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STATEMENT OF BEVIEW

1. In sccordance with AFR 5-5 and in complisnce with AFR 5<S5/fing
60, this o~

Supplement-1, Wellis Air Force Base, dated 21 March 1
publication has Hesn thoroughly reviewed by the undersigned
officers, and:

a. Ie considered essential for the following reasons:

(1) It satisfies a Tactical Air Command need for GAR-§ -
employment information, :

(2) It provides a complete and authoritative analysis
of Aeriel fagtilcs for use by all fighter units
within TAC, '

(3) It will be used as a reference work im support of
Courge Mo, 1115038, and by units undergoing training
in the Academic Section of the USAP Fighter Wespons
School, =

b. It has been defermined to be an originsl work which does
‘not duplicate any similar publication,.

¢. It dose not contain any matter which might be coneidsred
objectionable or subject to ridicule,

d. No further coqrdinatiou is deemed necessary.
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. After having learned these

INTBOH'“*&ON

Testics - fighter-versus-bomber, fighter-versus=fighteér; or
even ground atteck - are developed abccrdfww to the performance
capsbilities or limitationsd of the weapons or wempons systems use
In other words, effective tactics reflect the best way to employ s
given weapon against & given enemy with known or estimated cepabil
fties. Asguming this to be true, tactics are functional - that is,
they reflect the capabilities and limitations of the opponent's

.weapons as well as our own, - Therefore, in our discussion of aeri-

al attack, ve must determine the cpmrating envelopes of cur weapons
systema (this includes the aircraft and its associated armsment),
snvelope parameters, the discussion
will ceater on how to best ecumploy cur weapons systems in & given
fighter-versus-fighter or fighter-versus-bomber situation, in
which we assume that our opponent has comparable capnbilztias,

Fightexr-versus-bomber tectics will be covered first. Im this
phase, we assume that a maneuvering fighter attscks a non-maneuvere
ing target; whereas in the fighter-versus-fighter phage, we assunme
that s maneuvering fighter attacks a msmeuvering target, Since the
fighter~versus-bomber gituation hss only one varisble = the maneus
vering fighter - a more exact technicel analysis can be accomplished
on it, In addition, fightereversus-bomber theory ig a fundamental
departure point for fighters-versus-fighter combat,
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THE 20MM CARNCN

isturbed sight and the 20mn cannon,
tiong of this equipment in any tactis -

'@al Qaﬁ@@tiﬂmo
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1.to target speed. The
'@ft ig get into the sight

r@quihbg th@ ﬂu&iowf\;
veloeity, In the disturbed
radar, The target &
tracking the target air
aireraft at a certain r&t@
‘ of target moticn and Lb.&i*
i angular velocity of the atf

2

SN B KT T

; _ through gyro asstion, The § s then married to the input
i from the radsr aad ths le 18 computed by place

ing an electricel- r@s*wagmm
£, : ‘lomg"mugwgs *imL“e~“J~tr»’“t
g great smount of u@@t 2 mt ia
little restraint ie
is quite looss and d
are not precise eno

0

equipment may be
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T.s are usually poor, even though the
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Another limitation £s the cone of dispersion of the 20mm cane
noti, For the M-39 @L‘“”ﬂjL tion eriteria specifies that 80% of
all rounds fired wu@ impact m a ¢ ull cone, As we inecresse fire
ing range, bullet density wf creased by a funetion of the

square (1f rangé doubleg, bulle ﬂ, wﬁky quarters), At 30,00 @"D
bullet demsity will be “‘@E“iﬁe to (1/9) of that at 1, @@@“ ‘A2 @
result, sn atticker wust fire over & longer time spen im order to
deliver a lethal burst, At the sawme tﬁuwn he must track a target
smaller in perspective, Since it i{s extremely difficult to track
with the disturbed sight at renges grester than 3,000°, and the '
20um cone of dispersion csuses loes of effective bullet density at
this range, we consider our waxioum range for the disturbed sight/

20mm cennon as 3,000°, : € o et .
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BASIC LIMITATIONS OF THE GAR-8 MISSILE AGAINST A NON-MANEUVERING TARGE

The GAR«8 is a supersonic infra-red-homing missile, launched
in the target’s tail cone on a pursuit course, using the fixedsight,
After launch, the GAR-8 maneuvers to esteblish a collisgion course
with the terget. In other words, the missile determines where the
target is going and heads for that point in spece., To successfully
employ GAR-8, in a given tactical situation, you must be within its
firing envelope, This firing envelope is determined by: (1) The rae-
diation pattern of the target and (2) The performance envelope of
the missile, The radiation patterm of a psrticular target is the
areg imn wvhich you can detect its IR vediation, The performance ene
velope is determimed by : (1) vange of the missile, (2) the number
of G which the missile can pull, and (3) its lambda (look-angle)
limitations, Thus, the basic limitations of the GAR-8 missile,
against & non-maneuvering target, are determined by: (1) Infraeved ‘ J
pattern, (2) Rsnge, (3) G, (&) Lambda, Since tactics are developed
according to the performance capabilities or limitations of the
weaporis used, let's discuss each one of these limitations im detail,

