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STATEMEXNT OF RIVIEW

1, In czcordsnce with A7 2’5=5 and in compliance with ATR 5=5/ling
Supplementel, mgvzia Alr Fovse Basz, dated 21 Merch 1980, this
publication baa'&a zn thoroughly reviewad by tha undereicned

officera, end:

a, Is consid@xed eagential for the followino reasons:

(1) It satisfics a Tsctical Alr cOmmand need for GAR-8
cmploy:ent informaticn, :

} T (2) 1t proelwwa & conpaete ‘and authoritative analysis
‘of Aesrial ﬂkﬁ‘y ) foe use by all fighter unics
vithin _TAC,

@) It will b used as a refsrence work im support of
Coursg lfo, 1115053, and by units undergoing training
in the Academle Eection of the USAF Pighter Wearons

- School,

b. It has been defemmiuncd Go be on oviginal work vaich does
not duylf@a 2 say similar publicition,

¢, It doco not coatain amy mtier viich might be conaidarcd
o‘“ectionmble or subjeet to ridicule,

d, Mo further coo*d*navion is deaned neces 3ary,,d e
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INTRODLCTION

Tactics - fighter-versus~bomber, fighter-versus fighter, or
even ground attack - are developed eccording to the performance
casabilitizs or limitations of tha weapons or weapons systems
vzed. In other word iz, effsctirs tactics reflect the best way to
ecploy a glven wzapon against a given enemy with known or esti-
rated capabiiities. Assuming this to be true, tactics are
functiorel = that is, they rzflect the capabilities and limitatiouns
of the opponsnt's wz2zpors as w:ll as our own. Therefore, in our

discussion of a2rilal attack, w2 must determine the operating enve- =~

1:pes of our wsapons systems (this includes the aircraft and its
associated armzmsnt). Aftex having learned these envzlope para-
meters, the discussion will center on how to best employ our
weapons systems in a given fighter-versus-fighter or fighter-
versus=~bomber gituation, in which w2 assumz that our opponent has
comparablie cepabiliities.

5 will be coverzd first. In this
z»ine fightar atta~w: & non-maneuver-=
ightersvavsus-fighter phase, we assume

= o,
that s Qu.;uvar4xg Flzhtar zitacis 2 naresrering ?.rgwt. ince the
fightar~versus~hcmber situanien has only ons variable - the
manzuvering fighter « & more zxect tachnical analysis can be ac-
complished on it. 1In additlon, fighter-versus-bomber thzory is a
fundamentel departure roint for fighter-versus-fighter combat
.5.
b
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BASIC LIMITATIONS OF TdE DISTURBED SIGHT AND THE 20MM CANNON

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

The opera*ing 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, 1f 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 dlfflculty in tracklng
beyond thaf rang_. TS e T e e ey it Al

To acpurately 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
cadar, and targeit angular velocity information is acquired by tracking
the target aircraft. Since the pilot is forced to turn nis aircraft
at a certain rate, this rate of turn is.a representation of target
motion and is directly proportional to target speed. The angular veloc~
iy of the attecking aircraft is set into the sight througl gyro action.
“he infomacxzion s then marzeied to the inpuc from the radar and the
propaz prediction angle is ccomputad by plzzing an electrical restraint
(stiffaess cu:rent) o thz gyros. At long ranges, little restrzint is
applied, while at short ranges 2 grezt amount of restraint is applied.
At ranges berond 3,000 feet, little rastraint is applied, thus produc=~
ing a tracking 1bd.x which is quite lcose and difficult to control.
Since the pilot's responses arz not precise enough, rasults are usually
poor, even though the equipmzrnt may be working properly.

Arnotber iimitation is the cone of dispsrsion of the 20nm cannon,
For the M-3S, harmonization criteria specifies that 80% of all rounds
fired must impact in a 4-mil cone. As we increase firing range,
bullzt densify will be decrezsed by a function of the square (if range
doubles, buliet density quartersz). At 3,000 feet, bullet censity will
be decreased to i/9 that at 1,000 feet. As a result, an attazker must-
fire over a longer time span in ovder to d=liver a lethal burst., At

the same time, he must track a target smaller in perspsctive. Since
it is extremely difficult to track with the disturbed sight: at ranges
greater thzn 3.000 feet, and the 20mm conz of dispersion causes loss
0% effective bullet db‘s*t] st this ranze, we consider ouy maximum
range for the dicturbed sight/20mm cannon as 3,000 feet.

P\STC ITHTITATIONS OF THELATM-OB (CAR-~8) MISSILE ATAINST A NON-MANEUVER-

ATM-98 is a zupersenic infra-red-homing missilzs, launched in the
targer’s tail cone on a pucsuit course, using the fixed sight. After
launch, the missile wzneuvers to estabtlich a colliision course with
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the target. In other words, the missile detexmines wnere the target
is going and heads for that point in spacs. To succassfully employ
Sidewinder in a g*ven tactical situation, you must be within its fir-
Aing envelope. is firing envelope is determined by: (1) The radia-
tion pattern of the target and (2) The performance envelope of the
missile. The radiation pattern of a particular target is the area in
which you can detect its IR radiation., The performance envelope 1is
determined by: Range of the missile, number of G whizh the missile
can pull and lambda (look-angle) limitations. Thus, the basic limita-
tions of the missilzs, 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 -
waapons used, disvuss‘on of the llmltarionq is in ord--.

IR Pat_ern

The missile gvro~secker locks onto the strongest point-sourze of
IR radiation, For a target in military power, the strongest point-
source is the hot metal of the jat's tailpipe. Approximately.85% of
the IR signal gererated comes from this hot metal and the ramaining
15% comes fzom the hoin jeh exhaust, For 2 targef opevating in after-
burnezr, tha primarzy souwce of radiation is the hot exiaust flame.
Approx Z 0% of the vignal genarated comes from flame and 40% is
ganes the hot maial tailpipe. In the dilscussion of
T iernsﬁ iz Is nessssalsy e keep dn mind the shape 'of the
set*e,". = adrerzacl with ed ta"hwpes, radiztion patte*ns are
g@nﬂv"Vly Lon and “ela-ive o3 vinereas, im airaraft which do
e ipes hc paf terns are long and w1de. In
th i on pattern is gererally long and
7y of the aircrzft shields the tail-
Llicaxy powar ohlj. In afterburner power,
z longz and wide, since the flame of the after-
v rhc jet's aft fuselaoc. In both English
wes, in the horizortal p1ane the jet
swzep-back of the wings, thus presenting
he vertical plane, however, the pattezn
e the wings do nct shield the hot metal and the
UQAF Ha b , on the other hand, present
timontal 2 the engire H’PalL’T are sus-
rTo-sesker & T*]JtL\PL' unre-
the overherzad vertizal plane, the
since £he wing shijelds th: IR radiation
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{litary power, would generate a much
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Zmom the eyrno-s=skexn., Ra ion pajtacns vary with tailpipe tempera-
fuce as well as with axel of the zource, In other wouls, the groater
the temperazzure, the grcater the radiation pattern; and, logicaily,
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Background IR sources are signiticant tactors affecting the .size.
and shape of radiation patterns. Important background IR sources
are (1) Sun, (2) Clouds, (3) Water, (4) Snow and (5) Terrain.

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

(2) Clouds: Clouds reflect IR radiation from the sun - par-
tlcularly cumulus clouds, If you must fire at a target which is
framed against a bright cloud background, in all probability you will
be forced to reduce your slant range to 6,000 or 8,000 feet (AFMDC ADJ
S8-845) to obtain proper signal discrimination. If the target is hid-
den by clouds, the clouds will confuse the target signal so that the
missile will not home. The signal which you receive will be the back-
ground radiation reflected by the clouds. A good rule-of-thumb for
flying in clouds or gainst a cloud background is: diminish range until
piiEs poss1b1e to discriminate between the background and the target
signal, :

(3) ¥atesr: Water, like clouds, reflects IR energy from the sun.
Calm watez ig & tremendous bazkground radiator whern 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) Svow: Snow, like water and clouds, reflects the sun's IR
energy. When firing against a snow background, as compared to a
water or cioud background, -~u will have to diminish your slent 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’agzainst the three previously
mentioned backgrounds, under an overcast, max range is not diminished
nearly as much as when fixring under CAVU conditions, since the clouds
éct as a device for shielding out the sun's IR radiation.




Range:

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

To be assured of a kiil, all three of these factors must be considered.

JFirst, time 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 airspead relative to the target. Since it takes a def-
inite tim2 for tha influsnce fuze to arm. and a definite time for the
mizsila to set up a collision course, the nissile must travel a greater
distaznce, relazive to the target, before either one of these occurs.
Missile firing renge can be determined by use of the following formula:
Minlaunm rang2 is equal to 3000 + (Deita Mach X 3000). To il:ustrate:

-If the launck aireraft 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,
go<elyituce, however, is 3000 feet. ximum Ranse: . Maximum range is
dctermined by thvee factors - guidance tima, air density and delta
Mack. Missile guidance time is approximately 18 seconds, which is a
constant value applied to both aitr density and Delta Mach. Air den-
sity is an impormant factor, in that the higher the air density the
greater the aerodynamic drag, thus the shorter the range over an 18-
se~ovd time period. Delta Mach is important in that the faster the

aunch aircraft, the faster the missile in relation to the target;
thus, over &n 18 -second time period, the greater the distance the’
missile wiil fravel. Many max-range charts have becen developed by
beth the Aixr Force and the Navy to depict the mazximum range at var-
ious alitisucdes, airspeeds, and Delte Mach relationships; however, it
iz virtuaily impossiblie to wememper all these reiationships.

W

&
The following "rules-éf-thumb" may be used by the pilot to determin:
max range:

(i) For co-speed attacks against trzns~sonic bombers - one milc
for altitudes below 10,000 feet, zdd one-haif mile range for eac
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 approx1mate1y one and one—half mile or,
roughly 7800 feet., 3

(3) Delta Mach "rule of-thumb": Add one thousand feest 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,
Addmo 4000 feet for .4 Delta Mach, we compute a new max-effective
range of 14,000 feet, >

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

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

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

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

= 116 x 1000 = 11.6 or approximately 12 mils
10 OOO

-~

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 rils 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.

ECer e A s
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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
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.

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 C at 50,000 feet. Maximum fighter
G, when launching, is approximately 2 G below 40,000 feet z2nd 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 pursuift cuxve is dependent on target speed, angle off,
and range, as indicated by the foilowing formula:

W = Vi x Sin@

Range

wherea W = Rate of turn in radians per second
Ve Target velocity in feet per second
Sin® = Sine of the angie~oif

By examining ‘he formula we cen sae thet the rate of turn (W) in-
creases any time target velocity or angle-off increases, and decreases
as rang=z increases. The numbzx cf & which the fighter pulls, at a
given riate of tumn. Zs divectly oudpontiiecvel tc fighter speed, and may
be represented by the fol'lowinz formula:

Woow 2702 N

VE
where N = Number of radial G
V£ = Fighter velocity in feet pz=r second
W = ERate of turnm in rzd“ ans per sacond

Ve can see from the formufa that any time fighter velocity increases,

ve must also incresse & (M), in an effort to maintain a given turn
rate,

Rate of turn required for the missile to sat up a collision course is
cdependent upon five fscfors: 1) target speed, (2) angle-off,
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(3) range, (4) enabling time, and, (5) the navigatioral constant.

The number of G which the missile pulls, for a given rate of turn,
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 = Vf x W ), since the missile (V) is going 1.7 Mach above the launch
3252
aircraft's velocity, or 2.7 Mach, it must pull 5.4 G, in order to
maintain the same rate of turn as the launching fighter, Why, then,
are we committed to pull a maximum of 2 G when the missile can pull
10 G, an amount considerably greater than the 5.4 G which we just
_computed? AIM-9B does not begin to guide until 1/2 second _aftez launch,
at which time it receives its first guidance signal to set up a col-
lision course. During this enabling period (1/2 second) the missile
has the characteristics of an ordinary rocket. Because of this, an
additional rate of turn is necessary to set up its collis‘on course.
To set up the collision course Sidewinder turns 3 1/2 times the rate
of turn of the gyro-seeker - this is a navigational constant. Because
of this, the rate of turn gernerated by the missile, in the first man-
euver, is greatzr than the rate of turn of the launching fighcer.
Sines the number of G pulled by tha missile and figher is eguatad to
iz and veloeity, it is chvious that the Z G limitation of
the Zigiiter et lauwnch is tied to the 10 G limitation oi the missile,
= the i raute of the gyro-sezker is

.L
Z%Z more chan 2 G is pulle trackin
exceeded by the line- f-sight rate, thus the sesker losas the target.

o
roas 0

Another means of exceeding the tracking rate of the gyrc—oeekpr is
to launch the missile with an angle~of-attack in excess of 12° {the
angle between thg missile's longitudinal azis and the launch zircraft's
€1ight path). or the F~100, since the missile 1aarcq>r 1ins is

aligneé 2° beJow the fgnpla;g reference lin e, the maximum siccraft
r.gle of attack is 14°. If launched with a greater angle cf artack
idew*nder will jump towaxd flight path, ca ing the trackinz race of
the gyro-sesker to be exceeded by the line-of-sight rate, consequently
the gyro-sceker will lose tLae target. When this happens th:s missile
goes ballistic, To avoid exceeding a 14° angle of attack, the F-100
should not be flovm at less thaa 17C knots in a 1 G conditioa and 230
knots in a 2 G concdition.

v ".\ 5_\
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Lambda

lcok=angle between the axis of the
gizo-sceker ard the longitudinal axis of the missile - a 25-degree cone
with its center along thg longitudinal axis of the missiie. Why are
va interested in this lambda limitation? it is possible for a pilot

to satisfy the conditions of IR, range, end G, yet b2 outside the
lambda czapability of the missile. ZLamdda limit may be exzceeded by a
combiratjon of two factors: 1w mi°s41e 72locity and bigh angle-off.

Lanmbda limit is simply the max
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(1) Low Missile Velocity: One-haif 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-seceker 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-seecker would thus remain with its axis
along the initial pursuit heading. It can be seen in figures 3 and 4
that the collision course for launching well off the tail differs in
direction from the initial heading much more than does the collision
course for launching slightly off the tail. :
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Consequently, the higher the angle-off, the greater the lambda angle.

At long range (within max missile range) lambda limitation occurs at
smaller angles-off, because of the effect of lambda-limitation on
decreasing missile velocity. At short range, lambda limitation is

caused by the sharp turn which the missile must perform. You will

‘recall that if an attacker fires with any appreziable 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 goszs ballistic.

Since we have no instrumentation available to measure lambda limit,

we provide an artificial means to represent this lambda limitation -

do not fire at angles-off greater than 30°. At 40,000 feet and above,
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Figure 5 =~ SHORT RANGE LAMBEDA LIMITATION
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do not excead 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 pract1ca1 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., ——

MECHANILS OF THE PURSUIT CURVE i

To fu’ly comprehend the 1imitat10ns of our weapons system, so
that we may develop effective tactics, we need to know something of
-the nature of the attask 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 a2t a moving target. To provide an 1ns&ght into this
type of attask, we wili employ the foliowing formula,

S » V£ x Ut x Sir@
322N

where S = Range - et bt
Vf = Fighter velozity in feet per second T e
Yt = Tavgen velcceity in fzet per second
S3ind = Sin= of the angle-off of the attacking fighter
N = Numz=2 of radial Gs pulled by the attackex

Witk th2 abvore formula, we can compute the range for a given G and
anigie~off for any combination of target and fighter speeds. It
should be noted however, ti.at the fowaules does not consider lead for
target motion, nor doss it represent the flight path of the attacking
aircreatt, dnstead it rerﬁcs:nts distence/bearing relationships for a
giver s:t of values a% a speciiic point in space.

