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STATEMENT OF REVIE]

1. In accordance with APR 53 and in compliance with AVR 554 ng
Supplementel, Nmﬂzis Alr Force Base, dated 21 March 1960, this
publication haa uawﬂ thoroughly r@viuw d by the undergiwnﬁd
offi@era, end:

a, Is considered esaemtial for the folloring reasons:

(1) It satisfies a Tactical Air Comnand need for GAR-§
employmﬁnt information, ‘

(2) 1t prcvlﬁag & cog@n@&@ and authoritative enalysis
‘ ‘of Aerial ﬁuﬁﬁa@@ for use by all fighter units
Vithih TAG,

(3) It will be used as a reference work in aunport of
Course No, 1115033, and by units undergoing traiuning
in the Academic Mebtion of the USA? Fighter Weapons

. - School, ° i o7

b, It haeg been determined to be an orxiginal work which does
not duplicate aay similar publication,

€. It doss mot contain amy maftier which might be conaidared
objectionable or subject to ridigule, S

d. No further coordination is deemed necessary,

Z)A%Qénfrvabvc) (E2¥<fz;4ﬁéﬁ;/;) 777/%jﬂ;¢)
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INTRODUCTION

Tactics =~ fighter-versus~bomber, fighter~versus fighter, or
even ground attack - are deveioped eccording to the performance
capabilitizs or Iimitations of tha weapons oxr weapons systems
used. In other wozxda, effsctiwve tactics reflect the best way to
employ a given weapon against a given ensmy with known or esti-
mated capabiiities. Assuming this to be true, tactics are
functional = that is, they reflect the capabilities and limitations
of the opponznt's weapons as wall as our own. Therefore, in our
discussion of asrilal attack, w2 must determine the operating enve=-
lopes of our weepons syst¢m~ {tbis includes the aircraft and its
associated armemsnt). After having learned these envzlope para=-
meters, the discussion will center on how to best employ our
weapons systems in a given fightereversus-fighter or fighter-
versus-bomber gituation, in which ws assumz that our opponent has
comparable capabilities.

Fighter-versu s-bomber ‘tactics will be coverad first. In this
phase, we agsuaz that a mensuvaring fighter attacks a non-maneuver-
ing target; wherezs in the nght~ evarsus~fighter phase, we assume
that a nah:u.nﬁlng flahtar 21 ta<%” & narewrering targat. ince the
figﬁt**mvers¢s~"cnbe gitustien has oniy one variable - the
mansuvering rfightar « a2 more h@t.t tachnical aralysis can be ac-
complished on it. In a hier-versus-bomber theory is a
fundamentel depaxture roint for fighter-versus-fighter combat.
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BASIC LIMI“AT*OWS OF THE DISTURBED ST CHT AND THE 20MM CANNON

To adeqaately enploy the disturbed sight and the 20mm cannon, we
must understand the limitations of this equipment in any tactical
gituation.

The operating range of the ASG-17 disturbed sight is from 600 to
6000 feet., It will compute the proper prediction angle for a target
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 range -greater than 3000 feet because of the difficulty in tracking
beyond that range. :

To accuratzly 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 aivcraft. Since the pilot is forced to tura his aircraft
at a certain rate, this rate of turn is a representation of target
motion and is di ertly proportional to target speed. The angular veloc-
ity of the attacling aircraft is set into Lhe sight through gyro action.
The “u”oyn‘r;uﬂ is then married to the input from the radaw and the
propex prediciion engle is computed by placing an electyical restraint
(cti“t:#s, vert) on thz gyros. At long ranges, little restrszint is
appiied, whiie at short ranges 25 graat amount of restraint is applied.
At ranges beyond 3,000 feet, little restraint is appliad, thus produc-
ing a tracking IPdPh which is quite loose and difficult to control,
Since the. p170t' responses ara not precise enough, rasults are usually
poor, even though the equipmsnt may be working properly.

Ano:her itimitation is the cone of dl parsion of the 20mm cannon,
For the M-39, havmorization criteria specifies that 80% of all rounds
fired must impact in a 4-mil cone. As we increase firing range,

bullex dersify will be decrezsed by a function of the square (if range
doubles, buliet den ity quartersz). At 3,000 feet, bullet censity will
be decreased to 1/9 that at 1,000 feet. As a result, an attacker must-
fire over a longer time span in oxder to deliver a lethal burst., At
the same time, he must track a target smaller in pexspective. Since
it is extremely difficult to track with the disturbed sight at ranges
greateyr than 3,000 feet, and the 20mm cone of dispersion causes loss
of effective bulliet demsity at this range, we consider our maximum
range for the fctu rbed sight/20mm cannon as 3,000 feet.

[TATTONS OF THE ATM-9B (GAR"8\ MISSILE AGAINST A NON-MANEUVER=-

2, launched in the
fixed sight. - After
<ion course with

a supersonic infra-red-homing missi
targer’s tail cone on a pursuit course, using the
launck, the migsile maneuvers to est qtlw&h a coliji
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the target. In other words, the missile determines w@gre the target
is going and heads for that point in space. To succagsfully employ
Sidewinder in a given tactical situation, you must be within its fir-
Jing 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 patitern of a particular target is the area in
which you can detect its IR radiation. The performance envelope is
determined by: Range of the missile, number of G which the missile
can pull and lambda (look-angle) limitations. Thue, the basic limita-
tions of the missile, against a non-maneuvering target are determined
by: Infra-red pattern, range, G and lambda. Since tactics are devel-
oped according to the performance capabilities or limitations of the
weaapons used, d-acussion of the limitations is in order.

The missile gyro-sezker locks onto the strongest point-source of
IR radiation. For a target in mil ltavy power, the strongest point-
source is the hot metal of the jet's tailpipe. Approximately-85% of
the IR signal generated comes from this hot metal and the ramaining
15% comes from the hoi ist exbaust, For a2 target operating in after-
buwxnez, the primary souxce of radiation is the hot exiaust flame.

Approximately 60% of the signal genarated comes from flame and 407 is
ganeveted bv the hot metal of the tailpipe. In the discussion of

4
raaian;on patiterns, 1t is neceasarcy to keep in mind the shape of the
vattern, In airzcrzaft with shielded tailpipes, vadiztion patiexns are
long and relatively narwow; whereas, in aireraft which do
a ilpipes, the patterns axe long and wide. In
fightavr~zZype alreraifn, the radiation patiern is gererally long and
ively navmow gince the gzometry of the gircrzft shields the tail-
plpe. This applieg in military powsr only. In afterburner power,
raturaliy, the pattern is long and wide, since the flame of the after-
burner is not shieldad by the jet's aft fuselage. In both English
: bonberetype a2irplanes, in the hovrizontal p1aan the jet
is shielde the sweep-back of the wings, thus presenting
1IoW patte'n. In the vertical plane, however, the pattexn
long and wida, since the wings do not shield the hot metal and the
jet exhaust., USAY Honb“""t‘~. aiveraft, on the other hand, present
3 s
L
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. and wide hotizontal patt:vns, e the engire naczliaz are sus-
nended below the wing, providing the gyro- <cvkef a relativeiy unre-
stricted view of the jet exhaust, In the overhead vertical plane, the
iz long and nar"ov since the wing shields thz IR vadiation
from the gyro-seeker. Radiation pattecns vawy with tailpipe tempera-
ture as well as with area of thle source. In other words, the greater
the temperature, the greatexr the radistion pattern; and, logicatly,
the laxrger the source, the greater the radiation pattesn. To illus-
trate: A bombex with 8 E“CiP:S in military power., as compared to a
fighter with one engine in militery power, would generate a much
larger vadiation pattern bacause the areca of the source is much greater.
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Background IR sources are signiricant factors affecting the .size.
and shape of radiation patterns. Important background IR sources
are (1) Sun, (2) Clouds, (3) Water, (4) Snow-and (5) Terrain.

(1) Sun: The sun is the strongest source of infra-red energy
known. You cannot fire Sidewinder at targets flying directly between
you and the sun, since the sun's radiation will decoy the missile
away from the target. Therefore, do not fire at a target which is
within 25° of the sun., Also, do not continuously point the missile
directly at the sun 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
$8-845) to obtain proper signal discrimination. If the target is hid-
den by clouds, the clouds will confuse the target signal so that the
missile will not home. The signal which you receive will be the back=-
ground radiation reflected by the clouds. A good rule-of-thumb for
flying in clouds or gainst a cloud background is: diminish range until
it is possible to discriminate between the background and the target
signal, '

(3) Water: Water, like clouds, reflects IR energy from the sun.
Calm water is a 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 zttacker
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 a snow background, as compared to a
vater or cloud background, you 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
act as a device for shielding out the sunfs IR radiation.




Range:

AIM=98 has both minimum and maximum;r%nge restrictions. Basic
minimum range for launching is 3,000 feet. This is determined by b
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. 2
First, fime for the influence fuze to arm: It has been proven through
empirical testing, that approximately 85% of the kills achieved have
been through influenze 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.
Third., 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 tima for fha influance fuze to arm, and a definite time for the
missila to set up a collision course, the missile must travel a greater
distence, relative to the target, before either one of these occurs.
Missile firing vange can be determined by use of the following formula:
Minimum range is equal to 3900 + (Peita Mach X 3000). To illiustrate:
-1f the launch aircraft is traveling at 1.2 Mach and the target air-
craft at .8 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, zo-airspeed,
co-altitude, however, is 3000 feet. Maximum Rancge: . Maximum range is
determined by three factors - guidance tim=, 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 imporftant factor, in that the higher the air density the
greater the aerodynamic drag, thus the shorter the range over an 18-
second time pexiod. 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~range charts have been developed by
both the Aix Force and the Navy to depict the maximum range at var-
ious altiﬁudes, airspeeds, and Delis Mach relationships; however, it
is virtually impossible to remember all these relationships.

The following "rules-of-thumb" may be used by the pilot to determine
max raage:

(1) For co-speed attacks against trzns-sonic bombers =- one mile
for altitudes below 10,000 feet, add one-haif mile range for each
additional 10,000 feet increase in altitude.
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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. In 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 30,000 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,
Adding 4000 feet for .4 Delta Mach, we compute a new max-effective
range of 14,000 feet, g

The only problem now is range estimation. When in the cockpit
of an attacking fighter, at minimum ranges, there is no problem, since
we may use the ASG-17 radar to determine range. At max range, how=
ever, we are beyond the capability of the radar and must use another
means of 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 = W8 x 1000,

S

size of the target in mils
wingspan of the target in feet
range of the attacking fighter from the target

where X
WS
S

1

L

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°

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

This means that at 10,000 feet, the Badger wingspan will subtend 1/3
of a reticle radius (35 mils). At .20,000 feet the Badger span will
be 6 mils and will subtend 3 pipper widths. At 5,000 feet the Badger
span will be 23 mils and will subtend 2/3 of a reticle radius.
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2. Size of F-100 (wingspan 39') in mils when range is 10,000 feet

X = 39 x 1000 = 3.9 or approximately 4 mils

pee A

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 1/5 of the radius.

G

AIM-9B can pull approximately 10 G at sea level and approximately
3.5 G at 50,000 feet. The 10 G maximum at sea level extends almost
all the way to 30,000 feet., From that altitude upward, the capability
decreases until, at 50,000 feet the missile can pull approximately
3.5 G. In other 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 puwsuif curve is dependent on target speed, angle off,
and range, as indicated by the following formula:

W = ¥t x 8in0

o o e et

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

Sin@ = Sine of the angie~off

By examining the formula we cen sa2e thet the rate of turn (W) in-
creases any time target velocitwy or angle-off increases, and decreases
as range increases. The numbex c¢f & which the fighter pulls, at a
£given rate of tuxn, is directly proporticnal te fighter speed, and may

be represented by the following formula:

W

4
W
[
.
]
z

where N = Number of radial G
VE Fighter velocity in feet p=r second
W Rate of turn in vzdiasns per second

]

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

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

O A T TN,
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{(3) range, (4) enabling time, and, (5) thp navigatiornal censtant,

The number of G whlch the missile pulle, for a given rate of turn,

is directly proportional to missile speed. The higher the speed, the

higher the G. If the missile is launched | from a Mach 1 fighter pulling

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

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

(N=YVf xW), since the missile (V) is going 1.7 Mach above the launch
32,2

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

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

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

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

computed? AiIM-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 thig enabling period (1/2 second) the missile

has the characteristics of an ordinary rocket. Because of this, an

additional rate of turn is necessary to set up its collision course.

To set up the collision course Sidewindexr turns 3 1/2 times the rate

of turn of the gyro-seecker - this is a navigational constart. Because

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

enva“, is greater than the rate of turn of the launching fightex.

Sir he number of G pulled by the missile and figher is eguated to.

zarn and veloedty, it is cbvious that the Z € limitation of

at launch is tied to the 10 G limitation of the missile,

G is pulled, the tracking rate of the gyro=-sazker is

iine-of-~sight rate, thus the secker losas thé target.

ghter
¥ more hnl 22
pxceedad the

Another means of exceeding the tracking rate of the gyrc-cpecpr is
to launch the missile with an angle-of-attack in excess of 12° {the
angle between the missile’s longitudinal axis and the launch aircraft's
flight path). Foxr the F-100, since the missile launcher line is
al Jgned 20 below the funelacg reference line, the maximum sircecraft
argle of attack is 14°. If launched with a greater angle of attack,
‘Sidavﬂndcc W111 jump toward flight path, causing the trackingz rate of

er to be exceeded by the line-of-sight rate, consequently
the gV*o»q eker will lose the target. When this happens, the missile
goes ballistic., To avoid exceeding a 14° angle of attack, the F-100
should not be flown at less than 170 knots in a 1 G conditioa and 230
knots in a 2 G condition.

Lambda

Lambda limit is simply the max look-angle between the axis of the
gyro-seeker and the longitudinal axis of the missile - a 25-degree cone
thh its center along the longitudinal axis of the missile. Why are
ve interested im this lambda limitatjon? It is possible for a pilot
to satisfy the conditions of IR, range, i yet be outside the
lambda capability of the missil Lambde may be exceeded by a
combiration of two factors: Lwa wis sw1e ity and bigh angle~off.

T
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(1) Low Missile Velocity: One-half second after launch, Side-
winder turns to establish a collision course with the target. Two
seconds after launch, it has a velocity 1.7 Mach greater than that of
the launch aircraft. To establish a collision course, Sidewinder
turns 3 1/2 times the rate of the gyro-seeker axis to reduce the line
of sight rate to zero, or establish a constant angular relationship
between the missile and the target. After rocket motor burn-out,
the missile begins to slow down. In order to maintain a collision
course after deceleration, the gyro-seeker must look farther and
farther to the side as it nears the target. In other words, as
illustrated by figures 1 and 2, as the missile slows down, the lambda
angle increases until collision occurs.
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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-secker would thus remain with its axis
along the initial pursuit heading. It can be seen in figures 3 and &
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 limitation, or near the 10 G
limitation of the missile itself, This means that the missile is turn-
ing sharply to set up its collision course. The sharper the turn, the
higher the missile angle of attack., As shown in figure 5, the angle
of attack adds to the lambda angle so that lambda limit is reached.
When lambda limit is exceeded, the gyro-seeker bumps against a mechan-
ical stop, slows ‘the gyro to a halt and the missile goes ballistic.
Since we have no instrumentation available to measure lambda Jimit,

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

COLLISION
v POINT
’ =
/ o
/ M

Figure 5 -~ SHORT RANGE LAMEDA LIMITATION
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do not exceed 10° angle-off - this is primarily because of servo-
bias.{poor burning of powder). 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 limitations.
If a pilot exceeds any one of these limits, kill-probability drops
drastically. For practical purposes, we can define the missile fir-
ing envelope as a 60° cone emanating from the tail of the target air-
craft, with its length dependent upon altitude and rate of closure
(Delta Mach). For future use, we will describe this cone as an
angular velocity cone or a cone of maximum performance.

MECHANICS OF THE PURSUIT CURVE

To fully comprehend the limitations of our weapons system, so
that we may develop effective tactics, we need to know something of

-the nature of the attack In which we will be employing Sidewinder -

the pursuit curve attack. A pursuit curve attack is basically an -
attack in which the flight path of the attacking fighter is continu-
ously pointed at a moving target. To provide an insight into this
type of attacsk, we will employ the following formula,

S = Vf

wheve 8 = Range
Vf = Fightez velocity in feet per second
V& = Targei velocity in feet per second
Sin® = Sina of the q“gTe -0ff of the attacking fighter
N = Numtar of radial Gs pulled by the attacker

With the above formule, we can compute the range for a given G and
angie~off for any combination of target and fighter speeds. It
should be ncted however, that the fomaules does not consider lead for
target motion, nor does it represent the flight path of the attacking
aiccraft, TU'Ludd it represents distance/bearing relationships for a
given sat of values at a speeific point in space.

Despite the gbove limitations, the formula is still valid, in that it
provides an insight inio the probleﬂa associated with the pufsult
curve, Study of the formula wevesls

i, 7he swmez of vulnerability is a narrow cone emanating from the
11 of the target aireraft. ¢ can be amply illustrated in the

ty
tai Lare Thi
ormula above by zralyzing figure 6.
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VE = 1.2M = 693 KTAS = 1,170'/8
i ::::>35,ooo'
782' /s it

Vt = .8M = 463 KIAS = ,
S = V£Vt Sin® = 28,450 (Singd)
32, 2N N
(‘] s
S = 9,480 Sin® 15° = 2,460"
N = 3 20° = 3,240'
25° = 4,010"
30° 1= B TR0 S
S 8,130 Sind 159 " wii2, 130"
N = 3.5 20° = 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 and/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 increase his firing range. Reducing angle-
off against bombez~type targets places. the attacking fighter in the
bomber's effective cone of fire. Therefore, if the velocities of the
target and fighter increase, and we 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 fighterx 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 f.ghter 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 following formula:

W = Vi x.5in8
Range
where W = Radians per second
Vt = Target velocity in feet per second
S8in@ = Sine of the angle-off

| ..

i

A B A S T A A




On the basis of the formula, if angle~off diminishes more rapidly
than the range, the rate of turn will decrease (this will occur in
some part of the pursuit curve when the fighter velocity is less

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

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

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

where V£ = Fighter velocity
Vt = Target velocity

NOTE: These two valocities may be expressed in knots, miles per
hour, feet per second, or any other appropriate unit, as long as V£
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 Mach attacking a target with a veloc-
ity of .8 Mach, the polat of mex~G will be about 41.4° angle-off.
Therefore, in effect, we ave saying that at angles greater than 41.4°,
the rate of turn f{or G) is inmreasing. 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 zerc-degrees angle-off., In other j
words, there will be a G build-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
than twice that of the target. In this types of attack, the fighter
is not only forced to fire at longer rzanges, but alsc to fire where
his rate of turn is decreasing. We carn see from studying figure 7
that the attackex's rate of turn is not only decreasing, but it is
decreasing at an increasing rate, In other words, the attacker is
being "sucked" or forced in-trail. As iilustrated in figure 7, the
attacker loses .19 G/sez at 30° angle-off, At 25° angle-off he loses
.27 G/sec and so on until at 10% angle-off he loses .45 G/sec.
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V=12 Mach

Vt = .8 Mach
) o /’

Angle of Max-G = 4l1.4

Nr = &4 @ 41,4°

) N G S
41,40 % 0 S lesg
30° 3.83 .19 3660
25Rei 3.64 27 3260
20° 3.36 .35 2850
15% 2.97 41 2440
10° 2.49 .46 1960

Figure 7

If the attacker decreases his G at the max-G point (with the same
fighter velocities as shown in figure 8, he will be able to diminish
his rate of G bleed-off. However, this will 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 doublles, 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.

Vi ail SR Mach
i:::>>35-so,ooo'

MEhi= .8 Mach

Angle of Max~G = 41.,4°

Nr e 3.@41.4°

...,;%.‘,‘,,‘:‘::_ AP e P ARG i W AT .
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8 N S
41.4° 3 0 6180
30° 2.88 11 4870
25° 2.74 .16 4330
20° 2.53 .20 3790
15° 2,93 23 3250

“30% 1.87 .26 2600

Figure 8

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

VE =N NTE 28 Maely
| j::::»ss-so,ooo'

Nt = .8 Mach

Angle of Max G = 41.4°

Nr = 5@ 41.4°

ﬁ = Rate of change of G/sec2
) N N s
41.40 5 0 3710
30° £.,80 .30 2920
25° 4.56 .43 2600
20° 4,21 35 2280
is° 372 .63 1950
10° 3.12 12 1560

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

FTEPERTIIIITY
]

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 sight is directly tied to
the responses of the pilot and to the dynamics of the aircraft when
computing for tarcet motion.

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 decreases.

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

~Because of these two conditions, a pilot closing for the attack ex-
periences a sensation that the pipper is drifting in front of the.
target.. To correct for this, he relaxes back-pressure to reduce his
turn rate., This, in turn, ereates 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 att icker to have the proper prediction

angie, he must continually make these corrections and also track the
target one-half to two-thirdes the time of flight of the bullet, to
ailow for sight solution time. Ag we can see, a pilot may nullify
this effect of chasing the pipper by firing at lower G. However, if
he does, he will be forced to fire zt longer range. His sight will
have even less restraint and his target will be smaller in perspective.
if ke fives at higher G (shorter range) hkis sight will have more
restraint, but the prediction angle will continuously change in greater
magnitude, As a result, 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 wili recall that if an attacker's
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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., A ;

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. 1In this attack, as the
prediction angle is changing less in magnitude, the pilot has a more
stable tracking index, and consequently, is more able to track for the
required time to achieve sight solution. Naturally, this would be the
ideal attack for us to perform; 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
where the sight prediction angle is continuously changing in consider-
able magnitude. These conditions seriously impair our ability to
destroy & non-maneuvering target with a gun attack.