IR Pattern

The GAR-8 gyroeseecker locks onto the strongest pointesocurce of
IR radistion, For a target im military power, the strongest pointe
gource is the hot metsl of the jet's tailpipe. Approximately 85% of
the IR signal generated comes from this hot metal and the remaining
15% comes from the hot jet eshaust., For 8 target operating in after-
burner, the primary souzce of radistion is the hot exhaust flame -
approximstely 60% of the signal genervated comes from flame and &0%
is generxsted by the hot metal of the tailpipe, In the discussion of
radiation patterms, it is necessary to keep in wind the shape of the
pattern, In sirereft with shielded tailpipes, raediation psatterns sre
generally long end relatively narrow; whereas, in aircraft which do
not have shielded tailpipes, the patterns are long and wide., Im
fighterstype aircraft, the rsdiation pattern is gemerally long and
relatively narrow sinece the geometry of the aircraft shields the
tailpipe, This spplies in military power oauly. In afterburner power,
naturally, the pattern is long end wide, sinee the flame of the
afterburner is not shielded by the jet's aft fuselage, In both
English and Soviet bomber-type airplanes, in the horizontal plane,
the jet tailpipe is shielded by the sweep-back of the wings, thus
presenting a long marrow pattern, In the vertical plane, however,
the pattern is long and wide, since the wings no longer act as an
opague object shielding the hot metal and the jet exhaust, USAF
bouber-type aireraft, on the other haud, present long and widc horie
gontal patterns, since the engine nacelles are suspended below the
wing where the gyro-seeker can get a close look at the jet exhaust,
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o fllugtvate: A bomber with 8 engines in

L:ﬂ to 8 g.j with one engine in military
l ation p@t&@rm9 because the
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area of the

‘ @igmsaieant factors affecting the
.“Tu“ﬂwo Important ba@kgroum& IR sources
and Terrgin, Now let's discuss each
un: The sun is the strongest

n, You cannot £ire GARm& at targets

size
ares
one

BOUTCE

flying the sun, since the sun’s radiatiom’
will & e the target. Therefore, do not fire,

= 259 of the sun. Also, do not point
0 ten seconds continucusly,or

; tly damaged, (2) Clouds:
0 particularly cumulue =
rargat \mm@h M framed ageinst & bright
1lity you will bé forced to reduce
1, 000"  (AFMDC ADJ $8-845) to obtaim

If. the target is hidden by cloudg,the
target signal, so that the missile will not
ive WLLF be the background radiation
ruleeofothumb for flying in clouds
iminish vange until it is possible
ground and the target signal, (3)
zts IR energy from the sun, Calm.
ound rediator when the sun's image can

» water. Rough or choppy water; on.the other
ion in 8ll directions end the attacker need
ion where he cen see the image of the sum on the
water, As whem rating againet-a cloud: background, diminish. raNgE
until you can echiéve proper signal @i@@timﬂha@iomo (4) Swow: Snow,

at a ta
GAR=8 ¢
the lea
Clouds *wfl@Wﬁ
clouds, If you
cloud !

proper airnal
clouds will ¢
home, The @ig“

reflected by

a@tualgw bﬁ BEi

~ like water end ¢ elouds, reflests the sunm! ‘s IR energy, When firing

against a snov background, as compared to'a water gz eloud beckgrowmd,
you -will heve to diminich your slant rdnge much more in order to get

" proper signal discrimination, There is & good possibility that. you

will be foreed inside the missile's minimum pange, thereby pre@deﬁ@

& missile attsck. (8) Terrai Terrain background reduces minimum ~
-migsile range, a8 do c¢loud

other. previously mentioned backgrounds.
Light terraim in particuler, such as dry lakes snd sand, provides maxe
imum background radiation,, When fi?in@ against the three previcus
backgrouvads, undex an overcast, max renge is not diminished nearly
as much as when firing under CL¥U conditioms, since the clouds act

3

: -




88 & device for shielding out the sun’s IR radiation,

Banges

GAR=8 hae both minimwm and mewimon range restrictions., Basie
windmum renge for daunching BaReR, 4
mined by three ras (1) Time for the
(2) Delta Mach snd (3) Time for
course, Té be assured of & kill, sll thres of these foctors must -
be considered, First, time for the influence fi
been proven through empirical sts, that approximstely 85% of the
kills achieved have been through influence fuze action, Since it
takes the influence fusze shout twe seeo arm, at rocket motor
burn-out, & minimum range must be comnsi : me for the
miseile to set wp a collisic courses: Af unching, the miseile
does not begim to guide wuntil it clears the launch aircraft, This
delay laste for about % second, st the end of which time the mige
" sile receives its first guidence commsnd snd starts to get up a
collision course, Thiwvd. B d fach or rate of closures At rocket
motor burneout, the GAR-§ is traveling shout 1.7 mech above the
speed of the lsunch aircraft, If the launch aireraft has a high
rate of eclosure, the missile has a faster sivspeed relative to the
target, Since it tukes a definite time for the influence fuze to
arm, and & definite time for the wissile to set up a collision
course, the missile must trevel & greater distance, relative to the
target, before either one of these oceur, GAR=§ firing range cambe
determined by uge of the following formula: Minimum range is equal -
to 3000 + Delta Mech x 3000, To Lllustrate: If the launch aiveraft
has a mach of 1.2 and the target alreraft bhzs a mach of 08, we have
& Delta Mach of .4, Appl ing this to the formula, we see that mimie
mom range is equal to 3000 + (.4 x 3000), or minimum range is equal
to 4200°; The general “rule-of-thuah® fop winimun range, oegirdpeed,
co-altitude, however, is 3000°, cimum renge: Max range is detere
wiced by three factors « o Cuida i