Despite the sbove limitzcions, the fowiula is still valid, in that it
rrovides an insizhr inio the problems associated with the pursuit
curve, Stucy of the formula zevegls:

i, The smez of vulnerabiiity is a nazwzow cone emanating from the
2 t s - .
tail of the tazget alvc~aft, This carn be amply illustrated in the
formula zhove by cralyzing figura €.

A
eges=s |

g e e o e ey




VE = 1.2M = 693 KTAS = 1,170'/S ‘
R ::::>es,ooo'
Vt = .8M = 463 KTAS = 782'/S —

S = VE£Vt Sin® = 28,450 (SinG)
32.2N N
8 s
S = 9,480 Sin® 15° = 2,460"
N = 3 20° = 3,240
s ok, 25° = 4,010'
30% = 4,740% .
S = 8,130 Sin® "isg'~= 2,110" ",
N = 3.5 200 = 2,780"
25° = 3,440'
30° = 4,060
Figure 6

As showm in figure 6, the cone becomes narrower at firing ranges if
tke fighter velocity ard/or target velocity is increazsed. In other
words, the attacking fighter will be forced to fire at smaller angles-
off if ke does not wish to increzse his firing range. Reducing angle-
off against bomber-type targets places. the attacking fighter in the
bomber's effective cone of fire., Therefore, if the valocities of the
target and fighter increase, and we do not reduce angle~off, the range
must, of necessity, increase. Thz increase in range will te in pro-
portion to the velocity increase of the fighter or the target. If
both target and fighter velocities are increased, the increase in
range will be a multiple of the increases of the fighter and target
velocities (for example - if VE£ and Vt are doubled, the range will be
quadrupled). ;

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

In a curve of pursuit, the rate of turn nécessary 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= Ve S ing 0
Range *
vhere W = Radians per second

vt
Sind

Target veleocity in feet per second
Sine of the angle-off

S o
i
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On the basis of the formula, if angie-oif 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:

. o ST
. CoSin of the angle-off where maximum G occurs = _Vf
2xVt

Fighter velocity
Target velocity

where V£ =
vVt

NOTE: These two velocities may be expressed in knots, miles per
hour, feet per second, or any other appropriate unlt, as long as Vi
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: 1If we have
a‘ fighter with a velosity of 1.2 Mach attacking a target with a veloc-
ity of .8 Mach, th2 pofat of mex~Z will be about 41.4° angle-off.
Therefore, in effe:t, we are saying that at angles greater than 41.4°,
the rate of turn for G) is insizzsinz., At angles of less than 41,4°
the rate of turn is decreasing. To further illustrate - if we have a
fighter traveling at twice or greater than twice the speed of the tar-
get, the max~G point will occur at zero-degrees angle-off. In other
words, there will be a G build-up or an increase in the rate of turn
throughout the entire pass.

Irn pursuit attazcks with today's fighter-bomber velozities, a
fighter is forced to fire under conditions where its velocity is less
than iwice that of the target. In this typs of attack, the fighter
is not only forced to fire «i longer ranges, but aisc to fire where
his rate of turn is decreasing. We car see from studying figure 7
that the attacker’s rate of turn is not only decreasing, but it is
decreasing at an increasing rate. In other words, the attacker is
being "sucked" or forced in~traii. As iilustrated in figure 7, the
attacker loses .19 G/seax at 3"O HDO‘ﬁ'oCF At 25° angle-off he loses
.27 G/sec and so on until at 10° angle<off he loses .45 G/se:z.

’

LA d

SESS—13




| ssemes

VE = 1.2 Mach
; ::::>35-so,ooo'
Vt = .8 Mach™ 4
Angle of Max-G = 41.40 //
. Nr = 4 @ 41.4°
* 8 N N S
Sl Sl geded Sl i 4620 "
30° 3.83 .19 3660
25° 3.64 i 3260
20° 3.36 .35 2850
150 2,97 .41 2440
105 2,49 - 46 1960
Figure 7

If the attacker decrea
fighter velocities.as sho
his rate of G bleed-off.
longer ranges.

ses his G at the max-G point (with the same
wn in figure 8, he will be able to diminish
Hqowever, this will force him to fire at

Naturally an attacker does nct want to do this, because,

as range increases, his bullet density decreases by a function of the

square (if range doublles,
attacker must fire over a
At the same time, he must
these conditions, it beco
burst,

L

bullet density quarters). As a result, an

longer time span to deliver a lethal burst,

track a target smaller in perspective. Under
mes quite difficult to deliver an effective

VI 1.2 Mach

i:::>>35-80,000'
Vt =,. .8 Mach
Angle of Max-G = 41.4°
Nr = 3@ 41.4°
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41.4° 3 0 6180
30° 2.88 .11 4870
25° 2.74 .16 4330
20° 2.53 .20 3790
157 B ats TSN ] 13250
D el cdey 1.87 .26 2600
. Fiéure 8

If the attacker increases his G at the max-G point, as shown in
However, if he
does this, his G bleed-off will become even more rapid than originally

" figure 9, he will be able to fire at shorter ranges.

shown.

VE = 1, 2 Mach
j:::>>35 80,000".
7 vVt = .8 Mach
Angle of Max G = 41.4° o
Nr = 5@ 41.4° hy
N = Rate of chahge of G/sec2
8 N N S
41 .40 5 0 3710
30° 4.80 130 2920
25> 4.56 .43 2600
209 4,21 55 2280
1§° 35 i2 .63 1950
10° 3,12 2712 1560
L Figure 9
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SECEET

LIMITATIONS OF OUR WEAPONS SYSTEM IN A PURSUIT CURVE ATTACK

To accurately predict the lead requirement (prediction angle) any
sight requires the following basic information: range and target
angular velocity., In the disturbed sight, range is provided by the
ranging radar and target angular velocity information is acquired by
tracking the'target aircraft, Since the pilot is forced to turn his
aircraft at a certain rate, this rate of turn is a representation of
target motion and is directly proportional to target speed, The angu-
lar velocity of the attacking aircraft is fed into the sight through
gyro action. This information is then married to the input from the

radar and the proper prediction apgle 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 applied., 1In other words, the disturbed sicht is directly tied to
the responses of the pilot and to the dynamics of the aircraft when

computing for tareet 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
rhe range decreasss,

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 velaxes back-pressure to reduce his
tursn zate, This, in tuzn, creates a Lower rate input to the sight
gyros, which causes the pipper to be repositioned to match the new
turn rate., So, omnce again, the pilot must change his turn rate to
zeposition his tracking index, which agains repositions his pipper

znd so on. Yet, for the attacker to have the proper prediction

angle, be must c01t1wud1ly niake these corrections and also track the
target ome-half to two-thirds the time of flight of the bullet, to
aliow for sight solution time. Asg we «an see, a pilot may nullify

this effect of chasing the pipprer by firing at lower G. However, if
ke does, he will be forced to fire 2% longer range. His sight will
Lave even less restraint and his farget will be smaller in perspective.
If ke fires at higher G (shorter rang:) tis sight will have more
restraint, but the predietjon zngle will comtinuously change in greater
magnitude. As a resulf, the attacker kas very little choice as to the
type of pass he may execule. He is forced into a narrow attack cone
fo avoid either extreme. ‘

To solve this p;oolgn of G blead-off, we must refer back to the
chanics of the pursuift curve, You w:ll recall that if an attacker'
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velocity is twice or more than twice that of a target, there will be

an increase in rate of turn. In attacks of this nature, a different
situation exists. . )

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

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

In an attack where these condltlons exzst 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 2 gun attack.

ATM-03 Missile 5

Sicewinde: “s not affected by the ilimitations 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~
fLi’y. The G bleed-off charactexistics of today's. pursuit attacks
actually help the attacker to position himself within the 60° launch
conz be}‘Ld the target aircrafz, sirnce :he attacker is being forced
into the trail position - behirnd his respective target - with a G
bleed~-off. '

TYPES OF PURSUIT CRVYE ATTAGKS

Until now, we have mzde a genexal analysis of the type of attack
we will be pe*fo-nwng against high~upeed targets. Now, we will dis-
cuss gpec ‘fic types of pursnit cuive at*rcks and see if one or more

thése attacks offers advantages over the others. There are four
baqnc types of pursuit attack:

.. The Bigh-side ox Level hutc"k )
i
2. The Overhezd Attack

3. The linderside Attack

&4, The Nose-quarter Attack




The High-Side Attack

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

N = Vf x Veix Sind
32.25

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

_G on_the ailrcraft, since it neglects the pull of gravity (1G)._Total

G is the resultant of radial G and 1 G pull of gravity acting through
the vertical axis of the aircraft. This total G determines angle of
attack - the angle between the mean chord 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:

6t? = 6r2 4+ 1

vhere Gt Total G

Gr = Radial G

1 = 1 G gravity 5 LI o
We can see, by the formula, that total G will always be greater than
radial C. This is a disadvantage, because the rate of tura which an
attacker needs to track a tarzet, or the range 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:

TE 08 “ai b

6r = \6t -1 = \he -1 = 3.87
If Gt = 2
G ia e =0, e \/,z-, =1 e .73

The difference between‘Zﬁand 2.73 = .27 whereas the difference be~
tween 4iand 3,87 = .13.

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

BE8== ; {i
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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, thercby exerting
no pull along this axis - instead, it is a drag factor action 180° from
the aircraft line of flight. At the 180° point, when we are pulling &
total G, we will have 5 radial G, thoreby giving us @ turn rate - at

a given 2irspeed - grcater than &t any other point on the loop. In
other words, as ccmpared to the pulliup, gravity (1 G) acts in the
opposite direction, therefore 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 to total G until the pullup point
is recached. L4t this point we again have 1 G difference between total
and radial G. :

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

Gt = Gr 4 Cos8
vhere Gt = Totzal G
Gr = Radial G
Cos8 = CoSine of the angle-off

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

-

i Py
In a Level Pass where Gt

1l
~

6z = Vie-1 = 3.87
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In an Overhead Pass at 30° angle-off where Gt = 4,

Gr = Gt -CosBor Gr = &4 - .866 = 3.14

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

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

Gt = Gr - CosH

If we assume the same attack conditions as illustrated in the over-
head pass - 30° angle-off, 4 total G - we get the follom.nc resultS'

Gr = 4 + .866 or P i e S ""T

Gz - 4.866

*

In terms of G, this .attack seems to provide an apparent advantage,
however this does not always hold true. For example: If an attacker
performed an underside attack in an F-100, he would experience a
rapid speed decay, because of gravity as well as induced drag. As a
result, since speed determines G available, the attacker would have
much less total G. In addition, because of airspeed decay, the at-
tacker would diminish the chﬂoCr'uagayt ratio. As a consequence,
the attacker's manz-G point would be forced farther out - in angle-
oif, and range - czusing 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 higher radial G, However, if this same attack were
executed in an aircraft with a very high power-to-weight ratio and a
low-drag profile - such as the F-104 - the attack could be invaluable,
since h1°H 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

Eurther o o i

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

To determine the best type attack to empldy 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

1, Overhead Attack

2., The High=-side Attack

3. The Six-0O'clock Attack

4, The Underside Attack

Overhead Attack

The Overhead Attack has two basic disadvantages -~ IR and G. As
you will recall, IR tone contrast against sunlight-reflective back-
grounds - clouds, and ground - forces us to diminish our effective
slant range, until we are a;»roximately 6000' to 8000' frcm 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 gencrate 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 + Cos0, we find
that the attacker is only able to generate 1,134 Gr.

g
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VE = .9 Mach- = 873'/S

| j::::>35 - 80, ooo'
Ve = .9Mach = 873'/s

Gt = 2 .
ete 10°, 120°, 30°

Gr @ 10° = 2 - ,985 = 1,015
Gr @ 20° =2 - .9 = 1,06
Gr @ 30° = 2 - ,866 = 1.134
S = V£Vt Sing _ 23700 Sind
- § = 23,700 ,174 = 4,060 R e St GRS
1,015 o R T B SO e e
B 0P L e S
S = 23,700 %,342 = 7.650
; 1.06 rE

e = 20°

S = 23,700 % .5 = 10.450
: 1,134
.= 30°
Figure 11

At 20° angle-off, applying the same formula, we find that the attacker
can generate 1,06 Gr. . At 10%:angle off, he:can generate-only 1.015 Gr,
Now let's assume that the fighter making this attack is going .9 Mach
against a .9 Mach target at 35,000'., Applying the formulays

§ = Vf Vt x Sind
32.2N

where Vf = ,9 Mach or 873'/S T
Vt = .9 Mach or 873'/S R e
Sin of i30° = .5 :
NS SRS

we find that, at 30° angle-off, an attacker can get no closer than
10,450', At 20° angle-off - where SinQ "= ,342 and N = 1.06 - we
find that an attacker can get no closer than 7,650'. At 10° angle-
off, using the samz procddure, we find that an attacker can get no
closer than 4,060'. Since an attacker cannot receive proper IR dis-
crininaticn at ranges greater than €000 to 8000 feet, he will be
forced to launch his missile inside 20 degrees dugle-off in order to
secure a kill. Certainly this poses no gteat problem, as the

b iy N e e




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

High-Side Attack

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

we=Yf ~=",9 Mach ~="-873'/S R
: ::::>as - 80, 000"
Vt = .9 Mach = 873'/S

6t = 26Gr = 1.73

Gt = 1.6 Gr = 1.25

S = V£Vt Sin@ = 23,700 Sin®

32.2°Gx Gt

S = 13,700 Sin®  10° = 2380

G =, 1.73 20° = 4580
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 spacified at 30°, 20° and 10° angle-
off without exceeding the 2-G limitation. At 40,000 feet, when we
are pulling 1.6 total G, we will be generating 1.25 radial G. In
terms of distance, we, mlll 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.

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

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

3. Surprise
i 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 btecomes longer than the range of the missile.
The G limitation, in relation to missile range and IR tonas contrast,
is almost non-existent (see figure 13). - —=E T

VE = .9 Mach = 873'/S
::::>35 - 80,000"

Vi = .9 Mach = 873'/S

Gt = 2
g% L 1090209, 309
Gr @ 10° = 2+ ,985 = 2.985
Cr @ 29° = 204 94 = 2.,94
Gr @ 30° = 2+ .866 = 2,366
S = V£Vt Sind = 23,700 Sin0 .
Q02 Gr ST
§ = 23,700 % .,174 = 1,380" § = 23,700 x .342 = 2,760"
2.985 2,94
8 =, 10% 0 = 20°
8 = 23.700.%.5 = 4,130"
2.866
0 = 30°
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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 area. Aircraft Performance, the fourth major ad-

vantage, can be understood by referring to figure 14,

40000'

UNDERSIDE ATTACK

Figure 14

e T i T A M NG T
LECTET 56 g




e - _— -

SEGRET

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=-thuzb for co-airspeed,
we see that the fighter can launch frem 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-
tude differential of at least 10,000 feet - in this case, at 30,000
feet altitude. Fronm this illustration we can see that ATM=9B gives

an attacker an additional parrorm¢nce cgpability, in that the attacker
is not requ*red to attain the target's altitude. ' '

In surmary, since the underside attack provides the greatest advan-
tages = IR, G, surxprise 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
2llows us to get into an effective cone of fire.

