo below his
opponent's line of flight., This will Place him inside his opponent’®s
turn at a reducad angle«off with a higher airspeed. To furthar reduce
angle-off and longituiinal(separation, the attacksr need only repeat
the zoom and dive bzlow his opponant's 1ine of flight, or zoom and
pezform tha barrel-roll attack {a roll-away maneuver) toward his oppo-
nent's six~o'clack-low Position. Even if the defender countered in
like manner, after the att:zcker started to zoom from below ard out to
the side, tha attacker would evantually gain the advantage, since htc
initial dive for &éirspzed and his offsst give him a maneuvering advans
tage. Th=z dive far airspeed provides an airspeed and rate of turn
advantag~, The offset below providss an initfal mansuverirg advantage,

To effectively countaer a nosé-quarter attack of this naturz, thea
defender myse decide whether he {s trying to avo!d a fight or to gain
a kill. 7Tn eithee “aie. whén the attacker starts to dive for aLespead
and a poszitle offszt, the deferder should counter f{n like manner,
This will praovere the attacker from gaining an alrspesd advantage, Tt
will also praveas him from attempting an offset, sfne- such 3 mansuver
under thzge conditlor: would be tha sam: a3 reducing the defzndcr’s
angle-off, This wi'i provide the defender soms advantage, Moy jf the
attacker approaches and *P2rts to wove past the da2fender, he must
decide if ha js tryinz to :zvcid a fight or nor, If be i: attempting

4

to avoid a fight, hz shouss PUsh ovir and dive fer Afpacation, ar rhe
attacker atvemprs €o°2™m tuen ird dive for & :{x-0%¢ 192k position,
Tals miazuevsr by the Jofonder vitl izce ths dttacksr in an ovorhe 14
attack wirh 4 hugative deleg Mack, with Txlreemz lorgitudingl SEpaTa
tion. The artasbirp wili we trixle to tiosc for & mise:ie sttack, Ca
the othep Rand, € th: I:7na.. dhirizes t) ftay and fighe, h- :hau'a -
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zoom and dive In the manner just discussed in an effort to gain an
advantage. If the attacker is as skillful as the defender in employ-

ing this technique, this might not be a wise decisfon.

§ 0 counter an attacker who has already

de, for his forthcoming zoom and dive, the
defender should turn d the offsect and dive for separation., Since
the attacker must pzrform a 130° chznge of direction, this will place
him in an overhead attark with a nzgative delts Mach, with extzems
longitudinal separation., If the defender attempts to stay and fight,
instead of diving for sepavatiou, the attacker will eventually gain
the advantzge because of his higher airspeed and better position (in
this situatlon; wz assume that the attacker will employ the proper
zoom and dive techniques to gain an advantage).

:
. o
e

If the defendzy dz
offset below azd to ths si
t b

Procedures for tha Noze=Quartesr Attack

1. Light afterburner and dive immediately below your opponent to
galn energy for your forthcoming zo .
cal plane. A dive below will also provide you the element of surprise

needed for your next mova.

2. Turn to an offsst point in the horizontal plane. This will
place you telow and out to the side of your opponent on an anti-
parallel course. If your opponent fails to counter, you will have a
maneuvering advantage in temms of position as well as airspeed. 1In
this event employ the following procedures. '

3. Start a chandelle toward your opponent, so that you will be
near the 90° point of the chandzile when you are appwroximately 90°
angle-cff from your oppor:nt. This mancuver will reduce your turn

radius and decreasze your airspeed.
y P

4. Turn through the verticsl plane out of the chandelle, inside
and below ycur opponent's line of flight, toward his six-o'clock-lov
position. A turn through the vertical plane enables you to gain your
opponent's six-o'clock-low position without extreme longitudinal sep-
aration and a possible flight path overshoot in the horfzontal plane,

d turn rate, and at the same time,

.
your airspsed an

since you increase y ur
further reduce your turn radivs., To gal

2

chandelle.

- 3. Accelerate t:low vour opponent for an AIM-9D attack from six-
o'clock=-low. If your opponent counters with a defensive turn or- 3
Pull-up azzinst youw dive toward a six-o'clockelow position, employ
the following prozedurcs.

6- Pull up and zoom I oo yoar whsideclow PCS‘;C{.O’?‘. and repeat the
zoom-dive techaiqus to g3ln o advzstage, or birvel-roll {roli.awcw)
e LT e I AT STl im L AT a
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om and maneuverability in the verti-

maxi.un effect, a turn through
the vertical plane should be initiated a: you pass the 90° point of your
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out of the zoom toward your opponent's six=o'clock-low position,

Generally, the roll-away will enable you to gain your opponent's six-
o'clock-low position more quickly. However, the zoom-dive technique
may be more appropriate if you horizontally overshoot your opponent's
flight path on the zoom, and he dives for separation after the over-

shoot.

Procedures for Countering the Nose=Quarter Attack

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

2. Do not allow your opponent to offset. If he attempts to do so,
turn toward the direction of the offset. This will reduce 'your angle=-
off toward his six=o'clock position, and will give you a slight advane
tage if he offsets (under thesze clrcumstances, he most likely will not

attempt it),

3. Decide whether you will avoid a fighter-versus-fighter engage-
ment or stay and fight, If you wish to avoid the engagement, simply
push over and dive for separation as your opponent moves past you on an
anti-parallel couvse. Since your opponent must perform a 180 change
of direction, this wil} provide you extreme longitudinal separation out-
side missile range. 1If you wish to stay and fight, employ the follow=

ing procedures.

4. Pull vp and zoom, in the vertical plare, toward your opponent -
a5 your opponant starts to move past your line-abreast position on an
anti-parallel course - to reduce your horizontal turn radius. While
in the zoom, your airspeed and turn rate will decrease. Therefore, to
acquire a rapid change of direction and to accelerate toward your oppo-
nent's six-o'clock pesition, employ the procedures outlined in the fol-

lowing paragraph.

5. Dive out of your zoom, below your opponent's ‘line of flighe,
in an attempt to gain a six-o'clock-low position. If your opponent
fails to emulate your zoom-dive technique, you will gain an advantage
by reducing angle-off and moving toward his six-o'clock position.
From this position, you need only repeat the process or employ the
barrel-roll attack to move 1in for the kill, 1If your opponent emulatecs
your zoom-dive technique, you will be stalemated. If this is the sit-
uation, you must use your oun judgmant to determine whether you should

continue to fight or bra2ak off the engagement,




CHAPTER II

TACTICAL FOPMATION

In air-to=-air combat, the primary purpose of tactical formation is
two-fold: (1) To provide security against attacks by enemy fighters,-
and (2) To conduct offensive operations against enemy bombers and/or
fighters. To gain security, any formation must be able to detect the
attack and maneuver against it befors the attackers achieve a lethal
position. This means that the formation must be so comstructed that
attacking fightérs with air~to-air missiles can be detected before they
are within launch rangs. At the same time, this formation must possess
characteristics of mansuverability and mutual suppcrt so that it can
counter the attack as well as see it. These same characteristics are
necessary in conducting offensive air~to-air oparations,

To gain maximum lookout security against a rear-hemisphere attack,
the flight must be so constructed that visual cross-cover is the max=~
imum attainable. Two means by which a formation can increase its vis=-
ual cross-cover are: (1) Increase the number of aircraft within the
basic maneuvering formation, and (2) Place these aircraft line-abreast
‘at definite imtérvals to increase the field of cross~-cover. By increas-
ing the number of aircraft, we provide more fiight mombers covering the
rear hemisphere. If we stack the flight line-abreast, we provide .
greater cross-cover, thus increasing the probability of detecting a
rear-hemisphere attack. This means that we increase look-out security,
but at the same time we decrease maneuveravility., To maximize man-
‘euverability, a flight must cousist of as few members as possible (a
single a2ircraft is more maneuverable than any formation consisting of
more than one aircraft) with these members stacked in-trail. From
experience we know that when the number within the flight 1s reduced,

.it becomes easier for the members to keep track of and avoid one another .
during any maneuvering engagemant, Experience also indicates it is
much easier to maneuver in-trail as opposed to line-abreast formation.