Sidewinde: is 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 help the attacker to position himself within the 60° launch
cone behind the ftarget aircrafi, since zhe attacker is being forced
into the trail position - behind his respective target - with a G
bleed~off. |

TYPES OF PURSUIT GCURVE ATTAUKS

Until now, we have made a general analysis of the type of attack
ve will be performing against high-speed targets. Now, we will dis-
cuss specific types of pursuit 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. 7The High-side or Level Attack

2. The Overhead Attack

3. The Underside Attack

4. The Nose-quarter Attack
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The High-Side Attack

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

N = Vfx Vt x Sin8
32.2S

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

Gt2 = Gr? + 1

wvhere Gt Total G

Gr Radial G

1 = 1 G gravity

VWe can see, by the formula, that total G will always be greater than
radial G. This is a disadvantage, because the rate of turn which an
attacker needs to track a terget, or the vange to which an attacker

can approach a target is dependent upon radial G, not total G. This
disadvantage becomes less at higher G values because the difference

between total and radial G is less., Example:

TEher: = &

G R SR G TR BRI W
tihee = 2
egr = Yee-1 = -1 = 1.713

The difference between 2 aﬁd 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 iess total G is available,
but also because an even greater loss of radial G is experienced.
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The Overhead Attack

The overhead attack, as compared to the high-side or level attack,
has the apparent advantage of maintaining airspeed and G because the
thrust vector and gravity act together to provide a greater total
force. However, to determine whether or not there is a real advantage,
let's examine the difference between rate of turn (GR) and total G. To
digress, let's assume that an aircraft is in straight-and-level flight.
How many G will show on the G-meter? One G. Now, let's assume that an

aircraft is in straight-and-level flight, but upside down. How many G will

show on the G-meter? One negative G. Now remembering these relation-
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 linme of flight. At the 180° point, when we are pulling &
total G, we will have 5 redial G, thercby giving us a turn rate - at

a given airspeed - greater than at any other point on the loop. 1In
other woxds, as compared to the pullup, gravity (1 G) acts in the
opposite direction, thevefore gravity must add to, rather than sub-
tract from total G, to provide a greater radial G, At the 270° point,
once again, total G equals radial G except that gravity acts in the
same direction as the aircraft line of flight. From the 270° point
on, radial G diminishes in relation fo total G until the pullup point
is reached, A4t this point we again have 1 G difference between total
and radial G. ) :

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

Gt = Gr 4 Cos8
where Gt = Total G
Gr = Radial G
Cos® = CoSine of the angle~off

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

In a Level Pass where Gt = &
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Gr = Gt ~'CosB or Br = 4 - ;866 '= 3,14

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

‘Underside Attack

" The Underside 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 f£ollowing formula:

Gt = Gr - Cos8

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 = 4 £ S URG6 oF
Gr - 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, because 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 reduced sufficiently to cancel out the
advantage of a highex radial G. However, if this same attack were
executed in an aircraft with a very high power-to-weight ratio and a
low~-drag profile - such as the F-104 - the attack could be invaluable,
since high speed decay and G bleed-off would not occur.
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Nose-Quarter Attack

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

1. We cannot launch the AIM-9B missile from this position,
because of the 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 ATM-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 recz2ll, IR tone contrast against sunlight-reflective back-
grounds - clouds, and ground - forces us to diminish our effective
slant range, until we are approximately 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 + CosO, we find
that the attacker is only able to generate 1.134 Gr.
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VE .9 Mach = 873°' /s

| ‘ j::::>35 - 80,000¢
Vt = .9 Mach = 873'/S

Gtiiwm. 2
6 = 10° 20°, 30°

]

Gr @ 10° = 2 - ,985 = 1,015
Gr @ 20° = 2 - .94 =1.,06
Gr @ 30° = 2 - .866 = 1.134

S = V£Vt Sin® _ 23700 Sing
32.2GR Gr

S = 23,700 % .174 = 4.060

1.015
6 'w: 10° _ i
S = 23,700 ¥.342 = 7.650
1.06

0 = 20°
S = 23,700% .5 = .10.450

1.134
0 .= 30°

Figure 11

At 20° angle-dff, applying the same formula, we find that the attacker

can generate 1,06 Gr. At 10°:angle-off, he:can generate-only 1.015 Gz,

Now let's assume that the fighter making this attack is going .9 Mach
against a .9 Mach target at 35,000'., Applying the formulas

S =1/ VEVE - »-81n@

32.2N -
where Vf = ,9 Mach or 873'/S
Vt = .9 Mach or 873'/S
8in of 30° = .5
Ry Al

we find that, at 30° angle-off, an attacker can get no closer than
10,450', At 20° angle-off - where Sin® = ,342 and ¥ = 1.06 - we
find that an attacker can get no closer than 7,650'. At 10° angle-
off, using the same 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 .drngle-off in order to
secure a kill. Certaifly this poses no great prcblbﬁ, 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.)

Hieh-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 limitation, as illustrated by figure 12,

VE = ,9 Mach = 873'/sS
::::>35 - 80,000"
Vt = .9 Mach = 873'/S
Gt = .2 8r = 1.73
Gt = 1.6 Gr = 1,25
S = V£Vt Sin@ = 23,700 Sing
32.2 Gr Gr
S = 13,700 Sind 10° = 2380
Gr = 1.73 20° = 4680
30° = 6840
S = 19,000 Sin® 10° = 3300
Gr = 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 limitations
in IR and G, In 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 hotrizon 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:

R
2. G
3. Surprise
4, Aircraft Performance
IR Tone contrast is maximum against a blue-sky background., Here,
the lead 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,
is almost ncn-existent. (see figure 13).
::::>35 - 80,000

VE = .9 Mach = 873'/s

¥t = .9 Mach = 873'/S

gt 'a 2
8 oy 109, 20°. 309
Gr @10° = 2+ .985 = 2.985
Gr @ 20° = 24 .94 . w 2,9
Gr @30° = 2+ .866 = 2.866
S = V£Vt Sin® = 23,700 Sin0
32,2 Cr Gr

8 = 23.700 .x 174 =  1.380% § = 23,700 x ;342 =2 760"

2.985 2,94
g« 10° 6 = 20

S = 93700 % .5 = 4,130'

‘ 2.866

P8 = 30°
_ Figure 13¢."~"
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This figure shows that, as we approach our cone of maximum perform-
ance, we find that we can generate 2.866 radial G while pulling 2
total G. Applying this value to the figure above, we find tgat we
can launch Sidewinder at a range as near as 4,130 feet at 30 angle-
off without exceeding our 2-G limitation. At 20° angle-off, while
generating 2.94 radial G, we find that we can launch as near as
2,760 feet without exceeding the 2-total-G limitation. At 10°
angle-off, we can launch at a range as close as 1,380 feet. To put
it another way, when we launch our missile against a target from an
underside attack, the missile must turn in the direction of gravity
to set up its collision course - thus, gravity, acting in the direc~
tion of the missile's turn, actually causes the missile to fall
toward the target. In other words, the missile has a maneuvering
advantage, since it generates a radial G greater than its total G.
This advantage we have already considered in the previous illustra-
tion. Surprise, the third major advantage, is greatest when attack-
ing a target from underneath, or from six~-o'clock-low, since this is
the target's blind aréa. Aircraft Performance, the fourth major ad-
vantage, can be understood by referring to figure 14,

40000’ N

33500

UNDERSIDE ATTACK

Figure 14
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-Here, we are an attacker ready to launch AIM=-9B against a target trav-
elling .9 Mach at 40,000 feet. Applying a rule~of-thumb for co=-airspeed,
we see that the fighter can launch from a max range of about 13,000'.
- Now, if the attacker sets himself up to launch from 30° angle-off, this
means that he can launch from a position 6,500 feet below the target.
To achieve this launch position, an attacker may start his attack at
. even a lower altitude = the distance below dependent upon his airspeed.
For example: An F=100 at 1.1 Mach may start his attack with an alti-
J tude differential of at least 10,000 feet -~ in this case, at 30,000
feet altitude. From this illustration, we can see that AIM-9B gives
an attacker an additional performance capability, in that the attacker
is not required to attain the target's altitude.

In summary, since the underside attack provides the greatest advan=-
tages = IR, G, surprise and performance = we should employ this attack
whenever possible., ‘As you will see 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.

BEST TYPE OF ATTACK AGAINST A NON-MANEUVERING TARGET WITH THE 20MM
CANNON :

As you will recall, because of the characteristics of the pursuit
cuzve, our fire control system limitations, and the capabilities of
our opponent's defensive 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 undexside attack. The prob-
lem now is, how are we going to attack a non-maneuvering target if we
do not choose to use the pursuit curve as illustrated previously.
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 zight
through our bullet stream. The bullet stream itself will bave 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 =39 cannon - this m=ans we fire at a rate of approxi=-
mately 100 xzounds per second. If the target requires 1/8 of a second
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 velccity of
. our buliet stream matches the angular velocity of oux target. In
other words, our bullet stream is constantly supsrimposed against
the target which is being tracked. The only disadvantage of this
attack is that it forces us into our opporent's defemsive cone of fire.
To counter the disadvantages of the pursuit curve and the collision

°

course, we assume attack conditions against an imaginary target and
=




apply them against a real target. To illustrate: We set up an attack
so that the angular velocity of our bullet stream matches that of a
target going slower than .8 Mach = say .5 Mach. This allows us to
fire at a higher angle-off, at a given rangs, 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, generating the 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. Firxing 100 rounds per second, this allows us

to put ‘approximately 33 holes in the target with a perfect pass, as
compared to 12 in a collision course.

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

1. Lead for taxget motion,
2. Lead for gravify drop.
3. Tzajectory shift,

If we use

ponents, L
vhich we plan to

ined sight, we will have to determine all three com-

Fire, gravity drop and trajectory shift will be
completely computed and lead for taxget motion partially computed.
We'll use pagged sight, to simplify our lead problem. Radar is not

applicable because the overiead needed to set up the attack takes us
out of our radar tracking cone. To determine the additional lead we
need to enable our pegged sight to indicate the bullet impzact area,
we use the following fomaulaz:

lead = Vt x Sin6 x 1000
vp
where Vt = 1rate of 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 ia mils which we zcquize from the above formula is placed in
the sight reticle, so that the outer diamond indicates the bullet im=-
pact area as the target passes through the reticle. To compute the

lead for imsertion into our sight reticle we us2 the following formula:

&




WS = 2% lead in mils
Firing Range 1000

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

Step I

To find the firing range and angle~off, we assume a ,5-Mach target
and solve in the following manner:

VE = .9 Mach

:::::>35,ooo
Vt = .5 Mach =
N = 3
8 = 309, 259, 20°
S = VEVEt Sin@ _- 873 x 485 (Sin®) . 4380 (Sin@)
T 32,9N © 96,6
30°

S = 4380 (.5) = 2190

259

S = 4380 (.423) = 1850"

~20°

S = 4380 (.342) = 1500'
Step IX ‘

To find the additional lead (in mils) ncedbd against a .8"dach
target we solve in the following manner:

1 = Vt (Sind) 1000
Vp
30°
1 = 291' {,5) 1000 = 38 mils
, 3840
. o
10e 201°¢€.423) 1000 =" 32 mils
3880g B G
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20°

1 =291 (.342) 1000 = 25.5 mils
3920 ¢

Step 1II

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

At 30° angle-off

WS - 2 (lead in mils)
Firing Range 1000
Ws_ _ .]6
2190 1000
WS = 166

S Pt
1850 1000
WS = 1

At_20° angle~off

T e
1500 1000
WS = 76

el

From Step XII we can see that it will be impossible to set up the
additional lead by placing the wingspan lever on 166 since 120 is the
maximum setting. This means 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° angle-off. \

Now to perform the attack. We do not use the conventional pursuit
curve approach, as this does not allow us to determine target speed
and direction, and we need these factors to apply the attack we have
just computed. To apply this attack corwrectly, we use a barrel-roll
type of attack. To set it up, we fly in the same direction as the
target and about 3,000 to 4,000 feet above it. From there we turn

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

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 dafensive cone of fire at a
faster rate than is possible in a normal pursuit curve attack. Since
he is flying a combination of a pursuit curve and a collision course,
another and probably the most Important advantage is that the attacker
finds. it easy to weposition himself for consecutive attacks.. This, is
possible because the attacker is always close enough to the target to
judge relative positioning. The big disadvantage of the barrel-roll
attack = as we employ it - is that it provides the attacker less time
for lethal fire. However, in view of the fact that a fighter can per-
form more consecutive attacks than in a normal purs"it curve, this
disadvantage does not appear to ba too restrictive

In gumary, we do not advocate the barrsl-roll attack as a cure-all
for fire control problems encountered whan firing against bomber-type
aircraft., Instead, we considexr it somewhat of a "Rube Goldbarg' affair
designed to surmout the problems associated with today's normal pursuit
curve attack, when using guns as the means for ordnance delivery. Al-
though it appears difficult to perform, pilots are able, with just a
ninimum of practice, to set themsalves up quite successfully.

MANEUVERING FOR THE ATTACK

Success, in aizeto-alir ¢ smbat, depends on the ability of a pilot to
place himself in a peosition from which he can deliver his fire power.
In fighter-versus-bomber combat, time is important alsc and can be con-
sidered a mesasurement of success. To illustrate: If we have a bomber
attempting to destroy a given target, we must not only position our-
selves to deliver our fire power, but must also expedite our position-
ing before the bomber zeaches "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 AT}-9B. The best attack with
this weapon and our airxcraft, i& the underside attack. Positioning.
for this attack depends upon the space relationship between you and
the target, Considering this relationship, GCI may prOV1de a set=up
from thvee possible positions.
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MESESIE IS

1. Nose=quarter
2. Abeam, or 90°
3. Taile-quarter

Assuming VFR conditions, it will be ths responsibility of each attacker =
upon visually acquiring the target - to maneuver from any one of these
gset-ups to the firing envelope behind the target. To get into this
position quickly, an attacker must maneuver in a three-dimansional field
to acquire the maximum benefits from airspeed and turn, If the attacker
does not understand three-dimensional maneuvering, he will be little

more effective than GCI in maneuvering from a setup or apprecach, to a
final firing position (GCI will place him in the firing enve’ope through
the use of two-dimznsional mansuvers).

The Noss-Quarter Attack: 1In performing the nose=-quarter attack, we
do not choose to approach our target from a direct head-on position.
If we .do, we will be forced to parform a 180° change of direction by
executing a level ox a climhiqg turn (highespeed yo-yo) to approach
our target from a six=o'clock poszition., The timz consumad in a level
turn allows the tawget to genawate a grzat amount of longitudinal sep-
aration. This allows the target aircraft to make considerable penetra-
tion of a defense area before the attacker can set up 2 missile attack.
The ciimbing turn or high-spead yo=yo allows the attacker to complete
his changs of direction in less timz; however, at the end of this mane-
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 target. Once again, the target air-
craft will effect considerable penctration before the attacker can
position himself te iaunch AIM-9B, If the attacker is directed by
GCI for a noscequarter attack, he should request GCI to set him up on
an anti-parallel course to an offset point 15,000 feet to one side
of the target's line of flight. When the attacker visually acquires
the taxget, or when GSCI indicates that he I3 ten miles from the target,
the attacker should apply full afterburner power. At the same time,
he should dive to an aititude about 5,000 feet below the target, so he
will be offset in both the verticzl and hovizontal planes, This pro-
vides the attacker with mancuvering airspeed and a position from which
to execute a Chandelle followed by a low speed yo=yo (a dive behind
and below the target) to the attack cone behind the target. See fig-
ure 16. Compared to a level turn, this maneuver allows the attacker
to complete his 1809 change of direction mowve rapidly. In addition,
since the attacker is tuzrning thzough both the vertical and horizontal
planes, his horizontal turring 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 cone. To pre-
vent the target from penetyating the defense area excessively, the
attacker must dive behind and below the target at the completion of 90°
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of turn, This will aid the attacker in recouping the speed lost in the
chandelle. Also, it allows him to turn inside the target's line of
flight, because he is able to reduce his horizontal turning component
by maneuvering through both the vertical and horizontal planes. Result:
The attacker quickly positions himself ~ at six-o’clock-low - to launch
Sidewinder.

The Beam or 90° Approach: In a bzam approach, our problem remains
essentially the same as that in a nose=-quarter attack. That is, we
must quickly place the attacker in a launch position, to reduce pene-
tration time. The best mesans by which to accomplish this, upon visually
acquiring the target, is to use afterburner and perform a diving turn,
below and behind the target's line of flight. Once again, afterburner,
coupled with a descending turn, will increass rate of closure, because
of rapid acceleration. At the same time, since the turn is through both
the vertical anc horizontal planes, a cutoff is easily effected. Result:
the attacker is quickly set up for a missile attack from six-o'clock=low.
If the beam attack starts from a high position, the sams procedures
should still be used. Remzmber, the attacker wants teo reduce the target's
penetration tima., At the samz time, he wants to set up for the best
possible attack. A diving turn or low-speed yo=-yo will satisfy both of
these conditions. If a beam attack iz initiated from a low position, the
previcus proceduras still apply, since the attacker is trying to reduce
target penstration time by rapid closurxe and a cutoff inside the target's
line of flight.
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In 2 tall-quaxter attrack, t}e problem of defense area penetration
is most critical. %o reduce this penztration timz and to aliow the
attacker to position himself for the best possible missile attack, he
must accomplish & dive belcw and inside his opponent's line of flight,
up to an attack position {inside yo-yo). Since pesnetration time is so
critical, the procedure will remain the sam2 whether the attack starts
from a high or low position.

FLIGHT TACTICS

Tactical formation, hence flight tactics, are designed primarily to
provide mazximum mutual support and visual cross cover and retain maximum
maneuverability for any air-to-air operaticn. 1In other words, tactical
formations must provide both defensive and offensive capabilities. To
provide these capabilities, a compromise between maximum mutual support
and maximum maneuverabiﬁity must be accomplished. The extent of the
compromise will depend upon the type 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 tc destroy the bomber
aircraft and is not p:lmarlly interested in providing security for him-
self.

The present concept of wzapons employment {(nuclear weapons) in-
dicates that a given enemy will employ saturation-type tactics rather
than a concentration of his force over a given tazget areca. In other




words, we may expect an att composed of single bombers dis-
persed over a wids area t many targets. To counter this
at all points, with four-ship scrambles, .13 not the answer, for we
£
T
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need a defense force numbering four timzs that of the strike force.

We will be providing unnecessary security for the attacking fighters,
as well as violating the dictum, "economy of forcel" The problem re-
mains = how shall we tactically deploy our fighters? A single fighter
against a single bombar may eppear- the obvious answer, however, this
is not so. Whsan amploying single fighters against a saturatioa-type
raid, we would b2 assuming that each fighter would intexcept its re-
spective target without exception. There would be no ground aborts,
air aborts, and lor possible fire control malfunctions. Result: some

)

zttacking bombezs would get through our defenses. To precluce this
posu"b 1ity, we vecomus ﬁ a two=ship fiight, 25 the basic unit, Iin a
given fighter-versus=bombar intewcept. The two-ghip flight Wlll be

composed of a ie nd his wingman,
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: = prlor to visually acquiring the bomber -
the wingman should fly approximately 10 to 20 degrees back and approxi-
mately 1500 feet out. If he flies in much closer, too much time will
Lving fo n 2nd nnt enough In covering the leader and
acgulicing the target., Flying too far out re=-
o gy sarse the wingman to become separated
the wirgman will play the outside
as well aa the zh o %8 & maans of maintalining position,
To do this effs v, be mist meneuver through both the horizontal
and vertical vlarmes. This will aliow him fo reduce his horizoatal
turning componani and thoa maintain bis relative position more easily.

be spent in
aiding him in - .
duces maneuvarabllity

from his les:

Procedure: Whan on the outgide of 2 tumm, ths wingman should lower
his nose and cyoss & aide, If on the inside of the tura, and

sliding

in the

2088 to the outgide, siide high and fly
In other words, a wingman will fly a

partial ex 2, on the inside of the turn, and an extended-
high pou.-zon = i“ lz2ader’s wing = on the outside of

the turn. One g rvemember: He must not cross in
front of the leade: Tris ,dg he shouad aiways maintain nose-tail sep-
aration, thug y of zetting in the wey of his

leader.

To reduce the
quickly maneuver

zation, the fligh* must

best attack position. To do
i parioraance thvoagh both the

1nd howigap+-h L a0 Trder theze circumstancesz, it would

LE£ficuit for the wingman to maintalin the patrol position

defined gbove. %o ﬂﬁ’bme the wingmar to ma’ntain a relative position

iaca bim In a new posicion - the fighting

: w"nor/r will £fly within a 60° cons behind the

recet, Bee figure 17, While filying

511 memerver through both the horizeontal and
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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. In other
words, the maneuvering technique is basically the same as that of the
patrol position.

I1f the leader is unable to deliver a successful attack against a
bomber aircraft, the wingman will take over the lead position and initi-
ate the attack. If neither the wingman nor the leader can deliver a
successful missile attack, they will press in = with afterburner - and
zoom above the target aircraft, From this position, they can execute
coordinated barrel-roll attacks agadinst the bomber aircraft. When
the leader comes out of his roll, and into the firing position, the
wingman may start down. When the leader slides to a new high position
on the target, the wingmﬂn will be in the firing cone, and the cycle
just repeats itself.

If the bomber isg too high to permit successful employment of the
barrel-roll attack, the fighters have no recourse. They will be forced
to approach the target from below and from the six-o'clock pesition.
.If this.tactic must be employed, it behooves the fighters to fire at
the extrems range of the fizne control svatem, Since the bomber is

much larger, as comwared to the fighter, their opportunity to secure
a lethal burst is certainly as good = if not better = than that of
the defending bomber. The 1mportan thing to remsmber: the bomber
" mist be destroyed, regardless of the tactics used, or the weapon
employed.