EEST TYPE OF ATTACK AGAINST A NOI-MANTUVEIXNG TAPGET WITE THE 20:%4
CANNO\ 3

As you will recall, because of the characteristics of the pursuit
curve, our f:re contvol system limitaticns, aad the capabilities of
our opponent's dafenzive fire, we consider the pursuit curve a poor
attack at best, when using the 20mm cannon. It does not matter whethe:
we are in an overhead, a high-side or an underxside attack. The prob-
len now is, how are we going to attack a non-maneuvering target if we
do not chocse to use the pursuit cuxve as illustrated praviously.
The solution we propose: Plan an attack in which we combine the charac-
teristics of thas pursuit curve and the collision course. To explain:
On a collision couzse attack, the target will be allowed to fly right
through our bullet stream. Thv bullet stream itself will have no
angular velocity as generated in a pursuit curve type attack, A 100-
foot target with a speed of 800 feet per second, at 30,000 feet will
require approximately 1/8 of a second to fly through our bullet stream.
Assuming that we can fire 6,000 rouads per minute -~ the ccmbined rate
of fire of 4 M=39 cannon - this means we €ire at a rate of approxi-
mately 100 zounds por second, If the target requires 1/8 of a sacond
to pass thiough our bullet strema, we can expect about 12 hits if we
set up a perfect attack. This is not acceptable. 1In a pursuilt curve
attack, we do not have this problem, becauvse the angular velocity of
our buliet stream matches the angular velecity of our target. In
other words, our bullet stream is coastantly sup2rimposed against
the target which is being tracked. Tha conly d“":cvantaoe of this
attack is that it fozrees us into oa; opponent's defensive conz of fire.
To counter the disadvantages of the pursuit curve and the collision
course, we assume attack co1d;tiq“s ageinst an imaginary target zand




SECRET

apply them against a real target. To illustrate: We set up an attack
so that the angular velocity of our bullet stream matches that of a
target going slower than .8 Mach = say .5 Mach. This allows us to
fire at a higher angle-off, at a given range, because of 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 mzans ouxr real target (.8) closes upon our bul-
let stream (.5) with a delta Mach of .3 which, at 30,000 feet, is

300 feet per second. Firing 100 rounds per second, this allows us

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

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

1. lead for target motion.
2. Lead for gravity drop.

300 Tratectory anlnE,

£ we use a fixed sight, we will have to deterxmine all three com-
pouants. x5 we use rvadar, or kezp the sight pegged at the range from
vhich we plan to Zire, gravity dzop and trajectory shift will be
completely computed and lead for taxget motion partially computed.
We'll use pazged sight, to simplify our lead problem. Radar is not -
applicable because the overlead nzeded to set up the attack takes us
out of ovr zadar tracking cone. To determine the additionzl lead we
need to emable our pegged sight te indicate the bullet impzact area,

we vse the following fomaula:

Lead ‘= Vt x Sing x 1600
A1 P
vhere V&t = rate cf closurze of the target, in feet per second

toward the bullat stream

Sing = Sine of thz angle-off,
.
Vp = average projectije velocity (dynamic gravity drop
tables)
Lzad = additional lecad 4o mils

The lead in mils which we scquize fwom the above formula is placed in

1 ticile, so that thz ovlexr diciond indicates the bullet im-
“he tzrget passes througn the reticle. To ccipute the
lead for insertion into our sighit reticle we usa the following foruula:

s I e o TR T
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WS = 2% lead in mils
Firing Range 1000

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

Step I

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

VE =39 Mach g e A e A e o e A T ATV o

: :::::>35 000
Vt = .5 Mach

3
0 = 309, 259, 20°

S = V£Vt Sin0 _. 873 x 485 (Sin0) . 4380 (Sin0)
32,2N © 96,6
30°
S = 4380 (.5) = 2190
25° ,
S = 4380 (.423) = 1850
200
8 = 4380 (.342) = ' 1500
Step II ‘

To find tke additional lead (in wils) nceded against a .8+ach
target we solve in the following manner: y

1 = Vt (Sir0) 1000
Vp

30°

1 = 201" ¢,5) 1000 4= 38 mils
3840

259

U = 291 2.423) 1000 = 33 mils
~ 3880

e e e ey e s
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© 291 (.342) 1090

Step IIL

To determine the additional lead to Be

3920

25.5 mils

reticle we solve in the following manner:

T A e e g S e

At 30° angle-off

2 (lead in mils) -

Firing Range

WS

76

2190

Ws = 1

10090

At 25° angla=-oif

¥l 0 bl
1850 1009
WS = 118
At_20° angla=off
B e 5
1509 1000
Ws = 6

e

maximum swt

20° angle- of W
at max arg%@ ogz
L=

1

<

and dirsction,
just crrputvd
type of attack,

ta

{ 2bout 10° fzom

angle-off (st

g300, 1257

L

anc

it and
h

1000

Now to pexfcrm the atitack.

urve aj

s
2T0

PoSt on A
sgeL «l.h

ach,

- i
zoout

jo c‘u

25 thicfdo=sinot
and wvea nf—~>d these

incorporated into .the sight

by Dlaf ing the wingspan lever on ;gg sircel 190
is means that we can either fire
i% with the wingspan levaw at
the wingspan lever at 76.
we'll set the wingspan Tever at 118 and fire at
-of £.

at 1850°,

118 o at
Since we want to

is the
259
1500',
fire

We do not use ths conventional pursuit

allov us to determire target speed
actors to apply the attack we have
To ﬁpp’y ‘this attaﬁk cor‘ectly, w2 use a barrel-roll
it up, we fly in the sam2 dizection as the
000 to 4,08) fZeat above it.
his lire of 11;ght bazzeli-roll = in the direction of

From theres we turn
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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 pooition on top of the target. . '

T

= SR s e e
This attﬂck haa def*nit» advantanes. it allows the attacker to fire
at_a_higher angle=0ff than in_a_pure pursuit curve attack. It allows

the attacker to fly through the target's defensive cone of fire at a
faster rate than is possible in a normal 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 reposition 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 fizas. However, in wview of the fact that a fighter can per-
form more consecutive attacks thsn in e normal pursuit curve, this
disadvantage doas not &ppear to bz too rastrictiva, y

In summary, we do not advecate the barrsl-roll attack as a cure-all
for fire contxol problems encountered when firing against bombar-type
aircraft, Inmstead, we considexr it somewhat of _a "Rube Goldbarg' affair
designed to surmout the problems assoclated with today's normal -pursuit —— -
cuzrve attack, wher uvging guns as the m2ans for -ordnance delivery, Al-
though it appears difflicult to perfo;m. pilots ave able, with just a
minimun of practice, to set themsslves up quite succesafully.

MANEJVERING FOR THE ATTACK

Success, in alr-to=zlr combat, dep2nds on the ability of a pilot to"
place himself in a pesition from which he can dzliver his fire power.
In fighter-versus=bomber combat, time is important also and can be con=-

sidered a m2asurement of success. To 4llustrate: If we have a bomber
attempting to destroy & given target, we must not only position our-

selves to deliver our fire powar, but must also expadite our position-
ing bzfore ths bombz zeachss "bozmbs away" point. Since timing is so

critical, we must usc the very best method by which we can poasition
ourselves for tanis attack. As we have shown, the best weapon in terms
of perLo~m‘nce and ease Qf uz;ive"y, is ATi-9B., The best attack with
this weapon aund our aircraft, is the underside attack. ~Positioning.
for this attack depends upon the space relationship between you and
the target. Considering this relatilonsh’lp, GCI may provide a set=-up
from three possible positions.

y

%,
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g 48 ANose-quarter e LI SEn B o TR
2. Abzam, or 90°
r' ' 3. Tail-quarter

Assuming VFR conditions, it wiil be ths responsibility of each attacker -
- upon visudlly acquiring the target = to maneuver from any on= of these
) ; set-ups to the firing envelope behind the target. To get into this
? imitaasmeposition quickly, an attacker must maneuver in a thres-dimensional field ..
to acquire the maximum benzfits from airspeed and turn, If the attacker
e @O€8 N0t understand _three-dimansional maneuvsring, he will be little
= - more effective than GCI in maneuvering from & setup or apprecach, toa .
T final firing position (GCI will place him in the firing envelope through s
} R the use of two-d*mcns*onal maneuvers). 5
The Nose=Quarter Attack: In performing the nosz-quarter attack, we
" do not choose to approach our target from a direct head-on position.
If we do, we will be forzed to perform a 180° change of direction by
executing a level or a climbing turn (high-speed yo=yo) to approach
our targat from a six-o'clock poaltion, The timz consumad in a level
' ( turn allows the tayget to genavats a gr=at amount of longitudinal sep=-
’ aration., This &llows the target aircraft to make considesrable penetra-
tion of a defense area bzafore the attacker can set up a milssile attack.
The climbing turn or high=spsad yo=yo allows the attackexr to complete
' : his change of dirsction fn less time; howaver, at the end of this man-
euver, the attackezr will find himself with considezable longitudinal =
-separation in relation to the target, since his airspeed has decayed
considerably below that of tha targat. Once again, the targat air-
craft will effect considerable penztration before the attacker can
position himself te launch AZM-9B., If the attacker is dirscted by
GCI for a moscequarter attack, he should request GCI to set him up on
an anti=-parallel courze to an offset point 15,000 feet to one side
of the target's lire of flight. When the attacker visually acquires
the targst, or when GCI incd .cates that he Is ten miles from the target,

\ the attacker should apply full aftzrburnar power. At the same time,
) : he should dive to an aititudz about 5,000 feet below the target, so he
A will be offs2t in both the vexzticel and horizontal planes, This pro=

vides the attacker with manzuvering airspied and a position from which
to execute a Thandelle followed by a low speed yo=yo (a2 dive bzhind
and below the targst) to the attack cone behind the target. Sece fig-
ure 16. Compared to a level turn, this maneuver alliows the attacker
to complete his 180° changz of dizzction more rapidly. In addition,
since the attacker is tu1n1n° thzovgh both the vertical and horizontal
plares, his horizontal ;urvlng coxmponent 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 con2. To pre-

( vent the target from penetrating the defense area excessively, the
attacker must dive behind and below the target at the completion of 90°

e’_‘l Tt e s s - - = o ; e
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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 po;itions hlmself - at six-o'clock=low ~ to launch
Sidewinder. - - .

The Beam or 90° Approach: In a besam approach, our problem remains
i essentially the samez as that in a nose-quarter attack. That is, we
) -must quickly place the attacker in a launch position, to reduce pene-
* iz, tration time, The best means by which to accomplish this, upon visually

o e

=

acquiring the target, is to use afterburner and parform a diving turn, —
_below and behind the target's 11ne of flight. Once again, afterburner,
~coupled with a descending turn, will increass Taté of closurz; because — ==
~of rapid acceleration. At the same time, since the turn is through both - -
" 7. the vertical and horizontal planes, a cutoff is easily effected. Result:
' Lo 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 same procedures
should still be used. Remzmber, the attacker wants to reduce the target's
penetration time. At the same time, he wants to set up for the best
possible attack. A diving turn or low=spsed 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 penztration time by rapid closure and a cutoff inside the target's
line of flight.

' In a2 tail-quarter attack, the problem of defensz arza penetration.
is most criticzl. 7To reduce this penstration timz and to aliow the
attacker to pcsition himself for the best possible missile attack, he — -
must accomplish a dive belcw and inside his opponent's line of fllght AT
up to an attack position {inside yo-yo). Since penetration time is so
critical, the proceduze will remain the sam2 whether the attack starts
from & high or 1low position,

FLIGET TACTICS

Tactical formation, hence flight tactics, are designed primarily to
provide maximum mutual support and visual cross cover and retain maximum
- ; maneuverability for any air-to-air operation. In other words, tactical
formations must provide both defensive and offensive capabilities. To
provide thase capabilities, a compromise betw=en maximum mutual support
s and meximum maneuverability must bz accomplished. The extent of the
compromise will depend upon the typz of mission flown. Though our mis-
sion - fighter-vetvsus-bonber ~ emanates from a defeunsive situation, it is
offensive in nature, in that the fightsr is trying to destroy the bomber
aircraft and is not primarily intearested in providing security for him-
selbl e { :
The present concept of wzapons employment (nuclear weapons) in-
dicates that a givsn enemy will employ saturation=-type tactics rather
( tixzan 4 conce ntratﬂon of his force over a glven target area. In other

e e s e g e




words, we may expect ar attack force composzed of zingle bombers dis-
parsed over a wids arsa to strlke at many targeta. To counter this
at a2ll points, with four-ship scrembies, 13 not the answar, for we

) need a defense fozez numbaring four tim2s that of the strike force.
) We will bz providing unmecassary secuzity for the attacking fighters,
. as well as violating the dictum, "economy of force!" The problem re-

mains = how shall wa tactilcally deploy our fighters? A szingle fighter
against a single bombe¢ may appesar- the obvious answer, however, this
) X is not so. Whsn amploying single filghters against a saturatioa-type
eammissiiyatd, we would baassuming thnt ‘each fighter would fntzrsept its ree
spactive target without exeception. There would be no ground aborts,
—~————=gair aborts;=and/or possibie-fire control malfunctions., ~Result: some ===
ettacking bombazs would gat through our defenses. To pracluce this
posalbility, we wecomuend a two=ship filght, as the basic unit, in a
' given fighter-vessus=bombar intersept. The two-szhip flight will be
composed of a lesadzr &rd his wingman, :

In patrol poziifcn = prlor to visually acquiring the bombar -
: the wingman should fly app*oximauely 10 to 20 degrees back arnd approxi-
ately 1500 feet Out. If he flies in much closer, too much time will
be apent 1o Slulne Satmesion and ant enay gh n eovering the leader and
) ( afding him in ' g Flying too faw out re=-
) ’ duces maneIvans 138 hhc W“Egﬂaﬁ to bzcoms separated
from his 5, The wingmar will play the outside
2s well as ch =3 & m2zn3 of maintalning position,
' To do this e uyet through both the Lorizontal
‘and vertical pl: v him to reduce his horizoatal
turning compona s relative position more easily.
Proceduz: ! the w’ngman shoulc lower
bis nozz an sid= of the tura, and
gldding iide high and fly
wingman will fly a

Ls who

in the tha le
partial e tha turn, and an extended-
igh posti ng = on the outside of
the ‘tuza, ¢ Ee must not cross in
K front on mainfzin noseetail sep-
) ' aragion, ting ‘in the wey of his
- leader,

ight must
To do

While flying
tne hor’zontal and
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vertical planes to maintain position., He will slide high when over-
shooting, and drop low to the inside when falling back. In other
words, the mansuvering technique is basically the same as that of the
patrol position,

If 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 necither the wingman nor the leader can deliver a
successful missile attack, they will press in - with afterburner - and
zoom above the target aircrqft. From this position, they can execute
coordinated barrel-roll attacks agaznst the bomber aircraft. When
the leader comas ouft of his roll, and into thz firing position, the
wingman may start down., Whzn the leader slides to a new high position

- Sk R s o U B

s

“on the target, the wingman will be 1n th° firing cone, and the cycle

just repeats itself s S iy S e Sl

If the bomber is too high to permit successful employmaut 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 position.