In order to acquire szcurity, and raneuverability, we must compro-
mise between maximum look-out security and maximum maneuverability,
The extent of the compromise nzeded will determine the type formation
flown in a fighter-vessus-fighter engagemant. The increased range of
AIM-93, as opposed to the 201m cannon, forces us to construct a forma-
tion in which the compromisa favors look~out security. This means
that the formation will be fiowm very nearly line-abreast at a speci-
fied interval to pizk up & missile artack at ranges of greater than
15,000 feat. To maintain ranzuveradility and mutual support, the size
of the formation must be restricted to no more than four aircraft. If
a nuabar greater than four is employed, maneuverability and mutual
support beccme difficult and cocpiicated. On the other hand, if less
than two aircraft ars erployed, the look-out capability is raduced and
mutual suppart becomiz imnossible, Therzfore, to provide look-out
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‘type formation is to provide extensive look

ability disadvantage is not

cecurity and maneuverability, a formation of two
craft must be employed.

s three or four aire

with-a leader and two wingmen, has been
evaluated many times throughout the history of fighter aviation. 1In
spite of many attempts to propose a three«ship flight as a combat
formation, it has never been extensively employed. The reason is that
a three~ship flight, with flanking wingmen, provides excellent look-
out capability in the rear hemisphere on a combat air patrol; however,
when this formation detects an attack and maneuvers against it, the
result has always been the same - chaos. The wingmen cannot keep
track of and 'avoid one another while maneuvering in respect to their
leader and their attackers. As a result, one or the other of the wing-
men is forced out of the formation and flight integrity is broken. The
attackers simply drive in and -take the single, then maneuver after the
element after having destroyed the single or having forced him out of
the fight. On the attack, where hard combat maneuvering is necessary,
flight integrity disappears just as it did when maneuvering on the

defensive,"

The thrée-ship flight,

the two-ship formation would .be more maneu-
Our problem in using this
=out security in order to

detect a possible missile attack. If we stack the formation line-
abreast, we must provide sufficient interval so the element can detect
a missile attack at ranges greater-'than 15,000  feet. : In order. that -
this may be accomplished, the flight must spread about 2500 feet apart.
A disadvantage of a spread of this magnitude is quickly apparent., Ini-
tial'maneuvgrability is reduced after detecting the attack in the rear
hemisphere. When the missile’s limitation is known, this mansuvers

as great as it appears (remamber, to defend
against a missile attack at long range, we need angular velocity plus
airspeed, not a small turn radius and a low airspeed). This means that
maneuvarability i{s not required to the same extent as in gun tactics.
With this in mind, we can safely accept an initial maneuverability
restriction; however, the real disadvantage of the two-ship flight
concerns look~-out security. 'With only two ships, the leader of this
formation must sperd a great deal of time looking to the rear, rather
than looking for enemy targets. In terms of look-out capability, this
means a loss in offensive potential., If this loss can be accepted,
along with reduced initial maneuverability, the two-ship flight ray
be employed as a basic mancuvering formation.

As indicated previously,
verable ‘than any other type we may employ.

rrectly, without sacrificing manéuvcrability
beyond initial maneuverahility, the wingman must kncw how to pesition
hirself during all maneuvars. On patrol, prior to initial contact, the
wingman will maintain the position specified zbove = line-abreast and
about 2500 feet out. Dusing turns, the wingman will play the outside
as well as the inside of the turn, in order to maintain position.

-'m

To employ the elemznt co




This will not bd too difficult bacause the manzuvzrs executed,
prior to contact, will not bz of the maximume=performance variety,

"To allow the wingman to €asily maintain his Position and to provide

adequate rearward coverage, the wingman must mansuver through both

the horizontal and vertical planss. If the leadar performs a turn
away from the wingman, the wingman lowz2zz his noge and cuts to the
inside. This procsdure allows the wingman to resduce his horizontal
turning component and, at thz 'same tima, provides him a rate of
closure so he will not ba straggling beh’rnd hig leader. As the ving-
man moves inside and low toward tha leader’s linz-abreast Fosition,

he shouid playvhis crissover so that he dces not cross in front of

his leader. He should cross to the outside, slide high and fly in

the plane of the leadsr. If this Sr2szovsr technique 1a employed
during all turns, the wingman will describa a circular movement in

the plane of the leader’s aircraft, ses figure 36. On thz outside of
this circle the v.ngman will lose airspeed and slide to thz rear. On
the inside, the wingman wiil gain airspeed and move forward., 1In effect,
the wingman is employing the low-spezd and the highwspeed yo-yo as a
means of maintaining position, and‘providing sufficient visual cross-
coverage. At the sames timz, this manauver will enable the ‘leader to
cover his wingmdm, whithsr he be on ‘the outside or on the inside of
the tﬁrn, If the intlal turn by thz leader is toward the wingman, the
wingman will be unable to crosz:over ‘behind and underneath his leader.
In this situation, the wingman must pull Gp, piay the leader's turn
and- cross to the outside, above and behind the Plane of the leader’s
aircraft. After the inltial ¢rossover, the wingman employs the tech-
niQueé,sﬁec;fiéd abovz for the remainder of his crossovers,,

When maneuvers appraacth maximum rFarformanza, the wingman will be
unable to maintain ths loos: Fosition Impiied {in ratrol formztion. He
will be forced into a fighting position, in a nar-=ow cone, behind the
leader's airzraft., In ozdev to rem:iin with the lecader and, at the sama
time, provide =aamwaxd coverige ke will be forced to assum2 a position
closer to the tail of tka w25d2x'3 atrerafe, As vwe define it, the
fighting position is any plaze within a €0° cone with the wingman
approximately 1000 feet behind the l22dex. To ma‘ntain position in
this cone, the wingman emplov: thke same mansuvering techniquss which
he used in patro} formation, ke men2uvers through both the vercical
and horizontal plan:zs). <ting max macsivars, if the wingman attempts
Lo maneuver very musch out::de the confirss of this cone, he will find
it diffizult to maintain positisn and al:o provids. rearward vlsual
coverage. The prirary dity of the wingman while in fighting position
is to provide visuvsi Cov=rigs £ the rzsv. while the ieader 1is con-

centrating on manauvering for an : This is of extrem: impor<
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tance if the enemy I3 equlpr=d with zivatoerals missfles. Considering
all factors, a two=ship s t:te:s ¢han a threz-sh'p formatfon. Althouzh
a two~ship elem:znt has zn in *li. loskeout dizaivantage, while ir Fatrol
formation, it has = <lstircet mERitver ong advartags, and a somavhat