3

e Time, Air Demsity @nd Delts Mach,
The guidapece time for GARGH is approximstely 18 seconds, which iz a
constant velue applied to both ey dengity and delta mach, Air dene
. &ity is an fwportant factor, in that the higher the air density the

- greater the serodymamic drag, thus the shorter the range over an
18-second time pericd, Delts Mach is important in that the faster
the launch aireraft, the faster the missile im relation to the tere
get; thus, over am 18-second tiwme period the grester the distance
the missile will travel, Meny maxerange charte have been developed
by both the Air Force smd Havy to depict the maximmum range for GAR-8
at various altitudes, airspeeds, and delta mach relationships: howe
‘ever, it is virtually impossible to remember all these relationships,
 To provide the pilot with a meang of determining mex range, we pgive
the following “rules-ofethumh?s The "ruleseofothumb” for msximum
recommended slant range at time of launch are: (1) Por co=gpeed
attacks agsinst trans-somic bombers - one mile for altitiudes below
10,000°, edd one-helf mile range for each sdditional 10,000" ine
erease in altitude, (2) Por co=gpered attacks agalust super-sonic

' -
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tergets - One mile range for altitudes below 20,000' end add one-

gt half mile for each additiongl incresse of 10,000' in altitude, In
epplying the ruleseof-thumb we can sse that CARcﬁ“@ nex~effective -
range against a subesonic target at 20,000° would be two miles, or,
rcmvhlys 10,000° slant rsnge. Ageinet o supersomic target at 30,000°
the wmax slant range would be approximately a mile and a half, or,
-roughly, 7800°, (3) Delta Mach “"rule-cf-thumb': Add one thousand
feet f@x each ,1 Delta Mach when above 30,000° altitude, To illuge
trate: A .8emsch target, at 30,000, is being attacked bv a l.2-mach
fighter at the same altituﬁeo Applying the subegonic ruleoointhumb
we find that the max-effective range at vhich we can launch the migu
sile is 10,000°, ox @pgrcxim.tcly 2 miles, for a co-speed condition,

Adding &GL@" for .4 Delta Mach, we compute & new mex-effective range
of 14,00 ;

e

Our only problem now is range estimation. Whem in the cockpit
of an attacking fighter, at minimum vanges, there is no problem,
since we may use the radar of our A-4 Sight to determine our renge.
At max range, however, we are beyond the capability of our radar,
therefore, we must use enother means of determining ocur approximate
range from a given target. A fairly sccurate means of range estimae
tion, for normal GAR-8 firimg ranges, is by comparing en eircraft
with knowvn wingspan with the sight reticle radius, or with pipper
dismeter, Applying the formula, X = W8 x 1000 ,

A L
o~ where X = gize of the target in mils :
CE WS = wingspan of the target in feet

S = range of the &&tazkimg fighter from the target

we can determine the size of the target, im relation to our 70e-mile
dismeter reticle or 2-mil pipper.

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

X =116 x 1000 = 11.6 or approximately 12 mils
10,000
At 10,000° this means che Badger will subtend 1/3 of a reticle ‘
radiue (35 mils), At 20,000 the Badger will be 6 mils or subtend
3 pipper widths, At 5, Q@@” the Badger will be 23 mils or subtend
2/3 0f & reticle r&dimg (rad).

2, Size of F=100 (wingspan 39') in mils when ronge is 10,000'

X = 39 x 1000 = 3,9 or approximately & mils
10,000




widthe, At 20,0007 the
, FelGO will subtend

5 of a rad,

G

GAR=§ gan pull apwr;zimﬁ : atel
3.5 ¢ at 50,000', The 10C maximum & : st-all
the way to €® 00", From theve L% sta e 2d off untﬂi it is
able to pull appf@xim&m@ly 3.5 € &t 50,000°., In other WOTG&DSERWB
cen pull 10 G's anywhere from se 0, ! an %
3.5 G at 50,000, Maximum £igh
proximately 2 G below &ﬁsﬁﬂm"a
bility of the GAR-8 deterwmines t
To illustrate - by compsrison - ¢he s
pursuit curve is dependent on tsrget
as indicated by the following Fformula

W = Vt x §5ind
Range

where W Rate of turn in rediems per second
Vt = Target velocity in feel per sesond
Siud Sine of. the sugleenis :

i

By examining the formula we ean see that
creases any time target velocity or an
as. range increases., The number of ¢ whick
given rate of turn, is directly lrnpor“*

mEy be represented by the following fou
W o= 32,28
VE

where N = Number of radial €
' V€ = Fighter velocity in feet per second
W = Rate of turn im rautamg“pc/ second

We can see from the formuls, that any time we increase our fighter
velocity, to try to maintein a given turn rate, we must algo ine
crease our & (M), ‘ ‘

Rate of turn for the GAR=8 to set up a colligion course is dependent
on five factors: (1) target spexd, (2) sngle-off, (3) rdnwes (&)