,If this.tactic must be employed, it behooves the fighters to fire at

the extrema range of the iize contxrol system., Since the bomber is
much larger, as compared to the fighter, their opportunity to secure
a lethal burst is cexrtainly as good = if not better = than that of
the defending bombexr. The ix@ortanf thing to remsmber: the bomber

" must be destroyad, regardles ss~of the tactice used, or the weapon

employed.
SULIARY
In our discussion of Aesrial Attack, we stated that tactics were

developed according to the parformance capabilities or limitations of
the wazpons systzs used - oux wazpons as well as the opponent's,

Recognizing this, we set sbout to determine the performance paramsters

of our weapons syatams = the P=100 equipped with AIM-9B and the 20mm

cannon. Study revealed: To successfully employ AIM-9B, it nust be

launchead within 2 given firi-; envalope, The firing envclope is de-

termined by the radiation pattern of the target and the performance

envelope of the missile. The parzmaters of thisc envelope are deter- y
mined by, (1) the siz2 of the tamzget's infra-rsd pattern, (2) the .

'ty of the missile, and, {(4) AIM-9B

range of the missile, {3) CGeczpzbili
ly emplov thﬂ 20mm cannon, the pilot

p=
lambda limitation. To suceassfu
must be within the theaoretfical czapa
arnd have contzol rasponsas praclse e oagn to con*rol this vHui'):nent.

We then eppliad the infommation provided by this study = the
limitations of AIM-S3 an2 the 20rm cennoa = to the pursuit curve, to
find the best attazk envalope for each system, Ve found that the best
attack envelope for AIl=93 is an undersice or a six-o'clock-low attack.
For 20mm cznnon, we found that the bust zttack would have to be a

o = rt o)
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—oron this in Part 1T of this manual )
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barrel-roll attack, ccmbining the characteristics of the pursuit
curve and the collision course. Comparing this information revealed

that AIlM-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

_ 20zm cannon attack., NOTE Keep in mind that the advantage which AIM4-9B -
" enjoys over ordinary arﬂ“mﬂnt in a fighter-versus=bember attack, is not
near as great in a fighter-verOua-inhter situation. (We will elabo;ate

e e = P et e

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

In our discussion of fighter-versus~bomber tactics, you will
recall, we determined the capabilities and limitations of our weapons
systems. On having learned these parameters, we then developed our
fighter-versus=bcmber tactical doctrine. In our discussion of fighter-
versus-fighter tactics, we will employ this same procedure. The order
of discussion will be as follow3°

1 “‘ﬁ;;ic Limitations of ATM-9B Against a Mannuvering Target‘*iA*? =

'5'72.- Fighter Uaneuvers i e == et s

3. Tac;ical Formacion -~ ;~rﬁ

4. Flight 'ract-rcs

3

When analyang fightereversus=£ ighter tacties, 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 en=

coynter in fighter»verbus-"_gn @ combat,

-

-
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LA TS CHAPTER I

BASIC LIMITATIONS OF ATM=-9B AGAINST A AANFUV“ IFG TATGET

In discussing the employment of AIM-9B against a non-maneuvering
~ target, we indicated that the missile has four basic limitations =
IR, range, G, and lambda = and that these limitations forced us to -
: ; deliver the missile in a cone 60° wide, emanating from the tail of
o s the target aircraft, It was also shown that the length of this cone
RIS would varyaccording to altitude and delta Mach. At high altitude,
with a positive delta Mach, the cone (envelope) will be considerably
T T T longer than at low altitude;’”ln 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 limitations. We can see; by applying this angular velocity
_cone to any fighter-versus-bomber or fighter-versus=fighter situation,
that the purpose of any tactics which we develop will be to place us
in this cone. On the other hand, when in a defensive situation, we
will attempt to rotate this cone away from a given opponent. By doing
( thls, we prevent him from securing a firing position.
g When employing ATM=9B against a manauvering target, the cone not
only diminishes in size, it also changes in shaps. In other woxrds,
the goometric shape of the mareuvering envelope will be considerably
dﬂfferent than a non-mansuvering envelope. To illustrate: When dis=
ussing the non-maneuvering envelope, we found that its basic shape =
was determined by four factors - IR, range, G and lambda. We noted
that these envelopes were rather symmatrical in shape. Mancuvering
envelopes, on the other hand, are not so symmetrical. The lambda and
G-limitactions are primarily responsible for this change in shape. The
reason for this: Lambda limitation may be exceesded because of a comb=
ination of low missile velocity and high angle off. If we launch AI}M-9B
from long range = within the effective range of the missile = at 2 man-
euvering target, we can expect the target to turn into the attack. His
objective is, of course, to rotate his angular velocity cones away from
the launch aircraft. By doing this, the defender can force the missile -
to excead its lambda limit, becauvse the missile is not only slowing down

i 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 ATM-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 evan farthar in front of the <
target, bacause of its continuous decrease in velocity after rocket
wmotor burn-out, prcducing an extremely large lambda angle., If AIN=-93
is laurched nsar its max-effective range and the target turns into the

{ attack, the combination of Increasing angie off and missile decelera-

tion can easily cause the missile to exceed its lambda limitation. If

——
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‘this occurs, the gyro seeker rubs a
stops the gyro and the missile lose

The attacker can do two things

(1) Reduce his range before launch,
velocity in relation to the target,
lambda angle, and (2) reduce angle
lower the resulting lambda angle.
tack can be initiated from the six-
It is also obvious that lambda is t
a maneuvering target, To illustrate
lets examine flgures 18 and 19.
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s guldance,

to avoid exceeding lambda limitation:
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and therefore, a smaller resultant
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When AT-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 againéﬁ a non-maneuvering target. We also note % o
that max angle off from which AIM-9B may be launched is less than 20%.
The reduction in range is necessary because of the 250 lambda limit,
vhile the reduced angle off is caused by a combination of lambda and
C-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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At 6 G, there will be no point from which the attacker can flre the
m;soi;= and zchlave & kill, Ia ofhaex wo:izg'tbe”* wiil be no maneu-
vering envaloze at 211, If LIT¥e2® 2 lzunched from a Mach-l gttacker
against a Machel t target, 2t 35,030 feat, ws nole the folliowing: When
the tazget perfo*m¢ a 3=G turn iuto the atc#ck at missile. larnch the
attacker must raduze his rangs by approximately onez=third when firlng
from a six-o'zlock positlod 7gu“‘ 19). If the attacker launches
‘at 30° angle=oif, ha must xu ngz by approximately one-half -
as comparad to a nonensInIuUV

ra

2t = I1f he expacts to gzt a kill,

. Once again, tke(-acﬁon for -tion in range i3 ismbda limita-
tion. The 2tZazke= muas z

-

Whil et 10 15 incw2aszsd by both bigh
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lambda limitatfon, but also with the sam2 limitations encountered in

an attack against a non-mancuvering target = IR and G, These linitae

tions force the attacker to diminish his range until he can discziminate
between IR background clutter and target signal and/or avoid excecding

the lambda limitation., This means that in a ,9 Mach co=-speed attack

against a mancuvering target, the attacker will be forced to fire at

less than 20° angle-off, otherwise, he will exceed his 2G limitatica.

(sece figure 20). Remember, in an overhead attack, the difference

between total and radial G is considerably less than in the high=-side

- or the underside attack (Gt = Gr + Cos@), therefore, to stay within

the 2G linmitation, the attakcer must launch from longer ranges (at a

given angle=off), For_ example,_if an attacker performs an;cverhead S i P
«9=lach co-speed attack =~ to prevent himself from exceeding the 2G launch
limitation at 30° angle~off =-.he must launch from a range of at least

10,450 feet, Under the samz conditions, he can launch from a range of 2
6 840 feet at 30° angle off in a high-side or level attack. In an

underside attack, he can launch as near as 4,130 féet at 30° angle=off

and still be within the 2G launch linitation.

From the above analysis, it 18 apparent that the overhead attack
is the worst possible because of the limitations imposad by IR, G and
lanbda, -Unlike an overhezad 'attack against a noan=-maneuvering taxget,
the attacker will find it difficult to acquire the lovw angle=off
necessary for launch, - Instead, since the target is turning into the
attack, the angle off will increase and the opportunity to launch will
be lost. On the othex hand, there is a slight advantage since thz taxe
get is forced to turn into the attack = he will be foxced to pull up
and will congequently cupericnce speed decay., The attacker will have
a pocitive delta Mach and.a higher missile velocity in xzlatien to the
target, and, therefore, & greater range from which he can launch AUI-~0D
before lambda limit is reached, This advantage is not a reoal advantage
hciever, because the attackexr can still bz forced to exceced the IR ond
G parameters, We know, from our study of AIl-93, that if wa force the
missile to exceed any one of the four paramsters = IR, range, G or
lambda = a kill will b2 unlikely. Frem a tactics stendpoint, whilc<on
the defensiva, the attack most easy to defend against 1s an ovarheoad
attack with a nogative delta tlach, In this situation, wa force the
attacker to exceed a greater number of his limiting paramaters than
in any othar attack.

The underside, or sine=o'cleckelow attack is the best poasible
attack wihich we can eiccute against a manzuvering target, It was
noted in cur analysls of this attack against a nea~manzuvaping target

‘that we acquiraed edvtdtagas in IR, G, surprise, and pa»iormanca.

When attacking a rwnﬂu\eranﬁ target, we retain these eevunt:ges, but
acquire ardisadvantaga frex lambdaslipitatden. " The lealda disadvantase
15, heasver, overzidden by the eadvantacas . Thig is t;ha Dosausa tae
advantages of IR and G allcy tha attackar to lauvach at wala
shorter ransca at hicn eanlesroff, without eicecding tha 25
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limitation. (Remember, in an uncderside attack, radial G is greater
than total;G.) In other words, thz attacker receives the benefit of
1G gravity, thus allowing him to positlon himself closer to the tar-
get at a.higher angle off without exceeding his 2G limitation (total
G). This means that the attacker can reduce his range to stay within
the lambda limitation and still be within his 2G launch limitation.
In effect, the attacker is provided greater freedom of maneuver to
successfully launch AIM-93. In an underside attack, this freedom of
maneuver 1s greater than in any other attack. From the defender's

-viewpoint, it is certainly the most difficult attack to defend against.

In surmary we may say: The best attack for AIM-9B is the underside

the attacker has a negative delta Mach.

w't
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CHAPTER II

FIGHTER MANEUVERS

To acquire an understanding of the scisnce of fighter~versus=
fighter combat, a complete knowledge of the spatial relationships in=-
volved in this form of =2erial ccmbat, 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 steted, this mszans that the pilot must under=

stand the geomatric space relationships and how to apply this insight _ .

to a given fighter-versus-fighter situation, Our purpose, in fighter
maneuvers, will be two-Zold: (1) To define and present geomatric re-
lationships needed for fighter-versus-fighter combat, and (2) to show
how to properly apply these relationships in fighter maneuvers,

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

The fizld Im which a fighter pilof must operate is three-dimznsional
and finite. 'The size and shape of the field is determined by the pull
of 1G gravity and the performance limitations of the aircrzft and its
pilot. We can imzgine this fieid to be spherical in shape, with a
fiattened ‘northexn hemisphere and an elongzated southern hemisphere.
See figuze 21. The spherical shaps is gsn=rated by a maneuvering
fighter's tuzn and velocity operating through three dimensions. The
elongation rssults from the effect of 1G gravity on the fighter in
this thzazs=3imensional fizld of manzuver, Turn, speed and the force
of gravity deterwine the operating envelopes and we ne=d crnly under-
stand spatial relationships presznted by these factors to develop
effective fightar mansuvers. To know how to secure an advantage over
an opponent, an attackzr nzed only visualize turn, velocity and G pro-
jetted onto this sparoid shape. He has no control ovar the force of
gravity, of course, but he can ex2rcise complete control over aircraft
turn and velocity. As a result, he can maneuver in a2 manner to effec-
tively us2 the pull of gravity in a given tactical situation. Thus,
in a fightzr-versus=£fighter situztion, the pilot can do two things to

[T

gain an advantage over an opponent: Chang=s turn and/or velocsity, imp
respect to his opponznt. He can accomplish either or both by maneuver-
ing through toth the vertical and horizontal planss by employing either
a two=dimznzional maneuvar throuzh three-dimensional space, or a three-
dimensional maneuver {(bazrel roil),

©
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as to the _type of ‘maneuver which we must employ to defeat him,

S=SRET

To zpply thase prin\._plas corractly, we ne2d only recall what we
determined previously in regard to weapons capability. We determined
that to suzcessfully employ AIM-9B or the 20zm cannon, we must attain
a launch or firing position in the angular velocity cone emanating
from the tail of our opponent. Applying the three-dimznsional con=-
cept of turn and velocity, this means that we must reduce ore or both
of these factors in order to secure an advantage. Employlng these
spatial relationships against a given opponent will provide insight

S P R R R

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. 1In 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 nullify an attacker’s advantage. This may cause our approach to |
appear to be defensive in nature, however, we feel that this is nsces- ue<
sary since any offensive action is directly deperndent on the precise 40 Jef
mza2nevver which the defendant chooszs to v>e~u*e. if thz defender's o e
knowledge is limited in scope, the attacker's corresponding maneuvers ¥5w
will reflect this limitation. Q (ﬁ?

Dafansive Turn

>

The puzpose of the defersive turn is to prevent an opponent from
achieving a launch or firing position. As stated earlier, the objective
of this maneuver i1s to rotate our angular velocity cone awav from the
attackexr. The best way to achiave 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, ws will dive into the attack
and if the attack 15 frem six-o'clock, wz will turn in whichever direc-
tion provides the greatzst toctical advantage. Assuming that an
attacker armad w*th an IR missile is approaching our angular velocity
cona from sfx-o'clock, how would we defend against this attack? First,
perform a hard turn with a slight dive. This turn should not be a
break or maximum pexformarnce maneuver., If so, we will experience high
speed-decay and loss of maneuvering potentizl, evantually diminishing
our angular velocity. As a result w2 will probably successfully
defend against the missile attack, but our attacker will be in posi-

tion for a follow-vp gun attack. If we cmploy the hard turn and the &
slight dive, we gemerate erough anguiar velocity to praclude a'missile ‘thﬁ

sama timz, we retain future mansuve bc’L lww
, the attacker will be looking for ine oe€
cwever, since he is in a pursuit mﬂﬁ @?

launch at long *anfe, and:at the s
i poherr“a*; As vangs diminiszhs
an opportinity to 1cd1Lh a mlssile
curve attack, his3 rate of turr is rction of target speed, angle-

off and range. At -long range the rate of turn required for the attacker
to track is econziderably 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 Sin8) indicates that

) Range
rate of turn will increase if angle-off increases (Sinf) and range
decreases on an attack against a maneuvering target. Both of these
conditions occur. -This means that the attacker generates a rapid .. - =.
build=up in his rate of turn, and by the time he reaches the point
at which he can launch without 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 continue to build up as range diminishes.