“better look-out adventag: wh!I. fi-~heons 3 a baszle formation. -
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When employed prepexly, the four-ship flight wiil give us all-around
advaatages in look=out, manauvarability snd mutual Support. To acquire
these advantagzs without sezrificing ona for the other, a flight of four
must consist of twomutudlly-supporting elements. Whan on patrol,. the
elem2nts should fly lipeceap-cast from fivs to seven thousand feet apart.
The wingman should maintain a positien from line=abraast to no more than
20° back, at approximately 1500 feet out from their respective element
leaders. A formation spread in this manne= Pzovides exczellent lookeout
capabllity, beczusz the winzmin can provide mitual crosscover at ranges
in excess of 15,000 fest, Msneuverability in this formation {is soma-
vhat restricted, When'the lead eiement turns away frem the second
element, the second element will experlenca considerable difficulty in
regaining a line-abrasst position, unless tha turn is heild for almost
180°, 1If the jead elzmznt turns {nto the sz2z20nd eiement, the second
element will ba foreed to F21l'up and cross above the lesd element. 1f
this is not done, tha ss-ond elsment will b2 forced to cross in front
of the lead. . In eithax cav2, 1f the turn is less than 90°, the second
element will éxparienze considerable difficulty: in regaining a line-
abreast position., To pProvice more marzuverability and flexibility, the
second element must ba givan a greater field of maneuver. This fleld
of maneuver shouid enabie the sscond elzmant to easily position itself,
no matter what typs of turn i: perform:d by the lsad elemant, A mathod
of providing this freadom of mzreuver is to spread thas sacond element
in both the vertical and horizontal planss, When this is done, 1f the
lead element turns’ away, the szcond element can lover its nose, cut
across the inszide ard quizkly ra2position itself, even though the lead
elem:nt does not perform 90° or 180° turns. On turns into the second
elemznt, the sa-ond element can mzr:uver well ‘above tha lead elsmant
witheout fear of dragging the wingm:n through one another (remzmber,
wingmsn will ba manzuvaring thrauvgh both the vertical and horizontal
Planes to maintz’p position on thetw Taspactive leaders)., The frea-
dom of manzuvar provided th2 s2-5pd elemant leader enables him.to
devote less time to flylag formstlon and more time to looking for pros-
pective kills, At tha szme time, during turns, it allows tha wingman
to provide batter rearward ¢coverage, basavse the elements will not be
strung cut in extended-tzain, The only rz:1 objection to this forma- -
tion is that, in strzightecway £.ight, the second element must look
through a gr:ater distanzs t> dete-t a missila atteck agsinst the lead
elemant, Although this i; tIus, it czn ba mathemati:ally demonstrated
that the additicnal distsncs thrsugh whizh both elements must look, is
insignificant; (Less than 3907 zgainst a six-o’clock attacker 1f the
fluid element g sta-ked vertizzlly less than 3000° above the lead
element). If the astaok 13 dirssted friom §Ix-0’clockelow, the additional
distance through which the s:-oni elinsct must look 13 somzwhat griater,
Houwever, the attackers m: in cinslderably closer along tha horia
zontal plan: bzfore ipdr: 1le5p into an undarside attack. This
means that tha second elen afford=2d more of a plan view
cof the attackzrz, thus alz-g In perspective even thouzlh the
cdditional distzrc i3 zwh
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using the high elemenc is the fact that the aircraft wing covers 2 con-
siderable portion of the highly vulnarable six=o’clock~low attack area,
This is trus £or both the kigh zlemznt and the level-stacked element,

To surmount this diffizulty, wingmen simply dip their wings occasionally
to enable them to covar the vulnesrable rear area, )

In view of the maneuverzbility advant. ge offered by the fluid-four
type formsztisn (the formation in which the second element is stacked
both'horizontally and vertically) without significant look=-out disadvane
tage, we consifer it the best combat patrol formation. 1In fluid-four,
luid element should be line-abreast, 2,000 to 7,000 feet
out, and approdimately 2,000 feet above the lead element. As in a
normal tactical formaticn, the wingman will maintain a position from
line-abreast to 20° back and 1500 fest out to the side opposite the
other elemesnt, see figure 37. Ag indicated in the two-ship flight, the
wingman will fly the vertical as well as ths horizontal plane in order
to maintain their respsctive positions. On patrol, the fluid elemant
leader will maintain position on the lead element by flying through the
vertical and horizontal plane during all turns and maneuvers, For a
fighting positicn, the fluid element must operate as an independent
unit during violent maneuvers in flight-versus-flight engagements (the
reason for this will become apparsnt when wa digcussg flight tactics),

If the tactical situation indicates that not enough aircraft ara
available for srea szaturation with four-ship flights do not employ the
fluid-four formation. Instead, use individual elemants as basic patrol
formations ard as bazfc fighting formations. Although not as decisiva
as the four-ship flight in terms of look-out capability, maneuverability
and mutual Support, the twg-ship fiight will be much more effactive than
the three-ship flight. The only real advartags which a flight of four
has over an element i: initial look-out capability and init{al mutual
support. Aftesr the engagemzant is entered, tha fluid-four, or ths four-
ship flight will become nothing more than individual fighting elszants.
If suitable tailewarning radas Zevice: ware available, four-ship flishts
would enjoy very littile advantage over individual fightirg elaments in
terms of combat capablility, The dictum, "economy of force" would nmost
certainly prevail., Tacticz? formation in fighter-versgs-fighte: éngage-
ments would probably be domirated by the elemznt or aven possibly the
single ship. Without thls pzeded radar gear, a four-ship flight is the
best all-around tactiza} formation.,

Three factors to consider when employing eithz= the fluid«four or
the element in combat or on a combat patvol are: (1) look-out capa-
tilicy, (2) maneuvazabiiity, and (3) frel management. In the erz of
missile-equippsd supersonic fighters with afterbu:ne;, these factors
determina the bast altitude for patrol in ords: to enter a given
fightez-ve:sus-fighter ergegemsnt. I the patrol {s conducted at ex-
trems altitudss (40,000 f:zt o= abovz) th: look-out Froblem bacom:c a
liability whiczh increz::: as altitvd: {nzreaszs. The advantage of
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firing an air-to-air missile at §rzater rangsa against a given defender
is nullified by tha possitility of an enemy attackar enjoying the same
advantage. 1In addition, extrems altitude providass a maneuverability
disadvantage in terms of indicated maneuvaring airspesd. At exterms
altitude, fuel managsement m&y be an advantagz in some aircraft while