" enabling time and (5) the navigational constant, Th@ number of &
which the misgile pulls, for a given rate of tmvn» ie direetly proe
portional to misgile speed, The higher the speed : the higher the &,
If a missile is launched from a Mech 1 fighter pulling 2 G, how meny

G must the misgile pull in ovder to maintain the esme rate of turn
' W ), since the

as the launching fighter? By our formula (W = V£

() » \




misegile (V) iz going 1.7 mach above the lsunch aircvaft 8 velocity,
or 2.7 mach, it must pull 2.7 x 5,4C, in order to maintain the same
rate of turn as the launching fighter, Why, then, are we committed

the migsile can pull 108, sn amount conskm“rhbly e

43 swaich we just cowputed? Gar-8 does not begin

f second after launch, at which time it receives
al to set up a collision course, During this
ond) GAR-8 has the characteristics of an oxdi-
Becauvse of thigs an sdditional rate of turn is neces-
or the missile to set up it collision course. To set up the
collision course, GAR-8 turnv 3% times the rate of turn of the gyro=
geeker - thig is a navigational constant, Because of this, the

rate of turn generated by the missile, in the first maneuver, is
greater then the rate of turn of the launching fighter, Since the
number of G pillad by the missile and fighter is equ&ted to rate of
turn and velocity, it is obvious that the 26 limitation of the fight-
er at *"xnwr is tied to the 106 liwitation of the missile. If more
than ZG is pulled, the tracking rate of the gyro-secker is exceeded
by the necessa ry liaawofmsigh& rate so the seeker loses the target.

<

Another means of exceeding the tracking rate of the gyro-seeker
is to launch the missile in excess of 12° angle of attack (the angle
between the missile's longitudinal axis and the launch aircraft’s
flight path). ‘Ia the F<100, since the missile launcher line is a-
ligned 2° below the fuselage reference line, the maximum sircraft
angle of attack is 14°, If launched in excess of this value, GAR=8 _ .
will jump toward £light path, causing the tracking rate of the gyroe=
geeker to be exceeded by the line-of-gight rate, consequently the
gerQW@zk@r will lose the terget, When this happ@ﬂ 3, the missile
goes ballistic, To preclude the P=100 from exceeding a 14° angle of
attack, the airecraft should not be flown at lesse tham 170 knots in a
16 condition and 230 knots in & 26 conditiom,

Lambds -~

Lambda limit is simply the meax lookesngle between the axis of the
gyroesecker and the longitudinel axis of the GAR=8, For GAR-8, the
lambda limit has e meximum value of 25° in all directions from the
center, Why arve we interested in this lambde limitation? It is pos-~
sible for a pilot to satisfy the conditions of IR, range, end ¢, yet
be cutside the lambda cepability of the GAR=§ missile, Lambda limit
may be swceeded by & combination of two factors: (1) Low #issile
Veloeity and (2) High angle-off, let’s discuss each one im detafl.
First, Low Missile Velocity, One-half second after launch, GAR-§
turng to establish a collision course with the targe”. Two seconds
after launch, GAR-8 has a wvelocity 1,7 mach over that of the launch
aixcraft, To establish & collision course, GAR=8 turns 3% times the
rate of the gyro-seecker axis to reduce the line of sight rate %o zaxo,
or establish a constant engular rels tionship between the missile &nd
the terget, After rocket motor burn-cut, the missile begins to slow
down, In oxder to maintain & collision course after deceleration, the
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gile glows dowm, the lsubda ang
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£, the other b%si@ cauge of lambdag=limiting {8 understood
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sidering a migsile whidh, fewediztely upon lﬂ”iﬁuiﬁg, could
turn onto the collision course, The line-of-sight angle would re-
main constant and the gyroasmgher would thus remain with ite axis a-
long the initial ing. It can be seen in figures 3, and
4 ﬁlﬁa the colLba launching well off the tail differs
in direction from the sding much more than does the collis
gion course foxr launch P*&Ay off the tail,
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Consequently, the higher the engle-off, the greater the lambda angle.
At long range (within mex wiseile range) lambde limitation occurs &
smaller angles-off, because of effect of lambda-limitation on decrea:
ing misgile velocity, At short range, lambda limitatfon is caused by -
the sharp turn vhich the migsile wust perform. You will recall that
if an attacker fires at much of an angle-off at short ramge, he will
be very near his 26 limitation, or near the 10¢ limitsation of the mise
sile itself, This means that the missile is turnimg sharply to set
up its colliszioh course. The sharper the turn, the higher the migsile
angle of attack., As shown in figure 5, the angle of attack adds te

COLLISTON
POINT

¢
v

SHORT BANGE LAMBDA LIMITATION
Figure 5
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mbda limit oceurs. When lambda limit oce
against & mechanical stop, slows the gyro
allistic. - Since we have mo instzus
shda limit, we provide an artificial
itation « do not fire at sngles=off
l o not x&@aﬂ 103 amgl@woff

curs, the
-to & halt
mentatior

‘m‘.lu’{.s}) LL,@

“‘-,ti\is G é“tl.d lambda l.ﬂﬂit&tiﬁﬂ‘s.
15&1&3&10@@ killeprobability
rposes, wa can define the GARe
Log da&im& from the tail of
, with its th dependent upon altitude and rate /
h)e For e uge, we will deseribe this cone
eone of & cone of weximum performence,

‘ the target
v of closure
‘ as an angul

IRSUIT CURVE
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where § = ‘
VE = i veloedity in feet per second
Ve = T&mg@& V@lu@iuy in feet per second
aeofE mﬁ the attecking fighter

£
Sing = Sine of the angle f
's pulled by the attacker

§

K Humber of *&Gﬂi‘”‘l

With the above formula, we ecan compute thu range for a givem G sad
angle-off for any combination of target end fighter speed. In using
the formela, the following limitations must be consgidered:

1, The formmla is valid for vetes of turm of less than 10° per
secound for the attacking fighter., However, at the gltitudes and vele
occities attainsble by t@ﬂ%w s fighter, the aveilable G w;ll not allow
ug, im most cases, to exceed this limitation.