B

As a defender, we are now forced to nullify our opponent's subse-
quent gun attack, To zaccomplish this, let us once again analyze our
relative positiozs: The attacker, noting that he has lost the oppor=
tunity to deliver 2 missile, will attempt to reduce his angle-off and
slide into our siz-o'clock position. To prevent this, we must increase
G and rotate our angular velocity ccne 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 soluvtion. To accomplish this objective, we must play the turn in
respect to tha attacker. The moment we notice his attempt to diminish
angle-off, we increase our G, to prevent him from diminishing his
_angle-off and sliding toward our six=o'clock poszition. If he continues
to press the zttack, tighten the turn to prevent him from staying on
the inside of ths turn. In effect, we are trying to place him on the
other sidé of our angular velocity come. If we play this maneuver
correctly, he will be urable to match our turn radius, The formula
for tuwxn radius:

BRIyt
32.2N

where R = Turn radius in feet

£ = Fighter velocity in feet/szcond

N = DNusber of radial G
indicates that the fightef with the lower velocity and/or greater G
P¢s a smaller tuvn radius. In this situation, the attacker's speed
@37 G are directly dependent upon thz defsrder's action and if we
72il a certain number of G, the attacker cennot pull the same amount.
- < dozs

» hiz rate of turn will equzl ours, and, at the end of a

Opgmes
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'180° turn, the attacker becomes the defender and we the attacker. Of

course this will not occur, because the attacker will be forced to

play his turn in respect to our position. This means that his G will
be less, and as a result, his speed decay will not be as rapid.as ours.
As is shown by the above formula, the attacker will have a greater turn
radius for two reasons: (1) higher speed, and (2) lower G. As a .’
result, if the attacker continues to press the attack in the plane of
our turn, he must overshoot. This provides the attacker little oppor-
tunity to track the target and places him, geomatrically, on the other

- side of our flight path., Of course, this presupposes that we, as the

defender, are.turning near or at maximum rate., If not, the attacker
would be able to slide toward 6-o'clock, pull a higher G, diminish air-
speed and avold 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 pear AIM=9B launch
range. This is a planned maneuver to preclude a successful missile °
launch,

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

4, Play the turn to maintain the attacker at a high angle-off.
This will force him to diminish his range and exceed the 2-G launch

limit, at about the tims when he is within lambda limit,

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

Adverse Yaw

Adverse yaw is defined as the tendency of the aircraft to yaw or
roll away from the intended turn., In the F=100, this condition is
present in the sub-zonic spezd range, and is especially noticezble in
high=-angle-of-attack maneuvering. If proper technique is not employed

‘to counterzct adverse yaw in high-angle-of~attack maneuvers, aircraft

maneuverability is seriously compromised. In fighter-versus=-fighter
combat, since mancherabiliLy is a key to success, inability to handle
adverue yaw will produce disastrous results. We can see this upon ex-
amining the defensive turn. In defending against an ALl{=-9B attack,
the speed and G which wa were pulling preduced a low angle of attack.
Defending against a follou-up gun attack, however, prcduced a high
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angle of attack., If conventional technique is attempted when max per-
formance is necessary, the result will not be 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 low~éngle-of-attack maneuvars, 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

:2wWill be used to counter the small amount of adverse yaw to keep the

turn or roll cooxdinated. Back pressure will be employed to control
_the rateuof turn or the intensity.of the .roll,-

In high-angle-o_-autack maneuvers, the following techniques will
be employed: - Rudder will be used to control directioral change.
Ailerons will be moved to the neuiral 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, i1f the pilot employs aileron as pris
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 zoll-away. 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 inboazd 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, .thls yaw can be corrected by .
applying rudder unzi! the ball is centered. In a high-angle-of-attack
maneuver with the F=100, this technique is not satisfactory. As the
angle of attack increases, the amount of adverse yaw generated by the
induced drag and deflected ailerons increases. The yaw increase causes
the outboard wing to meet the relative wind at a velocity less than
the inboard wing. The decrease in velocity, plus the downward deflec-
tion of the outboard aileron, causes the aileron to stall out, conse-
quently, there will be less lift over the outboard wing. The aircraft
will roll in the direction of the yaw. If additionzal 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 genzrated may be
cancelled by thes favorable yaw induced by the rudder. However, as the
angle of attack builds up, the adverse yaw genzrated by induced drag
and deflected aileron becomas grzater than the fzvorable yaw gen-
erated by the rudder. Thus, a roll-off will still occur, however, at
a slightly highar angle oL~att=ck On the other hend, if wa neutralize
aileron and enploy ruddez as ptimary for dizectional control we can
generate a maximum parformance turn without a subsequent roll off.,

To determine whether we should use conventional techniques or the
rudder technlquz, we need only recogniza the '"fezel" of the aircraft.
Ihe mement the loutber i sineemoansia Ba s heavy ! the pilet should
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neutralize aileron and apply rudder to control the turnm or roll., Full
rudder should not be employed, otherwise the pilot will experience a
loss of diractional 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 uss full rudder and opposite afleron to achleve a max=-
performance turn., If this is accomplished, a large amount of favorable
yew will ba gensrated and a snap-roll or spin will probably occur.

_The scizsoxs is a. dpfergivé maneuver .. in-which a series of turn ————

reversals is executed in an attempt to achleve offensive potential
after an overshoot by an attacker. To successfully employ the scis=-
sors, the.deferder neceds 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 cone. If the defender continues to turn in the same
direction aften the ovesshoot, the attacker will be presented the
opportunity to maneuver toward his opponent's six-o'clock position,
simply because the defender will be turning away from the attack. To
pcevent this, the defender must initiate a turn reversal as the

attacker passes through his fxgght path. 7The decision as to when to
execute this reversal will depend upon the attacker's rate of over-
shoot and his angle-ofif., A good "rule-of=-thumb" is: rapid turn over-

shoot, ea_ly veversal; slow turn overshoot, late reversal., The turn
reversal will rotate the defender's angular velocity cone away from
the attackes. This will place the attazker at a high angle-off and
will cause him, once again, to czoss the defender's flight path, See
figure 22. The defender has now forced the attacker into a scissors
maneuver.,

We can sze ~ by geometric inspection - that the aircraft which
kas the shorter turn radivs 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 tnd'attacker at 12-c'clock. To accomplish this, each
turn reversal should be a rudder reversal, at max-performance, If
alleron is zppiied, the defender will roll off in the wrong direction,
or be fozced to release beun—-.as-dre to execute the reversal, This,
of course, will ircrease turn radivs, A nose-high attitude accomplishes
two things: (i) It reduces the defendar'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 resuit of mansuvering through both the vertical and
horizontal plzues. Ir other words, we are employing the pull of
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one=G gravity to provide a groater radial G and a lower velocity.
Maximum power should be used in this maneuver, because its force

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

of the turning circle. This proviZes the defender the opportunity to
maneuver through the verticel plavz, and thereby diminish his hori=
zontal turning component. In addition, since power provides a lower
stall speed, it allows the defandesr to tighten his turn radius at a
given airzspeed as w2ll as raduce aizspsad to the lowest possible point.
This means that if the defender pezforms a nose=high rudder reversal

_with power on, he will raduce his turn and velocity components to their

smallest state and, %f the attacker doesn’t counter in like manner, he

will ba quirckly. fo*c=~_ o _the 12-=0’clock position._ _The defender now ____.__

becomes -the attacker. g/ E i

If the attacker counters effectivaly, and forces the defender be=-
low him, the defender should man~u7ur in phase with the attacker, This
provides the zttacker a visuzl disecvantage since the defender will be
directly beneatk him. 7In an at tempt to manzuver, in relation to the
defender, the attacker will be forcaed to roll excessively in one direc-
tion or the otker. This increases his stall spzed and forces him for-
wand and deny towad hily
er novieis this
smoothly as

i !

514ght path., The momant the attack-
ace hls bank and maneuver as

t standoff, Xf, and when,
r-_r, relax G and dive
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“Countéring the Scissors Manauver

3. Repeat a nos2-high reversal each time your opponent slides
through your flight path to the outside of the turn. If you pass nose-
high above your opponent, he will beagin 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 earllest p0531b1e moment, perform the 180°

SRR T e

iyt ‘~ P Dimana e

dive-away,”

In our discussion of the scissors mancuver, 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-spesed 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 after a turn overshoot is to point out an effective counter
to the scissors and, by means of this counter, show that the scissors ? rey
is' highly over~rated as an easy method by which to achleve an ofrensxve kn;”q;

: e s
advantage, . . A%7gg

To know how to counter a scissors maneuver, we must first determine
the attackes's maneuvering potentizl in respect to the defender: The
attacker has a significant disadvantage in terms of velocity; however,
this disadvantage czan b2 converted to an advantage if the attacker knows
how to employ it properly. Maneuvering into a nose-high scissors is
not proper amployment, as this will place him forward or above his oppo-
nent in a stalemate condltwon. Cn the other hand, if the attacker em=-
ploys this velocity in tha wvertical plans, 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 & two-fold purpose: (1) It reduces induced drag,

thercby allowing thz attacker to mzintain an airspeed advantage, and

(2RIt inc:es'as 1 teral scpxrat_o on the overshoot. This reduces
the attzckez's velozity component along the axis of his opponent's
flight path, thus ullc“vAo the attacker to maintain nose=tail separa=-
tion. The defender, observing tha overshoot, will be enticed to exe-
cute a nose-high reversal in an attempt to g= in offensive advantage.
If the d;fe der continues the turn, the attacker czn play the maneuver
and, once again, slide into the de:enuer s angulazr va10c1ty cone., In
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view of this, a reversal is almost a sure thing. As the defender
reverses, the attacker rolls wings-level and zooms, at a maxerotation-

angle, through the vertical plane. Sez figure 23, The defender will

be. unable to match the attacker's rotation angle and subsequent zoom
ead disadvantage. This maans that the attacker,
even though he has a higher airspeed, may reduce his horizontal vector
velocity to a smaller value than that of his opponent. As a result,
the attacker will be on top with nose-tail separation, and the defender

because of his airsp

will have dissipated his alrspeed, with a consequent loss of maneuver-
ino potential., ' The attncker need only roll off to the defender s sxx—

o'clock position.

e e

r pulls up into a banked attitude, toward the attacker's

rotation, the height of his pull-up will be even less, This is-the re-
(1) The defender's pull-up is only a component of
a straight pulleup - his rotation angle is through both the vertical and
Since he is in a banked attitude, this means that
his rotation angle in the vertical plane must be less than a straight
pull-up. (2) The defender's stall speed is higher. In a banked atti-
tude, stall speed increases because less lifting surface is available

of gravity. BHigher stall speed causes the rotation

‘sult of two factors:

horizontal planes.

to countey tne pull

.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 hozizontal plane is increased,
to turn below, in front of and across the attacker's line of flight.
The attackez need only roll off in a direction opposite his opponent's
turn and move towaxd the six-o'clock position.  The roll-off increases
nose~tail sepazation and prevents a possible overshoot by the attacker,

To mansuver aga’s

the six~o'cleck posi

v

This forces the defender

nst the attackerz's counter, the defender simply can-
not refuse to reverse and continus his defensive turn. If he doss, the
attacker will not be obligated to roll wings=level and zoom in the
vertical plane, The defender will turn away and place his angular
veleccity cone in front of the attacker's flight path. As a consequence,
the attacker will simply play his opponent's turn and maneuver toward

tion., If the defender canrot pull up aand turn into,

or away, how then will he maneuver against the attacker's counter? As

the attacker overshoots his

turn, the defender will execute 2 nose=-high

reversal, This will force the attacker to roll wings-level, rotate
e in the varticzl plane and zoom fox altwtude. This

through a large angl
action is des:

g

a value less than thz dzfzndex's veleeity,
generate this largzs rotation, his vactor v\lo-ity will ba greater, and

he will be forced towardtthe da

So we see, the attaz

provides considerable
KEaving placed thz attzcker in this position,

gned to reduce vector velocity in the horizontal plane to

Tf the attacker fails to-

fender’s twalve-o'cleock-high position.

ker has no cholice, he must rotate throuszh a large
vertical angle when thz defender erecutes his nose-high attitude and
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vertical displacemasnt in respsct to the defender,

the defender turns 180°
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in the vertical plane, relaxes G, lights afterburner and dives for
separation, (The defender must accomplish his turn before dissipat-
ing too much airspeed and acquiring an extreme nose-high 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.ndthing more than 7
~=<- 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

—new——-—-yertical -plane, so that-he nay regaln nose-ta1l separatlon.

Procedures for Counteringgthe Scissors Maneuver

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

2. Dofnot attempt to pull into the target's radius of turn. This
will impose high G=loads, and possible buffet or stall will oceur, All
airspeed advantage will be lost.

3. Relax G, slide arvound the outside of the turn, and thereby
maintain an alrspeed 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 some of his airspeed on the reversal,
besides having less airspead 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 mancuver, since: (&) His stall speed 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 rotation,
because of your airspeed advantage. In any case, your rotation in the
vertical plane will be greater than your opponent’s, This will place
him below and forward of your line of flignt, You will have nose=-tail
separation, ‘

6. Roll off = roll in a direction away from your opponent's turn
if Le iS in a banked attitude - and move into his siz-o'clock position.
The rolleoff will provide additional nose~ta;1 separation and will pru-'
vent a possible overshoot. % ‘

Proceduraes for Maneuwvering A"?ln»_ a Scissors Counter

“

\ 1. Play the defensive turn in an attempt to foxce the attacker to
;Lahoot your flight path,




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 cliding to the outside - rapid
turn ovexshoot, early reversal; slow turn overshoot, late reversal.

3. Determine i1f 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 preccedures below; otherwise
employ the procedures specified for the-scissors maneuver.

4, Force your opponent into an ‘extreme nose-high attitude and a
high resulting zocm, 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-ta11 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 attackerx will be placed in an overhead
attack with a negative delta Mach outside gun range.

The Attack

The purpcse of the attack is to position ourselves in the defender's
angular velocity cone, so that we may deliver our ordnance and effect
a kill, Since the angu1ar velocity cone of AIM-9B is cons«derably
greater than the 20mm ccone, we will first try for a setzup to launch
a missile. FRKnowing ADM=-9Bs capabilities, we will try to attack our
target from six-o'cleck 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 miscile because of its lambda
limitation. Instead, we wil' be forced to diminish range until we
reach a point vwhere lambda limit will not be exceeded. If we attempt
to fly a pursuit cuzve 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 excecding 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 AL{~9B will be lost.
We are now forced to initiate a gun- attack.

Our position is not sitisfactory 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 engle-off in order to
reduce our angular velocity to enable us to track the target. As we
attempt to acccmplish this, we can expect the defender to tighten his
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turn to prevent us from doing so. We, in turn, will be forced to
counter, Result: If we continue the attack, in the plane of our oppo-
nent's turn, we will slide through his flight path and to the opposite
side of the angular velocity cone. Under the circumstances, we can
expect the defender to counter with a scissors maneuver. To prevent
this, we have to employ a different technique in the initial attack.