SIBMARY

In our discussion of Asxlal Attack, we stated that tactics were
developed according to the performance capabilities or limitations of
the wezpons syatems usad o our weapons as well as the opponent's.
Recognizing this, we set Zbout to determine the performance parameters
of our weapons systems = the F-100 equipped with AIM=9B and the 20mm
cannon. Study revealed: To succes sFully employ AIM-9B, it must be
launched within 2 given firing envelope. The firing enVﬂlope is de-=
termined by the radiation pattern of the target and the performance
envelope of the missile, The pafaAut,rb of this envelope are deter-
mined by, (1) thes size of the tazget's infra-red pattern, (2) the
range of the missile, (3) G-capability of the missile, and, {4) AIM-9B
lambda limitation. To successfully employ the 20mm carnon, the pilot
must be within the theorstical capability of the fire control system,
and have contxol responses precise enough to control this uqulpw“nt.
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We thén applied the information provided by this sLLﬂy = the
limitations of AIM-93 and the 20um cannon = to the pursuit curve, to
find the best attaczk envelope for each system., We found that the best
attack envelope for AlM-93 is an undersicde or a six-o’clock=low attack.
For 20mm canpon, we found that the bast attack would have to be a

S Sp—
T T e T g
v




o I

S AL 2 SR R4
barrel-roll attack, combining 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 resultant attack cone is much
greater than is possible when employing the 20mm 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 result in the attacker being forced to use the
L 20mm cannon attack, NOTE: Keep in mind that the advantage which ATIM~9B -
enjoys over ordinary armament, in a fighter-versus-bomber attack, is not
near as great in a fighter-versus~fighter situation. (We will elaborate
on this in Part IT of this manual.) ; i

Since AIM-9B provides a largexr 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 tallequarter posi-
tion, he will set up to deliver AIM=9B. If conditions preclude missile
delivery, he will press in and ewmploy 20mm cannon. Before 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 saturs ation-type strike
will be 1ntorcepted Two-ship scrambles will be employad., If more
than two aircraft are used, the fighter defense is spread tco thin,
Simply stated, the dictum, "e,onovy of force'" would be violated with
little gain in effective combat 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, On having learned these parameters, we then developed our
fighter~versus-bember tactical doctrine. In our discussion of fighter=-
versus~fighter tactics, we will employ this same procedure. The order
of discussion will be as follows:

1. Basic Limitations of AIM-9B Against a Maneuvering Target
2.. Fighter Maneuvers
3. Tactical Formation

4. Flight Tactics
When analyzing fighter-versus-fighter tactics, by way of the four
major phases above, we will employ the case system - a plan whereby
' we examine possible hypothatical situations which the pilot may ene-
coynter in tighreraversus=umgp 2r combat,




CHAFTER 1

BASIC LIMITATIONS OF AIM-9B AGAINST A MANEUVERING TARGET

In discussing the employment of AIM=9B against a nonemaneuvering
target, we indicated that the missile has four basic limitations =
IR, range, G, and lambda = and 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 comne
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 cone in terms of angular velocity (max
performance cone). By angular velocity, cons, we mean an envelope in
which the attacking fighter may deliver AIM=9B without exceeding its
maneuvering limlitations. We can see, by applying this angular velocity
cone to any fighter-versus-bombar 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 secuxin a firing position,

When employing ATM-9B against a maneuvering target, the cone not
only diminishes in size, it also changes in shape. In other words,
the geometric shape of the mareuvering envelope will be considerably
different than a non-maneuvering envelope. To illustrate: When dis-
cussing the nome-mansuvering envelope, we found that its basic shape
was determined by four factors - IR, vange, 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
G-limitations are primarily responsible for this change in shape. The
reason for this: Lambda limitation may be exceeded because of a comb-
ination of low missile velocity and high angle off. If we launch AIM=9B
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 rotaite his angular velocity cone away from
the launch aircraft. By doing this, the defender can force the missile
to exceaed its lambda limit, because 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, increases the resultant lambda angle. In
addition, the missile is forced to turn even farther in front of the
target, because of its continuous decrease in velocity after rocket
motor burn-out, producing an extremely large lambda angle. If AIM-9B
is launched near its maxe-effective range and the target turns into the
attack, the combination of incxeasing angle off and missile decelera-
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tion can easily cause the missile to exceed its lambda limitation. If
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‘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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Figure 19

. When AIM-9B is launched from a ,8 Mach attacker 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 AIM-9B may be launched is less than 20°,
The reduction in range is necessary because of the 25°© lambda limit,
wvhile 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 1imitatibn, but also with the same limitations encountered in

an attack against a non-maneuvering target - IR and G. These limitae
tions force the attacker to diminish his range until he can discriminate
between IR background clutter and target signal and/or avoid exceeding
the lambda limitation. This means that in a .9 Mach co~apeed attack
against a maneuvering target, the attacker will be forced to fire at
less than 20° angle-off, otherwise, he will exceed his 26 limitaticn.
(sce figure 20). Remember, in an overhead attack, the difference
between total and radial G is considerably less than in the highe-side

or the underside attack (Gt = Gr + Cos0), therefore, to stay within

the 2G limitation, the attakcer must launch from longer ranges (at a
glven angle-off). For example, if an attacker performs an overhead
«9=Mach co=speed attack = to prevent himself from exceeding the 26 launch
limitation at 30° angle=off = .he must launch from a range of at least
10,450 feet, Under the same conditions, he can launch from a range of
6 860 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 2G launch linitation.

From the above analyuis, it is apparunt that the overhead attack
is the worat possible because of the limitations imposed by IR, G and
lambda, Unlike an overhead -attack against a non~maneuvering target,
the attacker will find 1t difficult to acquire the low angle=off
necessary forx 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 taye
get is foxrced to tuxn into tha attack = he will be forcnd to pull up
and will consequently experience speed decay. The attacker will have
a positive delta lMach and.a higher missile velocity in relation to the
target, and, therefore, a greater range from which he can launch AIM~-93
before lambda limlt is reached., This advantage is not a real advantage
however, because the attacker can still be forced to exceed the IR and
G parameters. We know, from our study of AIM-9B, that if we force the
missile to exceed any one of the four parameters = IR, range, G or -
lambda ~ a kill will be unlikely. From a tactics standpoint, whiledon
the defensive, the attack most easy to defend against is an ovcchﬂad
attack with a negative delta Mach. In this situation, wa force the
attacker to exceed a greater number of his limiting paramaters than
in any other "attack.

The underside, or six-o'clockelow attack is the best possible
attack which we can execute against a maneuvering taxget, It was
noted in ouyr analysis of this attack against a ncen=mansuvering target

‘that we acquired advantages in IR, G, surprise, and parformance.

When attacking a nma 1“uveLtr° target, we retain these advantages, but
acqulre a disadvantage from lambda limitation. The lanitda disadvantage
is, howaver, overridden by the advantages, This is trua because the
advantages of IR and G allow the attackar to launch at relatively
shorter ranges at high q’"lﬁW“OLL,A”itF ut exceading tha 26 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 position himself closer to the tar-

get at a.higher angle off without exceeding his 2G limitation (total

G). This means that the attacker can reduce his range to stay within

the lambda limitation and still be within his 2G launch limitation.

In effect, the attacker is provided greater freedom of maneuver to
successfully launch AIM-98, In an underside attack, this freedom of
maneuver 1s greater than in any other attack, From the defender's
viewpoint, it is certainly the most difficult attack to defend against. v
In summary we may say: The best attack for AIM=-9B is the underside :
attack and the woxst attack is the overhead attack - especially if

the attacker has a negative delta Mach,




CHAPTER 1II

FIGHTER MANEUVERS

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

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

The field iw which a fighter pilot must operate is three-dimensional
and finite, The size and shaps of the field is determined by the pull
of 1G gravity amnd the pexformance limitations of the aircraft and its
pilot. We can imagine this field to be spherical in shape, with a
fiattened porthern hemisphere and an elongated southern hemisphere.

See figuwe 21. The sphe¥ical shape is generated by a maneuvering
fighter's turn and velocity operating through three dimensions. The
elongation results from the effect of 1G gravity on the fighter in

this thres-dimensional field of mansuver., Turn, spead and the force

of gravity detevimine the operating envelopes and we nead only unders
stand spatial relationships presented by these factors to develop
effective fighter maneuvers. To know how to secuxe 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 exercise complete control over aircraft
turn and velocity. As a vresult, 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 situation, the pilot car do two things to
gain an advantage over an opponent: Changs 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=dimansional maneuver through three-dimensional space, or a three-
dimensional maneuver (bazrel roll).
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To apply these principles correctly, we nead only recall what we
determined 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 cone emanating
from the tail of our opponent. Applying the three-dimensional con-
cept of turn and velocity, this means that we must zeduce 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
mansuver 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 defensive turn. We choose to start with this
maneuver because it is the basic maneuver by which the defender tries
to nuliify an attacker’s advantage.  This may cause our approach to
appear to be defsnsive in nature, however, we feel that this is neces-
sary since any offensive action is directly dependent on the precise
mzneuvver which the defendant chooses to gxecute, If the defender's
knowledge is limited in scope, the attacker's corresponding maneuvers
will reflect this ilimitation.

Defansive Turn

»

The purpose of the defensive turn is to prevent an opponent from
achieving a launch or firing position. As stated earliex, the objective
of this maneuver iz to rotate our angular velocity cone away from the
attacker. The best way to achieve this is to turn into the plane of
the attack. This means that in an overhead attack, we will pull up
into the attack; in an underside attack, we will dive into the attack;
and if the attack iz from six-o'clock, we will turn in whichever direc-
tion provides the greatast tactical advantage., Assuming that an
attacker ‘armed with an IR missile is approaching our angular velocity
cone from six-o'clock, how would we defend against this attack? First,
perform a hard tuzn 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. f we employ the haxrd turn and the
slight dive, we generate ercough enguiar velocity to preclude a missile
launch at long range, and at the same timz, we retain future maneuver-
ing potential., As range diminishes, the attacker will be looking for
an opportunity to launch a missile; however, since he is in a pursuit
curve attack, his rate of tuzn is function of target speed, angle-
off and range. At -long range the rate of turn required for the attacker
to track is considerably less than curs. Consequently,; the attacker's
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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 exceeding the lambda limitation. This
forces the attacker to.get closer and, since he is on a curve of
_pursuit, his angle-off is continuing to increase as his range de-
creases. The rate of turn formula (y= _Vt x Sin@) indicates that

i Range |
rate of turn will increase if angle-off increases (Sin@) and range
decreases on an attack against a maneuvering target. Both of these
conditions occur. This means that the attacker generates a rapid
build-up in his rate of turm, and by the time he reaches the point
at which he can launch without exceeding lambda limit, he exceeds the
2G launch limitation. With a .9-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 comtinue to build up as range diminishes.

As a defender, we axe now forced to nullify our opponent’s subse=-
quent gun attack., To accomplish this, let us once again analyze our
relative positions: 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 sixz-o'clock position. To prevent this, we must increase
G and rotate our angular velocity cone away from our opponent. Our
concern now is to acquire a smaller turn radius than the attacker. This
will force him outside our turn and prevent him from achieving a track=-
ing solution. To accomplish this objective, we must play the turn in
respect to the 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 turxn to prevent him from staying on
the inside of the turn. In 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 unablsz to match our turn radius, The formula
for tuzn radius: '

Bip v
32.2N
where R = Turn xadius in feet
VE = Fighter velocity in feet/sscond
N = Number of radial G

indicates that the fighter with the lower velocity and/or greater G
has a smaller tuvn radius. In this situation, the attacker's speed
and G are divectly dependent upon thez defender's action and if we
Y%l} a certain number of G, the attacker cannot pull the same amount.
+1 he does, his rate of turn will equal ours, and, at the end of a
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-180° tirn, the attacker becomes the defender and we the attacker. Of
course this will not occur, because the attacker will be forced to
play his turn in respect to our position. This means that his G will
be less, and as a result, his speed decay will not be as rapid .as ours.
As is shown by the above formula, the attacker will have a greater turn
radius for two reasons: (1) higher speed, and (2) -lower G. As a .
result, if the attacker continues to press the attack in the plane of
our turn, he must overshoot. This provides the attacker little oppor-
tunity to track the target and places him, geometrically, 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 near 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 ailxspeed 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 performance as the
attacker approaches gun-firing range. This will prevent him from
acquiring a tracking solution and sliding toward your six-o'clock
position,

Adverse Yaw

Adverse yaw is defined as the tendency of the aircraft to yaw or
roll away from the intended turn, In the F=100, this condition is
present in the sube-sonic spesd range, and is especially noticeable in
high-angle«of-attack maneuvering. If proper techmique is not employed
to counteract adverse yaw in high-angle-of-attack maneuvers, aircraft
maneuverability is seriously compromised. In fighter-versus-fighter
combat, since maneuverability is a key to success, inability to handle
adverse yaw will produce disastrous results. We can see this upon ex-
amining the defensive turn. 1In defending against an AIM-9B attack,
the speed and G which we were pulling produced a low angle of attack.
Defending against a follow-up gun at ack, however, produced a high
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angle of attack. If conventional technique is attempted when max per=-
formance is necessary, the result will not be maximum performance. To
preclude performance degradation, the pilot must develop two entirely
different techniques to control the F-100 under low=angle=of°attack
and high-angle-of-attack conditions.

In lowe-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 oxr the intensity of the roll.,

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

_board aileron is deflected down. This condition imposes an additional
increment of drag upon the outboard wing. As. a result, the aircraft
yaws toward the high-drag area, or in a direction away from the intended
turn, In low-angle-of-attack maneuvers, . this yaw can be corrected by .
applying rudder unzil the ball is centered. In a high-~angle-of=-attack

.maneuveyr 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 deflec-
tion of the outboard aileron, causes the aileron to stall out, conse-
quently, there will be less 1lft over the outboard wing. The aircraft
will roll in the direction of the yaw. If additional aileron is
applied to correct this roll-off, the rate of roll will increase and:
the adverse yaw and stall conditions will be magnified.. If rudder
is employed - along with aileron - the adverse yaw generated may be
cancelled by the favorable yaw induced by the rudder. Eowever, as the
angle of attack builds up, the adverse yaw generated by induced drag
and deflected aileron becomes greater 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
aileron and employ rudder as pvimary for directional control, we can
generate a maximum performance turn without a subsequent rolle-off.

To determine whether we should use conventional techniques or the
rudder technique, we need only recognize the "feel" of the aircraft.
The moment the outborzduiing.cprasso-to.basheavy, the pilot should
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neutralize aileron and apply rudder to control the turn or roll. Full
rudder should not be employed, otherwise the pilot will experience a
loss of directional control, Instead, apply rudder smoothly and as
needed to maintain directional control. If this is accomplished, the
ball will be centered and a max-performance maneuver is possible. Do
not arbitrarily usse full rudder and opposite allerxon to achieve a max=
performance turn. ILf this is accomplished, a large amount of favorable
yaw will be genexated and a snap-roll or spin will probably occuz.

The Scissors Mansuver

The scissoxs is a defensive maneuver in which a series of turn
reversals is exzecuted in an attempt to achieve offensive potential
after an overshoot by an attacker. To successfully employ the scis~
sors, the.defernder needs an initial turn overshoot. In a defensive
turn, if an attacker attempts to position himself in his opponent's
angular velocity cone by remaining in the plane of his turn, the de=
fender is provided the opportunity to generate an overshoot. The
overshoot places the attacker on the opposite side of the defender's
angular velocity corie, If the defender continues to turn in the same
direction aftenr the ovenshoob, the attacker will be presented the
opportunity to maneuver towaxd his opponent's six-o’clock position,
simply becaunse the defender will be turning away from the attack. To
prevent thig, the defender must initizte a turn reversal as the
attacker passes through his flight path. The decision as fo when to \
execute this reversal will depend upon the attacker's rate of over-
shoot and hig angle-off. A good "rule-of-thumb" is: rapid turn over-
shoot, early reversal; slow turn overshoot, late reversal. The turn
reversal wilil 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 sse - by geometric inspection - that the aircraft which
kas the shorter tuwxn 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 enploys the propar 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. If
alleron is applied, the defender will roll off in the wrong direction,
or be forced to release back-pressure to execute the reversal. This,
of course, will ircrease turn radius. A nose-high attitude accomplishes
two things: (1) It reduces the defendex's horizontal turning component,
and (2) It reduces the defender’s vector velocity in the horizontal
plane. The reduction in the horizontal turning component and vector
velocity is a rvesulit of maneuvering through both the vertical and
horizontal planes. In other woxds, we are employing the pull of
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one=G gravity to prov vide a grea radial G and a lower velocity.,
Maximum powar should be used in uhiu maneuver, because its force

vector opposes the one=G gravity and is dﬂrevted toward the inside

of the turniang circle. This provides the defender the opportunity to
maneuver through the verticel plame, and thereby diminish his hori-
zontal turning ceomponent. In addlition, since power provides a lower
stall speed, it allows the defander to tighten his turn radius at. a
given airspead as well as raduce airspeed to the lowest possible point.
This means that if the defender pevforms a nose-high rudder reversal
with power on, he will raduce his turn and velocity components to thelr
smallest state and, if the attacker doesn’t counter in like manner, he
will bz quickly fo”caﬁ to the 12-=0clock position. The defender now
becomes -the attacker. :

If the "ftacke* counters affectivaly, and forces the defender be=
low him, the deferder should maazuver in phase with the attacker. This
provides the ztta ke a visuzl disadvantage since the defender will be
directly beneatl: him, En an attempt to manzuver, in relation to the
defender, the attacker will be forced to roll excessively in one direc=-
tion or the othker. This increases his stall speed and forces him fore
ward &nd domy towazd hils +%3 F£light path. The momant the attack-
er notlees this, reduce his bank and maneuver as
smoothly W>3:‘tnvf standoff., Xf, and when,
this ooe ftezburner, relax G and dive
180° awdy Liate thla mansuver immede
lately af gt obsarvation, when the
attacker doad sz‘ deQMdS the defender the
oppo~‘"nxty to gaix igltudinal separation and places
the atischkar In an overhs Wlth a negative delta Mach., The

out and the attacker will be provided -
the wozst possible misslile launck., {NOTE: Tactical
analyals of f*o d~cwa.whv WfTL ba dizcussed later.) '

When Sci.s rs maneuver, a pilot should attempt to
secure an guickly gs possible - certainly by the second
turn veversal. II not, he will lose airspeed vapldly, therefore man=-

euverabllity, and will be preaventad from ever zsquiring an advantage.
Instead, be will £ind bims:zlf in a standoff ', with marginal control -
an easy set=up fox dnoth@m éh14'%¢r {or his immediate oppon=nt, if the

opponent h:s

e , gztack until the attacker over-

» -
3 or noYy tsid: turn.

wexssl with power on as the
h "rulesof-thumb" for turn-
raversal; slow tuzrn overshoot,
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3. Repeat a nose-high reversal each timebyour opponent slides
through your flight path to the outside of the turn. If you pass nose-
high above your opponent, he will begin to slide forward.

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

¥ 5. Place yourself in phase with your opponent if you are under-
neath him; then, at the earliest possible moment, perform the 180°

dive=-away.

Counterineg the Scissors Maneuver

In our discussion of the scissors maneuver, we stated that it is
a defensive maneuver designed to take advantage of an attacker's over-
‘shoot. We then proceeded to show how the defender would react to gain
this advantage. The implication is clear = an attacker places himself
in-a very serious position if he misjudges the defender's turn and
overshoots. To prevent this, it is suggested that the attacker employ
the high~speed yo-yo any time-he believes his rate of closure may be
sufficient to cause 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 aftar a turn 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 easy method by which to achieve an offensive
advantage, ?

To know how to counter a scissors maneuver, we must first determine
the attacker's maneuvering potential in respect to the defender: The
attacker has a gignificant disadvantage in terms of velocity; however,
this disadvantage can be converted to an advantage if the attacker knows
how to employ it properly. ™aneuvering into a nose-high scissors is
not proper employment, as this will place him forward or above his oppo-
nent in a stalemate condition. On the other hand, if the attacker em=
ploys this velocity in the vertical plane, in a zoom maneuver, he can
generate a significant advantage.  How can this advantage be gained?

As the attacker notes that he is overshooting his opponent's turn, he
should relax G and deliberately slide around the outside of the turn.
Relaxing G serves a two-fold purpose: (1) It reduces induced drag,
thereby allowing the attacker to maintain an airspeed advantage, and
(2) 1t increases lateral separation on the overshoot. This reduces
the attacker's velocity component along the axis of his opponent's
flight path, thus allowing the attacker to maintain nose-tail separa-
tion. The defendexr, observing the overshoot, will be enticed to exe~-
cute a nose~high reversal in an attempt to gain offensive advantage.
If the defender continues the turn, the attacker can play the maneuver
and, once again, slide into the defender’s angular velocity 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 max-rotation-
angle, through the vertical.plane. See figure 23. The defender will
be.unable to match the attacker's rotation angle and subsequent zoom
because of his airspeed disadvantage. This means that the attacker,
even though he has a higher airspeed, may reduce his horizontal vector
velocity to a smaller value than that of 'his opponent. As a result;
the attacker will be on top with nose=-tail separation, and the defender
will have dissipated his ailrspeed, with a consequent loss of m&neuver-
ing potential., "The attacker need only roll off to the defeﬂder S six=
o'clock position.

If the dc:ender pulls up into a banked attitude, toward the attacker's
rotation, the height of his pull-up will be even 1e5b° This is'the re=
_sult of two factors: (1) The defender's pull-up is only a component of

a straight pulleup = his rotation angle is through both the vertical and
horizontal planes. Since he is iun a banked attitude, this means that
his rotation angle in the vertical plane must be less than a straight
pull-up. (2)° The defender's stall speed is higher. In a banked atti-
tude, stall speed increases because less lifting surface is available
to 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 is increased. This forces the defender
to turn below, in front of and across the attacker's line of flight.
The atiacker need only roll off in a direction opposite his opponent's
turn and move towazd the six-o'clock position.  The roll-off increases
nose-tail separation and prevents a possible overshoot by the attacker.

To maneuver againsi the attacker's counter, the defender simply can-
not refuse to reverse and continue his defensive turn., If he does, the
attacker will not be obligated to roll wings-level and zoom in the
vertical plane. The defender will turn avay and place his angular
velocity cone in front of t.e 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 cannot 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 vertical plane and zoom for alultude. ‘This
action is designed to reduce vector velocity in the horizontal plane to
a value less than the defender's velocity., If the attacker fails to-
generate this large rotation, his vector v@locity will be greater, and °
he will be forced toward the defender's twelve-o'clock-high position.

So we see, the attacker has no choice, he must rotate through a large
vertical angle when the defender executes his nose-high attitude and
provides considerable vertical displacement in respect to the defender,
Having placed the dtchkPT in this position, the defender turns 180°
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in the vertical plane, relaxes G, lights afterburner and dlves for
separation., (The defender must accompliuh 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 turn and can
no longer effect a yo=yo maneuver.