2. The formula does not econsider the leed regquired to deliver
a8 lethal burst. In other words, it does not @ongid@r lead for tare
get motion, : '

% Poor burmimg of powder, 11
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3. The formula does not represent the £liszht path of the attac

ing aircraft, It represents distamce/be aring relationships for &_g;ym 3
en set of values at a specific poimt in space, = &

Despite the above limitations, the formula is still valid, in that it
provides en imeight imto the problems we ave having with the pursulit
curve, Study of the formule revaals:

~ 1; The area of vulnerability is s narrow
the taill of the target aiveraft. This can be aug
the formula sbove by analyzing figures @» 7 and

VE = 380 KIAS = 855'/8._

: > 20,000*
Vet = 165 KIAS = 379° /s
S = Vt VFf Sind = 10,080 (Sin@) ‘
32,70 ' 5
S = 3,360 5in@ 15% =  869°
e o : 20° = 1,175"
' 25° w  1,420°
30° = 1,677°
45° = 2,370°
§ = 2,520 Sin® 15° =  652°
B = & 20° = . §60°
25° = 1,065°
30° = 1,260°
45° = 1,780°
60° = 2,180°

Pleure 6
Lgure o

VE = 1.0M = 655 KTAS = 1,112'/8

>21,000°

Ve = .61M = 365 ETAS = 617°/8

8 = 'VEVE Sin® = 21,300 @@im@)

32,28 - | W
§ = 7,100 8in®@ ~15° = 1,840°
N = 3 20° = 2,630°
25° = 3,000°
© 30° «  3,550°
S = 6,090 Sin® 15%° = 1,575°
N = 3,5 - 20° = 2,080°
25° = 2,570°
30° = 3,045°
Fgggm@_7
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VE = 1,2M = 693 KTAS = 1,170'/§ <:>’
35,060°

Yt = ,8M = 463 KTAS = 782°/8 7

| 32,28 TN
1 8 8
§ '= 9,480 Sin® 15° = 2,460 !
B = 3 200 & 3,2640°
25° = 4,010
30° = 4,740°
8§ = 8,130 Sin® 15°.= .2;110" |
N = 3,5 20° = 2,780
25° = 3,440° i/
30° = 4,060° ’
rigure 8

Here we can see that the cona becomés narrower at firing ranges Lf
either the fighter velocity and/or target welocity is increased. In
other words, the attecking fighter will be forced to fire at smaller
angleg-o0ff, if he does not wish to ineresse his firing range.Against
targets displayed in two dimensions (8 = 40 polyethyléne tow targets)
this cannct be done, becsuge the attacking fighter will not have e=
nough targat area into which he cen direct hig fire. Reduecing anglee
off egainst bomber-type ta 8 places the attacking fighter in the
bomber's effective cone of firve, Therefore, if the velocity of the
target and fighter increese and we do mot reduce ocur angle-off, the
range must, of necesspity, imeresse, The imcrease in range will be im
proportion to the veloeity increase of the Eighter or target, If both
the target and fighter velocity is incregsed, the increase in range
will be & multiple of the increasses of the fighter and target velocie=
ty (for example  if V€ end Vt ave doubled, the renge will be quadrue
pled)., ' E : : b

2, The cone becomes narrower with an inerease in altitude (the
formula is a function of fighter velosity, G, and angle-off), It is
a recognized fact that the availeble ¢ of the fighter decresses with
an {ncrease in altitude, and g8 we con see by the formula, any such
decrease in G will be reflected by am inerease in altitude.

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

W =9t x Sind
~ Renge

: -



where W = Redians per second
V& = Terget velocity in féet per gecond
§in8 = Sine of the anglesoff :

On the basis of the formmla, if sngple=off diminishes wore rapidly
then the ramps rate of tura will decrxesse (this will oceur in
; t curve when the fighter valocity ie less

some part of the puvres:
than twice elocity of the targat), If range diminishes more
rapidly than engle-sff, throusghiout the curve, the rate of turn or
G will {oeresse (this will vceur when the fighter velocity is more
thau twice as great as the veloeity of the target), To find the
parts of the curve where we will gehieve: these increazes or dee
ereasas in ratas of turm, we can use the following formula:

@l

= VE
2%Ve

tar velocity
gat velscity

ROTE: These two velecities may be expressed in knots, miles per
hour, fast per sseond, ete., 28 long as V£ and Vt ave expressed
in like values, il

This forsula will enable us to deterwine the point on the pure
suit curve where maxwinmun € will be encountexed, Por exsuple: If we
have & fighter with a velocity of 1.2 mach attacking a target with