in others (F-100) it can be 2 disadvantage. If the patrol is conducted
at very low altitud=s (10,000 fast or below). the look-out problsm is
considerably reduced and maneuverability, in terms of maneuvering air-
speed, is  certainly incraased, However, this maneuvearability {s nulli-
fied somewhat by the fact that manguvering becomes more restricted to
the horizontal plane as opposed to the vertical Plane. At very low
altitudes, good fuel management is not possible with present-day jet
engines and afterburners. The Optimum altitudes, considering all three
factors = look~-out capability, mansuverability and fuel management =
for patrolling and entzring a fighter-versus-fighter engagement are the
middle altitudes batwszn 25,000 and 35,000 feet (even this is open for
" argument if one considers the possibility of surface-to-air missiles),
The exact altitudes will depend upen look-out capability and maneuver-
ability of the fighters employed. In the F-100, the best all-around
altitude seems to be approximately 30,000 feet. At this altitude,
maneuverability and fuel managemzant are excellent, At the same time
the look-out problem can be €251ly handled by a flight of four and
handled adequately by an elsment. 1If the tactical situation dictates
that elements must ba empioyzd, an altitude somewhare betwaen 25,000
and 30,000 feet might be more appropriate to reduce the look-out
Problem. In any case, the madium altitudes provide a8 position from
which an attack may be launched against aircraft at very high or very

low altitudes,

Procedures for Flyfng Elem=nt Formation

1. Flying the Position of Wirgman in Patrol Formation,

a. Maintain a patrol position off the leader's wing by fly-
ing line-abr=ast st approximately 2,500 feet out when in straight-
and-level flight, If you fly closer, look-out capabiliry will be
sacrificed. If you fly furrhar out, initial maneuverablility as well
as final maneaverability will be szc={ficed after initiel contact with

the enemy.

b. Pley the outside as w=1l as the inside of the tu=n for
mutual covsrage. If an 2ttempt s rade to Stay on the inside of the
turn without a Crozzavey, you will only £a11 back when the leader
rolls out of his turn.

Mazneuver throuzh toth the vertizal and horizoatzl Flanece

ve position off ths leadaor, While on tthsz
Cn ths

c.
in order to fly a r2lar:
inside of the tuzn. you wzil b2 {n zn extended-low posi*ion,

2] P

outsidz of tha tu:n, vou vIll b= {n an extended-high pezition in thz

Plane of the iesdas?s 2 ~o-a2yp .




—

ur nose and cross to the inside if you are on the -
outside of the turn., If you are on the inside, sliding forward, cross
to the outsids then slide high and fly in th= plane of the leader. If

the intial turn is into you, pull up, c¢ross over and behind your leader, '

then cross from outside to inside and vice versa in the manner just

discussed. This technique will cause you to describe a circular move-
ment in the plane of the leader's aircraft. You will be moving forward
in the bottem half of the circle and backward in the top half. This
will enable you to easily maintain position and provide mutual coverage

during the entire turn,

",' - .
e. Do not cross in front of your leader. Alvays maintain

d. Lower'yo

‘nose~tail separation.

2. Flying the Fighting Position as a Wingman {in Element Formation
a. Fly in a 60° cone, in a fighting position, about 1,000
feet back.
b.  Maneuver through both the horizontal and vertical planes

to maintain position. Slide high when overshooting and drop low when
falling back, in order to maintain position on the leader.

c. Attempt to keep yodr fuselage aligned with your leader's
during all maneuvers. This will enable you to match your leader's
maximum performance and will prevent you from becoming separated,

: d. Attempt to stay out of the ine-trail position as much as
possible. By doing this, the leader may cover you more adequately,

Procedures for flying the Fluid-Four Patrol

1. Flying Position of Fluid Element Leader

Position the elemant, line-abreast, aSout 5,000 to 7,000

a.
eet above the Lead element,

feet out and approximately 2,000 £

b. Maintain a relative position to your leader during turns. :
If you are on the outside of the turn, drop your nose and cross to the '
other side when you find yourself losing out and falling back. When
being turned into, and you find yourself creeping forward, slide high
and/or cross to the outside of the turn to maintain position. 1In
other words, play the verticzal as well as the horizontal plane in order

to maintain supporting position.

¢. Lower your nose to gain airsﬁecd and position when you fird
yourself too far back after rolling out of a tura. When you regain
your forward position you may pull back to the original fluid pos{tion. i

-_— |
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d. Pull Your nose up and kill off airspeed if you find your~
self too far forward after rolling out of a turn. You may also retard
throttle, however this is not-advised when at altitude. When you
regain your correct relative position, lower the nose to maintain
proper vertical separation. A1l maneuvers must be smooth to prevent
over-correction. : R '

€. Bank from side to side and look below when crossing from
the inside high to the outside of the lead element. This will pre-
vent you from losing the lead e;ement"during crossovers.

v .

f. Cover the forward hemisphere
as primary responsibility in an effort ¢t
that an attack may be launched against.-it.
cover the rear hemisphere behind the lead el
a possible miss:le attack,

> along with the flight leader,
o visually acquire a target so

ement. in order to detect

. 2. Flying Position of Wingman in Fiuid«Four Patrol

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

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

_ ¢. Cover the rear' hemigpHere, behind the .other element, at
all times., This is your responsibility and your Coverage is neces-
sary to detect any possible missile attacks. Your opposite number in

the other element, will be providing you the same coverage,

As a secondary responsibility,



, CHAPTER IV
FLIGHT TACTICS

To employ a flight of four or an elemant of two in a fighter-
versus-fighter engagement, only a few new basic maneuvers must be
mastered. The previcus mansuvers w2 havs learned still apply in
flight tacties, With this in mind, we will now concern ourselves
with tactics when oparating as a flight of four and/or as an element
of two., We will objectively analyze offensive and defensive situa-
tions.in Whichﬂwe have elerenteversus-alement (two-versus-two) ele~
ment versus a flight of four (two-versus-four) and a flight of four
versus a flight of four {four=versus=four). Por our first engagement,

let's assume that we have an element of two attacking another element

of two,

Two Attacking Two

'To attack an element with an_element, the maneuvers and procedures
learned in the section on Fighter Maneuvers and Tactical Formation will
be employed to gain an advantage. The attacking element will attempt
to set up for -a missile attack. The defending element will counter
with a defensive turn in an effort to preclude this attack. The attack-
ers will maneuver for a follow-up gun attack by cutting off or yo~yoing
to the defender's angular velocity cone, or they will attempt to deliver
a8 missile in a secondary attack by employing the rolleoff or the barrel -
roll attack. If the attackers are unable to set up for a missile launch
but are able to set up for a 20mm cannon attack, the defenders will be
placed in a precarious position. If the defending element continucs
to maneuver as a singla elemsnt - without being able to shake the attack-
ing element - the attacking elemant will simply move in and shoot down
the wingman, then the leader. To prevent this possibility, the defend-
ing element may attempt a defensive split. This split may be executed
§0 that the leader and the wingman turn in opposite directions through
the vertical and horizontal plane or in the same direction with hori-
zontal or vertical Separztion,

]

If the defersive split {s executed with the defending leader and
wingman turning away from one énother, the attacking element can split
and continue the attack as individual fighting units, or maintain ele-
ment integrity and continue the attack on ore mamber of the splitting
element, If the attackers split, they retain offensive advantage
against the splitting defenders. However, they incur a defensive ad-
vantage, in terms of look-out capsbility, against an attack from
another enemy element. To m2intain an offensive capzbility in terms
of naneuverabliity, and a defensiva cépability in terms of look-out,
the attackers zhould mzintain elemsnt integrity. To continue the
attack against one vz=i.v of this splitting elecaint, thesattackers
r2y select either mambar 1f the split s in the horizontal piane. Tne.