Z2< " Dojinot attenpt to pull into the target's radius of turn. This
will impose high Ge-loads, and possible buffet or stall will occur. All
alrspeed 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 somz 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. If he pulls up into a banked atti-
tude, he cannot counter your maneuver, since: (a) 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 rotatiocn,
because of your airspeéd advantage. In any case, your rotation in the
vertical plane will be greater than your opponent'’s., This will place
him below and forwaxd of your line of flight. You will have nose~tail
separatlon.

6. Roll off = 1roll in a directlon away from your opponent's turn
if he is in a banked attjitude - and move into his six-o'cleck positionm.
The roll=-off will provide additional nose»ta;l separation and will pzc-'
vent a possible overshoot.

Procedures for Maneuvering,Against a Scissors Counterx

1. Play the defensive turn in an attémpt to force the attacksr to
overshoot your f£light 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 sliding 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
he zooms in the vertical plane, follow the procedures below; otherwise
employ the procedures specified for the scissors maneuver, -

4. Force your opponent into an extreme nose~high attitude and a
high resulting zoom, 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 velocity in the horizontal plane in order to maintain
nose~tail separation,

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

The Attack

The purpose of the attack fs to position ourselves in the defender's
angular velocity cone, so that we may deliver our ordnance and effect
a kill. Since. the angular velocity cone of AIM=9B is considerably,
greater than the 20mm coné, we will fizst try for a setwup to launch
a missile,. Knowing ATM=~9Bs capabilities, we will try to attack our
target from six-o'clock low. If the defender notes our position, we
.can expect him to perform a defensive turn into the attack so as- to
rotate his angular velocity cone away from us. If he accomplishes this,
we will be unable to successfully launch a missile because of its lambda
limitation. .Instead, we will be forced to diminish range until we
reach a point where lambda limit will not be exceeded. If we attempt
to fly a pursuit curve attack = track the target with our fixed sight--
to this point, our angle-off 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 lost.
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 accomplish this, we can expect the defender to tighten his




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
initiating a gun attack., At the same time, 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 ox fuselage in the same relative direction as the
defender. In other words, we prevent the large increase in angle-off.
This prevents us from launching AIM-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 in .a pursuit curve attack.

This means that the defender is forced to maintain a mmxuperformance
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 2 more difficult time generating an. over=-
shoot and a subsequent scissors. If he exercises poor judgment and is

.lacking in stick and ruider.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 stick and rudder technique are excellent, we
will still be forced to overshoot if we continue to press the attﬂck

in the plane of his turn.

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

Procedurss for the Initial Attack

1. Stalk youz target in an attempt to position yourself for a
six-o'clock~low missile attack.

2. Do not attempt to track or launch ATM-9B at max-effective
range, if the defender turns into the attack. Instead, position the
gunsight reticle ahead of the target. '
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3. Check that your fu°elage is pointing in the samz 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 range diminishes, in an effort to
launch a missile,  If this is impossible, disregard the missile and
- continue. the cutoff to set up for a gun attack.

5. Play the cutoff, in an effort to reduce angle=off and slide
inside the defende s 20mm angular veloc1ty cone,

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

Hish-Speed Yo-Yo

The high-speed yo-yo is an offensive tactic in which the attacker
maneuvers through both the vertical and horizontal planes to prevent
an overshoot in the plane of the defeudarx'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 appazent that it will be impossible to stay inside the dcfeude
turn radius, employ the highespzed yo=yo.

To perform the maneuver correctly, timing is essenuial To ill=-
ustrate: If an attacker is conservative and yo-yo's high early, he
can expect the defender to lower his nose and dive for separation.

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

to continue his turn or to pull up into the-attack.: 'If he continues
the turn, the defender will dissipate his airspsed and his angular
velocity. Consequently, the attackexr will be permitted to reduce range
and slide‘down into the defendex's angular velocity cone. If the
defender pulls up into the attack, he dissipates airspeed and angular
velocity even more rapidly. Acaln, 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.

In view of the above, the defender's best maneuver is to dive away
and gain separation. By doing this, he places the attacker out of gun
range and in an overhead attack with-a negative delta Mach = the worst
possible attack with AIM-9B. '

If the attacker yo-yo's late, it will be difficult for him to main-
tain nose~tail separation. Has vz]l elcher be dlbectly 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 will dissipate his air-
speed and reduce-his vector velocity along the horizontal axis, thus
giving the defender the opportunity to maneuver toward the attacker's
six-o'clock=-low position. The attacker now becomes the defender.

We can see that to maintain offensive advantage, the attacker must
not be too conservative and yo-yo early nor too aggressive and yo-yo
late. Rather, he must play the yo-yo for a middle position in order
to prevent the defender 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 componzsnt and vector
velocity in the plane of the defender's turn. Teo acquire max effective~
ness, the attacker must maintain back pressure and employ rudder as
primary control for dizectional change in the vertical plane. For
proper percspective, this msans 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 arc through both the vertical and horizontal planes (we
assume that the defender is turning, more or less, through the horizontal
plane). As a result, the attacker's turning component and vector velo-
city are diminished in vespect to ths 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 techniqus employed - back pressure and rudder
as primary contzol for the maneuver - not cnly allows the attacker to
reduce his turn and velocity components to their smallest value, but
also reduces his yo-yo apex. This provides the defendar very little
maneuvering freedom with which to counter the high-speed yo-yo. If the
attacker does not use rudder as primary control for the roll into the
yo-yo he will be forced to relax back pressure. His turn radius and
velocity will increase and his induced drag will decrease. So, to
maintain nose-tail ‘separation and prevent a turn overshoot, the attacker
will be forced to yo-yo to a higher apex point, This provides the
defender the option of diving away to gain separation and, of course,
places “the attacker in an over~hezad attack with a negative delta Mach.
If the attacker attempts to employ ailerons and maintain back pressure,
adverse yaw will preclude the yo-yo maneuver. As a rezult, the attacker
will probably be forced to overshoot his opponent and will be caught in
a scissors maneuver. '

If the attacker employs the high-speed yo-yo correctly, the effect
of one~C gravity on turn and velocity will provide nose-tail separation

E--._."»uml‘“ N G D T SN E T RIS AT
e B R 3




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 separation 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° throtgh 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 obviocus
over=shoot - his offensive advantage seriously compromised. From our
discussion of the high-speed yo-yo, we may have implied that this man-
euver is the ultimate in countering a perfectly=-executed defensive turn
with a follow-up scissors. This is not the case. If the attacker yo-
yo's too far behind or too high, the 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'clock-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 technique.

To counter the high=speed yo=-yo, the defender must first play the
attack in an attempt to force an overshoot. Naturally, we can expect
the attacker to yo=yo-high to maintain his advantage. The defender
must now determine the attacker's relative position and attitude be-
fore making the next move. If the attacker generates extreme 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-o'clock, and if
he maintains his turn, he will dissipate his airspeed and angular
velocity. The attacker will then mevely slide down to his six-o'clock
position and finish him off. To undersiand the counter which the
defender must employ, let's examine the spatial reélationship of the
attacker in respect to the defendexr. '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 weapons delivery.

The defender, realizing this, knows his salvation lies in maneuver-
ability - airspeed and angular velocity. Therefore, the defender must
relax G when ths attacker yo-yo's off and, at the samaz time, he should
maintain his angle of bank. As a result, his nose will drop slightly
below the horizon, thus helping him to keep his maneuvering airspeed,
Also, as we shall see, it forces the attacker to commit himself. Upon
observing thes greater turn radius and the nose=-down condition, the
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attacker has the option of maintaining his yo=-yo apex or committing
himself to an attack against the descending defender., It is obvious
that the attacker is committed to press his advantage.  If not, the
defender will increase separation and place the attacker in an un-
desirable overhead position with a negative delta Mach. Knowing this,
the attacker drops his nose and attempts to set up for a missile 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 committment

and counters correctly, the attacker will be placed in a nose~low condi-
tion, while the defender has a nose-high attitude. The attacker's
airspeed, in respect to the defender, will be increased and his rate of
turn will be 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 appreaching
the horizontal position and the defender the vertical position, the
attacker's radial G, in respect to his total G, is less as compared to
the defender's radial G in respect to his total G. Since the attacker's
airspeed is greatex, his xate of turn is less, and because he has a
lower radial G relationship, his radius of turn must be greater (radius
of turn = Fighter velocity squared divided by rate of turn). The

result is obvious: The attacker will be forced into an overshoot,

below and forward of the defender'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 euploy .
the roll in order to achieve an advantage. i ‘

To successfully maneuver against a defender's countering pull-up,
the attacker must keep in mind the relationships involved: ' The pull
of one-G gravity causes the attacker's airspeed and turzn radius to
increase in respect to the defendez, Therefore, the attacker's advan~
tage lies not in turn, but in airspeed in respect to the defender. We
stated that the purpose of the high-speed yo~yo was to maintain nose-
tail separation and that it was acquired by turning through the vertical
plane as the defender turns through a plane intersecting the plane of
the defender's turn. Result: The attacker's line of flight provides
nose-tail separation, along with some lateral separation in the vertical
plane. Nose-tail separation prevents a possible reverse by the defender.

In our present situation, the attacker has the same problems of try-
ing to maintain nose-tail separation, however, he can maintain this sep-
aration by turning in a 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 begins a2 smooth pull-up behind the defender's line
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of flight. See figure 26. The attacker plays his pull-up so that he
does not overzhoot the defender's original altitude. (An overshoot
here would be the same as an overshoot in the horizontal plane before
executing a high~speed yo-yo). Since the attacker starts from a high
position, his airspeed at the bottom of the pull-up will be greater
than his opponent's at that same level, with a consequent advantage,
If the defender continues his pull-up, the attacker zooms above and
rolls behind the defender - the aLtecker s airspeed advantage pays
off, If the defender -dttempts to dive away, the attacker cuts off
through the. horlzontal plane and moves into the defender's six~o'clock
position.

The defender can counter the attacker's one=quarter roll-away.
When the attacker is near-the bottom of his pull-up, his airspeed is
max; while the defender, near the top .of the zoom, has minimum alrspeed.
The attacker has not only generated nose-tail separation but also lat=
eral separation in the vertical plane, To counter this situation, the
defender must rotate his angular velocity cone away from the attacker,
In other woxrds, 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, nese-quarter attack, with the defender's airspeed in-
creasing and the attacker's airspsed decreasing. The defender now
relaxes G, lights afterburner and dives for separation, Meanwhile,
the attacker must turn 180° through the vertical plane, to acquire a
sizx-o'clock position. During this maneuver, the attacker continues

to d1,31pate airspeed. By the timz he completes the maneuver, he is
placed in an overhead attack with a négative delta Mach, well outside
20mm cannon range. The defender can easily frustrate a possible mis-
sile launch, ;

Procedures for the Hioch-Spzed Yo~Yo

1. Attempt to reduce angle-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 opponent'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 time it becomes
impossible to maintain parallel-fuselage with your opponent, your angle=-
off will be too great and you must zoom into -a highe-speed yo-yo.

. 3.  Play the zoom so as to maintain nose-tail separation and yet
ain a low yoeyo apex. If proper stick and rudder ;echn¢que is em=-
ployed this is easily accomplished.

4, Roll, or slide down to your opponent's six=-o'clock position.
Employ -the woll, i1f you have nose-tall separation, to acquire a six-
o'clock advantage, g : IE
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5. Use extreme caution when dropping down to your opponent's
six-o'clock position. Do not acquire a steep nose-down attitude,
otherwise your opponent may reverse up into you. This is a diffi-
cult situation to recover from. Howaver, if it does occur, employ
the following procedures. -

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

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

Procedures for Countering the Hieche-Speed Yo«Yo

1. Play 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 whether 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 extwemz altitude separation. If so, employ the dive-away for sep-
aration and place the attacker in an overhead attack with a negative
delta Mach, If the attacker ma2intains noge=tall separation, and a low
*yo-yo apex, employ the procedures outlined below:

3. Maintain anglie of bank and relax G, as your opponent slides
high. This will place you in a slight descent and will allow you to
maintain airspeed for future maneuvering potential., At the same time,
it will force your opponent to commit himself to a nose~ ~low attack.
Continue to maneuver until he does so.

4. Perform a harderolling revewsal -« with rudder and back pres-
sure - up into the attack. This will cause your opponent to overshoot
below and forward of your line of flight, or force him to employ the
quarter roll-away. If he 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. Continue to zoom, and turn through the vertical plane down
toward your opponent as he crosses your flight path and begins his
zoom toward your angular velocity cone.




6. Relax G, light afterburner and dive for separation., This
forces the attacker to perform a 180° turn through the vertical plane
to get back into your six-o'clock position. By the time this is
accomplished, you will have placed him out of 20wmm cannon range and
in an overhead attack with a negative delta Mach.

Barrel=Roll Attacﬁ

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 an attacker would
have to yo=yo to an extremely high apex to maintain nose-tail separa=-
tion and stay inside his opponent's turn radius. Naturally, if this -
occurs, we c¢an 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 a2 new attack.
Noting this, the defender turns into the attack and generates a high
angle~off at long range, and forces the attacker into anothexr yo=yo
with high vertical displacement, Once again, the attacker performs a
new attack and the process zepeats itself, .The result is obvious: If
the defender counters each attack successfully, the attacker gains
little additional advantage and a stalemate exists. The purpose of
the barrel-xoll attack is to prevent this stalemate from developing.

Geometric examination of this situation = high angle-off, long-
range attack = reveals that the attacker would not prefer to execute
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 opponent, then regain his velocity after he
diminishes his arngle-off, and 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 turn and velocity. As previously
stated in the intvoduction to fighter maneuvers, it is possible to
reduce turn and velocity by two methods: (1) Through both the verti-
cal and horizontal planes by employing a two=dimensional maneuver
(yo=yo) or (2) Maneuver through both the vertical and horizontal
planes by employing a thres-dimensional maneuver (barrel-roll). Thus
far, our emphasis has been on the first method. Now, we will employ
both methods to solve our present dilemma - to reduce airspeed and
angle=-off, then regain airspeed to prevent longitudinal separation.

How do we apply this three~-dimensional concept? If the attacker
attempts to barreleroll, in the plane of the opponent's turn, he will
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roll will provide a line of flight tangent to his intended turn,
which will' increase his angle-off and Iimprove the possibility of an
overshoot, If the roll is conducted in the vertizal plane = combined
with a highespeed yo-yo = there is a different result: (1) There is
less vertical displacement than in an ordinary yo-yo, because vector
velocity along the axis of the xoll, in the vertical plane, is dimin-
ished, (2) Component 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 result of the lower yo=yo apex and the
shortening effect which the roll has on the velocity vector in the
plane of the defender's turn, Thas shortening effect allows the attacker
to diminish his rotation angle through the vertical plana. This pro-
vides less spead dacagy, hence greatar aircraft velocity, and (4) There
will be no overshoot, as a result of the roll, since the roll is not
conducted in the plare of the defendar's turn. Upon further examina
tion, wa can.ses that if the attacker is able to initiate this yo=yo
with a roll, from below his opponent, he incrzases his opportunity to
gain a favorable position., By initiating the mameuver from an inside=-
low position, the attacker lowers the apex of the maneuver, This pro-
vides the defender lass oppoxtunity to gain separation, The only pxocb=
lem now is that the attacker wigt be abhle o spply thkis concept of turn
and velocity against his opponent.

To set up the & er must dive below and inside
_his opponent's de i TR, ssume that the attacker has the
range fangle-off walatioc D SpS fad sbove, and a dive below will
_provide the attacker some additional airspsed. However, this will not
increase his verctical dlsplacemznt above his opponent, since he can
gaaily kill alzspaed s s forthcoming rotation through the vertical

plane. If the attacker approachas the target from below and at a high
angle~off, ha conilnues to cut off, in an attempt to reduce angle-off,
untfl ha rbaches th pullen p pownt The attackér pulls up on the in-
@lerolls in a direction
away f“om h*ﬂ op»ouent 8 turn. If th opp onpnt“@ defensive turn is -
toward the left, he rolls xight; if the turn is toward the right, he
rolls left, Th~ roll is not a higheG barzele-roll (the attacker is try=-
ing to kill veator velceiity, not sizeralt velocity). As the attacker
rolls nose-high through the inverisd position, ha plays backepressure
and kicks botiom rzudder to obrdln & noses=low 270@ change of direction.
See figure 27, During this portion of the maneuwer - from the inverted
position to the Z70° point of tn “ol' - the attvcker *cvc1v@s the
benefit of iG gravity vh ch as
direction toward the defends:
has played the entize ms
the inside of the oppemen: afen
at a raduced angle-off and in a posi
C

A l

roll = on
himself above,
ition to dive bo~ow b?: opponent’s
Ke ldw positlon, Xongitudiral separation
g (1) Vector welocity is reduced,
i, and, (2) The entire maneuver

line of flight for a six-o'clo
will not be great, for tweo zea
but a higher ailrcraft ve ugzity'
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is performed inside the defender's turn radius., The offensive roll-
avay placbs the attacker outside of gun range, but inside AIM-9B range
at six~=o'clock low, Whether the attacker can launch or not, depends

on how his opponent plays the defensive tuxn. If the defender tightens
his turn and attempts to counter the maneuver, he will experience high
speed decay, his angular velocity will be reduced and the attacker will
find it easy to set up for a missile launch. On the other hand, if the
defender does not tighten his turn, his airspeed and angular velocity
will be greater and the attacker will have to maneuver further, if the
defender tightens his turn as the attacker attempts to launch. In any
case, we can see that the roll-away provides an effective method by
which to reduce angle-off, prevent separation and get into an opponent's
angular velocity cone, It is tailored to the performance of the AIM-9B.

“To counter the barxel-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 a result, the
attacker can easily play his maneuver to slide toward his opponent's
six-o'clock position and have less longitudinal separation, since his
opponent reduced his vector velocity. The pull-up is ineffective, since
the attacker is not committed to a nose-low position by employing
bottom rudder. Instead, he may employ top rudder when rolling from the
inverted position. At the same time, the defendexr must roll away from
his defensive turn to execute 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 framed against blue sky = a.perfect set=-up
for a2 missile launch. The only effective counter for a properly ex-
ecuted roll-away is a dive for separation and airspeed., The moment, the
attacker initiates his pull-up, the deéfender should turn nose=low toward
the pull-dp, relax G, light afterburner and dive for separation. This
forces the attacker, even though he may use the roll-away, to perform
a 180° change of direction in the vertical plane. If the attacker pulls.-
considerable G in acquiring this change of direction, he diminishes air-
speed considerably in respect to the defender, If the attacker plays
the maneuver with less G, his vertical displacement is greater. No
matter which action he employs, he will be placed in an overhead attack
with a negative delta Mach. :

To maneuver against this counter, an attacker may employ some decep-
tion. The purpose of the deception is to prevent the defender from
employing the dive for separation. "Instead of pulling up inside the
defender’s turn, from an inside-low position, the attacker will pull-up
to the outside of his opponent's turn, thus maintaining nose-tail sep-
aration. To the defender, this will appear as an overshoot. Therefore,
we can expect him to reverse nose-high, in an effort to scissor the
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attacker forward. However, if the attacker plays the mansuver prop= .’
erly = overshoot and zoom = this will be impossible. The attacker has
a three-fold advantage in terms of airspsed, nose=-tail separation, and
a high rotation angle in the vertical plane. This means that the
attacker may zoom above and behind, but outside his opponent’s turn.
The defender will be unable to match the attacker’q zoom. If the
defender reverses (he most likely will) this will place the attacker
above, behind and to the inside of his opponent's turn. The attacker
need only roll off in a direction away from his opponent’s turn. This
will reduce 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 aivspeed 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 on his roll-off toward 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 overshoot and roll-off, but instead dives away
for separation, 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 determine which attack is best. However, if the
defender's conditioned reflexes arxe oriented toward a séissors maneuver-=
in the event of an overshoot = the attacker should employ the outside
method; if not he should employ the inside method,

The barrel-roll attack, or roll-off maneuver, need not be limited
to the conditions specified zbove. It may be employed at shorter
ranges and lower angles-off. The purpose is to reduce rate of closure
and angle-off and provide the defender little opportunity to gain sep-
aration, As stated esrlier, this is an espsclally good maneuver by
which to slide into an opponent's AIM~-9B angular velocity cone, since
it provides the attacker a better opportunity to launch against a man-

euvering target.

Procedures for the Barrel-=Roll Atiack

1. 8Stalk your taxget and attempt to reduce angle-off as much as
possible. ZIf this is impossible, employ the procedures outlined below:

2. Dive below and inside your opponent's turn radius, maintaining
nose-tail separation thvoughout the maneuvers. The dive below should
be initiated far enough out so the forthcoming zoom may be played in-
side or outside the defender's turn.
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3. Pull up and zoom inside your opponent's turn radius if you feel
he is not strongly oriented toward the scissors maneuver (sometimes
this is difficult to determine). ;

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

5. Continue the roll and employ bottom rudder as the aircraft
comes through the nose~high inverted position, This will pwovide a
270° change of direction ‘and. place you with longitudinal- separatién,,
at a reduced angle~off above your opponent, diving toward a six-o'clock-
low position. The longitudinal separation will be less than that acquired
from an ordinary yo=yo.

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

7. Pull up and zoom to the outside of your opponent' turn radiusg
if you feel you can sucker him into 8 turn-reversal. If he .reverses,
continue with the following procedures,

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

| 9. Play top or bottom rudder, according to whether your oppouent
_pulls up or dives away after the reversal. If he pulls up, employ top
rudder, This will aliow you to roll nose-high towazrd a six-o'clock-low
position., If he dives away, employ bottom rudder. This will allow you
to roll nose-low and prevent your opponent from obtaining extreme longi=
tudinal geparatlon.

Procedures for Countexring the Barrel-Roll Maneuver

o Play the attack in an attempt to generate angle~ocff and prevent
your opponent from setting up for a missile launch. If your opponent
counters with a dive below and to the inside of your turn radius, con~
tinue with the procedures outlined below.