In the initial missile attack, the worst error which we can commit
is to fly a pursuit curve attack - in other words, continuously track
the target with our fixed sight in an attempt to launch AIM-9B. This
forces us to continuously increase our angle-off and prevents us from

~_ever launching. It also prevents us from salvaging the situation by
initiating a gun attack. At the same timz, the pursuit curve causes a
turn overshoot and sets up the defender for a successful scissors.man=
euver, To prevent the defender from generating these favorable rela-
tionships, we should not fly our gunsight (pursuit curve) after the
defender initiates-his defensive turn. Instead, we should attempt to
generate a rate of turn almost equal to that of_the defender. (Ve must
not match his rate of turn, for if we do, he will have rotated into the
position of attacker at the end of 180° of turn.) By doing this, we
keep our flight path or fuselage in the same relative direction as the
defender. In other words, we prevent the large increase -in angle-off,
This prevents us from -launching ATM-9B; however, as we approach gun
range, this positions us at a smaller angle-off and much nearer our
opponent's angular velocity cone. To counter, the defender is forced
to tighten up his turn much sooner than in .a pursuit curve attack.

This means that the defender is forced to maintain a max-performance
turn for a longer tims period, in an attempt to generate an overshoot.
This causes a greater speed decay, a loss of angular velocity and a
.loss of future maneuvering potential as we enter gun firing range. As
a result, the defender has a morxe difficult time generating an.over=-
shoot and a subsequent scissors. If he exercises poor judgment and is
.lacking in stick and rudder technique, he may never effect the over-
shoot. The result is obvious: We simply shoot him down. On the other
hand, if his judgment and ¢ :ick and rudder technique are excellent, we
will still be fozced to overshoot if we continue to piress the attack
in the plane of his turn.

To preve"t an overnsoot, we should zoom or yo-yo off the defender
if we arve unable to stay inside his turn radius. s

Proceduras for tha Initial

>

\ttack

N

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

2. Do not attempt to track or launch ATM-93 at max-effective
range, if the defander turns into the attack. Instead, position the
gunsizht reticle ahead of the target.
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3. Check that your fuselage 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 ranges diminishes, in an effort to
launch a missile, . If this is meossible disregard the missile and
: cont1nu° the cutoff to set up for a gun attack. >

- ; 5. Play the cutoff, in an effort to reduce qngle=off and sllde
GRS nalde ‘The de;ender s 20mm angular velocity come, =" T =t
~emessmem——e =6+ — Press the attack until-you realize it-will be 4dmpossible 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.

Hi.ch-Spead YouYo

The high-spead yo-yo is an offensive tactic in which the attacker .
maneuvers through both the vertical and horizontal planes to prevent
an overshoot in thz plane of the defenderx'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 highe-speed yo=yo is a counter for the
defernsive turn and the scissors maneuver., As an attacker, when it be-
comas appawent that it will be impossible to stay inside the defender's
turn radlLs employ the high-spsed yo=yo.

To perform the maneuver correctly, timing is essential. 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 saparation.

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 airspeed and his angular
velecity., Consequently, the attacker will be permitted to reduce range
and slido'dovn into the defender's angular velocity cone. If the
defender pulls up into the attack, he dissipates airspeed and angular
velozity even more rapidly. Again, the attacker is provided the
opportunity to diminish range and roll or slide into his opponent's
angular velocity cone. The defender cannot counter, becauge 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 ovarhead dttack with a negative delta Mach = the worst ?
possible attack with AI{-9B.

/ If thz attzcker yo-yo's late, it will be difficult for him to main-
i ds tain nose=-taill separation. He will either be directly on top of the

S e

2

—

6l

=



9 o= ]
Vi 2an31d

HIGH-SPEED YO-YO

A




- o - -

-— - - W ay <

~tol attain thistpesitions. =l o o

TS T T R L S T
e ki g
; ST IRy
7

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 tcoward the attacker's
six-0'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

The moment the attacker realizes that he will be unable to stay
inside his opponent's turn radius, he should roll away from the
defender's turn and pull his nose through the vertical plane. The
purpose of this action is to diminish his turning component and vector
velocity in the plane of the defender's turn. To acquire max effsctive-
ness, the attacker must maintain back pressure and employ rudder as
primary control for directional change in the vertical plane. For
proper perspactive, this means that the attacker rolls toward the
vertical plene just enough to provide him an angle of bank smaller
than that of his opponent. This forces the attackar's f£light path to
describe an arc through both the vartical 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 respect to ths defender's turning and velocity
componants 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 tim2, the control techniqus employed = back pressure and rudder
as primary control for the maneuver = not only allows the attacker to
reduce his turn and velocity components to their smallest value, but
also reduces his yo-yo apex. This provides the defender 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 rell into the
yo-yo he will be forced to relax back pressure. His turn radius and
velocity will increass and his induced drag will decrease, So, to
maintain nose-tail 'separation and prevent a turn overshoot, the attacksar
will be forced to yo-yo to a higher apex point. This provides the
defender the option of diving away tc gain separation and, of course,
places the attacker in an over-head attack with & nsgative delta Mach.
1f the attacker attempts to employ &ilerons and maintain back pressure,
adverse yaw will preclude the yo-yo maneuver., As a rezult, the attacker
will prcbably be forced to, oversnoot his opponent and will be caught in
a scissors maneuver. E

If the attacker employs the high-speed yo-yo corzectly, the effecct
of one-C gravity on turn and velocity will provide nose-tail separation
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with little vertical displacement - low yo-yo apex. The attacker need
only roll or slide down to his opponent's six-o'clock position., The
attackar 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° throtigh 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 opponznt in an obvious

~over=shoot = his offensive advantage seriously compromised. From our ..

discussion of the high-speed yo-yo, we may have implied that this man-~
euver is the ultimate in countering a perfectly-executed defensive turn
with a follow-up scissors. This is not the case. If the attacker yo-
yo's too far behind or too high, the 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-spesd 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 1800 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 understand the counter which the
defender must employ, let's examine the spatial relationship of the
attacker in rzspect to the defender. "The attacker, although in a most
favorable position with his nose-tail separation and low yo-yo apex,
is not set up in the defender's angular velocity cona to deliver his
weapons at this instant. However, if the defender takes ro action,
the attacker will assume the proper position for weapons delivery.

The defender, vealizing this, knows his salvation lies 1n maneuver-
ability - airspzed and angular velozity. Therefore, thz defender must
relax G when thz attacker.yo-yo's off and, at the same timz, he should
maintain his engle of bank. As a result, his nose will drop slightly
below the herizon, thus helping him to keep his mancuvering airspeed.
Also, as we shall see, it forces the attacker to ccmmit himself. Upon
obsezving the gr er turn razdius and thz noss-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 committmant

and countexs correctly, the attacker will be placed in a nose=lcw coundi-

-~tion, while the defender has a nose-high attitude, The attacker's —ww=vr =em-

airspeed, in respect to the defender, will be increased and his rate of
turn will be less. (If the attacker's rate of turn were the same or
greater than that of the defender, he would block out the defender and.
slide in front.) At the same time, since the attacker is approaching
the horizontal position and the defender the 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 €. Since the attacker's
airspeed is greater, his rate of turn is less, and beczuse he has a
lower radial G relationship, his radius of turn must be greater (radius
of turn = Fighter velocity squaxred divided by rate of turn). The
result is cbvious: 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 dowm to the

"attacker's six-o'clock position. Once agzin, if the defender has little

nose-tail separation, and enough vertical displzcement, he should employ -
the roll in owder to achieve an advantage.

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 turn radius to
increase in respect to the defender, Thercfore, the attacker's advan-
tage lies not in turn, but in airspeed in respsct to the defender. We
stated that the purpose of the high-spzed 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 planes of
the defender's turn. Result: Tha attacker's linz of flight provides
nose-tail separatipn, 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, hovever, he cun maintain this sep-
aration by turning in a plane away from the defender's turn. The
attacker mzrely rOL1S one quarter away from the defender's line of
flight at the instant he observes the deferder's rolling pull-up. At
the samz time, he bezins e smooth pull-up bzhind the defender's lirne
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of flight. See figure 26. The attacker plays his pull-up so that he
does not overshoot the defender's original altitude. (An overshoot
here would be the same as an overshoot in the hozxizontal plane before
executing a high-speed yo-yo). Since the attacker starts from a high
position, his airspeed at thzs bottom of the pull-up will be greater
than his opponent's at that same level, with a consequent advantage.
If the defender continuzss his pull=-up, the attacker zocms above and
rolls behind the defender - the attacker's airspeed advantage pays
off. If the defender -attempts to dive away, the attacker cuts off
through the horizontal plane and moves-into the defender's six-o'clock
position.

The defender can counter the attacker's one=-quarter roll-away.
When the attackez is near the bottom of his pull-up, his airspeed is
max; while the defender, near the top.of the zoom, has minimum airspeed.
The attacker has not only generated nose-tail separation but also lat-
eral separation in the vertical plane.  To counter this situation, the
defender must rotate his angular velocity cone away from the attacker.
In other words, he turns frcm 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 airspeed 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
six-o'clock position. During this mansuver, the attacker continues
to dissipate airspeed. By the timz he completes the maneuver, he is
placed in an overhead attack with a negative delta Mach, well outside
20mm cannon range. The defender can easlly frustrate a possible mis-
sile launch. ;

Proceduras for the Hioch-Spz2ed Yo-Yo

1. Attempt to reduce an3zle-off and stay on the inside of the turn
as range diminishes.

2. Maintain back-puessuxre, employ top rudder and roll away from
the turn, up through the vertical plane, when you can no loager stay
inside your opponent's turn radius. As the pipper slides bzhind the
targast = you are no longer matching your opponent's turn - you must
zooa off to prevent an overshoof. In other words, any tims it bocomes
impossible to maintain paraileél=-fuselage with your opponent, your angle-
off will be too great and you must zeoom into-a high-speed yo-yo.

3. Play the zoom so as; to maintain nose-tail separation and yet
retaln a low yo-yo zpex. If propar stick and rudder technique is em=-
ploycd, this is easily accoiplished.

4, Roll, or slide down to your opponent's six-o'’clcck position.
Erploy-the 2011, if you have nose=-tsil ssparation, to acquive a six-
o'clock zdvantage. == 27
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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 procaedures. '

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

Procedures for Countering the Hich=-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. Detezmine whether or not the attacker is going high and to the
rear. If he has an extremely high rate of closures, he may be forced
into extrem2 altitude separation. If so, employ the dive=away for sep-
aration and place the attacker in an overhead attack with a nagative
delta Mach., If the attacker m2intains nose-tall separaticn, and a low

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

3. Maintain angle of bank and relax G, as your opponent slides
high. This will place you in a slight descent and will allow you to
maintain airspeed for futur= 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 harderclling reversal - with rudder and back pres-
sure - up into the attack. Tnis will cause your opponent to overshoot
below and forward of your lin= of flight, or force him to employ the
quarter roll-away. If ke overshoots beslow, simply roll or "S" down
toward his six-o'clock position. If he employs the quarter roll-awvay,
employ the procedures below. 3

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

~uation in which an attacker approaches a defender at high angle=-off

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 tru2; however, in a sit-

(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 can expect the defender to immediately dive for separation
and airspeed. The attacker is placed in an overhead attack with a
negative delta Mach., This means that he must initiate a new attack.
Noting this, the defender 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 rzpeats 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-roll 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 siide into the defender's angular velocity
cone, without the defender being able to gain longitudinal separation.
In other words, the attacker would like to reduce his velocity, cut
off, and turn inside his opponent, then regain his velocity after he
diminishes his angle-off, a.d slide toward his opponent's six=-o'cleck
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 introduction to fighter maneuvers, it is possible to
reduce turn and velccity by two methods: (1) Through both the verti-
cal and horizontal planes by employing a two=dimensional maneuver
(yo-yo) or (2) Mancuver through both the vertical and horizontal
planes by employing a threec-dimensional maneuver (barrel-roll). Thus
far, our emphasis has been on the first method. Now, we will employ
both mathods to solve oux present dilemma - to reduce airspsed and
angle-off, then regain afrspeed 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
reduce his vector velocity along the axis of the roll., However, the
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roll will provide a line of flight tangent to his intended turnm,

which will incr2ase his angle-off and improve the possibility of an
overshoot., If the roll is conducted in the vertical plane - combined
with a high=spezd yo-yo = there is a different result: (1) There is
less vertical displacement than in an ordinary yo-=yo, bzcauses vector
velocity along the axis of the xoll, in the vertical plane, is dimin=-
ished, (2) Component velozity, in the plane of the defender’s turn,

is diminished as a result of the yo-yo and the roll, {(3) Aircraft
velocity is greater, as a rasult of the lower yo=yo apex ard the
shortening effect which the roll has on the velocity vector in the . =
plane of the defendex's turn., The shortening effect allows the attacker
to diminish his rotation engle through the vertical plezna, This pro-. . .
vides less spzed dacay, hence grsatar aircraft velocity, and (4) There
will be no overshoot, as a result of the roll, sfnce the roll is not
conducted in the plarz of the defendz2r's turn. Upon further examina-
tion, w2 can.see that if the attacker is able to initiate this yo=yo
with a roll, from balow his cpponent, hs incrzas=s his opportunity to
gain a favorable position, By initiating the mansuver from an inside-
low position, the attacker lowers the apex of the mansuver. This pro=
vides the defender lzss opportunity to galn separation. The only prob=-
lem now is that the ghtackes mist bg shle to apply thklsz concept of turn
and velocity against his opponent.,

zker must dive below and inside
sumz that the attacker has the
seiffad zbovz, and a dive below will

ditional airsp: cd However, this will not
increoase his vertical disp_aCunan above his opponent, since he can
eaaily kill aizzpazd upo s forthcomirg rotation through the vertical
plane, 3If the attacker thz target from bzlow and at a high
angle-0ff, La zoni: 3

Z£, in an attempt to raduce angle-off,
until ke resch il
side of his opponent's def

p point. The attacker pulis up oa the in-
ngive turm, then barmalerolls in a direction

d.m

3
range/angle-aff _1cnship sp
provide tha attacker somz2 acditc
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cens:
avay from his op>o”9nt Sktuzn . VEE b&: opponent’s defensive turn is
tovard the left, he rolls x.ght; if thz turn is toward the right, he
rolls left. The roll Zs not a higheZ barwrel-rcll {(ths attacker is try-
ipg to kI1T weadon (alioh £ eizeraZt velocity). As the attacker
rolls nose-high through th: Inverizd position, h= plays backepressure
ain ¢

and kicks botiom zudder to o%c . nose=low 270° change of direction,
See figuwe 27, Duzing this poztion of the mancsuver = from the inverted
poziticn to the Z70° polnt of the zoll « the attacker receives the
benefit of iG gvavlty which azsl: h‘n in gaining a rzpid change of
directlion towzzd 2x=0"ciock position: If ths attacker

has played the entizz m from pull-up thzough the roll = on

the inside of tha oppcme: n%‘va tuzn, he wiil find himself above,
ition to dive bzlow his opponent's