'S
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defendar not select=d must than continue the tur Or reverse in an
.effort to provide his teammate mutual support. If the frea defendor
‘continues the turn, he will meet his teammate and the attacking ele-
ment from a nose-quarter position and will be in a poor position to
provide effective Support. If the free defender reverses he will be
in a better position; howsver, he will still be unable to provide
effective mutual Support. The distance generated by splitting in
opposite directions, pius the time neadsd to eXecute the reversal,

will place the fre= defendzr at tog high an angle-off to launch a
missile and beyond effective range to deliver a 20mm cannon attack,

The attacking. element should select the high trailing defender if the
split in opposite directions 1s conducted through both the vertical and
horizontal planes. If the low, forward dgfender were selected, the
free high defender would ba able to roll off and move insids the
attacking element®s angular velocity cone for a 20mm cannon attack.

On the other hand, if the high trailing defender is selected, the Iow
free defendar has the same problems in Supporting his teammate as did
the free defender in the horizontal split, By geometric inspection,

we can see that a defensive 5plit in opposite directions is not effec-
tive, because 3 permanent separation of the defenders 1s achieved with
the free defender vnable to drive the attacking element off his team=-

mate,

If the defensive split is conducted with one defender executing a
max-performance turn in the horizontal plane (or slightly nose-down
in the vertical Planz) snd the other defender turning in the sam=
relative direction, nose-high at less than maximum performance, the
- attacking element is faced with a defensive split difficult to contand
with. See figure 38. 1In this split - with the defenders turning in
the same relative direction, but separated in the horizontal and verti-
cal planes =~ the free defender can more easily maneuver to support his
teammate, since he will not be out of range, nor out of phase in terms
of angular velocity, To maneuver &gainst a split of this nature, the
attacking element may employ one of five Possible options: (1) Dive
in and attack the low-inside defender, (2) Attack the high outside
defender, (3) Split and continue the attack against each individual
defender, (%) Initiating an attack against the Iow defender, and )
switch the attack to tha high defender after tha low defender 15 well
cormitted in g defensive turn, and (5) Perform a fluid separation to
drive the low defencer out of the fight, then regain element integrity
and continve the attazk against ths high defender.

If the attacking element drives in after the low-ins’de defender
(option 1) tha high defender wiil be in position to launch an attzexk
against the attazking element’s six-o’clock position. The attacking
element will be sandwiched betwasn the two defenders with an obvisus
loss of Gffensive potential, and a possible sacrifice of a wingusn in
an effort to destroy the low dcfender, If the attacking element attacks
the high defender, tha: hich defendir c2n Teverse-roll or roll undzrneath,
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- with reduced maneuvering potential.

defensive turn. The switch shou

4 e e ramprowd

e e

down and away from his teammate. Ths free defender can then simply
reverse-roll and sandwich the attacking element betwzen the two
defenders. Once again, the attacking elemert's wingman will be placed
at a severe disadvantage if this attack is continued. If the attacking
element splits and continues the attack against each individual defender,
the attackers have an immediate advantage since the defending element
will be unable to effect mutual support. However, this advantage can
be short-lived if the split attacking element is, in turn, attacked by
another enemy, The attacking element will have sacrificed look=-out
capability and mutual support, thus becoming an easy set-up for the
For this reason, we do not advocate an offensive split as
a means of countering the defemsive split., 1If the attacking element
initiates an attack agzinst the low defender in a defensive split, then
switches the attack to the high defender, the attacking elemert can
maintain its offensive advantage without needlessly sacrificing a wing-
man. See figure 39. To employ this course of action correctly, the
attacking element should drive in and select the low defender. When
the low defender observes this action, he will be forced to tighten his
turn to prevent himself from becoming an easy target. This action by
the low defender will cause him to be driven further from his teammate,
If the attacking element handles
this initial maneuver correctly, the low defender may be driven com~
pletely out of the fight. The attacking elemant should switch the
attack to the high man after the low defender is well committed in his
1d be performed before reaching the
high defender's line-abreast position and before zoom potential is
sacrificed, If the attack against the low defender is prolonged, the
attacking element will experience airspeed decay, hence a loss in zoom
potential when the switch is made against the high defender. If air-
speed decay reduces zoom to the extent where the high defender can
counter with a zoom through a greater angle, the attacking element
will be forced out front and below the high defender. A nose-high
reversal by the low defender at this point will sandwich the attack-
ing element in the vertical plane. To preclude this possibility, the
attacking element should swi.ch and zoom soon enough to force the high
attack. During the switch, the attacking

defender to turn into the atts
wingman should closely observe the low defender's subsequant actions,
he fight or is reverse-rolling in

to determine whether he is out of ¢t

an effort to maneuver into the attacking element's six-o'clock posi-
tion. If the low defender is out of the fight, the attacking elemeat
can continue to engage the high defender. If the low defender is still
a threat and reverse-rolls, the attacking element should disengage the
high defender, roll wings-level and zoom in the vertical plane, wnile
it still enjoys the airsp=ed advantage. As shown in our discussion of
Fighter Maneuvers, a zoom under these conditions enables the attacking
element to reduce its horizontal veiocity cozponent in relation to the
defender. As a result, th: dafender is forced below and fowward and
the attacking element need ouly roll off and manecuver toward the trail-
ing defender's six-o'cleck Fosition. During the roll-off, once again,
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';ng leader visual cross-coverage during the entire maneuver.

the attacking winéman must observe the actions of the defender not
under attack to determine whether or not he will be a threat,

.Another tactic that can be used to successfully counter the
defensive split is the fluid separation. See figure 40, In a fluid
separation, the attacking element initially drives after the low-
inside defender. After this initial feint, the leader then resumes
the attack against tha high defender. Meanwhile, the attacking wing-
man performs a fluid separation to force the low defender down and out
of the fight. The attacking wingman does not split from his leader to
initiate a ofie-versus-one engagement. Instead, he simply checkmates
a possible counter-move by the low defender, while providing the attack-

When the

low defender has been definitely committed out of the fight, the attack=~

'ing wingman rejoins the leader at normal interval., At the same time,

he visually obsarves the down-and-out defender for a possible threat,
After rejoining, the attacking element presses the attack with a two-
against-one advantage over the high defender. To make the fluid sep-
aration a successful tactic, the attacking wingman must play the sep-
aration so that he is able to rejoin the leader after forcing the low
defender out of the fight. If the attacking leader has an experienced
wingman, and one whom he can trust not to split, the fluid separation
is the best counter for a defensive split. If the wingman is inex-
perienced or lacks talent, the best tactic would be to maintain element
integrity, attack the low defender (in an effort to drive him out of
the fight) then switch and continue the attack against the high

defender. :

Procedures for Maneuvering Against a Defensive Split

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

with the least experience.

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

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

4. Perform a fluid separation and allow your wingman to force
the low defender down and out of the fight. This maneuver should be
performed only if the wingman is fairly experienced., He should not
attempt to destroy the low defender, but should force him down and
out of the fight as quickiy as possible, while maintaining a visual
look-out on the leader. Tf your wingman is relatively inexperienzed.,
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(and/or untrustworthy? you should maintain close element integrity
and simply switch from low to hiech defender.

5. Rejoin the leader 25 soom as the low defender has b2en defi-
nitely committed out of the fight. Do not follow the low defender
too far or element integrity and all mutual support will be sacrificed.