2, Turn, nose-low toward the attack, as your opponent initiates
his pull-up from an inside-low position. This will increase his angle-
off, since you are turning into the plane of attack.
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3. Relax G, .light afterburner and dive for separation, This will
force the attacker to turn 180° in the vertigal plane toward your line
of flight. During this maneuver, he will be dissipating airspeed while
you will be increasing airspeed. As a result, at the end of this 180°
turn, he will be placed in an overhead attack with a negative delta
Mach, beyound gunfire range and in a poor position to launch a missile.

The Low=~Speed Yo=Yo

Until now, our central theme in discussing tactics has been the
problem of overshoot. The defender's maneuvers have been predicated
upon rate of closure., He needs rate of closure to generate an over=
shoot in orxder to nullify an attack and gain an offensive advantage.

On the other hand, the attacker attempts to counter rate of closure,

by maneuvering through both the vertical and horizontal planes. Dis=-
cussing these maneuvers = by the attacker and defender = we assumed

that the attacker has a definite rate of closure. Now let us investi~
gate an area inh tactics in which an attacker doss not have an initial
rate of closure. Assume an attacker is at six-o'clock, outside miscsile
range. How would he gain position to launch a missile or deliver a 20mm
cannon attack?

To gain position quickly, the attacker 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 maneuver to protect himself, If 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 positions 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 employad in a ruaning battle
or in a turning fight any time an attacker has imnsufficient xrate of
closure. :

In a turning fight, an attacker may find himself in a circular tail-
chase unable to close upon an opponent. If he tightens his turn, his
opponent countgrs in like manner and the attacker's position remains
unchanged. The result is a lufbery maneuver - a stalemate in which
the attacker and defender bleed off airspeed and altitude. If the
attacker attempts a high~-speed yo=-yo in an attempt to break the stale-
mate and gain a more favorable position, he will break the stalemate
but will lose rather than gain a more favorable position. To employ




tail-chase and zoom in the vertical plane. The lﬂaway decreases W
turn rate and increases turn radius, whereas the zoom dissipates aiz-
speed and also decreases turn rate. The defender now has an airspeed
and rate-of-turn advantage. Result: He moves around the lufbery circle
away from the attackexr's nose, toward his tail,

To gain a mozxe favorable position, the attacker must be able to cut
off and close upon his opponent. The purpose of 'a low-speed yo=yo is
to provide cut=-off and rate of closure. To employ the low=speed yo-yo
when in a turning fight, the attacker simply maintains his bank and
lowers his nose to the inside of the turn (see figure 28). He is now
turning through both the vertical and horizontal planes. The pull of
gravity increases aircraft velocity, thus increasing turn radius through
the vertical and horizontal planes; however, in the howrizontal plane -
the plane of the defender'’s turn = his turn radius is decreased (in
this plane, turn radius is only a component of actual turn). As a re--
sult, the attacker turns below and inside his opponent. The attacker's -
angle -off and airspeed increase and his distance = in respasct 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
decende 8 six-o'clock position. The entire maneuver must be accomplished
prior to reaching the defender's line-abreast position. If done cor=-
rectly, the attacker will find himself at a reduced angle-off and at a
diminished range. If he is still not in a lethal position, he need only
repeat the process. The attackesr gains an advantage in employing this
maneuver, because airspaed loss is leszs than the airspeed lost by the:
defender., When the attacker dives to the inside, he increases airspeed
and reduces angle of attack. The increased airspeed provides greater
airflow mass to the engine, hence the engine generates more thrust.
The decrease in angle of attack reduces induced drag and as 'a result,
in the dive portion of the maneuver, tha attacker not only has an air-
speed advantage, but aiso a thrust advantage. On the pull-up to the
horizon, angle of attack and induced drag increase. This prevents
any further increase in airspeed. However, at this point, the ate
tacker still has a considerable airspeed advantage. In the zoom poxr=
tion of the maneuver, the pull of one-G gravity starts to diminish
airspeed, the loss of airspeed starts to increase angle of attack;
however, angle of attack is less than ths defender's because of the
greater radial G available in the wvertical and horizontal plane as
compared to the horizontal plame alone. Because of this, the loss of
airspeed in a low-speed yo-yo is less than the loss of airspeed in a
horizontal tuzn through the same distance. Therefore, the attacker
gains a more favorable position even though he goass through a greater
distance. ' :

If the attacker employs afLPrbu mnex, he will find the maneuver
even more effective, even though his opponent may counter in like
manner., The afterburner is esseritfally a ramjet tandem to a turbo
engine,’ therefore, 1ts tnfuct 11kc a Lcmjet, nultiplies enormously

|




8¢ @2an3id




R R o)
T T e

as speed increases. Because of the additional speed thus generated,

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

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

of gravity. Unlike max power in a horizZontal turn, this causes the
attacker to describe a wider arc during the pull-up., This may reduce
the effectiveness of the maneuver., On the other hand, if considerable-
longitudinal separation exists, and the low=speed yo~yo may be pexformed
inside the defender's turn, employ afterburner throughout the entire man-
euver, This will enable the attacker to quickly reduce range and zoom
into his opponent's angular velocity cone,

A defender cannot effectively counter a properly-executed low-speed
yo-yo by tightening his turn, initiating a reversal, or performing a
high-G barrel-zroll, 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 lowe-zpead yo=-yo = so that he will
overshoot his opponent's flight path in the horizontal plane. If the
defender reverses, the attacker rolls off in a direction opposite the
defender's turn toward his six-o'clock position. If the defender ini-
tiates a reversal as the attacker starts into his low-speed yo-yo,. the
defender will be turning away from the attack, hence rotating his angu-
lar velocity cone toward the attacker. The attacker simply pulls up
on the inside of the reversal and maneuvers toward his opponent's six-
o'clock position. The veversal 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. 1If the defender executes a high~G roll, out of his turn, he reduces
vector velocity and flys tangent to the intended turn, thus permitting
the attacker to zoom out of his low-speed yo-yo and quickly secure a
six-o'clock position. The défender will be in a poor position to
counter, since the roll kills his airspeed and maneuvering potential,

To counter a low-speed yo=-yo, the defender must rotate his angular
velocity cone away 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 a diving turn.the instant an attacker
begins his low-speed yo-yo. This rotates the defender into the plane
of the attack and cancels a possible low=gpéed yo=yo. Of course the
two antagonists will be forced to the deck rather quickly.  If the
defender rolis out of tha turn his opponent will be positionéd at gix-
o'clock. Thus the defender receives only a respite from a stalemate
situation. We can sece from this illustration that a defender must not
only rotate his angular velocity cone away but also do it in such a
manner as to completely nullify his opponent's low-spzed yo=-yo. He
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can accomplish this in the following manner: ' the defender allows the
attacker to dive below and inside his turn until 2 pull-up is begun.
At this point the defender is in no immediate danger, since the attacker
is diving away from his angular velocity cone. As the attacker begins
. his pull-up, from a nose-low attitude, the defender rolls away 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 time 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 airspeed 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 wertical plans into the
attack. This places the defender in a nose-low, nose-quarter attack with
the defender's airspeed increasing and the attacker's airspeed decreas-
ing.  The defender now plays his action according to the attacker's in-
tentions. If the attacker continues his zoom and turns 180° through
the vertical plane, without cutting off, the defender relaxes G, lights
afterburner and 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 a different counter = the vertical rolling
sclssors. ' :

Procedures for the lLow=Speed Yo=Yo

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

2. Employ afterburner in the descent and im the zoom portions of
the maneuver. Do not employ afterburner during the pulleup from the
nose-low to a'nose=level poszsition. The use of afterburner in the des~
cent and zoom portion of the mansuver increases and helps to maintain
rate of closure. When afterbummer is employed during the pull-up, a
wider arc is described, possibly ruining the effectiveness of the man-
euver. ; ‘

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 opponent's
six-o'clock position. This should be accomplished from an inside-low
position before you reach a position line-abreast of your opponent.




o R T

5. Employ afterburner as your nose comes through the horizon and
zoom toward your opponent's six-o'clock position.

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

Procedures for Countering the Low-Speed Yo=Yo

1., Continue to turn and observe your opponent's dive below and to
the inside until a pull-up is begun. You are attempting to gain lat=-
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 opponant as 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 & 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 alrgpesd increasing. Your attacker will
be in a zoom with alrspeed decrsas i ng.

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

Countering the Overhead Attack with a Negative Delta 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 maneuvering airspeed and to provide the attacker the
worst possible position for a missile attack - an overhead attack with
a negative delta Mach., We will now discuss possible counters to this
attack.

In an overhead attack, with a negative delta Mach, the attacker is
in the worst possible position to launch and IR missile. The attacker
must not only consider IR background clutter, but the lambda and G
limitations of his missile. The lambda limit is especially important
because of the attacker's negative rate of closure in respect to the
target. 1If the defender performs any defensive maneuver at all, a low
relative missile velocity will be combined with an increasing angle=
off. As a result, the defender can easily prevent a successful missile
launch. G is significant because the attacker must maneuver against
one-G gravity. This means he wall easily exceéed the two-G launch
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limitation and/er the angle-of-attack iimitation agdlv st a manesuvering
defender. To eludes an attacksz, the defender nesd only rotate his angu-
lar velocity cone away from the attackez's line of flight. In an over-
head attack with a negative delta Mach, he may accomplish this in two
ways: (1) Pull up to the horizon, wings level, and pariorm a defensive
turn left or right {the direction dspendent upan whether the attacker

is high to the left or high to the right). Let's discuss each alterna=-
tive in detail. First the pull-up and zoom in the vertical plane

The moment the defender observes his opponent lining up for a possi-
ble missile shot, he pulls up and zooms in the vertical plane. During
the pull-up - frem nosz=lcw to nose~level - he does not employ after-
burner. As his nose hﬁ*s tha horizon, he lights afterburner and zooms
in the vertical plans. The attackvés faced with this counter, has one
of two altevqat VES 3 (13 Cut off, in an attempt to secure a six-o'clock=-
low position z3 the defendar zooms through the vertical plane, or, (2)
Do not cut off but fly the same relative flight path a3 the defender.

In all probability, the attacker will be enticed into a cut-off, because
he thinks the cut-off will quickly position him for a missile launch.
This, howsvex, is what the defender is actually hoping and waiting for

If the attacke“ CULS off, he wi 11 not take advantage of the pull of

5 U herafore, at the bottom of his pull-

nm.pﬂod than did the defender when the
s pulleout. The cut-off and lower air-
spe d fa ree thu attackeﬁ to weduca hia rotetion angle in the vertical
plane in stp;c, to the defendsr, This means that he will be unable to
secure a six-o’clock position. Instead, he will be forced to accept a
smaller rotation angle, hence a fiight path ovv_mhoot in the vertical
plane {ses figure 28). DMeanwhils, the defender with his airspeed maxrgin,
can pull toward or past the verticzl and execute & roli-off - not a loop
= down toward the attacksez's six-o’clock position. To counter, the
attacker will attewpt fe complate his zoom and roll-offs however, the
attacker will leose out bacauss of nls inltial lowar alzspesd on his

first cut-off and hls smallex tat: e, As a result, the defender
wiil quickly gain an advantage and move *Oqud the atteﬁke* s six-o'clock
position NEE the attzcker had not cut off on the initial pull-up and
zoom, but had pullad up end zoomnad through the samz ave as the defender,
he would not kevm iost his advantagaz, Az the defender reached the near
vertical, the attacksr would bs near six=o’clozk. This means the de~
ie to

fender vo¢1c be uazbi succkssf11?y roll off and gain a six-o'clock
advantaoe since he would not ﬁav& an ovarshoot in the vertical plane.

If he did, the attscksr would sin y fo’=«w and galn a more favorable po=-
sition. To prevent this, the ¢ » must turn 1802 througl: the -
vertical plens and cnea gtai: % and dive for sepatation.. The.
attacker, nciing this, wiil be facaed with the choize of attemiping to
cut-off or zoom psat th» defender through the sam= turrning point to
compleie a 1807 change of diveciion toward the defender’s six-o’clock
position. 1f the dtt“hkaf attzmpts to cut off and ovezsheots his
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COUNTERING THE OVERHEAD
ATTACK WITH A NEGATIVE -

DELTA MACH .

SN - :

e

«7‘:\ , h g
e ™ 7
E 4] = 1)
f ‘ Y
i 4
{ g i

| 2 1.

i \x |

- 5 _

] (e}

it

i I
?’
g




opponent in the vertical plane, the defender may employ the vertical
rolling scissors as a counter. On the other hand, if the attacker
does not cut off, the overhead attack with a negative delta Mach will
be repeated once again. To counter this second attempt, the defender
may execute the second alternative = a pull-up to the horizon and a
defensive turn, left or right. If the attacker is to the rear and

off to the left, the defender will turn left, and vice versa. If the
attacker presses the attack, in a curved plane intercepting the de=-
fender's turn, he will describe a nose=low spiral. As range
diminishes, the attacker's airspeed and G will build up. The defender,
observing his opponent's attack, will tighten up his defensive turn as
the attacker's range diminishes. If the attack is continued, the
nose-low spiral forces the attacker into an overshoot below the de-
fender. The result is obvious: The defender simply rolls off and
maneuvers toward the attacker's six=-o'clock position. If the attacker
attempts to yo-yo out of this nose-low spiral - before overshooting
below his opponent’s flight path - he must roll wings=level in order
to pull up and zoom in the vertical plane. This maneuver provides
nose~tail separation for the attacker; however, it also provides
lateral separation for the defender. In this instance, the defender
has taken the advantage. After rolling wings-level the attacker has

a nose=-low attitude while the defender has a nose=-level attitude.

This means that the attacker must pull from this attitude to nose=-
level before he can zoom in the vertical plane. During the process,
the attacker increases his horizontal veloecity component. This causes
him' to overshoot the defender's flight path before he can execute his
zoom. If, during the pull-up and zoom by the attacker, the defender
counters with a nose~high reversal, he will diminish his horizontal
component. The result is obvious: The attacker is forced out front
by his pull-up and zoom. The defender will be in position, at six-
o'clock low, for a missile attack.

Procedures for Countering the Overhesad Attack with a Negative Delta
Mach i ‘

1. Determine if an attacker is in position to execute an overhead
attack with a negative delta Mach. This can be accomplished by observ-
ing the attacker’s previous maneuvers and his present relative position.
If he is in a proper position, employ the following procedures.

2. Pull up from a nose=-low attitude and zoom in the vertical plane
(wings level). This should be accomplished the moment the defender
observes his opponsnt flying up for a possible missile shot.

3. Employ afterburner during the dive and zoom portions of the
maneuver. Do not employ afterburner during the puil-up from nose-low
to nose~level. Use of the afterburner during the dive and zoom por-
tions of the maneuver and not during the pulleup allows the defender
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to generate sufficient angular veiocity and, at the same time, main=-
tain a substantial zoom capability.

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

5. Roll off, as you approach the vertical, and maneuver down to-
ward your opponent's six-o'clock position. This should be accomplished
as your opponent starxts in the zoom portion of his maneuver. This will
prevent him from getting near your six=o'clock position, At the same
time, it allows you to gain toward his six-o'clock pesition.

6. Rep=at the process. This means that you will dive toward the
attacker's six-o'clock position from your voll-off., This will place
you at the bottom half of the maneuver. Your attacker, attempting to
complete his zoom, will roll off toward your six-o'clock position,
Howaver, you will gain on'him because of hies initial lower airspeed
when he performs his first cut-off,

7. Do not attempt the roll-off 1f the attacker does not cut off
on the initial maneuver. Instead, turn 180° 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 near-
vertical. To provide him little advantage, you must turn 180° into
the attack, dive for separvation, and once again plsce him in an over-
head attack with a negative delta Mach.

8. Determire, once again, when the attacker is in an overhead
attack with a negative deslta Mach, then get ready to employ the
second alternative. i

9. Pull up to the hoxrizon with wings level, then perform a defen-
sive turn left or right (the 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 the turn and observe the attacker. If he presses
the attack in a curved plane intercepting your turn, proceed as -
follows:

11. Tighten up the turn, as the attacker's range diminishes, and
attempt to force him below your line of flight, or attempt to force
him into a yo-yo out to the side. If he continues the attack, he will
be forced into an overshoot below you,
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12. Roll off and maneuver toward the attacker'’s six-o'clock=low
position.if the attacker continues the attack and is forced into an
overshoot below you. If he yo-yo's out to the side, employ the fol-
lowing procedures. ' ; i

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

14. Roll off and maneuver toward the attacker’s six-o'clock=-low
position as he ccmpletes his pull-up and proceeds in the zoom portion
of his maneuver.

Maneuvering from An Overhead Attack with a Negative Delta Mach

You will recall, from our previous discussions of the overhead at-
tack with a negative delta Mach, that an attacker may expect two pos=
sible counters to his attack: (1) A pull-up 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 nsgative delta Mach
is to point out maneuvers which can be used against either one of these
counters.

To maneuver against the first alternative - pull-up from a nose-low
attitude with a zoom in the vertical plane - we stated that the attacker
should not cut off and pull-up and zoom. Instead, he should fly the
same relative fiight path as the defender. By doLng this, the attacker
would force the defender to turn 180° in the vertical plane in an at-
tempt to gain longitudinal separation. We can see, by geometrically
examining this situation, that the attacker has an apparent choice of
either cutting off his opponent’in the vertical plane, or zooming past
the defender through the same turnlng p01nL 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, if he does not cut off, the
overhead attack with a negative delta Mach will be repeated once again,
and he will gain little additional advantage., To prevent either sit-
uation from occurring, the attacker need only employ a barrel-roll
(roll=away) in the vertical plane, as he starts to move past the descend-
ing ‘defender, This will reduce the apex of his zoom, because his vec-
tor velocity (along the axis of the roll) in the vertical plane is dim=-
inished. As a result, the attacker will roll away througn a 180° change
of direction to position himself at his opponent’s six-o’clock-low posi-
tion, in the vertical plane, with much less longitudinal separation. If
the defender repeats the pull-up and zoom, foliowad by a 180° turn in

T T R T R ST R S

!_89




o 2

the vertical plane, the attacker need only repeat the process to gain
an even mowra favorable position., Ha may then szt up for a missile or
20mm cannon attack,

To counter this rolleaway, the defender need only add back-pressure.’
and roll toward the roll-away, or dive for whatever longiltudinal separa-
tion he can get teo employ his second aiternative., If the defender rolls
toward the rolleaway, this will place the attacker at a high -angle=-off
in the vertical plane, as shown in figure 30. To maneuver out of this
position, the attacker must roll 180° toward the defendexr's flight path,
Meanshile, the defender can relax G, dive for separation and attempt
his second altexnative.

To maneuver against the second altexnative = a pull-up to the hori-
zon, wings=-lavel, with a defensive turn left or right = the attacker

ust not launch an overhezad attack in a curved plane against the rim of
tbe deferder’s horizontal turn. This means that if the attack is press
ed, the attacker has the option of descending outside his opponent's
turning circle or descending inside the turning cirele., If the attacker
descends outeide his opporent’s turning circle, his rate of turn will be
less than the defe: This ma2ans the defender will be turning away
from the aitacker's n ard his tail, as the attacker approaches
the defendez's 5 resualt, the defender will maneuver

S .
towaxd the athe 1 ositicn., On the other hand, if the
attackar desce t 'ng cizele, he is not committed to
genarate & turn rate a turn radius greater than his opponent,
as would ba the casa itiated a pursuit curve attack, in a
curved plane (aither £ he defender's horizontal turn or
descending outside hi g ~le). By dascending inside the hori-
zontal clxele, the atﬁhﬂ“s @ 28 & nosa=low spizal, in which his
rate of turn, along the horizontal zxis; is governad by his spiral or

”

roll rate along the vertizal axi: His radius of turn along the hori-

zontal axis is governad by the slopz of his descending spiral. If the
attacker inczeases his roll wate {in the spiral) and stecepens the
epiral, he increases hisz horizontal turn rate and decreazazes his hori-
zontal turn radiuvus. In effect, the sttacker will be pirouetting down
the axle of the defender’s hoxlzontal turn., This, of course, will
cause the attacker to buflld up excessive wvzlocity for his forthcoming
maneuver unless he reduces powsr. As the attackar pulls well inside
and below the defendaz's turning cifrsle, he rolls out of the spiral

and executes z P
tion. ({In othex wozds

zoom toward the defender's six-o'clock posi-

ls, he emplovs a vawiation of the low-spesd yo=yo.)
If the attackez's airsueed 13 ezcessive and it appears that the result-
ing zoom may force him too high and/or to the outside of the defender's

turning civele, ths attacksr simply employs the barrel-voll attack in
an effort to secura a laum v Ziring position,

To counter the (the lowe-spsed yo=-yo or the
barrel-zoll attack) attack with a nagative delta
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Mach, the defender need only employ the counters suggested for a low-
speed yoeyo and/or for the barrel-roll attack.

Procedures  for Maneuverine from an Overhead Attack with a Negative
Delta Mach ; i

1. Observe your opponent and determine if he employs alternative
1 - a pull-up from a nose-low attitude and a zoom in the vertical
plane =~ or alternative 2 ~ a pull-up to the herizon, wings-level, and
a defensive turn 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 zoom
in the vertical plane. A cut-off now will provide you a lower airspeed
and a smaller rocation angle for your forthcoming zoom.,

3. Dive - A/B on-= and initiate a pull-up and zoom through the sawme
arc which the defender described., 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 roll-off, simply roll with
him and maneuver toward his six-o'clock position. If he employs -a -180°
turn through the vertical plane in an effort to gain separation, employ
the following precedures. : ;: :

5. Initiate a barrel-roll (roll-away) as you begin to zoom past
your descending opponent., A rolle-away will reduce your vector velocity
in-the vertical plane; hence, provide your opponent less longitudinal
separation.

6. Ccmplete the barrel-roll (roll~away) arnd mansuver toward your
opponent's six=o'clock position in the vertical plane. Your opponent
will now eilther repeat the pull-up and zoom or proceed to his second
alternative, If he repeats his previous mancuver, simply repeat your
roll-off and gain position for a missile or 20mm cannon shot., If he
employs the second alternative, use the following procédures.

. 7. Do not press the attack in a curved plene intercepting the rim
of the defender's turn. This will force you to either-overshoot below
your opponent or to yo-yo out to the side in a nose-low attitude. In
either case, he will gain an advantage {see secticn on countering the
overhead attack with a negative delta Mach).