& velcclty of .8 mach, the point of max-C will be about 41.4° anglee
off. Therefore, in effect, we are saying thet at asgles greater
than 41.4%, the rate of turn (orf Q) is increasing, At angles of

less then §1.4% the vete of tuwn is decreasing, To further iiluse
trate - if we have & fighter traveling at twice or grester then
twice the speed of the terget, the maxeg point will ceccur at zervos
degress engle-off, In other words, thers will be a ¢ buildeup or
an incregse dn the rete of turn throughout the entire pass,

In pursuvit sttecks with today's fightersbowber velocities, a
fighter is forced to fire under conditions where its velocity is
less then twice that of the target, In this type of attaeck, the
fiphter ig not only forced to fire at longer ranges, but also to
firve vhere bis rate of tumm ig decreasing, We can gee from studye
ing the figures 9 end 10 that the attecker's rate of turn is not
oaly decreasing, but it is decreasing at an ineressing rete., In
other words, the sttecker is being "sucked" or forced fu-trail.To
1llustrate by figure 10 = during the first vait of time (one second)
the sttaecking fighter loses .05 of a G, and during the next second
of time, he loses .17 of & € and so on, until during the fifth sec=
ond, the asctacker loses .47 of a .,

14



Gt = 3.5 @ 25,6°
Time |2 OFFf ] Gt
0 25, 6° 3.5 2,730°
i 20° 3,46 |2,192°
2 14,5° 3.32 | 1,67%"
3 9O 3 OF 7 1990
3 9,2 3,06 | 1,172
27 m O
Fi;,\‘dlmu 9
V€ = 1.2 wmach “ll
1 iy 35=80,000°
Ve = © 8 mach
> 7 1 o - ! Az ik -
L. of Hae, & = 41,
Cr = & @ 41.4°
Time |/ OFf ! Gy Renge
0 41,.4° & &, 640"
2o QA ]@) a @ ; S D
1 35¢1% 3,94 16,090
26 g0 9 79 L4 88a0
248 © & e} Q 7 7 2 g IO

e | ws

& 17,32 i e 2,696
i p:
5 12.4° 2,63 | 2,286°

Pigure 10

» .
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che attacker decreases his G at the maxe{ paint (with tha game
 gelocities a2 shown in figuve 11, he will be sble to diminish
. of G bleed=-off, However, this will force him to fire at longe
3 Haturally an atteacker does not want to do this, because,ss
ceases, hiz bullet densify decreases by a functionm of the
({f vaage doubleg, bullet dengity ausriers), As & result, an
sr tine span to deliver a lethal burst,
¢k 2 target smaller in perspective, Under

Lo must five over a lc¢
sans time, he must tz

saditions, the problem of delivering an effective burst becomes
rict&slt—g

.r,mk"

VE = 1.2 Mach
_~35-80,000"

Vt & 08 m@h i

[ of Mex G = 41.4°

Gr = 3 @41.4°

Time ot s - 5 245 Gr Range

| 0 41.4° 3.0 6,180'
1 36.6° 2.98 5,623"

2 31.9° 2.91 5,105°

3 27537 2,79 4,620°

4 22,80 | 2,62 | 4,163"

5 18,79 2,41 " | 3,739"

6 14,9° 2.17-°1'3,323"

‘Figure 11

? the sttacker incresses his G at the maxeG point, as shown in
' 2 he will be ablae to firs at shorter ranges, However, if he
“%, his G bleed=off will become even more rapid than originslly
s understand bow the dynamics of the pursuit curveé affect us,
teuss the limitation of our weepons system im this attack,

-
£
o

o md
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Ve = o8 Mach é’f i RS
2 of Max ¢ = 41.4°

Gr = 5 @ 41,4°

N

Figure 12
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tracking the target ajirveraft. Since the pilo
aircraft at a certain rate, this rate of turnm

target motion and is directly proportion
lar velocity of the attacking eircraft
gyro action, This information is thenm m
radar and the proper prediction angle is e
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little restraint is applied, while st short
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In an at'tack where the fighter velceity ie less then twice that
of the target, the focilowing occcurs:

1. The rate of turm necessary to track the target diminishes as
the range decreases, ]

2

2, The stiffness current to the gyroe in the sight increases as

the range decreases,
'IIIIIII 17
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iese two condicions, a pilot cloging for the attack exe

b P - o &
Becauge of ¢

peric ion that the pipper is drifting in front of the
targ >t for this, he relaxes backepressure to reducehis
turn vate, This, in turn, creates a lower rate input to the sight
gyros, which causes the pipn @ Tepositicasd to mateh the new
furm rate, ce again, the pllot must change his turan rate to
Tepogition his treckin :h agein repositions his pipper
and s0 on, » have the proper prediction

angle, he » continually make these eorrections and also track
the target onashalf to twoethirvds the time of flight of the bullet,
to &llow for eight solution time. As we can gee, a pilot may mulife
fy this effect of o the pipper by firing at lower G. However,
if he does, ha will d to fire at longer range. His gight
will have even less re t and his target will be smaller in pere
spective, If he fires et hicher @ (shorter range) his sight will
have more restraint, but the prediciion sugle will continuously
change in grester negnitude, As a vesult, the attacker has very
little choice as to the type of pass he may evecute, He is forced
into a narrow attack cona to avoid either extreme, i A