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

any countegfattack.
]

Defending Two when Attznked bv Two

The defending element should maneuver as a single unit to counter
a missile lsunch and a fsllow=up 20ma cannon attack. The tactics
illustrated in fighter maneuvers apply equally as well with an elemsnt
as with a single aircraft, The defensive spTit should not be ‘emploved
to counter the missile zttack. To successfully deliver AIM-9B against
a maneuvering defending elemant, requires a launch at ranges in excess
of 5,000 feet. A launch under these conditions can be easily nullified
by generating angular velocfty. A split is not necessary. If employed,
the defending element will bz forced into a'permanent separation, with-
out the necessary mutusal Support to counter the follow-up gun attack.
The attacking element, at its leisure, may move in for the kill against
one defender without intarferance from his teammate. The defensive
split should be employed when there is no possibility of shaking the
attackers as they approazh gun firing range (3,000 feet). To set it
up, thé'defending leader should declare the split. On signal, the
inside defender (:sually ths wingman) should tighten up his turn in the
plane of the attack, The other defender (usually the leader) should
maintain his turn and spread out, as well as up, to effect the split.
If the split is conductad in the horizontal plane, this means that the
inside defender will bz terning level or in a slight nosa-down attitude,
while his teammate will be turning in the horizontal plane and also up
through the vertical plana, See figure 41. At the time the split is
declared, certain responsib' lities exist between thz inside and outside
defenders. The inside defender no longer provides visual crosg-coverage
to his teammate, Inste2d, he devotes his entire attention to the
attackers in order that he may piay the attack and determine the at-
tackers' subsequent action., The high-outside defender, on the other
hand, determines the magnitude of the split by playing his position in
respect to his teammate as well as to the attecking elerent, Con-
fronted with the split, the attacking element must now mzke a decision
as to whether to attzzk the icv=inside defender, attack the high-out-
side defender, or split and conzinus the attack against each defender.
In considering theze th-ez possibilities, the attacking element can
initiate one of five possible courses of action: (1) Attack tha low
defender, (2) Attsz=k th: igh ccferder, (3) Split and attack each
Individuzl def:ndzz, ) Initjate or feint an atteck against the -
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‘tion of the two defenders, the high-G roll underneath would be the .

ing after his high tezmmats, he shou™d pull out of his d

rr:'ﬁ-? - e T I T,
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low-inside defender, then switch and continue the attack against his
high-outside teammate, or £35) Initiate an attack against the low
defender and perform a fiuid separation in which the attacking leader
selects the high defender whiie thsz attacking wingman drives the low
defender out of the fight, then rezjoins the leader on- tha attack

against the high defender.

If the attacking elemsnt drives in after the low defender (figure

42), the low defender fights as a single aircraft in an effort to gain

an offensive advantage. At the same time, the high defender drives in
force them to break off

after the attacking element in an effort to
the attack. Puring this pProcess, the low defender does not compromise

his position to sat up his tezmmate in the attacking element's six-
o'clock position., It is the high defender's responsibility to gain an
offensive advantags without a compromising assist from the low defender,
If the low defender can 2chieve an fmmadiate offensive advantage against
the attacking element, thc high defender should irmediately clear his
tearmate and allow him to set up for the kill. Mutual support of this
nature enables the defending elemznt to exploit any advantage with

dispatch.

If the attacking elemant zttacks the high-outside defender, the
high-outside defender shkould immasdiately play the attack in an effort
to acquire an offensive advantsge., Once again, the defender under ‘
attack. (high defender) should not compromise his position to set up his
teammate to gain ap advantage. This means that the high defender must
force the attackers to oversnoot. ‘The overshoot may be generated by.
executing g max-performanie tura into the attack or by employing the
high-G roll underneath, sez figure 43, Considering the geometric posi=

better maneuver. The roll underncath will not compromise the hich
defender's positlon, yer it wiil make it easier for the low defender
to move into the attacking element’s vulnerable six-o'clock position,
because the final portion of the roll will be away from the low defender,
The moment the inside~low defender observes the attacking elemznt driv-

efens’va turn
and drive towsrd tha attacker’s six-o’clock position. If the high
defender performs a hiqh-G.roll.uniezneath, the low defender can achieve
a lethal position by exzciting a simple reversal or a roll-off raneuver.
(See figure 43) If the high defender turns down into the attack, toward
the low defender, the low dcfend-r will bz forced to execute a nose-high
reversal followed by a roll-off to move into the attacking elemant’s
six-o'clock position within 2C:.1 cennon range. In this position, the
low defender either forie: the zticckers to break off or he clears his
leader, in the event his lezler gains an oifensive position.

.tz (eceh attacker taking a def:nder)- to

If the attacliny clz=:int cply
counter 2 defznsive sotit  the diizuders must braak elemant integricy
and fight as sinzie &lrcy:ifr in ca effore to elude the attszckers,
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During this portion of the engagement, each defender must disregard -

his teammate's actions unti
2 of this action is to Prevent the defenders

opponent. The purpos

from compromising their ras

1 he is able to successfully evade his

pective defensive position. The first

defender able to elude his attackasr should maneuver to support his

tearmate as socn as poss
this may be impossible until the defender destroys

The one-versus-cne fight caused by the attackers! split is the

aggressive type,
him.

only engagement which caus

ible. If the attacker is an especially

25 @ permanent split of the defensive elemont.

However, this is necessary to preclude loss of both mambers of the

_defending element. .

If the attacking element initiztes or feints an attack against the

low defender (in an eff

ort to drive him out of the fight) then cwitches

the attack to the high defender, (figure 44) the defending elecent

must maneuver initially

as though the attack were directed against the

low defender. During the initial portion of this engagement - before

the’ switch is attempted
the attacking element a
defender. To stay with
attacking element will

high defender observes

he should not turn or r
Instead, he should roll
Since the attackers hav
be unable to match the
zoom (see section on Ma
Maneuvers): The attack
of the high defender.

nose-high out of his de

- the high defendér should note whether or not
ttempts-to prolong the attack against the low

the low defender too long means that the
experience considerable airspeed decay., If the
this sort of action by the attacking element,

oll down into the attack when the switch occurs.
wings-level and zoom in the vertical plane.

e dissipated their maneuvering airspzed ‘they will
high defenderfs rotation angle and subsequent
neuvering after a Turn Overshoot, in Fighter

ing elemont will be forced below and in front
During the switch, 1f the low defender has rolled
fensive turn, he will move toward the attacker's

six-o'cleck-lov position and the attacking elemant will be caught, with
little or no raneuvering airspeed in a vertical sandwich in front of

both the high and low 4

efenders, If they remain in this position, the

high.defender need only execute a roll-off toward the attacker's six-
o'clock position. I: the attackers attempt to dive away, they will
position themselves in froat ¢ the low defender. In either case, the
defending element now has the &dvantage. If the attacking element does

not bleed off airspeed

- by prolenging the attack against the low de-

fender ~ prior to executing a switch, the high defender must turn down
into the attack or perform a high-¢ roll undernsath, to counter the

switch. See figure 45.
opportunity to gain an

provided a greater opportunity,

greater opportunity is

performance turn so long.
ing airspecd, hence a greatev opportunity to manz

Although the high defender is provided less
advantage by this action, the low defender {s
The reason for the low defender's
that he will not be forced to stay in his max-
Tnis mezns that he will kave mors mancuver-
uver into the attacker's