. 8. Spiral inside your opponent's horizontal turn to match his
turn and to cut him off. This may be accomplished by adjusting your
rate of spiral and the slope of the spiral. e
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9. Continue the spiral, inside your oppon=nt's turn, until you
start to move below and inside his line of flight.

10. Roll wings-level, pull-up inside your opponent’s turn and zoom
toward his six-=o'clock position. 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 procedures. st

11. Zoom outside your opponent's horizontal .turning circle - 1if you
are unable to cemplete your pulleup inside his horizontal turn radius--
then turn back toward him if he continues to turn ox attempts to dive .
away.

12. Zoom to the outside .and barrel-roll (roll-away) tow ard your
opponent's six-o'clock position, 1f he attempts a reverqal to counter -,
your zoom to the outside.

The Vertical Rolling Scissors

The veriical rolling sciszsors is what the name implies - a defensive, .
descending, rolling maneuvar in the vertical plame. The purpose of this
maneuveyr ig to galn an offensive advantage if an opponent overshoots a

defendex®s flight path, and slides through his angular velocity cone’

while descending in the veztical plane, See figure 31. The following
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 defensive turn to maintain future maneuvering potential.
If the attacker with a fair rate of closure, thinks that his opponent is
attempting to gain se p::atfon he may cut off in an effort to prevent
him from doing so. With his higher airspeed, his radius of tuzn during
the cut-off will be g;eator than the defender's. ~As a result, he can

be easily forced to overshoot the defendz2r's descending flight path.

(2) 1In a zoom-maneuver im which the attacker is attempting to approach
a zooming defender’'s six-o'closk position. The defender, observing the
attacker's position, uses the pull of gravity and executes a 180° turn
through the vertical plans in an effort to gain separation and thus
place the attacker in an overhesad attack with.a negative delta Mach.

In an effort to prevent this, the attacker cuts off. During the cut~-
off, his radius of turn is greater than the defender's because of this
higher airspeed, and as a result, he overshoots the defender’s descend-
ing flight path. (3) A six-o'clock-low missile attack, in which an
attacker is approaching his pull-up point for launch. The defender,
observing the attacker, may execute one of two maneuvers: An immediate
defensive turn down into the attzck, or a pull-up and zoom followed by

a 180° turn, in the vertical plane, down into the zooming attacker (this
is the same procedure used as a counter to the low=-speed yo-yo). In
either of thessz cases, if the attacker attcmpts a substantial cut-off

he can be forced to bont his opponent’s descending flight path.
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With the stage set, we can now discuss the mechanics of the vertical
rolling scissors. Let's assume that we have a defender zooming in the
verticsl plane, with an attacker initiating a pull-up in an effort to
maneuver toward the zooming defender's six-o'clock position., The de-
fender, observing his opponent’s position, turns 180° through the verti-
cal plane, down into the attack in an apparent attempt to gain separa-
tion., Observing this manesuver, the attacker decides he can either cut
off, or zoom -and turn 180° through the defender”s turning circle.

Since he knows that a turn 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 committed to 2 nose-low attitude. At
this instant, the defender comes in with back pressure and reverse-<rolls
into the overshooting attacker. This will place the defender below the
attacker and 180° out of phase, with a less nose-low attitudel:hence; a
lower vector velocity along the vertical axis. The attacker, noting

that he-is out of phase, and is descending more rapidly than the deLenaer,‘

will attempt to roll.180° 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 nose~low
attitude. As a result, the attacker, with his higher vertical vector
velocity, has rollad 180° out. of phase, down and bzlow the defender.
The defender ncw has the advantage and he need only roll into the at-
tacker's six-o clock position, E
To counter the vertlcal rolling scissors, a =zooming attacker should
not attempt to cut off a descending defender when he has a subsfantial
airspeed advantage. Instead, he should roll away or barrel- roll™to
reduce his ascending Vertlcal vector 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
1809 change of direction with less vertical displacement and will posi-
tion him at the diving defénder's six-o'clock position with less longi-
tudinal separation and less negative rate of closure. To maneuver for '
a launch or firing position, the attacker need only mancuver against
any forthcoming counters by the defender, 1If the defender has none,
the attacker moves in for the kill. )
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Procedures for the Vertical Rolling Scissors

1. Observe the attacker's position. If he is in a six t=0'clock=-1low
positlon, perform the following procedures.

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

3. Turn 180° through the vertical plane, if you zoom, or continue
the 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. Reverse-roll, toward your opponent, when you observe his over=-
shoot and nose-low committment, A reverse=-roll should be accemplished
~ with back~pressure and rudder (higheangle~of-attack maneuver) to.reduce
your nose-low attitude and your vertical vector velocity.

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

8. Continue this rolling maneuver, with your opponent out of phase,
until he rolls dowa 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

13 MDD not- attempt to -cut off as a zooming attacker against a de=
scending defender if 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 barrel-roll.as:you move:vertically past your. de=--
scending opponent. This maneuver will reduce your zooming vector veloe
cvty, hence vertical displacement, in you; zoom.,

3. Continue the roll-away to acquire a 180° change of direction
and a six-o'clock-low position against your diving opponent. This pre=-
vents your opponent from gaining a considerable longitudinal separation
and at the same time reduces your negative rate of closure.
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4., Maneuver agalnst any forthcoming counter thrown at you by your
opponent, :

The Hich=G Barrel-Roll

There may come a time, in a tactical situation, in which you find
that you can nullify a missile attack, but have less success in counter=-
ing a follow-up 20mm 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 man=~
euvering - is needad td counter an aggressive, skillfully-executed
follow-up gun attack. Under these circumstances even the most profi~-
cient defender may find himself in a serious defensive position, with
an attacker at six=o'clock inside gun flring range. To get out of this
situation, any defender knows he must force the attacker to overshoot
his flight path. In other words, he must rotate his angular velocity
cone in such a manner as to acquire lateral separation, Turn and velo-
city, married to the pull of gravity, determine his field of maneuver,
and his ability to rotate his angular velocity cone, He must employ
these factors in proper perspective to gain an overshoot. In this sit-
uvation, this means that the defender must reduce his turn and velocity
more qulckly 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. In this case, since the
attacker is at six-o'clock inside gun firing range, the defender must
perform a maxe-performance or a high-G barrel-roll to prevent his oppo-
nent from matching his change of direction and reduction of vector
velocity., Before initilating the maneuver, his only remaining problem
is to determine in which\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 clo"k under the condltion
specified above.

In an attempt to force the attacker to overshoot, the defender can
either execute a barrel-roll over the top or a barrel-roll underneath
out of his defensive tuxn. 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 means that he will experience considerable diffi-
culty in reducing his vector velocity more quickly than his opponent.
On the other hand, if he performs a high=G barrel-roll over the top,
his thrust vector acts in a direction opposite the pull of gravity.
This means that he will reduce his vector velocity much more rapidly
in respect to his opponent. To illustrate both situations: If the
defender rolls undernsath, he must execute the maneuver first, since
the attacker is maneuvering in respect to him. This means that the

pull of gravity wz__ act in amz direction.as the defender's thrust
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and velocity, before it acts on the attacker. As a result, the defender
will experience difficulty in reducing his vector velocity more rapidly
than his opponent., On the other hand, if the defender rolls over the top,
once again he must execute the maneuver first, since the attacker is man-
euvering in respect to him. In this case, the defender can reduce his
vector velocity more rapidly than his opponent since the pull of gravity
acts against his thrust and velocity, before it acts against the attack=- .
er's thrust and velocity. It is obvious from this discussion that if a
defender, at high speed in a defensive turn, has an attacker at six-
-o'clock inside gun firing range, he should execute the high=~G barrel-
roll over the top, rather than underneath, in order to gain an overshoot,.

1f a defender does not have the necessary sp2ed to execute the high-G
roll over the top, he should not attempt to do so, because the high angle
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 be
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 initiated
with an airspeed of 250 knots or less), In this situation, a defender
needs the pull of gravity to successfully complete the maneuver. He
will be maneuvering with a high angle of attack. The induced drag gen~
erated by this angle of attack will provide a deceleration greatey than
the acceleration generated by the pull of gravity. Hence, if the
defender executes a high-G xoll underneath, he can still change direc~
tion and reduce velocity more rapidly than his opponent. Why? BREecause
the attacker must still mansuver 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 defender's velocity, angle-off and range {W =Vt x SinGy.
. ) O Range 5

Now that we understand the need for the high-G barrel-roll - both
over the top and underneath - and when it should be employed, let's
discuss the mechanics of each manecuver.

The High<G Rarrel-Rnll over the Top

As indicated above,; the high=G barrel~roll over the top is designed
for use against an attacker at six-o'clock inside gun firing range, when
the defender is in a defensive turn and is unable to shzke the attacker.
More specifically, the attacker should be in fairly close = a range of
around 1500 feet or less. If the attacker is at a range much greater
than this; the high-C barrel-roll, because of its rapid reduction of
the defender's velocity, will only serve to bring him closer toward
the defender's six-o'clock position, In other words, this maneuver
should not be employed at the longer gun firing ranges or as a defense
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agalnst a missile attack. If so, the attacker will simply play the
maneuver to reduce longitudinal separation to move into position for
a kill. -The defender will be in a poor position to counter, since
he will have killed all his maneuvering velocity.

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

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

ing potential. As the defender reaches the 270° point - the opposite
side; of the roll = he should play top rudder to prevent disheout, and
visually ascertain the attacker's position. If, in an effort to secure
a kill, the attacker has followed the defender around the roll, he will

be forced outside the defender’s roll. This means that at the 270°

point he will be high, toward the rear and outside the roll (if the
attacker has not reduced very much of his velocity during the roll,

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

‘ To countex the hlgh G roll, theé attacker may attempt to yo=yo out

.the top of the roll or LeveLQ¢wroll out of the top in an effort to

secure a six-o’clock position. If -the attacker yo-yo's out the top,
the intent is obvious - he is attempting to reduce his vector velo-
city along the axis of the roll by yo=yoing in the vertical plane. In
this way he can maintain a six-o’clock-high position after the defender
completes the roll. If the attacker reverse-rolls, he will roll
through a wider arc in the opposite direction, If he maintains back
pressure while doing this, he can reduce vector velocity along the axis
of the defender's roll more rapidly than the defender. As a result,
upon completion of the roll by the defender, the attacker will be at
six-o'clock. To maneuver against either of these counters, the defender
must ascertain the attacker’'s position as he approaches the 270° point
in his roll.  He will be unable to determine the attacker's position
prior to this, since the yo-yo out, or the reverse-roll, places the
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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 airspeed and place the attacker in an overhead
attack with a negative delta Mach (the defender does not attempt a
scissors, since he does not have the airspeed after performing the
high-G roll). At tke 2700 point, if the defender observes the attacker
to be high and to tlie 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 the high-G roll underneath, let's assume that we have
a defender in a defensive turn with an attacker at six-o'clock inside
gun firing range. If the defender does not have the necessary airspeed
to execute a high-G roll over the top, he will be committed to a high-G
roll underneath. In the F-100, this means that if the defender's air-
speed has droppad 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 ailow his spsed to dissipate to 250 knots or
less, With these conditions prevailing, the defender should immediately
start the high-G roll underneath in an effort to shake his attacker,
He should not delay, otherwise he will experience considerable speed
decay, and will encounter considerable difficulty in executing the '
maneuver, To execute the roll underneath, the defender maintains back
pressure, employs rudder in the direction of the roll-= bottom rudder -
all the way around the roll. If done properly, the maneuver will des~-
cribe a barreleroll underneath. To the attacker, just after the man~-
euver has started, it will appear as a split-S. This illusion is
created by the high angle of attack generated in performing the man-
euver (this deception will cause the attacker to cut off in an effort
to counter his opponent's apparent dive for separation. The cut-off
will place the attacker in a steep nose-down attitude). As the defender
rolls past the inverted, near-vertical position, to the completion of
the maneuver - a wings-level and a near-nose-level attitude - the
attacker will overshoot below the defender’'s line of flight at a higher
relative airspeed. See figure 33. The attacker is forced into this
overshoot because his steep nose=-down attitude combined with his rate
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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 opponent with a higher vector
velocity along the axis of the high=G roll. As a result, upon_comple-
tion of the mansuver, the defender will be above and somewhat toward
the rear of his opponeznt, To gain a firing position, the defender
need only roll off or "'S" down to the attacker’s six-o'clock position.

To counter the high=G roll underneath, it is obvious that the at-
tacker must not gensrate a steep nose-low stititude, then attempt to
follow the mancuver. In other words, he must not interpret the roll
underneath as an apparant dive for separation. To determine whether
the maneuver is a roll underneath or a dive for separation, tha at-
tacker need only observe the dynam cz of the defender's initial move
down and out of the defensive turn. If the defender appears to fly
through his longitudinal axis; he is in a dive for separation. If he
appears to pivot or rotate around his longitudinal axis, he is perform-
ing the high~G roll undsrneath. The attacker must observe the defender
very carefully to catch this difference. If he does, and notes that
the defender is rotating around his longitudinal axis, he should not
cut off. Instead, he can pull up, delsy momentarily, then follow the
defender around the voll. This will provide the attacker the oppor-
tunity to play the maneuver, hence prevent an overshoot balow the
defender. As a second alternative, the attacker can pull off and roll
in the opposite direction., By doing this, he is not dependent upon a
G and rate of roll governed by the defender’s velocity, angle off and
range. Instead, the attacksr can pull the G necessary to play his
rate of roll to reduce vector velocity and pravent 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 completion of the
defender's roll underneath the defender can move against either one
of these counters, by observing the attacker’s actions. If the
attacker pulls off to initiate either counter, the defender does not
complete the mansuver. Instead, he relaxes G and dives for separation.
If the attscker is pulling off and up in either case, this will place
him in an overhesd sttack with a negative delta Mach. However, the
separation gained in this situztion is not as great as in the other
over-head attacks with a negative delta Mach. Thereforz, a great deal
more pressurz is exerted on the defender, unless he can deceive the
attacker into following his high=C batfel=roll underneath. On the
other hand, the high=G roll undezznesath has an advantage over the high-
G roll over the top because the dsefender can observe the attacker
throughout most of the maneuver, whareas in a roll over the top, he
cannot. This means that if the attacker counters with a roll under-
neath, the defender can take immsdiate asction, whersas in a roll over
the top, he is forced to the 270° poi nt bzfore he can cbserve the
attacker's counter. |

Procedures for the High=C Earrel-Egil over the Top

1. Perform a defensive turn, in an effort to force your attacker to
overshoot. If he does not, and iz within gun firing range at six o'clock
(out 1500 feet or less) use { procedures.
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2. Barrel-roll over the top without relaxing any G forces. This
requires extreme rudder control and very little aileron movement (see
section describing adverse yaw). This maneuver will give you a rapid
reduction in vector velocity and will provide a deceleration advantage
because your line of flight will describzs an arc above the horizon,
prior to your opponent’s. Your opponent will be forced to barrel-roll
around the outside of your roll. Remember, you must have the necessary
airspeed (300 knotsz or more in the F-100) before starting the maneuver.

3. Observe your opponent's position. When coming through the 270°
point or down the opposite side of the roli, keep “coming in" with top
rudder and get him committed into a nose-low attitude.

4. Continue rolling and keep adding top rudder to increase your
nose-up attitude., 1is will force your opponent to slide below and
in front of you,

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

6. Try to keep your opponent 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 cancpy, and to the rear, mansuver as outlined
below.

7. Discontinue your roll-out at the 270° point and turn through
the horizontal 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 270° point. To counter the reverse roll=
off, you must turn into the attack at this point.

8. Force your opponent into an overshoot in the horizontal plane
then relax G, light afterburner and dive for separation. If the at-
tacker attempts to tuxm in behind you, he will be placed in an over-
head attack with a negative delta Mach. Do not attempt a scissors
maneuver after your opponent overshoots. You will not have enough
maneuvering airspeed to successfully employ it.

9. If your oppoment is nose-high in & yo=yo maneuver (with nose-
tail separation) at the 270° point, turn 180° through the vertical
plane, relax G, light afterburnsr and dive for ssparation. If the
attacker attempts to follow, he will be placed iam an overhead attack
with a negative delta Mach,

10. At the 270° point, continues your roll if your opponent dges
not yo-yo cut into an extrems nose~high attitudz, Since he has failed
to zoom sufficiently in the vertical plane; his vector velocity, along
the axis of the roll, will be greater than yours. This will force him
forward and will plaze you to the rzar and below him.
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11. Maneuver (low=speed yo=yo) for a firing position.

Procedures for the High=G Rell Underneath

1. Perform a defensive turn, in an effort to force your attacker
into an overshoot. If you are unable to do so, and you are within the
speed requirement for the high=CG roll underneath (250 knots or less in
the F=100) employ the following procedures.

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

3. Hold rudder in the direction of the roll all the way around
the roll and play power to deceive your opponent. By holding rudder,
you will successfully perform the high=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., If this occurs, maneuver
as outlined below.

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

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

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

7. Discontinue the roll, relax G, light afterburner and dive for
separation, whzn you observe your opponent pulling up to delay, or to
reverse=roll, This will place the attacker in an overhead attack with
a negative delta Mach. However, separation will not be great, there-
fore prepare to counter any subsequent actiom.

Maneuvering from a Nose=Quafter Attack

Until now, our interest hss been directed to the offensive and
defensive tactics involved in rear-hemisphers attacks., Now we will
concern ourselvas with forward-hemisphere attacks. From experience,
we know many fighter-versus-fighter engagements start with the oppos-
ing fighters approaching each other's nose- qLartar position. Since
this is the case, it bshooves us; as fighter pilots, to understand
the tactics needed to gain an advantzsge from this position. Hsance,
the remainder of our discussion, in fighter mansuvers, will be con-
cerned with the nose-quarter attack. This will complete the maneuver-
ing aspect of fighter-versus-fighter combat and will prepare us for
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the other elements of fighter-versus=fighter ope
Formation and Flight Tactizs, .

To understand how wz must gair an advantage from a noscequarter
attack, let's refer back to our concept of turn and velocity. As
prev1ouq1y sta ted thers are iny two basic things that an attacker
or a defender can do in order to gain an advantage = change direction
(turn) and/or velocity. Applying these principles in a nose-guarter
attack, we know that a given attacker must maneuver into the angular

velocity cone in the rsar hemisphere of his opponent to successfully
launch a missile or deliver an effective 20mm cannon burst, This
means that in a noseequarter attack, an attacker will need a sub-
stantial rate of turn, a smsll turn radius and a closing velocity to
gain his opponent s six-o'clock position. If the sttacker fails to
maneuver so that he acquires all three of these factors, he may never
gain an advantage. Worss yet, he may provide his opponent an advantage.
With this in mind, let’s assume that an attacker notes that he is
approaching an opponent from a nose-quarter position. The moment the
attacker visually acquires his target, he should dive and light after-
burner to gain an air;peed advantage., The distance he dives will
depend upon the aircraft's accelevation and zoom capabilities (in the
F-100, he can dive from 5,000 to 10,000 feet below his target). The
alrspead gained from this mansuver w1?1 provide the attacker a greater
forthcoming zoom than if he had maintained straightesnd-lavel flight.
The zoom will provide him freedom of msneuver in the vertical plane,
so that he may effectively use the pull of gravity to increase his
rate of turn and reduce his turn radius along the horizontal axis.
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Another advantage acquired by this dive maneuver is the elemant of
surprise, The dive frames his opponent against blus sky and frames
the attacker against the ground (sssuming that the opponsent doss not
counter with a 1like maneuvex). From experisnce, we know it is gsn
erally mors difficult to maintain visual contact with an adversary

framed against the ground. In view of this, the opponent may fail to
maintain visual contact (especially at long raunge bafore ths dive man-
euver is executed). The possible lack of visual contact ensbles the
attacker to set up the rext stage of his manecuver - a tuzn for an-

offset in the horizontal plane. If the defender fzils to maintain
visual contact, the attacker will easily generaste this offset. To the
attacker this la the first indirati:; of whether or neot the defender
actually has contact {(if not, the defender will fail t

fore fail to preveant the attacker from achisving

Assuming that the defender fails to counter, this

below and off to one sgide of his opponent, on an antiep

The attacker, with an airspesd advsntage, is now in position to exe-
cute a turn *h?o'gh the vertic: d hori i the ‘rear
hemisphere of his opponent., 8 t1 opponent,

he may start the maneuver befor
position. Sas figure 34

type maneuver (highesps
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diminishes airspzed and reduces horizontal turn radius. This will pre-
vent an overshoot, howaver, it will reduce his rate of turn and dimin-

ish his clozsing velezity, as he approachas the defender's rear hemi-
sphere. To prevent the defender from ach*evgng considerable longitude-
inal scparation, aud to increase the attacker's torn rate toward the

c
de fen\er°“ six-o'clock position, the attacker should turn down through
the vertical planz {low-speed yo-yo) toward the defender's six-o'clocke
low position. Sz& figure 35. The turn down through the vertical plane
enables the attacker to effectively use the pull of gravity in achiev-
ing an increase in airspsed and turn rate and a decrease in turn radius.
If the defender fails to counter, the attacker nz=d only drive in under-
neath him, and sat up for a missile attack. If the defender counters
with a turn or pull-up, after the attacker has initiated his chandelle
from his offset point, the attacker still has the advantags. He need
only shallow out his chandelle and zoom more through the vertical plane.
This will enable him to play his opponent’'s counter and diminish his
horizontal turn radius. owaver, once again, this will decrzase his
airspeed, hence decrease his turn rste as long as he remains in the
zoom, Tharefore9 to gain sirspeed and a more rapid change of direction
went, he should use the pull of gravity to
turn down through the vertical plane into a low-speed yo=yo below biw
opponent's line of flight. This will place him inside his opponent's
turn at a reduced zmgle-off with a higher airspsed. To further reduce
angle=off znd longitudinal “eparati01 the attacker need only repeat
the zoom and dive bzlow hiz oppoment's line of flight, or zoom and
perform the barreleroll attack (a rolleaway mznsuver) toward his oppo-
o'clock=1ow position. Even if the defender countered in

, after the attacker started to zoom from below and out to
the side, ths attacker would eventually gain the advantage, since his
initial dive for airspesed and his offset give him a mansuvering advan=-
tage. Ths dive for airspeed provides an airspeed and rate of turn
advantage. The offset below provfdes an initial mansuvering advantage.