A

To solve this problem of G bleed-off, we must refer back ‘to the
mechanics of the pursuit curve, You will recall that if sn attacker's
velocity ie twice or more than twice that of a target, there will be
an increase im rate of turn, In attecks of this nature, a different
sitvation exnist

T8,

l. The rate of turn hecesgary to track a target inereases as
the ranges decreases,

2, The stiffness curveat to tha sight gyros increases as the
range decreases, : :

In an attack where these conditions exisgt, the pipper teads to ree
main on the target beceuse the forward drift of the pipper is cane
celled by the demand for greater & us8 range diminishes, In this
attack, as the prediction angle is changing less in magnitude, the
pilot has a wore stable tracking index, and ‘consequently, is more
able to react for the required time to schieve sight solution, Natue
rally, this would be the idesl sattack for us to perform; however,
this is impossible, because the disproportionate ineresse in fighter
and target velocities has not only pr d the firing range out, but
has aleo crested conditions where the sight predistion angle is cone
" tinuously changing im cousidersble magnitude, These conditions proe
duce a tracking index vhich is quite loose end difficult to control,
Becauge of this,. the £bility to destroy a target is considerably die
minighed, and the gun cannot B congiderad sn effective weapon in
today's pursuit curve sitacks sgainst non-meneuvering targets,

18 ; ~
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launch cone behind the terget airera

The GCAR=-8 Missile _ ;

GAR=-8 iz not affected by the limitations of a computing sight
because the pilot, in a nissile attack, uses & 70-mil tracking cone
with a fized pight, This allows the pilom to track the target quite
suceessfully, The € bleed=off charseteristics of today's pursult ste
tacks sctually helps the ettscker to positien himself within the 60°

=)

ft, sigea the attacker is being
foreed into the trail position - bwk,m& hig respeective target - with
& G bleesd=off, - e '

TYPES OF PURSULY CURVE ATTACKS

Untdld mov» ve have made a generel analysis of the type of attack
we will be perfowming sgainst 1igh°éﬂu®d't@fg@t80f=WUw we will dige
cugs specific typ&@ of pursuit curve attacks and sg@ i£f ome,. or more
of thess attacke offers advantages over the others., There are four

basic types of pursuit attack

1, The Higheside or Level Attsck

2ax The Overhead Attack
3. The Underside Attack
&, The Noseoquartsr Attack-
let's discuss esch one of these attucks in deteil,

v

The Hishegide Attack

In any attack,
a target may be espres
Rowing f@mmm1@°

of turn which an attacker needs to track
radial G, gnd ecan be shown by the fol-

i

N = V£ sx Wt x SLm
3 32025

The radial € expressed here represents the lateral seceleration of
the fighter in the horfzoantal plane, It does not represent the toe
tal G on the airveraft, sinse £t neglects the force of gravity (1€),
Total ¢ is the resultsut of the centrifugal forece (radial G) and, the
weight of the attacking siveraft snd is represented by the total foree
acting through the vertical sxis of the aireraft. This totel foree
determines angle of attack - the sngle between the mean chord line agd °
the relative wind o @nd sugle of attack is what determines the spued
at which an aireraft stalls, &Since total ¢ determines wﬁwﬁnomqtﬁfgk
the aireraft stalls om total ¢ also, In view of this fact, and bee-
caugse our previougs formula considered only radial €, we must detere
mine the exdect relationship betwsen total and radial G, It may be

expressed as follows:
- - 19




Gt? = ¢r? + 1
whefa Gt = Total G
Gy = .Radial G

1 = 1@ gravity
je can gee, by the formula, that total G will alu”wg be greater thean
radial ¢. Th ia is a digﬁngmiagt becguse the rate of turn which an
attacker needs to treck a target, or the range to which an attacker
can ﬂqp*oach a target is dependent upon vadiasl G, not total G. This
digadvantage becomes less &t higher ¢ values because the difference
between total and radial G 18 less, Example:

If Gt = & ,
Gr = \]‘“{: el = 16»1 = 3,87
If Gt =

Gr = ‘\f@gul = {4-1 =1.73

The difference between 2 and 1.73 = 27 vhereas the difference bee
twaen & and 3,87 = 13, '

Since @ greaﬁer difference exigts batween Gt and Gr at lower G veale
ues, the rate of turn is reduced not only because less total G is
available, but also because en even groatey loss of radial G is exe
perienced,

The Overhead Attack

The overhead attack, &8 compared to the higheside ot level ate
tack, hes the apparent sdventage of meintaining airspeed and G bee
cause the thrust vector and gravity act together to provide agreater
total fovce, Howevar, to détermine whether or not we have a veal ade
vantage, let ug exemine the difference between rate of turn (GR) and
total G, To digress, let's assume we are in straightesnd-levelflight,
How many ¢ will we have on ouv Gemater? = 16, Now, let's assume that
we are in straight-end-level flight, but upside down, How many G's
will we have on oulr Gemater? = 1 negative G, Now,remembering these
relationships, let us perform a loop and wwtk down the total and ra-
dial ¢ relationships, at &4 points miung ke laop « the pallup, the
90° point, the 1%0” poiut, €34 the poisit, For example « let's
apsume that we are pulling four te&&l_@’ at the pullup as illustra-
ted in figure 13, Fow many vadial G ere we pulling? = 3. Then, in

effect, we have add«d 3 G to the 16 needed for straight-and-level
flight, to give ve | stal € st the pullup, At the 90° point, when
pulling &4 to ¥ g will also be pulling &4 radisl G. At thiis paint,
gravity is ¢ orr ouy vertieal axis, thereby exerting no force a=
long this sx! instead, it s a dreg fector acting 180° from the