six-o'clock position after they perform the switch. As a result, the

low defender ean clear

his teacmate, in the event he gains an advantage,

or ke can quickly provide nutual support and force the attazker to
breslt off his attack on the high defander. :

ooy




JZON343Q HOIH uI._,.. OL MOVLLV 3HL ONIHOLIMAS

135

Figure 44
r&m‘ el S




‘breaks off and attempts. to regain n

If the attdckers perform a "fluid separation”" as a means of
countering the defensive split, the defenders will be hard-pressad.
To thém, a fluid sepzration will appear 2s an offensive split. There-
fore, they will be forced to initially treat this tactic as a split,
and maneuver accordingly., The first indication that the tactic is a
fluid separation, rather than. s split, will be when the attacking
wingman breaks off the inside defender and Tejoins the leader in an
attack against the high defendsr, The moment the attacking wvingman
ormal element integrity with his

discontinues ‘the defensive turn. He will

reverse-roll, nose-high and maneuver toward the attacking wingman's
six=o0'clock Position. ‘Meanwhile, the high defender should be turning
down through the vertifcal plane into the attacking leader. A highk-G
roll underneath may or may not be performed, depending upen the cir-
cumstances. If there is considerable separation between the attack-
ing leader and his wingman, a roll underneath may force the attacking
leader to overshooc. Howaver, because of the separation, it can easily
place the attacking wingman at the high defender’s six~o'clock position.
To preclude this possibility, the high defender should turn down through
the vertical plane to counter the attacking leader and les his team-
mate provide mutual support by driving in after the attacking wingnan.
If there is not considzzable separation between the attacking leader
and his wingman, the hizh defender may employ the high-G rol: undere
neath in an effort to drive the attackers forward, At the seme tima,
this will enable the low defender to more easily clear or provide
mutual support, If the fluid separation is performed correctly, a
great deal of pressure is exerted against the defensive split. Tho
defending element must exercise skillful'maneuvering technique aleng
with excellent judgment and timing to counter the attacking element's
advantage. It can be accomplished, but it demands a maxinum in tean

coordination,

leader, the low defender

Procedures for Employins the Defansive Split

1. Performing the Dafensive.Split.

a. Perform a defensive split if unsuccessful in eluding an
opponent by all other maneuvers. This split should be initiated when
the attackers ara approximatsly 3000 fect to the rear,

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

€. Slide high and to the outside when mancuve ng as a lecder.

You should play the pull-up to maintain a Supporting positicn upon the
wing~an,

.
(S
T
) -

d. Do not kili cff airsreed by abrunt or violant raneuvers,
a crs Lo concentrate théir efforts

Tou are

ttempting to forie tha atrzat
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Cre you must maintain sufficient airspeed Ifor

on one defender, theref
future mansuvering.,

2. Executing the Defensive Split when the Attacker Selects the

Low Defender.

a. Continue a levzl or slightly nose-low maximum turn when
maneuvering as thz low defender (wingman). A low defender should not
lower his nose excessively, since the attacking element is trying to

force him down and out of the fight,

’ b. Attemptvté sancdwich the attacking elemant when maneuvering
as the high defender. While you are performing this maneuver, the low
defender will attempt to generate an overshoot and gain offensive po-

tential,
.. e. Play the low defender’s evasive maneuvering to achieve a
firing position. 'If the low defender maneuvers onto the offense, you
should support the attack.

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

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

-

b. Call the low defender to reverse and pull up after the

attackers, The low defender should be alert and execute the reversal

the instant the attackers szlect the high defender. -This will force
the attacking element into a sandwich.

* &, Continue evasive action in an effort to gain an offensive
advantage. If, as high defender, -you gain this advantage, the lou
defender will support your attack,

d. Play the high defender's evasive action (when meneuvering
as low defender) to achievs a firing position, if he is unable to
elude the attackers.

4. 'Playing the Defersive Split when the Attacking Element Splits
a. Split irto a ona-versus-one situation,

b. Mzneuver 2s nescssary o elude your opporent (see section
covering Fighter Maneuvers).

¢. Disregard your teemmatc's actfons until you are able to
successfully evads your ozpenent. By doing this, you will not cc=-

pronise your defen:ive pozition,
e e ammi | mes S~
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d. Attempt to rejoin and support one another as soon as
You may bes forced to destroy your opponent bafore effecting

possible.
a rejoin.

5. Executing the Defensive Split when the Attack Switches from Low

Defender to High Dafender.

2. Maneuver initially as ocutlined in the Section describing
the attack on the low defaorder.

b. Observe to determine whether or not the attackers prolong
their attack on the low defender. If the .attackers attempt to stay
with the low dafender too long, they will lose airspeed very rapidly.
If this condition prevails, the high defender should roll wings«level
when the attackers exscute their switch., If the attacking element has
killed its airspeed, it will be unable to match the high defender's
rotation angle and will bs forzed below and forward. During the switch
the low defender should parform a nose-high reversal to catch the
attackers in a vertical sandwich. .

¢. Turn dowvn into the attack or exscute 2 high-G roll under-
neath when maneuvering as a high defender, if the attackers do not
decrease airspezd prlor to executing the switch.

d. Execute an {mmzadiate roll-out when maneuvering as a low
defender. This maneuver chould be initiated after the switch to the

high defender.

Play the high defender’s subsequent action in order to

e.
PPOTt any offensive action taken by

gain a firing position or to su
.the high defender. :

Attockine Four with Two

To gain maximum advantage, an attacking element should strike at
six-o'clock-Tow in an effort to deliver AIM-9B., 1If the flight of four
fails to detect the attack tha attacking element should pick out the
nearest targst and lauach a missile. If the flight of four wheels
around in an effort to nullify the attack, the attacking element should
re-position behind the defending trailing element. From here, the
attacking elemznt shculd drive in and s2t up for a secondary missile
attack - by employing the barzel~roll attack - or a follov-up 20Ctm
canaon attsck, in thes event it is impossible to reposition for AT-93.
If the flight of fou_ spiits Into two separate fighting clements, the
attacking clerant should switch to the outside trailing element and
ceatinue its attack. During the switch, the attacking wingman sheould
clozely observe the defrnling elevint to detemmine if 4t will provide
rutuil supcort to ths eicm-nt undar attack, If the frea elerent can

provide rutuzl suppart, ths attazkin
,ﬂt?-t-no—-.,_-an—a.-r.u—a-t.-.u_' a e }
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zoom in the vertical rlane, and cnce again raposition beshind the trail~
ing element. See figure 46. When the defending elements are no lonzaor
able to provide mutual Suppori, the attacking elemant should move in

=

for the kill behind the trailing defending element.