. (turn rate) than his opponent

=
Cg
exv
H
&

uarter attack of this nature, the
rying to-avoid a fight or to gain
tacker starts to dive for airspesd

To effectively counter & noze

defendex met decide Huetl er he is t

a kill. 7Tn eithecr czse, whan the at

and a possible offsat, the defender should counter in like manner,

This will prevent the attacker from gaining an airspssd advantage. It

will also prevent him ‘ron attempting an offset, since such a mansuver
[=e

under these conditions would be th2 sams as gduc*ng the defender's
angle-off, This will pfovide the defender soma -advantage. HNow if the
attacker approaches and starts to move past the dnleuder he must
decide if-hs is trying to avoid a fight or not. ".If ke is attempting
to avoid a fight, hs uld ver and dive for sepavation, as the
attacker attempts to +} dive for z zix-o’clock pos LtLon.
This mansuver by tha place the attacksr in an overhead
attack with a negatf with i separa-=
tion. Tha attacksr £o0 tack. On
the other hand, if theé 2id should
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zoom and dive in the manner just discussed in an effort to gain an
advantage. If the attacker is as skillful as the defender in employ-
ing this technique, this might not be a wise decision,

If the defsndar desirses to counter an attacker who has alweady
offset below and to the side, for his forthcoming zoom and dive, the
defender should turn toward the offset and dive for separation., Since
the attacker must perform a 130° change of direction, this will place
him in an overhead attack with a nsgative delta Mach, with extreme
longitudinal szparation. If the defender attempts to stay and fight,
instead of diving for separatioun, the attacker will eventually gain
the advantzge because of his higher sirspeed and better position (in
this situation, we assume that the attacker will employ the proper
zoom and dive techniques to gain an advantage).

Procedures for the Noze=Quarter Attack

1. Light afterburner and dive immediately below your opponent to
gain energy for your forthcoming zoom and maneuverability in the verti-
cal plane., A dive below will also provide you the element of surprise
needed for your next mova,

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

3. Start a chandelle toward your opponent, so that you will be
near the 90° point of the chandelle when you are approximately 90°
angle=-cff from your opponent. This maneuver will reduce your turn
radius and decrease your airspeed,

4. Turn through the vartical plane out of the chandelle, inside
and below your opponant’s line of flight, toward his six-o'clock=low
position. A turn through the vertical plane enables you to gain your
opponent’s six=o’clock-low po:.tion without extrzme longitudinal sep-
aration and a2 possible flight path overshoot in the horizontal plane,
since you increase your airspeed and turn rate, and at the same tims,
further reduce your turn radius., To gain maximum effect, a turn through
the vertical plans should be initiated as you pass the 90° point of your
chandelle.

5. Accelerate bzlow your opponent for an AIM-9B attack from six-
o'clock=low. If your opponent counters with a deiensAVﬂ tu 'n or a
pull-up against your dive towsrd a six-o'clock-low position, employ
the following prozedures.

6. Pull up and zoom from your {inzide-=low p osition and r
zoom=dive techniqgus ' releroll (




out of the zoom toward your opponent's six=o'clock-low position.
Generally, the rolle-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 Counterine 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 advan-
tage if he offsets (under these circumstances, he most likely will not
attempt it). i

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 oJou on an
anti-parallel course. Since your opponent must perform a 180° change
of direction, this will provide you extreme longitudinal separation out-
side missile range. If you wish to stay and fight, employ the follow=
ing procedures.

4, Pull vp and zoom, in the vertical plane, toward your opponent -
as your opponent 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. D1ve out of your zoom, below your opponent's line of flight,
in an attempt to gain a six-o'clocke-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 in for the kill. If your opponent emulates
your zoomedive technique, you will be stalemated. If this is the sit-
uation, you must use your own judgment to determine whether you should
continue to fight or break off the engagement.
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CHAPTER II

TACTICAL FORMATION

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 mansuver against it before the attackers achieve a lethal
position., This means that the formation must be so constructed that
attacking fighters with air-to-air missiles can be detected before they
are within launch range. At the same time, this formation must possess
characteristics of maneuverability and mutual support so that it can
counter the attack as well as see it., These same characteristics are
necessary in conducting offensive air-to-air operationms.

To gain maximum lookout security against a rear<hemisphere attack,
the flight must be so constructed that visual cross-cover is the max-
imum attainable. Two means by which a formation can increase its vis=-
ual cross-cover are: (1) Increase the number of aircraft within the
basic maneuvering formation, and (2) Place these aircraft line-abreast
at definite intervals to increase the field of cross-cover. By increas-
ing the number of aircraft, we provide more flight members 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 consist of as few members as possible (a
single aircraft is more maneuveérable than any formation comsisting of
more than one aircraft) with these members stacked in-trail. From
experience we know that when the number within the flight is reduced,
.it becomes easier for the members to keep track of and avoid one another
during any maneuvering engagement, Experience also indicates it is
much easier to maneuver in-trail as opposed to line-abreast formation.

- In order to acquire security and maneuverability, we must compro-
mise between maximum look=-out security and maximum maneuverability,
The extent of the compromise needed will determine the type formation
flown in a fighter-verazus-fighter engagement., The increasegd range of
AIM-9B, as opposed to the 20mm cannon, forces us to construct a forma-
tion in which the compromise favors look-out security. This means
that the formation will be flown very nearly line-abreast at a speci-
fied interval to pizk up a missile attack at ranges of greater than
15,000 feet. To maintain maneuverability and mutual support, the size
of the formation must be restricted to no more than four aircraft. If
a number greater than four is employed, maneuverability and mutual
support become difficult and complicated. On the other hand, if less
than two aircraft are employed, the look-out capability is reduced and
mutual support becomes i refore, to provide look=out
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security and maneuverability, a formation of two, three or four aire:
craft must be employed.

The three-ship flight, with.a leader and two wingmen, has been
evaluated many times throughout the history of fighter aviation. 1In
spite of many attempts to propose a three-ship flight as a combat
formation, it has never besen extensively employed. The reason is that
a three=-ship flight, with flanking wingmen, prov1des 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 mapnsuvering is necessary,
flight integrity dlsappears just as it did when maneuvering on the
defensive.’ :

" As indicated previously, the two-ship formation would be more maneu=
verable than any other type we may employ. Our problem in using this
type formation is to provide extensive look-out security in order to
detect a possible missile attack. If we stack the formation line-
abreast, we must provide sufficient interval so the element can detect
a missile attack at ranges greater-than 15,0007 feet. 7 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 maneuverability is reduced after detecting the attack in the rear
hemisphere. When the missile’s limitation is known, this maneuver=
‘ability disadvantage is not as great as it appears (remember, to defend
against 2 missile attack at long range, we need. angular velocity plus
airspeed, not a small turn radius and a low airspeed). This means that
maneuverability is not required to the same 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 loo< -out security. With only two ships, the leader of this
formation must spend 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 may
be employed as a basic maneuvering formation. =

To employ the elemznt correctly, without sacrificing maneuverability
beyond initial maneuverability, the wingman must know how to position
himself during all maneuvers. On patrol, prior to initial contact, .the
wingman will maintain the position specified-.above - line-abreast and
about 2500 feet out. During turns, the wingman will play the outside
as well as the inside of the turn, in order to maintain position.
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This will not be too difficult because the mareuvers executed,
prior to contact, will not bz of the maxim num-performance va ariety,
" To allew the wingman to easily maintain his position and to provide
adequate rearward coverage, the wingman must maneuver through both
the horizontal and vertical planes., If the leader performs a turn
away from the wingman, the wingman lowzrs his nose and cuts to the
inside. This procedure allows the wingman to reduce his horizontal
turning component and, at thz same tim2, provides him a rate of
closure so he will not be straggling behind his leader. As the wing-
- man moves inside and low toward thz. leader’s line-abreast position,
he shouid play his crossover so that he does not cross in front of
his leader. He should cross to the outside, slide high and fly in
the plane of the leader, If this crossovar technique is employed
during all turns, the wingman will descrlbﬁ a circular movemsnt in
the plane of the leader's aircraft, ses figure 36. On the outside of
this circle the wingman will lose airspzed and slide to the rear. On
the inside, the wingman will gain airspeed and move forward. In effect,
the wingman is employing the low-speed and the high-speed yo-yo as a:
means of maintaining position, and providing sufficient visual cross-
coverage. At the same time, ‘this maneuver will enable the -leader to
cover his wingmdn, whathér he be on the outside or on the inside of
the turd, If the Lntial turn by the leader is towazd the wingman, the
wingman will be unabie to c¢ros ¢’ over behind and underneath his leader.
In this situation, the wingman must pull up, play the leader's turn
and: cross to the outside, abova and behind the plane of the leader's
aircraft. After the initial crossover, the wingman employs the tech=-
niques specified above for the remﬂinder of his crossovers..

When maneuvers approach maximum per;ormaﬁub, the wingman will be
unable to maintain the looss position impiied in patrol formzation. He
will be forced into a fighting pO“*t on, in a narzow cone ) behind the
leader®s aircraft. In order to remain with the lsader and, at the same
time, provide reaxwaxd coverige be will be forced to assumz a position
closer to the tail of the lazder's aircraft. As we define it, the
fighting position is any place within a 60" cone with ths wingman
approximately 1000 feet behind the la2ader, To maintain position in
this cong, the wingman employs the same maneuvering techniques which
he used in patrol formation, (He maneuvers through both the vertical
and horizontal planss). During max marﬁLvarJS if the wingman attempts
to maneuver very mus

¢h outgide the confinzs of this conz, he will find
it difficult to maintain position and dlno pwov1dﬁ rearwvard visual
coverage. The primery duty of the wingman while in fighting position
is to provide visual coverzge to the rear, while the leader is com-
centrating on manesuvex: for an advantage, This is of extreme impor-

2

&
tance if the enemy i with 2ir-to-air missiles. Considering

s i
all factors, a two-ship is

batter than a fhr::='1fn formation., Although
a two-ship e’cm:nt has an in? .ai disafvaitagec while in patrol
formation, it has a distinct m vantage, and 2 somewhat
better lookwout advantage whil a basic formation.
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When employed properly, the foureship flight will give us all-around
advantages in look-out, maneuverability and mutual support. To acquire
these advantages without sacrificing one for the other, a flight of four
must consist of two mutually-supporting €lements. When on patrol, the
elements should fly line-sbreast from five to seven thousand feet apart.
The wingmen should maintain a position from line-abreast to no more than
20° back, at approximately 1500 feet out from their respective element
leaders. A formation spread in this manner provides excellent look=out
capability, because the wingm:n can provide mutual crosscover at ranges
in excess of 15,000 fest. Maneuverability in this formation is some-
what restricted. When the lead element turns away from the second
element, the second element will experience considerable difficulty in
regain;ng a line-abreast position, unless the turn is held for almost
180°. - If the lead element turns into the second element, the second
element will be forced te pull up and cross above the lead element. If
this is not done, the second element will be forced to cross in front
of the lead, .In either case, if the turn is less than 90°, the second
element will expﬁrﬁﬂn ‘considerable d1ffi iculty: in regaining a line-
abreast position, To provide more mansuverability and flexibility, the
second element must be given a greater field of maneuver. This field
of maneuver should enable the second element to easily position itself,
no matter what type of turn is performad by the lead element. A method
of prov1d1ng this freedom of maneuver is to spread the sscond element
in both the vertical and horizontal p“anu-, When this is done, if the
lead element turns away, the sscond element can lower its nose, cut
across the inside and quickly reposition itself, even though the lead
elemznt does not perform 90° or 180° turns. On turns. into the second
element; the second element can mansuver well ‘above the lead element
without fear of dragging the wingmen through one another (remsmber,
wingmen will bz manauvering through both the vertical and horizontal
planes to maintzin position on their raspective leaders). 'The free-
dom of manesuvzy provided the second elemznt leader enablas him.to
devote less time to flylng formation and more time to looking for prose=
pective kills. At the same time, during turns, it allows the wingman
to provide better rearward coverage, because the elements will not be
strung out in extended-trzin. The only real objection to this forma- ~
tion is that, in straighteaway flight, the second element must look
through a greater distance to detect 2 missile attack against the lead
element. Although this i3 true, it can be mathematically demonstrated
that the additional distance fh*cugh which both elememts must lopk, is
in;ign:flcent¢ (Less than 30”“ aga inst a six-o0'clock attacker if the
fluid element is stacked verticglly less than 3000° above the lead
element), If the attack is directed from six-o'clock=low, .the additional
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distance through which the szcond elament must look is somavwhat greater
However, the attackers Essf gzt in considerasbly cleosexr along the hori-
zontal plane before initiating a pulleup into an underside attack. This
means that the second element will bz afforded more of a plan view

of the attackers, thus alargez target in perspective even though the
additional distancs i3 = gr . Another reason cited for not




using the high element is the fact that the-.aircraft wing covers a con-
siderable portion of tha highly vulnerable six-o’clock=low attack arsa.
This is true for both the high elemsnt and the level-stacked element,

To surmount this difficulty, wingmen simply dip their wings occasionally
to enable them to cover the vulnerable rear area.

In view of the mansuverability advant.ge offered by the fluid-four
type formation (the formation in which the second element is stacked
both horizontally and vertically) without significant look=-out disadvan-
tage, we congider it the best combat patrol formation. In fluid-four,
the second or fluid element should be line-abreast, 5,000 to 7,000 feet
out, and approximately 2,000 feet above the lead element. As in a
normal tactical formation, the wingmen will maintain a position from
line-abreast to 20° back and 1500 fest out to the side opposite the
other element, see figure 37. As indicated in the two-ghip flight, the
wingmen will fly the vertical as well as the horizontal plane in order
to maintain their respective positions. On patrol, the fluid element
leader will maintain position on the lead element by flying through the
vertical and horizontal plane during all turns and maneuvers. For a
fighting position, the fluid element must operate as an independent
unit during violent maneuvers in flight-versus-flight engagements (the
reason for this will become apparent when we discuss flight tactics).

If the tactical situation indicates that not enough aircraft are
available for area saturation with four-ship flights .do not employ the
fluid-four formation. Instead, use individuzl elements as basic patrol
formations and as basic fighting formatioms, Although not as decisive
as the four-ship flight in terms of look-out capability, maneuverability
and mutual support, the twdeship flight will be much more effective than
the three-ship flight. The only real advantage which a flight of four
has over an element ig initial look-out capability and initial mutual
support. Aftesr the engagement is entered, the fluid-four, or the four-
ship flight will become nothing more than individual fighting elements.
If suitable tail-warning radar devices were available, four-ship flights
would enjoy very little advantage over individual fighting elements in
terms of combat capsbility. The dictum, "economy of force" would most
certainly prevail. Tactical formation in fighter-versus-fighter engage-
ments would probably bz dominated by the element or even possibly the
single ship. Without this peeded vadar gear, a four-ship flight is the
best all-around tactical formation.,

Three factors to conzider when employing either the fluid-four or
the element in combat or on a combat patrol are: (1) look-out capa-
bility, (2) maneuverability, and (3) fuel management. In the era of
missile-equippad supersonic fighters with zfterburner, these factors
determine the best altitude for patrol in order to enter a given
fighter-versus-fighter engagemsnt. If tha patrol is conducted at ex-
treme altitudes (40,000 fezet or above) tha look-out problem becomzs a
liability which incz as altituds increas=zs. The advantage of

oI

e I

SECRETY

PR ESART




i 2000
o 7000'

S




e s U e

firing an air-to-air missile at grsater range against a given defender
is nullified by thas possibility of an enemy attacker enjoying the same’
advantage. In addition, extreme altitude provides a maneuverability
disadvantage in terms of indicated maneuvering airspeed. At exterme
altitude, fuel mansgement may be an advantage in some aircraft while

in others (F-100) it can be a disadvantage. If the patrol is conducted
at very low altitudes (10,000 fe=t or below). the look-out problem is
considerably reduced and maneuverability, in terms of maneuvering air-
speed, isg certainly incressed, However, this manesuverability is nulli-
fied somewhat by the fact that manesuvering becomes more restricted to
the horizontal plane as opposed to the vertical plame. At very low
altitudes, good fuel management is not possible with presentcday jet
engines and afterburners. The optimum altitudes, considering all three
factors = look-=out capability, maneuverability and fuel management =
for patrolliing and entering a fighter-versus-fighter engagement are the
middle altitudes betwesen 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 upon 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 management are excellent At the same time
the look-out problem can be &2"&ly handlied by a flloht of four and
handled adequately by an element. If the tactical situation dictates
that elements must be emproyad, an altitude somewhere betyeen 25,000
and 30,000 feet might be moxe appropriate to reduce the look-out
problem, In any case, the med divm altitudes provide a position from
which an attack may be launched against aircraft at very high or very.
low altitudes.

Procedures for Flying Element Formation
1 Flying the Position of Wingman in Patrol Formation.

a. Maintain a patrol position off the leader's wing by fly-
ing line-abreast at approximately 2,500 feet out when in straight-
.and-level flight. If you fl; closer, look-out capability will be
sacrificed. If you fly furthsr out, initial maneuverability as well
as final maneuverability lel b ac:ificed after initial contact with
the enemy. - '

b. Play the outside as well as the ingide of the turn for
mutual coverage. If an attempt is made to stay on the inside 01 the
turn without a crossovez, you wlll only fall back when the lead
rolls out of his turn. .

c. Maneuver through both the vertical and horizontal planes
in oxder to fly a relative position off the leader. While on the
inside of the turn, you will be in an extended-low position. On the.
outside of tbn _dfn you will be in an extended-high position in the
plane of the :
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d. Lower your nose and cross to the inside if you are on the
outside of the turn. If you are on the inside, sliding forward, cross
to the outside then slide high and fly in the plane of the leader. If
the intial turn is into you, pull up, cross over and behind your leader,
then cross from outside to inside and vice versa in the manner just
discussed. This technique will cause you to describe a circular move-
‘ment in the plane of the leader's aircraft. You will be moving forward
in the bottom half of the circle and backward in the top half., This
will enable you to easily maintain position and provide mutual coverage
during the entire turn.

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

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

a. Fly in a 60° cone, in a fighting 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 your fuselage aligned with your leader's
during all maneuvers. This will enable you to match your leader's
maxinum performance and will prevent you from becoming separated.

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

Procedures for Flying the Fluid-Four Patrol
1. Flying Position of Fluid Element Leader

a.  Position the element, line-abreast, about 5,000 to 7,000

~

feet out and approximately 7 000 fcet above the lead element.

b. Maintain a relative position to your leader during turns.
If you are on the outside of the turn, drop your nose and cross to the
other side when you find yourself 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. In
other words, play the vertical as well as the horizontal plane in oxder
to maintain supporting position,

c. Lower your nose to gain airspesed and position when you find

yourself too far. back after rolling out of a turn. When you regain
your forward position you may pull back to the original fluid position.
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d. Pull your nose up and kill off airspeed if you find your-
self too far forward after rolling out of a turn. You may also retard
throttle, however this is not advised when at altitude. When you
regain your correct relative position, lower the nose to maintain
proper vertical separation. All maneuvers must be smooth to prevent
over-correction. 2 4 <

e. 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 element during crossovers. '

£. Cover the forward hemisphére, along with the flight leader,
as primary responsibility in an effort to visually acquire a target so

" that an attack may be launched against:it. As a secdndary responsibility,

cover the rear'hemisphere behind the lead elemént‘in order to detect
a possible missile attack.

2. Flying Position of Wingman in Fluid-Four Patrol

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

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

_ c. Cover the rear’hemisphere, behirnd the.other.élement, -at
all times, This is your responsibility and your coverage is neces-
sary to detect any possible missile attacks. Your opposite number in
the othexr element, will be providing you the same coverage.
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CHAPTER IV

FLICHET TACTICS

To employ a flight of four or an element of two in a fighter-
versus-fighter engagement, only a few new basic maneuvers must be
mastered., The previocus manzuvers wa have learned still apply in
flight tactics. With this in mind, we will now concern ourselves
with tactics when opzsrating as a flight of four and/or as an element
of two. We will objectively analyze offensive and defensive situa-
tions.in which we have elementsversus-element (t£o=v=r°ub=two) ele-
ment versus a flight of four (two-versus=four) and a flight of four
versus a flight of four (four-versus-four). For 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 cona, or they will attempt to deliver
a missile in a secondary attack by employing the roll-off or the barrel -
roll attack. If the attackers are unable to set up for a missile launch
but are able to set up for a 20mm cannon attack, the defendexs will be
placed in a precarious position., If the defending element continues
to maneuver as a single elemant = without being able tc shake the attack=
ing element - the attacking element 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
so that the leader and the wingman turn in opposite directions through
the vertical and horizontal plane or in the same direction with hozri-
zontal or vertical separation, »

If the defensive split is executed with the defending leader and
wingman turning away from one another, the attacking element can split
and continue the attack as individual fighting units, or maintain ele-
ment integrity and continue the attack on one member 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 capability, against an attack from
another enemy element. To maintain an offensive capability in tezrms

of maneuverability, and a defensive capability in terms of look=-out,
the attackers should masintain element 'ntag ity. To continue the
attack against one meubar of "thig splitting element, the:attackers
nay select either member if tHG ~pl:.t is in the horizontal plane. . The
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defender not sslected must than continue the turn or reverse in an
effort to provide his teammate mutual support. If the fres defender
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; however, he will still be unable to provide
effective mutual support. The distance generated by splitting in
opposite directions, plus the time needed to execute the reversal,
will place the free defender at too 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 is conducted through both the vertical and
horizontal planes. If the low, forward defender were selected, the
free high defender would be able to roll off and move inside the
attacking element's angular velocity cone for a 20mm cannon attack.