: sltlon. Longitudinal separation

.) ztor velocity is reduced,

and, (2) The entize mancuver
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is performed inside the defender's turn radius. The offensive roll~-
away places 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 turn, If the defender tightens
his turn and attempts to counter the maneuver, he will experience high
speed decay, his angular velocity will be reduced and the attacker will
find it easy to set up for a missile launch. On the other hand, if the
defender does not tighten his turn, his airspeed and angular veloc1ty
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 barrel-roll attack there may appear to be certain
alternatives such as a high=G roll by the defender when the attacker
performs his 270° change of direction, or a pull-up.(under the same
circumstances). The high~G roll is ineffective because this will ;
cause the defender's line of flight to be tangent to his defensive turn.
In addition, his vector velocity will be reduced. As 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 samz timz2, the defender 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 &ix-o'clock
position, with his opponent framad against blue sky = a.perfect set-up
for a missile launch. The only effective counter for a properly ex=-
ecuted roli-away is a dive for separation and airspzed. The moment the
attacker initiates his pull-up, the defender should turn nose-low tcward
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 1809 change of direction in the vertical plans. 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 mancuver agaiﬁst this counter, an attacker may employ scma decep-
tion. The purpose of the deception is to preveant the defender from
employing the dive for separation. “Instead of pulling up inside the
defender's turn, from an inside-lcw position, the attacker will pull-up
to the outside of his opponent's tura, thus malntaininv nose~-tail sep-
acration. To the defender, this will appear as an overshoot. Therefore,
we can expact him to reverse nosenhi%h, in an effort to scissor the
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- will reduce vector velo: ity, provide nose=tail separatlon and thus
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attacker forward. However, if the attacker plays the maneuver prop= .
erly - overshoot and zoom = this will be impossible, The attacker has
a three=fold advantage in terms of airspesed, 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!' s zocm., If the
defender reverses (he most likely will) this will place the attacker
above, behind and to the inside of his oppoment's turn. The attacker
need only roll off in a direction away from his opponent's turn, This

allow the attacker to roll down toward his opponent's six=o'clock posi-
tion. The defender will be in a poor position to counter, since he has
diminished airspeed and angular velocity as a “result of his turn and
nose=high revezsal, Should he attempt to pull up into the attacker,
the attacker need only employ top rudder 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 oversheot and roll-off, but instezad 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 cenducted on the inside of the turn.
Tt is difficult to determine which attack is best, However, if the
defender's conditioned reilexes are oriented toward a scissors maneuver--
in the event of an overshoot = the attacker should employ the outside
method; if not he should employ the inside methoed, k.
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 anglec-off. The purpose is to reduce rate of closure
and angls-off and provide the defender little opportunity to gain sep-
aration., As stated earliec, th*~ is :an espzclally good maneuver by
which to slide into an oppc .ent’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. Stalk your target and attempt to reduce angle-off as much as
possible. If this is impossible, employ the procedures outlined below:

2. Dive below and inside your opponent's turn rgdlus, m2intaining
nose-tail separation throughout the mancuvers. The dive below should
be initisted far enough out so the forthcoming zoom may be played in-
side or outside the defznder’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 (eomotimas
this is difficult to detefmlng)

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

..will reduce vector veloc1ty and the height of the yo-yo apex, while

maintaining a hlgher aircraft velocity.

Sie Continue the roll and employ bottom rudder as the alrcraft

comes through the ncseshigh inverted position, This will pzovide a

270° change of direction and place you with longitudinal separation,,
at a reduced angle-off above your opponent, diving toward a six-o'clock=-
low position. The longitudinal separation will be less than that acquired
from an ordlnary yo=yo. i

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 opponnnt s turn radius
if you feel you can sucker him into a turn-reversal, If he .reverses,

continue with the following proceduzes.

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

9. P1ay top or bottOﬂ rudcer, according to whether your opponent
_pulls up or dives away after the reversal. If he pulls up, employ top
rudder, This will allow you to roll nose=high toward a six-o'clock=lcw
position. If he dives away, employ bottom rudder. This will allow you
to roll nose-low and prevent your opponent from obtaining ehtrema longi-
tudinal separaulon. ~

Procedures for Counterino the Barrel=Roll Mansuver

.+ 1. Play the attack in an attempt to generaté angle-off 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, rose-low towdrd the attack, as your copponent initiates
his pulleup from an inside-low position. This will increase his angle-
off, since you are tuining into the plane of attack.

B
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3. Relax G, .light afterbugner and dive for separation., This will
force the attacker to turn 180 in the vertical plane toward your line
of flight, During this mancuver, 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 Lov-Speed Yo-Vo

Until now, our central theme in dlscu531ng tactics has been the
problem of overshoot, The defender's maneuvers have been predicated
upon_rate of closure. _He needs _rate of gclosure to generate an _over= R Rt
shoot in oxder to nullify an attack and gain an offensive advantage.
On the other hand, the attacker attempts to counter rate of closure,
by maneuvering through both the vertical and horizontal planes., Dis-
cussing these maneuvers = by the attacker and defender - we assumed

that the attacker has a definite rate of closure. Now let us investi-

gate an area in tactics in which an attacker does not have an initial
rate of closure. Assume an attacker is at six-o'clock, outside missile
range, How would he gain position to launch a mlssile 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 Sz, 1%
allow the attacker to quickly close upon his opporent., -In addition, - — —
it places him in the defender's biind spot, with the possibility that
the defender will not mansuver 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
graduval pull-up and positio..s himself for a gun attack. The entire
maneuver depicted here - a dive for airspeed and a pull-up for posi-
tion - we define as a yo-yo. It may be empleyed in a running battle
or in a turning fight any time an attacker has insufficient rate 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 mancuver - 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 therstalemate
but will lose rather than gain a more favorable position. To employ
the high-speed yo-yo, the attacker must roll away from the circular
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tail-chase and zoom in the vertical plane., The rollwaway decreases ||
turn rate and increases turn radius, whereas the zoom dissipates air-
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 attacker's nose, toward his tail,

To gain a more favorable position, -the attacker must be able to cut
off and close upon his opponent. The purpose of 'a low-speed yo=yo is
to provide cut-off and rate of closure. To employ the low=-speed yo=-yo
_when in a turning fight, the attacker simply maintains his bank and
“lowers his nose to the inoide '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 througﬁnﬁ

the vertical and horizontal planes; however, in the horizontal plane -
the plane of the defender's turn = his turn radius is decreased (in
this plane, turn radius is only a component of actual turn). As a re--
sult, the attacker turns below and inside his opponent, The attacker's:’
angle-off and airspeed increase and his distance = in respect to his
opponent = decreases along the horizontal plane. To prevent an over-
shoot, the attacker must roll wings=level, pull up and zoom toward the
defender s six=o0'clock position. The entire manesuver must be accomplished
prior to reaching the defender's line-abreast position. If done coxr
rectly, the attacker will find himself at a reduced angle-off and at a
diminished range.  1f he is still not in a lethal position, he need only
repeat the process. The attacker gains an advantage in employing this
maneuver, because airspzed loss is less 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 maneuvex, the attacker not only has an air-
speed advantage, but also a thrust advantage. On the pull-up to the
horizon, angle of attack and induced drag increase. This prevents
any further increcase in airspzed. Fowever, at this point, the at-
tacker still has a considerable airspeed advantage. In the zoom por-
tion of the maneuver, the pull of one=G gravity starts to diminish
airspeed, the loss of airspeed starts to increase angle of attack;
however, angle of attack is less than thza defender®s because of the
greater radial G available in the vertical and horizontal plane as
compared to the horizontal plane alone. Because of this, the loss of
airspeed in a lowespeed yo=yo is less than the loss of airspesd in a
horizontal turn through the sam2 distance. Therefore, the attacker
gains a more favorable position even though he go2s through a greater
distance. ; 5
¥ !

If the attacker employs arLerbasﬂnr he will fiad the maneuver
even nore effective, even though his oppon=nt may ccunter in like
manner., The afterburner is essecrtially a ramjet tandem to a turbo
engine, therefore, its thrust, like a ramjet, multiplies enormously
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as speed increases., Because of the additional speed thus generated,
the attacker 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-up to the horizon, the com=-
ponent of afterburner thrust acts in the same direction as the pull
of gravity. Unliks max power in a horiZontal turn, this causes the
attacker to describe a wider arc during the pull=up. This may reduce

the effectiveness of the maneuver. On the other hand, if considerable
longitudinal separatlon exists, and the low=speed yo-yo may be performed

smaaiss ynside the defender's: turn, employ ‘afterburner throughout the entire man- =~

Ainto his opponent s- angular veloclty cone;

euver. This will enable the attacker to qulckly reduce range and zoom

yo-yo by tightening his turn, initiating a reversal, or performing a

- high-G barrel=roll. If the defender tightens his turn, he dissipates -
his airspeed rapidly to a point where he reduces his angular veloc1ty
‘and increases his turn radius. The attacker then has no great problem
in zooming up toward his opponent's six-o'clock position., The attacker
may even play the zoom = out of a low=-spscad 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'clcck position. If the defender ini-
tiates a reversal as the attacker starts into his low-spead yo-yo,. the
defender will be turning away from the attack, hence rotating his angu-
lar velocity cone 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 reversal allows the attacker to reduce more G
than is possible against a tight turn, and as a result, his rate of

closure increases to enable him to gain a favorable position more rapid=-
ly. If thes defender executes a high=-G roll, out of his turn, he reduces

vector velocity and flys tangent to the intended turn, thus permitting
the attacker to zoom out of his low-speed yo-yo and quickly secure a
six=-o'clock position. The defender will be in a poor position to
counter, since the roll kills his airspeed and maneuvering potential.

To counter a low-spzad 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 z 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 lowespeed yo-yo. Of course the
two antagonists will be forced to the deck rather quickly. If the
defender rolls out of tha2 furn his oppornznt will bz positionidd at &ix-
o'clock. Thus the defender receives only a respite from a stalemate
situation. Wec can see from this illustration that a defender must not
only rotates his angular velocity cone away but also do it in such a
manner as to ceompletely 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 a pull-up is bagun.
At this point the defender is in no immediate danger, since the attacker -
is diving azay 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-

ESSs=SSSyp, the defender will be nose-high in a bank toward the attacker with

considerably less airspzed than the attacker. At this point the-defender -
rotates his-angular-velocity cone away from the attacker by turning, from
“a nose-high to a nose-low position, through the vertical “plane into-the ~——--
attack. This places the defender in a nose-low, nose-quarter attack with
the defender's airspeed increasing and the attacker's 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 {55
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
scissors.,

Procedures for the Low=Spezd 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 in the zoom portions of
the maneuver. Do not employ afterburnzr during the pulleup from the
nose-low £o a’'nose=level pozition. The use of afterburner in the des-
cent and zoom portion of the manesuver increases and helps to maintain
rate of closure. When afterburner is employed during the pull-up, a
wider arc is describad, possibly ruining the effectiveness of the man-
euver. ; ;

3. Do not burble the aircraft, otherwise drag is increased, air-
epeed 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. Yhis should be accomplished from an inside=-low
position before you reach a position line-abreast of your opponent.

e
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5. Employ afterburnar 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 insidn until a pull-up is begun.” You are attempting to gain lat-
~eral separation In the vertical plane before initiating your counter- =~ =~

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

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

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 ove*shoots your flight path, employ the vertical
rolling scissors.

Countering the Overhead Att=ack with a Naocative Delta Mach

In our discussion of previous maneuvers, we have encountered many
situations in which the defender had to d1ve for separation in an
effort to gain maneuvering airspzed and to provide the attacker the
worst possible position for a missile attack = an ovarhesad attack with
a ncgative delta Mach, Ve will now discuss possible counters to this
attack.,

In an overhead attack, with a negative dslta 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 11m1t is espacially important
because of the attacker's nsgative rate of closure in respact to the
target, If the defender perfoims any defensive maneuver-at all, a low
relative missile velocity will be combined with an increcsing angle-
off. As a result, the defender can easily prevent a successful missile
lavunch. G is significant btecause the attacker must manecuver against
one-G gravity. This means he will easily excead the two-G launch
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limitation andfcr the angle-of-attack

defender.
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iZmitation agalvat a maneuvering
To elude an attacksr, the defender nesd oniy rotate his angu-
In an over-

lar velocity

cone away from the attackez's line of flight.

- head attack with a negative del

ta Mach, he ma2y accomplish this in two

, wings level, and pzriorm a defeunsive
upcn whether the attacker
Let®s discuss each alterna-
in the vertical plane.

ways: {.) Pull up to the horlzon
turn left or right (the directZon dspzndent
is high to the laft or high to the right).

tive in detail. Fizst the pull-up and zcom

The moment the defender observes hls opponent lining up for a possi-
. ... ble missile shot, he pulls up and zooms in the vertical plane. During
=SFESS the pull-up” 1“frbn nosz-lcw to noss=lavel - he-does not employ after-
burner. As his no=z2 hits th: horizon, he lights afterburner and zooms
T . inthevertical pians. The attacksr; faced with~thi s—tounter;‘has*one“*“’“"*
of two alternatives: (1) Cut off, in an attempt to secure a six-o'clock=
Sl low positfon as the defzniar¥ zooms through the vertical plane, or, (2)
Do not cut oif but fly the same rslative flight path as the defender.
In all prodability, the attacker wiil be enticed into a cut-off, because
he thinks the cut-off will quickly position him for a missile launch
This, however, fs what the dafandar is actually hoping and waiting for.
If the attacker cuts off, he will not take advantage of the pull of
gravity to bulld up wis zimspeci. thersafore, at the bottom of his pull-
out, he will genzrate a lower aizspzed than did the d:zfender when the
( .defvndsr was at the botton of his pulleout, The cut~-off and lower air-
spezd force the attacker to wecucs his rotation angle in the vertical

planz in 1P;p¢b, to the derfznds: This means that he will be unable to
secure a sixeg’clock position. Instead, he will bs forced to accept a

smallar rotablon angle, hencz g flight path overshoot in the vertical
plane {sese figurs 29). zanwhilz, the defender with his airspeed margin,
can pull toward or pz3t the varticzl and execute a roll-off = not a loop
= down toward thn attackaz’; ‘clozk po*;t‘on. To counter, the

attacker wi'l sattenpt %c cems zoom and rall~off; howsver, the

attacker wiil losa out be initial lewzr alzaspesd on his
irst cuteoff and hls smel ;-L rntatxun angle, As a result, the defcnder
will quickly gain an advantage and movz toward the atta cke*’a six=o'clock

-

position. If tha attzcker »ad not
zoom, but hzd pullad up ard zoom2d
he would not Leva lost hig aivarnt
vertical, the attackze would ts n

cut off on ths inltial puil=-up and
through the samz arc as the defender,
2 Az the defender reachzd the nzar
near six-o’ciozk. This means the de-
fender would be vazble to succassfully zoll off and gain a six-o'cleck
advantage, since he would not have .an ov:irshoot in the vertical plane.

o2
%o
av
gy

Jf he did, tha atiacksr would simpl w and gain a more favorable po-
siticn. To prevazut this, tba defs

v £ollles

.2'.’ muyst trra

80° througl: the -

vertical plar= and once ctain zale arnd dive fuI sepanation. The
attacicer, reting this Fwi.l be facad with the choize of attemtping to
cut-off or zoom pzst thezfendsr through the sam2 turring po*nt to
complazte a 1807 chznge of dirscticn toward the defender’s six-o’clock
position, If the attzckew attzmpts to cut off aad ovevshesots his
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_the_attacker's range diminishes._ If the attack is_continued, the
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opponent ‘in the vertical plane, the defender may employ the vertical
rolling scissors as a counter. On the other hand, 1f the attackezr
doas 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 opponant's attack, will tighten up his defensive turn as

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 = befdre overshootf
below his opponent's flight path - he must roll’ wings -level in‘odrder
to pull up and zoom in the vertical plane. This maneuver prov1des ;
nose-tail separation for the attacker; however, it also providest*
lateral separation for the defender. In this 1nstance the defender
has taken the advantage. After rolling wings-level the attackei‘has
a nose-low attituds while the defender has a nose-level -attitude.
This means that the attacker must pull from 'this attitude. tc nasé,
level before he can zoom in' the vertical pTane. Durino the process,
the attacker increases his horizontal velocity component <Th13 jguses
him’ to overshoot the defender’s flight path béfore he' can.execut: g
zoom. If, during the pull-up and zoom by the attacker,- thqwdefeﬁaer L
counters WLth a nesz~high reversal, he will dininish his horizontal - S
component. The result is ObViOUS’ The attacker is forced out front

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

o'clock low, for a missile attacL.