Attacking a Flight of Four with Four

To attack a flight of four, ATM-9B~2quipped attacking elements
should maneuver into the defender’s blind area in an effort to set up
for a missile attack without being deteccted. If successful in this
endeavor, eachvattacking element should line-up behind a respecticea
defending element in the flight of four. On signhal, the attacking
element leaders should launch their missiles. If the defenders fail
to maneuver, they will lose two aircraft (one out of each ‘element) and
be set up as individual defencers with a two-to-one disadvantage against
their respective attacking elements. In describing this type of attack,
a better mzthod may appear obvious: To have each individual attacker
launch AIM-9B against the individual defenders. This may be accomplished,
however the coordination and timing needed before tha defenders execute
a counter-maneuver, make it appear unlikely, In addition, this tactic
destroys the attacking element's look-out capability,

If the defending elements detect the attack and manauver against
it, the attacking elemants will be unable to maneuver line-abreast and
launch their missiles simultan:ously. Instead, the attacking elemants
will be forced in~train (element behind element) to attack as a flizht
of four against one of the defending elements, or to attack as individ-
ual elements against the respective defending elements. If the attack-
ing elemants maneuver as a flight of four, against ons of the defending
elements, the free defending element will be provided an opportunity
to maneuver behind the flight of four. If each attacking element sco-
lects a defending element, mutual support becomz2s zlmost impossible,
since each defending elzmant must mEneuvar against its raspoctive
attacker to counter a possible missile launch. Considering AIM-93,
this means that the defending elements can no longer maneuver in respect
to one another, but must manauver in respect to their individual at-
tackers., As a result, the fouf-versus-four engager2nt becomas two in-
dividual two-versus-two engagerants, with each attacking elemant attempt-
ing to set up for a missile attack or a follow-up 20rm cannon attack.

If the attackers are forced, in-train and the two defending elements
attempt to separate for mutual support, the lead attacking elemeat

should attempt to drive the inside defending element into a permansnt
separation. Before the lead attacking element cexzpromises nis posi-

tion and diminishes his airspced, he should switeh the attack to the
highi-outside trailinz defendins clemeat. See figure 47. At the szca
tirz, the second attaciing elenant should drive alfter the incide defonl-
This doubls suiteh by the attacking eler-nt couiters the
defenders' possibility of s, "
elem:nt and the Fi~hr onis o

r TeTWANT s v ewig ma o — aam
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2Cting up an effective sandwvich on the lca!
ol

in an clar:nt-ve:sus-clc—:nt enzagemant
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" simply drive in after the tra
continue the action against the lead defending element,

with the attacking elements enjoying the advantage. See figure 48,
If the defenders maneuver as a flight of four, the attacking elements
alling defending element, destroy it, then

. Procedures for Attacking Four with Two

1. Begin your attack -on the high elemesnt. If possible, at six-
o'clock-low. This will position you in your opponent's blind area.

2. Switch‘your attack to the lead element after the high element
is well committed in 2 defensive maneuver. If the high elemant should
reverse, pull high and position yourself behind the trailing elemant

while you still have an airspeed advantage.

3. Drive in 2gain and attack the trailing elément, I1f the defenders
attempt (and are able) to provide mutual support, slide high once again

behind the trailing element.

. 4. Continue this proéedure until the defending elements areé unable
to provide mutual support, then drive in and attain a firing position
behind the trajling element. Your wingman should keep you informed as

to the whereabouts of the free
attack.

Procedures for Attacking Four with Four

1. Attempt to maneuver your flight into the defender's blind area
without being detected. If successful in this endeavor, line up each
attacking element behind a defending elemant. On signal, ‘the attack-
ing element leaders will launch missiles to eliminate two of the de-
fenders. 1If the defending elemsnts observe this attack and mancuver
to counter it, employ the following procedures.

2. Continue the attack, element against element, in an effort to
prevent the defending elements from setting up a mutuval-support situa-
tion. If the defending elements!’ maneuvers force ycu to attack in-

train, they may separate the elements and attempt mutual support. To
loy the following procedures.

counter this tactic, emplo
3. Drive in (as lead attacking element) after the inside defending
element, in an effort to force the deferding elexants into a perninant

Separation.
4. Switch your attack to tha hizh outside defending element befere
“C€3 compromise your position and dimintsh your airspead. At the soo»
tit2, switch your fluid elenant (sccond clement) bahind the defander's
't 2 clereat. This doubls suvitch privenzs the defencders frem st
“tual support in order to san wich the lead attacking elemor
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elerment, to prevent any possible counter-
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Press the attack as separate elements. This allows each element

s,
to take advantage of its supsrior positiom. Also, it prevents the de-
fenders from effecting a re-join and subsequent mutual support.

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

Defending Four when Attacked by Two

.this attack, the supporting or fluid elecm=nt drives in and sandwiches

To successfully defend a flight of four, the defenders must detect
the attack and determine the number executing the attack. If the de-
fenders are certain thers is only one element performing the attack,
their course of action'is simple. The moment they pick up the attack-
ing element, they must determine against which defending element the
attack is being exrcutéd. The element being attacked turns away from
its supporting element. This means that if the attack is directed
against the high element, it turns down and’away from the lead element.
If the attacking element continues to press its attack against the fluid
element, the lead element simply rolls in behind the attackers. If the

- attacking element switches its attack to,the lead elewent, the lead

element turns into the attack and the free defending elemant reverses
nose-high, then follows through with a roll-off to move into the attack-
ing element's six-o'clock position. See figure 49. The attacking
elezent, caught in a sandwich, will now be Fforced to maneuver against
the attacking dafending element of face.thefpossibility of being de-

stroyed.

Defénding Four when Attacked by Four

If the attacking elements drive in and line up behind each defend-
ing elem2nt, the defending elements must fight separate element-versus-
elerent engagements. If mutual support is attempted, one of the defend-
ing elements will be forced to maneuver in respect to the other defend-
ing element. Such a tactic, with an attacking elemz2nt in lethal posi-
tion, would be disastrous. If the attacking elements maintain flight
integrity, mutual support may be initiated. The elenznt under attack
turns away from its supporting element. If the attackers continue ,

the flight of four. During the attempt for mutual support, if the
attacking lead element switchas the attack to the outside defending
elexant, and the attacking fluid elemant drives in after the inside |
defending element, the defending elemants must maneuver as scparate P

elements.

Proceduses for Defendinz Four when Attacked by Two

1. Check to be sure there is oaly cae elemant perforuing the
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2. Turn the element under attack away from the supporting elemeont.’

Turn the supperting elemant in on the attackers, if ‘the attack

3.
The attackers are sandwiched once

switches tc the supporting element.
again, but in reverse order.

Procedures for Defending Four when Attacked by Four

1. Fight as separate elements, if the attacking elements initiate
simultaneous attacks against each defending element. Mutual support,
attempted aghinst this tactic, will only compromise the position of one

of the defending elements.

2. 1f the attackers maintain flight integrity and attack either
one .of the defending elements, employ mutual support and sandwich ;he

£light of four. .

3.. If the attacking lead element switches the attack to the sup-
porting element, and the attacking fluid element drives in after the
inside dofending element, maneuver as scparate elements.

SIRIARY

In discussing fighter-versus-fighter combat we have emphasized the
‘importance of turn and velocity during all maneuvers. A pilot under
attack will not be able to simply outrun his oppoment - ha must genesr-
ate sufficient angular velocity to.prevent a- successful missile launch
and/or a 20ma cannon attack. This means that "high-speed tactics" can-
net be distinguished from "low-speed tactics" since the entire field
of maneuver and capability must be considered. As long as fighter
pilots are cormitted to rear-hemisphere attacks, the concept depicted
in this study will hold true. New weapons such as the F-104 and F-105
aircraft and the AIM-92 missile may change the maneuvers per se, heou- -
ever the' principles involved will remain the same. ' ,
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