On the other hand, if the high trailing defender is selected, the low
free defender 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 split in opposite directions is not effec-
tive, because a permanent separation of the defenders is achieved with
the free defender unable 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-dowm

in the vertical plane) and the other defender turning in the same
relative direction, nose-high at less than maximum performance, the
attacmlng element is faced with a defensive split difficult to contend
with, See figure 38. In this split = with the defenders turning in
the same relative direction, but separated in the horizontal and verti-
cal planes = the frze defender can more ezsily maneuver to support his
- teammate, since he will not be out of range, nor out of phase in terms
of angular velocity. To mancsuver against a split of this nature, the
attacking element may employ one of five possible coptions: (1) Dive
in and attack the loweinside defender, (2) Attack the high outside
defender, (3) Split and continue the. attack against each individual
defender, (4} Initiating an attack against the low defender, and
switch the attack to the high defender after the low defender iz well
committed in a defensive turn, and (5) Perxform a fluid separation to
drive the low defender out of the fight, then vregain element integrity
and continue the attack against the high defender.

_ If the attacking element drives in after the low-inside defender
(option 1) the high defender will be in position to launch an attack
against the attacking element's six-o’clock position. The attacking
element will be sdrdw1~red between the two defenders with an obvious
loss of offensive potential, and 2 possible sacrifice of a wingman in-
an effort to destroy the low def.‘"aM If the attacking element attacks
the high defender, tha higl ; 2 n reverse-roll or roll underneath,
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down and away from his teammate. The free defender can then simply
reverse-roll and sandwich the attacking element between the two
defenders. Once again, the attacking element's wingman will be placed
at a severe disadvantage if this -ack is continued. If the attacking
element splits and continues the ack against each individuval defender,
ntage 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
new enemy. For this reason, we do not advocate an offensive split as
a means of countering the defensive split, If the attacking element
initiates an attack against the low defender in a defensive split, then
switches the attack to the high defender, the attacking element can
maintain its offensive advantage without needlessly sacrificing a wing-
man. See figure 39. To employ this course of action correctly, the
attacking element should drive in and select the low defender. When
the 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,
with reduced maneuvering potential. If the attacking element handles
this initial maneuver correctly, the low defender may be driven com-
pletely out of the fight. The attacking element should switch the
attack to the high man after the low defender is well committed in his
defensive turn., The switch should be performed before reaching the
high defender's line-abreast position and before zoom potential is
sacrificed. If the attack against the low defender is prolonged, the
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 defendexr. 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 switch and zoom soon enough to force the high
defender to turn into the attack. During the switch, the attacking
wingman should closely observe the low defender's subsequent actions,
to determine whether he is out of the fight or is reverse-rolling in
an effort to maneuver into the attacking element's six=o’clock posi-
tion. If the low defender is out of the fight, the attacking element
can continue to engage the high defender. If the low defender is still
a threat and reverse-rolls, the attacking element should disengage the
high defender, roll wings=level and zoom in the vertical plane, while
it still enjoys the airspesad advantage. As shown in our discussion of
Fighter Maneuvers, a zoom under these conditions enables the attacking
element to reduce its horizontal velocity component in relation to the
defender, As a result, th= defender is forced below and forward and
the attacking element need only roll off and maneuver toward the trail-
ing defender's six-o'clock position. During the roll-off, once again,

T P LA B RS S TS BRI AT G R SATEEST,




‘“_—-N
Y

DY

oy

Y7
I &; Q'\/// //// //// // \
il Q % L7 77> 74
N, /4
{, 7/
— Wi /////////

e

// . ,/////////W L o
_ /) = s

! ///(t

N T B R T LN
6¢ 2and1yd

SWITCHING THE ATTACK TO THE HIGH DEFENDER




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

Another tactic that can be used to successfully counter the
defensive split is the fluid separation. See figure 40. In a fluid
separation, the attacking element initially drives after the low-
inside defender. After this initial feint, the leader then resumes
the attack against the high defender. Meanwhile, the attacking wing-
man performs a fluid separation to force the low defender down and out
of the fight., The attacking wingman does not split from his leader to
initiate a one~versus-one engagement. Instead, he simply checkmates
a possible counter-move by the low defender, while providing the attack-
ing leader visual cross=-coverage during the entire maneuver. When the
low defender has been definitely committed out of the fight, the attack-
ing wingman rejoins the leader at normal interval., At the same time,
he visually observes the down-and-out defender for a possible threat.
After rejoining, the attacking element presses the attack with a two~
against-one advantage over the high defender. To make the fluid: sep=
aration a successful tactic, the attacking wingman must play the sep-
aration so that he is able to rejoin the leader after forcing.the low
defender out of the fight. 1If 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. 1If 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 Acainst a Defensive Split

1. Attewpt 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
a two-to-one advantage. Normally the wingman will be the low defender
with the least experience.

2. Do not prolong your ‘ttack on the low defender. This 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 quickly as possible, while maintaining a visual
look=~out on the leader, If your wingman is relatively inexperienced,
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(and/or untrustworthy) you should maintain close element integrity
and simply switch from low to high defender.

e

5. Rejoin the leader 2s soon as the low defender has bgen defi-
nitely committed out of the fight., Do not follow the low defender
o too far or element integrity and all mutual support will be sacrificed.

6. Complete the attack with a two-against-one advantage. The
- wingman should continue to closely observe the low defender to prevent
< any counter-attack,

Defending Two when Attacked by Two

The defending element should maneuver as a single unit to counter
a missile launch and a followeup 20mm cannon attack. . The tactics
illustrated in fighter maneuvers apply equally as well with an element
as with a single aircraft., The defensive sflit should not be employed
to counter the missile attack. To successfully deliiver AIM-9B against
a mancuvering defending elament, requires a launch at ranges in excess
of 5,000 feet., A launch under these conditions can be easily nullified
by generating angular velocity. A split is not necessary. If emplcyed,
the defending element will be forced into a permanent separation, with-
out the necessary mutual support to counter the follow-up gun attack.
The attacking element, at its leisure, may move in for the kill against
one defender without interference from his teammate, The dafensive
split should be employed when there is no possibility of shaking the
attackers as they approach gun firing range (3,000 feet). To set it
up, the defending leader should declare the split. On signal, the
inside defender (uzsually 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.
1f the split is conducted in the horizontal plane, this.means that the
inside defender will be turning level or in a slight nose=down attitude,
while his teammate will be turning in the horizontal plane and also up
through the vertical plazne. See figure 41. At the time the split is
declared, certain responsibilities exist between the inside and outside
defenders. The 1no ide defender no longer provides visual cross=coverage
to his teammate. nstead, he devotes his entire attention to the
attackers in order that he may play the attack and determine the at=
tackers' subsequant action. The high-outside defender, on the other
hand, determines the magnitude of the split by playing his position in
respent to his teammate as well as to the attacking element. Con-
fronted with the split, the attacking element must now make a decision
as to whether to attack the loweinside defender, attack the high-out-

side defender, or split and continue the attack against each defender.

. In consi der;ng theze thres possibilities, the attacking element can
initiate one of five possible courses of action: (1) Attack the low
defender, (2) Attazk thz high defender, (3) Split and attack each
individuzl defande {4) Initiate or feint an attack against the

T D S Y S RS T Y A P Sl AT B R

L

0 AT SRR SR

a2




B

//y/ |

y,
//// ////////B .

~‘1
("'

44//////// T ////////W

DEFENSIVE SPLIT

Uy @y Yy SH=—— ’——\\V\g‘\
| )

_ ceesiy
R

,q..
oz

o et
[’:- AN




low-inside defender, then switch and continue the attack against his
high=-outside teammate” or (5) Initiate an attack against the low
defender and perform a fiuid separation in which the attacking leader
selects the high defender while the attacking wingman drives the low
defender out of the fight, then yejoins the leader on' the attack
against the high defender.

If the attacking element drives in after the low defender (figure
42), the low defender fights as a single aircraft in an effort to gain
an offensive advantage. At the same time, the high defender drives in
after the attacking element in an effort to force them to break off
the attack. During this process, the low defender does not compromise
his position to set up his teammate in the attacking element's six=
o'cleck position. It is the high defender's responsibility to gain an
offensive advantage without a compromising assist from the low defender.
If the low defender can achieve an immsdiate offensive advantage against
the attacking element, the high defender should immediately clear his
teammate and allow hlm to set up for ths kill, Mutual support of this
nature enables the derendlno element to exploit any advantage with
dlspatch '

If the attacking element attacks the high-outside defender, the
high-outside defender should immediately play the attack in an effor
to acquire an offensive advantage. Once again, the defender under
attack (high defender) should not compromise his position to set up his
teammate to gain an advantage. This means that the high defender must
force the attackers to overshoot. The overshoot may be generated by
executing a max-performance turn into the attack or by employing the
high=G roll underneath, see figure 43. Considering the geometric posi
tion of the two defenders, the high=G roll underneath would be the
better maneuver. The roll undermeath will not compromise the high
defender’s position, yet it will 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 defendex
The moment the inside-low defender observes the attacking element drive-
ing after his high tesmmate, he shgqu pull out of his defensive turn
and drive toward the atte ekcr s six=o’clock positiom. If the high
defender performs a high=G roll underneath, the low defender can achieve
a lethal position by executing a <1mp1e revefsal or a roll-off maneuver.
(See figure 43) 1If tnc high defender turns down into the attack, toward
the low defender, the low defender will bz forced to execute a nose=h1gn
reversal followed by a roll<off to move into the attacking element’s
six-o'clock position within 20mm cannon range. In this position, the
low defender either forces the attackers to break off or he clears his
leader, in the event his leader gains an offensive position.

If the attacking elemznt splits (each attacker taking a defendexr) to
counter a defensive split, the defenders must bresk element integrity
and fight as single aircraft in an etLOft to elude the attackers,
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During this portlon of the engagement, each defender must dLércoard
his teammate's actions until he is able to successfully evade his
opponent. The purpose of this action is to prevent the defenders
from compromising their respective defensive position. The first
defender able to elude his attacker should maneuver to support his
teammate as soon as possible. If the attacker is an especially
aggressive type, this may be impossible until the defender destroys
him. The one-versus-one fight caused by the attackers' split is the
only engagement which causes a permanent split of the defensive element.
However, this is necessary to preclude loss of both members of the
“defending element.

If the attacking element initiates or feints an attack against the
low defender (in an effort to drive him out of the fight) then switches
the attack to the high defender, (figure 44) the defending element
must maneuver initially as though the attack were directed against the
low defender. During the initial portion of this engagement - before
the switch is attempted - the high defender should note whether or not
the attacking element attempts-to prolong the attack against the low
defender. To stay with the low defender too long means that the
attacking element will experience considerable airspeed decay. If the
high defender observes this sort of action by the attacking elemant,
he should not turn or roll down into the attack when the switch occurs.
Instead, he should roll wings-level and zoom in the vertical plane,
Since the attackers have dissipated their maneuvering airspeed -they will
be unable to match the high defender's rotation angle and subsequent
zoom (see section on Maneuvering after a Turn Overshoot, in Fighter
Maneuvers). The attacking element will be forced below and in front
of the high defendér. During the switch, if the low defender has rolled
nose=h1gh out of his defensive turn, he w111 move toward the attacker's
six-o'clock-low position and the attacking element will be caught, with
little or no maneuvering airspead in a vertical sandwich in front of
both the high and low defenders. If they remain in this pésition, the
hlgh defender need only execute a roll-off toward the attacker's six-
o'clock position. 1If the attackers attempt to dive away, they will
position themselves in front of the low defender, In either case, the
defending element now has the advantage. If the attacking element does
not bleed off airspeed = by prolonging the attack against the low de-
fender - prior to executing a switch, the high defender must turn down
into the attack or perform a high=G roll  underneath, to counter the
switch. See figure 45. Although the high defender is provided less
opportunity to gain an advantage by this action, the low defender is
provided a greater opportunity. The reason for the low defender's
greater opportunity is that he will not be forced to stazy in his max-
performance turn so long. This means that he will have more maneuver=
ing airspeed hence a greater opportunity to manzuver into the attacker s
six~o'clock position after they perform the switch. As a result, the
low defender can clear his teammate, in the event he gains an advantage,
or he can quickly provide mutual support and force the attacker to
break off his attack on the high de =fender. |
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If the attadckers perform a "fluid separatlon as a means of
countering the defensive split, the defenders will be hard-pressed.
To theém, a fluid separation will appear as 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 a split, will be when the attacking
wingman breaks off the inside defender and rejoins the leader in an
attack against the high defender. The moment the attacking wingman
"breaks off and attempts, to regain normal element integrity with his
leader, the low defender discontinues the defensive turn. He will
reverse-roll, nose-high and maneuver toward the attacking wingman's
six-o'clock position. Meanwhile, the high defender should be turning
down through the vertical plane into the attacking leader, A high-G
roll underneath mzy or may not be performed, depending upon the cir-
cumstances. Lf there is considerable separation between the attack-
ing leader and his wingman, a roll underneath may force the attacking
leader to overshoot., However, because of the separation, it can easily
place the attacking wingman at the high defender's six-o’clock positien.
To preclude this pogsibility, the high defender should turn down through
the vertical plane to counter the attacking leader and let his team-
mate provide mutual support by driving in after the attacking wingman.
If there is not considerable separation between the attacking leader
and his wingman, the high defender may employ the high-C rcll undere
neath in an effort to drive the attackers forward. At the same time,
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. The
defending element must exercise skiilful maneuvering téchnique along
with excellent judgment and timing to counter the attacking element’s
advantage. It can be accomplished, but it demands a2 maximum in team
coordination,

Procedures for Emp’oyln the Dcfen31vb 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 1n1tiated when
the attackers are approximately 3000 feet to the rear.

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

c. Slide high and to the outside when maneuvering as a leader.

You should play the pull-up to maintain a supporting position upon the
wingman,

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

2. Executing the Defensive Split when the Attacker Selects the
Low Defender.

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

X force him down and out of the fight,

b. Attempt to sandwich the attacking element 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.

_c. 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 atéack 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 select the high defender, This will force
the attacking element into a2 sandwich.

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

d. Play the high defei der’s evasive actibn (when maneuvering
as low defender) to achieve a firing position, if he is unable to
elude the attackers.

4. Playing the Defensive Split when the Attacking Element Splits
a. Split into a one-versus-one situation,

b. Maneuver as necessary to elude your opponent (see section
covering Fighter Maneuvers).

c¢. Disregard your teammate’s actions until you are able to
successfully evade your opponent. By doing this, you will not com-
- promise your defensive position.
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d. Attempt to rejoin and support one another as soon as
possible. You may be forced to destroy your opponent before effecting
a rejoin.

5. Executing the Defensive Split when the Attack Switches from Low
Defender to High Defender. i

a. Maneuver initially as outlined in the Section describing
the attack on the low defender., :

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 defender too long, they will lose airspeed very rapidly.
If this condition prevails, the high defender should roll wings-level
whan the attackers execute their switch, If the attacking element has
killed its airspeed, it will be unable to match the high defender's
rotation angle and will be forced below and forward. During the switch
the low defender should psrform a nooewhlgh reversal to catch the
attackers in a vertical sandwich,

c. Turn down into the attack or execute a high=G roll under-
neath when maneuvering as a high defender, if the attackers do not
decrease airspead prior to executing the switch.,

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

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

Attacking Four with Two

To gain maximum advantage, an attacking element should strike at
six-o’clock=1ow in an effort to deliver AIM-9B. If the flight of four
fails to detect the attack the attacking element should pick out the
nearest targst and launch a missile., If the flight of four wheels
around in an effort to nullify the attack, the attacking element should
re-pesition behind the defending trailing element. From here, the
attacking elemsnt should drive in and set up for a secondary missile
attack - by employing the barreleroll attack = or a follow=up 20mm
cannon attack, in the event it is impossible to repObltlon for AIM-9B,
If the flight of fousr splits intc two separate fighting elements, the
attacking element should switch to the outside trailing element and
continue its attack. During the switch, the atta”kiﬂg wingman should
closely observe the defanding element to determine if it will provide
mutual support to the element under attack. If the frees element can
provide mutual support, the attac kv 1g element should roll wings=level, .

ATy e -
=

138




L A—— PRI S TR
zoom in the vertical plane, and once again reposition behind the trail-
ing element. See figure 46. When the defending elements are no longer
able to provide mutual support, the attacking element should move in
for the kill behind the trailing defending element.

Attacking a Flight of Four with Four

To attack a flight of four, AIM-9B-esquipped attacking elements
should maneuver into the defender's blind area in an effort to set up
for a missile attack without being detected. If successful in this
endeavor, each attacking element should line-up behind a respectiwve
defending element in the flight of four. On sighal, 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 defenders with a two-to-one disadvantage against
their respective attacking elements. In describing this type of attack,
a better method may appear obvious: To have each individual attacker )
launch AIM-9B against the individual defenders. This may be accomplished,
however the coordination and timing needed before the 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 maneuver against
it, the attacking elements will bz unable to maneuver line-abreast and
launch their missiles simultaneously. Instead, the attacking elements
will be forced in-train (element behind element) to attack as a flight
of four against one of the defending elements, or to attack as individ-
ual elements against the respective defending elements. If the attack-
ing elements maneuver as a flight of four, against one of the defending
elements, the free defending element will be provided an opportunity
to maneuver behind the flight of four, If each attacking element se-
lects 'a defending element, mutual support becomes almost impossible,
since each defending element must maneuver against its respective
attacker to counter a possible missile launch. Considering AIM-9B,
this means that the defending elements can no longer maneuver in respect
to one another, but must maneu.er in respect to their individual at-
tackers. As a result, the four-versus-four engagement becomes two in-
dividual two-versus-two engagements, with each attacking element attempt-
ing to set up for a missile attack or a follow-up 20mm cannon attack.
If the attackers are forced in-train and the two defending elements
attempt to separate for mutual support, the lead attacking element
should attempt to drive the inside defending element into a permanent
separation. Before the lead attacking element compromises his posi-
tion and diminishes his airspeed, he should switch the attack to the
high-outside trailing defending element. See figure 47. t the same
time, the second attacking element should drive after the inside defend-
ing element. This double switch by the attacking element counters the
defenders' possibility of setting up an effective sandwich on the lead
element and the fight ends up in an element-versus-element engagement
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with the attacking elements enjoying the advantage. See figure 48.
If the defenders maneuver as a flight of four, the attacking elements

" simply drive in after the trailing defending element, destroy it, then

continue the action against the lead defending element.

Procedures qu Attacking Four with Two

1. Begin your attack ‘on the high element. If possible, at six-
o'glock-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 a defensive maneuver. If the high element should
reverse, pull high and position yourself behind the trailing element
while you still have an airspeed advantage.

3. Drive in again and attack the tréiling elément. If the defenders
attempt (and are able) to provide mutual support, slide high once again
behind the trailing element. i

4, Continue this procedure until the defending elements are unable
to provide mutual support, then drive in and attain a firing position
behind the trailing element. Your wingman should keep you informed as
to the whereabouts of the free element, to prevent any possible counter=-
attack. i '

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 element. On signal, the attack-
ing element leaders will launch missiles to eliminate two of the de-
fenders. If the defending elements observe this attack and maneuver
to counter it, employ the following procedures,

2. Continue the attack, element against element, in an effort to
prevent the defending elements from setting up a mutual-support situa-
tion. If the deferiding elements’ mansuvers force you to attack in=’
train, they may separate the elements and attempt mutual support. To
counter this tactic, employ the following procedures.

3. Drive in (as lead attacking element) after the inside defending
element, in an effort to force the defending elements into a permanent
separation. : '

4. Switch your attack to the high outside defending element before
you compromise your position and diminish your airspeed. At the same
time, switch your fluid element (second element) behind the defender's
tree element. This double switch prevents the defenders from setting
“p mutual support in order to sandwich the lead attacking element.
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5. Press the attack as separate elements. This allows each element
to take advantage of its superior position. Also, it prevents the de-
fenders from effecting a re-join and subsequent mutual support.

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

Defending Four when Attacked by Two

To successfully defend a flight of four, the defenders must detect
the attack and determine the number executing the attack. If the de-
fenders are certain there is only one element performing the attack,
their course of action is simple. The moment they pick up the attack-
ing element, they must determine against which defending element the
attack is being executéd. The element being attacked turns away from
its supporting element. This means that if the attack is directed
against the high element, it turns down and away from the lead element.
If the attacking element continues to press its attack against the fluid
element, the lead element simply rolls in behind the attackers. If the
attacking element switches its attack to the lead element, the lead
element turns into the attack and the free defending element reverses
nose-high, then follows through with a roll-off to mowve into the attack-
ing element's six-o'clock position., See figure 49. The attacking ]
_element, caught in a sandwich, will now be forced to maneuver against
the attacking defending element of face the possibility of being de-
stroyed. i

" Defending Four when Attacked by Four

If the attacking elements drive in and line up behind each defend-
ing element, the defending elements must fight separate element-versus-
element 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 element in lethal posi-
tion, would be disastrous. If the attacking elements maintain flight
integrity, mutval support may be initiated. The element under attack
turns away from its supporting element. If the attackers continue
this attack, the supporting or fluid element drives in and sandwiches
the flight of four. During the attempt for mutual support, if-the
attacking lead element switches the attack to the outside defending
element, and the attacking fluid element drives in after the inside
defending element, the defending elements must maneuver as separate
elements. ‘

Procedures for Defendine Four when Attacked by Two

1. Check to be sure there is only cne element'performing the

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

3. Turn the supporting element in on the attackers, if the attack
switches to the supporting element. The attackers are sandwiched once
again, but in reverse order. :

Procedures for Defending Four when Attacked by Four

1. Fight as separate elements, if the attacking elements injtiate
simultaneous attacks against each defending element. Mutual support,
attempted against this tactic, will only comoromlse the position of one
of the defending elemonts

2. If the attackers maintain flight integrity and attack either
one of the defending elements, employ mutual support and sandwlch the
flight of four. 1

3. = Fhthe attack1ng lead element sw1tchcs the attack to the sup-
porting element, and the attacking fluid element drives in after the
inside defendlng element, maneuver as separate elements.

SUMMARY

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 opponent - he must gener-
ate sufficient angular velocity to _prevent a successful missile launch
and/or a 20mm cannon attack. This means that "high-speed tactics" can-
not be distinguished from "low-speed tactics" since the entire field
of maneuver and capability must be considered. As long as fighter
pilots are committed to rear-hemisphere attacks;, the concept depicted
in this study will hold true. New weapons such as the F-104 and F-105
aircraft and the AIM-9B missile may change the maneuvers pcr se, how-
ever the p;lnCLples involved will remain the same.
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