Procedures for Countering the Overhzad Attack with a Naaacﬁve Defta
Mach ' = j 2 L

1. Determine if an attacker 1s in p031L10n to execute ‘an o&erheuu
attack with a negative delta Mach. This can be accompllshed by erv-
ing the attacker’s previcus maneuvers and his presént relative:poS®tion.
If he is in a proper position, empiloy the following procedures.

2. Pull up from a nose-low attitude and zoom in the vertical plane
(wings level). This should be accomplished the momsnt ‘the defender
observes his cpponznt flying up folr a possible missile shot.

3. Employ afterburner during the dive and zoom portions of the
maneuver. Do not employ afterburner during the puli-up from nose-low
to nose~levezl. Use of the aft:rburnsr during the dive and zoom por-
tions of the maneuver and not during the pulleup allows the defender

== .-iij"";;*f—‘*:ig




- e —— a_—

A

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 airspeed. Therefore, in the
bottom of his pull-out, he will have a lower airspeed, hence a lower
zoom potential as well as a reduced rotation angle.

R | e e i L

5. Roll ogf, as you approach the ve*tical, and manauver down to=
_____ward your_ppponent's six-o'clock position._ This should be accomplished ——ee-
ag your opponent starts in the zoom portzon of his manesuver. 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 position,

6. Repaat the prOﬂess. This means that you will dive toward the
attacker's six-o'clock position from your roll-off, This will place
you at the bottom half of the maneuver. Your attac\er attempting to
complete his zoom, will roll off toward your six-o clock position.
However, you will gain on 'him bacause of his initial lower airspecd
when he performs hns £lzat cuf-o;f

7. Do not attempt the roll-off 1f the attacker does not cut off
on the initial mansuvez., ‘Instead, turn 180° to the vertical plane,
relax G and dive fcx separution. If the attacker does not cut off,
he will be near youz six~o'clock position as you reach the near- - <
vertical, To provida him little advantage, you must turn 180° into S
the attack, divz for separation, and once again place him in an over-
head attack with a nsgative delta Mach.,

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

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

10. Continuve the turn and observe the attacker. If he presses
the atteck in a curved plane 1ntercv3t1nb your turn, proceed as -
follows:

-

T

11. Tighten up the turn, as the attacker's rangzs diminishes, and
attenpt to force him below your line of flight, or attempt to force
him into a yo-yo out to the side. If he continuzs the attack, he will
be forced into an overshoot bsleow you.
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velocity will carry him below and forward

SEeRET

12. Roll off and maneuver toward the attacker's six-o'clock-low
position . if the attacker continues the attack and is forced into an
overshoot below you. If he yo-yo's out to the side, employ the fol-
lowing procedures. : : : '

13. Reverse nose-high to force the attacker below and out front.
Since the attacker must pull up beforea he can zoom, his horizontal

st T S T e SRS i R T S e SR B L E SEELE S o e s e

14. Roll off and maneuver toward the attacker's six-o'clock=-low

position as he completes his pull-up and proceeds in the zoom portion el R

of his maneuver.

Maneuvering,from An Overhead Attack with a Negative Delta Mach

You W111 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 pulle-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 manesuvers which can be used against either one of these
counters.

To maneuver against the first aiternative - pull-up from a nose-low
attitude with a zoom in the vertical plane = we stated that the attacker
should not cut off and pull-up and zoom. Instead, he should fly the
same relative flight path as the defender. By doing this, the attacker
would force the defender to turn 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 turning point to complete a 180° change
of direction toward the defender's six-o’clock position. If the at=
tacker attempts to cut off and over=shoots his opponent’s descending
flight path in the vertical plane, he can expect the defender to
counter with the vertical rolling scissors., This will cost him his
offensive advantage. On the other hand, if he dozss not cut off, the
overhead attack with a negativzs delta Mach will be repeated once again,
and he will gain little additional advantage. To prevent either sit-
uation from cccurring, the attacker need only employ a barrel-roll
(roll-avay) in the vertical plane, a3 he starts to move past the descend-
ing defender. This will%reduce the apex of his zoom, bacause his veec=
ter velocity (along the axis of the roll) in ths vertical plaﬁe is dim=
inished. As a result, the attacker will roll away through a 180° change

f direction to position himself at his opponent®s six=o’ clobkulow posi=
tion, in the vertical plane, with much less longitudinal separatien. If
the defender repeats the pull=-up and zoom, folicwed by a 180° turn in

= Ao
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‘the defendexr's hozizontal turn.
the attacker has the option of des
turning circle or descercing inside the turning cirzle,
turning cizcle, his rate of turn will-be
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the vertical plane, thke
an even mora favorable pos
20mm cannon attack.

To counter this roll-zway, the defender nzed only add back-pressure.’

and roll toward the roll

tion he can get to empioy his second alternative,

toward the rolleaway, this will place
in the vertical plana, as shown in fi
position, the attaciker must roll 180°

Meanshlle,~the defender .can rdxax G, dive_forws paration_ard attempt

~his second alterpative, .
To maneuver against the second al

zon, wings~level, vitb a

must not launch an overhead attazk in
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Mach, the defender need only employ the counters suggested for'allow-
speed yo=yo and/or for the barrel-roll attack.

Procedures - for Mwneuvering,fron an Overhaad Attacl with a Nﬂqatlve
Delta Mach

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

use the followin procedures.

2. Do not cut off as your opponent begins hlS pull-up for .a zoom

“in the vertical plane. A cut-off now will provide you a lower airspeed

~and a smaller rotation angle for your forthcoming zoom,

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

4, Determine if your opponent counters with a roll-off or a 180°
turn through the vertical plene 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 -z -180°
turn through tha vertical plane in an effort to gain separation, employ
the following procedures. bl g - i

e e ) T

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

6. Co*p’ te the barzel-roll (zoll~away) and mansuver toward your
opponent's sixe=o'clock position in the vertical plene. Your opponent
will now either repecat the pull-up and zoom or proceed to his second
alternative, If he repeats his previous maneuver, simply repeat your
roll-off and gain position for a missile or 20mxm cannon shot. If hea
employs the second alternmative, use the following procedures.,

7. Do not press the attack in a curved plane intexrcepting the rim
of the d;xendcr' turn. This will force you to eithex-overshcot below
your opponent or to yo-yo out to the’'side in a nose-lcw attitude. In
either case, he will gain an advantage (sce section on countering the

2

overhead atta-k with a PCOathL delta lMach).

. 8. Spiral inside ycur opponcnt’s horizontal turn to match his
turn and to cut him off. This may be accemplished by adjusting your
rate of spiral and the slcpe of the spiral, pe
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9. Continue the spiral, inside your opponant's turn, until you
start to move below and inside his line of flight. f

10. Roll wings=-level, pull-up inside your opponent’s turn and zoom
toward his six=o'clock pesition., 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. - ¥k, ~

o e 2 B Zoom outside _your opponent's horizontal .turning circle - A you
are unable to complete your pu11=up inside his horizontal turn radius--
_then turn back roward him if he con;inuGs to turn oirattcmpts to diVu;

away. wbiicoar

12. Zoom"to the outside .and barrel-roll (rdll -away) toward your
opponent's six=0'clock po»ition if he attempts a reversal to counter .
your zoom to the outside.

The Vertical Rolline Scissors

The varti ca’ rolling scissors is what the name implies - a defensive
descending, rolling maneuver in the vertical plane., The purpose of thls
maneuver is to galn an offensive adventage if an opponent overshoots a

“defender's flight path, and slides through his angular velocity cone’
while descending in the vertical planmz2, 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 2izspeed. 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 sepzration, he may cut OfL inrfan*effort tolprevent
him from doing so. With his higher airspeed, his radius of turn during
the cut-off will be greater than the defender's.  As a result, he can
be easily forced to overshoot the defendzr's descending flight path.

(2) In a zoomemansuver in .Juich the attacker is attempting to approach
a zooming defender’s six-o'clock position. The defender, observing the
attacker's position, ucas the pull of gravity and exscutes a 180° turn
through the vertical planz in an effort toc gain separation and thus
place the attacker in an overhzad attack with a negative delta Mach.

In an effort to prevent this, the attacker cuts off. During the cut-
off, his radius of turn is grsater than the defender's because of this
higher airspsed, and as a rchlt,'ne overshoots the defender's descend-
ing flight path. (3) A six-o'cldck=lov missile attack, in whlch an
attacker is approaching his pull-up point for launch. Tne defender,
observing the attacker, maj execute one of two maneuvers: An immediate
defensive turn down Into the attack, or a pull-up and zoom followad by
a 180° turn, in thas verticel plans, down into the zooming attacker (this
is the sams proceduxe used as a counter to ths low-speed yo-yo). In
either of thesz cases, if the attacker attempts a substantial cut-off
he can be forced to overzhoot his oppon2ant’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
vertical plane, with an attacker initiating a pull-up in an effort to
maneuver toward the zooming defender's six-o'clock position., The de-
fender, observing his opponent's position, turns 180° through the verti-

-.cal plane, down into the attack in an apparent attempt to gain separa=-
. _ tion. Observing this maneuver, the attacker decides he can either cut
‘off, or zoom-and turn 180° through the defender's turming circle,
Since he knows that a turn through .the deéfender's.turning circld will.
b place him in an overhead attack with a negative delta Mach, he elects
siErara e to cut-0ff, _Observing the cut-off, the defender knows that the attacker
will be performing his 1802 turn through the vertical plane at a higher
eee—@irspeed. __Therefors, the attacker's turn radius will be greater; hence,
25 .77 - 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 a nose-low attitude. At
this instant, the defender comes in with back pressure and reverse-rolls
into the overshooting attacker, This will place the defender below the
attacker and 180° ocut of phase, with a less nosé-low attitude’-herce; a
( lower vector velocity along the vertical axis. The attacker, noting
; that he-is out of phase, and is descending more rapidly than the defender,’
will attempt to roll.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 sams time, it prevents him from reducing his nogerlow' . 14
attitude., 'As a result, the attacker, with his higher yertical»vecfor —
velocity, has roilad 180° out of phase, down and below the defender.
The defender ncw has the advantage and he need only roll into the at=-
tackaer's six-o clock position.

To.counter the vertical rolling scissors, a zooming attacker should
not attempt to cut off a descending defender when he has a substantxal
airspeed advantage. Instead, he should roll away or barrel- roll” to

= reduce his ascending vert’cal vector veLocity, hence his yo-yo apex

In an effort to prevent the defénder from gaining longitudinal separa-
tion, the attacker neced only initiate his roll-away as he starts to
ascend past the diving defender. This will allow him to complete his
180° change of direction with less vnrtlcul displacement and will posi-

2 tion him at the diving defender'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 nced only maneuver against
any forthcoming counters by the defender. If the defender has none,
the attacker moves in fo* the k111.
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Procedures for the Vertical Rolling Scissors

i Observe the attacker s position. If he is in a si\ o clock low
position, perform the following procedures.

2. Pu11 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, imm°d1ate1y employ the descendlng defensxve turn,

the dlvo if forced to perform a descendwng defensive turn.
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X" 4. Observe your opponent to determine whether or not he Qill 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 accomplished
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 accomplish this, roll in the same
directicn as your opponent if he attempts to acquire ycur six-o'clock
position. :

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

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

Procedures for Counterine the Vertical Rolling Scissors

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

2. Roll away or barzel-xoll as:you move:vertically past your.:da-.-
scending opponent. This maneuver will reduce your zooming vector velo-
city, hence vertical displgcement, in your zoon,
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3. Continue the roll-away to acquire a 180° change of direction
and a six-o'clock-low position against your diving cpponent. This pre-
vents your opponent from gaining a considerable loagitudinal separation
and at the same time r'ches your negative rate of closure.
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The Hieh=G Darrel=Roll
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4. Maneuver against any forthcoming counter thrown at you by your
opponent., : : §

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, providiﬂg the defender has visual contact with the attackgr.'

On the other hand, a much higher degres of skill = in respect to man=-
euvering = is neednd to 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 firing range. To get out of this
situation, any defender knows he must force the attacker to overshoot
his flight path. In other words, he must rotate his angular velocity
cone in such a manner as to acquire lateral separation., Turn and velo=-
city, married to the pull of gravity, determine his field of maneuver,
and his ability to rotate his angular velocity cone. He must employ
these factors in proper perspective to gain an overshoot. 1In this sit-
vation, this means that the defender must reduce his turn and velocity
more quickly than his opponent if he is to force his opponent out of
his six=o'clock position. From our previous discussions, it is obvious
that a barrel-roll type maneuver offers the best opportunity to quickly
change direction and reduce vector velocity. In this case, since the
attacker is at six-o'clock inside gun firing range, the defender must
perform a max-performance or a high-G barrel-roll to prevent his oppo-
nent from matching his change of direction and reduction of vector
velocity. Before initiating the maneuver, his only remaining problem
is to 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 clock under the condltlons
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 turn. 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 mz2ans that he will experience considerable diffi-
culty in reducing his vector valocity 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 r&duce his vector velocity much more rapidly
in respect to his opponent. To illustrate both situations: If the
cdefender rolls underncath, he must eizecute the maneuver first, since
the attacker is mansuvering in resp2ct to him. This means that the
pull of gravity will act in the sam2 d:v:~c€o1 as the defender's thrust
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and velocity, before it acts on the attacker. As a result, the defender
will exparience difficulty in reducing his vector velocity more rapidly
than his oppgnent. 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 .rapldly 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-

- «seecr0ll over the -top,:rather than underneath, in order to gain an overshoot,

—-——- 1f a-defender does-not have the necessary spesed to execute the high-G
roll over the top, he should not attempt to do so, because the high angle
of attack required to successfully accomplish the maneuver and the pull

“of gravity will cause his spesed 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>