20 7 | SEREY
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A

8ircraft's line of flight. Ae the 180! point, when we are pulling 4
totsl G, we will have 5 radial @, thereby giving us a tupn rate = at
a given airspeed - greater than et any other point on tha loop.
other words, as compared to the pullup, gravity (1G) acts in the opw
posite direction, therefore gravity must add to, rather than subtract
from total ¢, to provide a greater radisi G. At the 270° point;once
again, total @ equals radial G escent that gravity acts in the Bame
direction &s the eiveraft's line of £light,, From the 270° point onm,
radial G diminishes in relstiom to total G until the pullup point is
reached, At this point we again have 1g difference between total and
radial @G,

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

Gt = @r + Cosd
where Gt = Total ¢
Gr - = Radial ¢
Cos® = C(CoSine of the anglesof§

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

N,
In 8 level Pass where Gt w 4,

6r = \[16 =1 = 3.87

Id an Cverhead Pags at 30° angle-off where Qt &4,

Gr = Gt = Cos0 or Gr = 4 = 866 = 3,14

As shown in the example sbove, if an attacker iz forced to fiye
ingide an opponent®e maximum ‘performance edne at angles of less
than 30° < thig meang that from 866 to 1 more G, above radisl @, is
necessary to track g given target, Thus, as compared €o & highegide
attack, even though an attacker may have an apparent advantags in
waintaining higher G, it is largely wiped out by the greater differe
&nce between radisl and total G, The importsnt thing to keep in mind
here is that the overhead attack offers no significant adventages over
the higheside attack, ] '

Und@rside Atta@k

The Underside Attack provides an effect just opposite that il
lugtrated in the overhead pags, Here, an attacker generates a radial
G hig er than total ¢ upony hie airersfe (you will recall that in the
top half of the loop, radisl ¢ ig grester than total G) and may be
expressed by the following foyrmlas s

22
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gireraft’s line of flight, At the 180° peint, when we are pulling &
total G, we will have 5 radiel G, thereby giving us a turn rate = at
a given airspeed - greater than at any other point on the loap,jmgn |
other words, as compared to the pullup, gravity (1€) scts in tkg“m;
posite direction, thercfore gravity mwust edd to, rather than subtract
from total &, to provide a greater radial @, t the 270° point,once
agaein, totsl @ equals radisl G emcept that gravity acts in the same
direction a¢ the alreraft's line of flight, From the 270° point -on,
vadiel G diminishes im relation to total G until the pullup point is
reached, At this point we again have 1G difference between total and
radial G,

{3 o

In an overheead attacﬁ, to determine the difference between total
end radial G, we wmay use the following formula:

Gt = Gr 4+ Cosd
vwhere Gt = Total ¢
Gr - = Readial G
Cos® = CoSine of the anglesoff

It is obvious, from the formula, that the relationship between total
and radial G is considerably different from that experienced in a
high-side pass. Example: ' b5

In a level Pass whare Gt = b,

6r =\[16 -1 =« 3,87
Id en Cverhead Pass at 30° angle-off where Gt = 4,

Gr = Gt = CosB or Gr = 4 = 866 = 3,14

As ghown in the example above, 1f an attacker is forced to fire
ingide an oppoment's makimum '‘performance edne - at angles of less
then 30° «-this means that from +866 to 1 more G, sbove radiel G, is
necessary to track a given target, Thus, as compared to a high=gide
attack, even though an attscker mey heve an apparent asdvantage in
maintaining higher ¢, it is largely wiped out by the greater differe
ence between rvadial and totel G, The important thing to keep. in mind
hare ig that the overhead attack offers no significant adventages over
.the highegide gttack, ;

gnderside Attaak

The Underside Attack provides an effect just opposite that ile
lustrated in the overhead pass. Here, sn attacker generates a radial
G higher than total G upon his aiveraft. (you will recall that in the
top half of the loop, radigl G is grester than total ¢) and may be
expressed by the following formula: ;

|
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If we assume the sams attack conditions as illustrated in the overs
head pass = 30 gngle~off, 4 total ¢ - we get the following results:

Gt = Gr o Cos

Gr = & + 866 or
* GI‘ & x é@‘agﬁﬁﬁ

In terme of G, this attack seems to provide an apparent advantage,
however this does not always hold true. For exasmple: If an attacker
performed an underside attack, in an F=100, ke would experience a
rapid speed decay, because of gravity a8 well ag induced dreg., As a
result, since apeed determines G availebie, the attacker would have
wuch less total G. In eddition, because of sirspesd decay, the at=
tacker would diwminish the fighterst : ratio, As a conseguence,the
attacker's max=( point would be foreed further out = in anple-off and
range = causing a further reduction im both total and radial G, As a
result, the F-100 would not gain appreeisbly by this ettack, since
total G available is reduced sufficiently te cancel out the advantags
of a higher radial G. However, if this same sttack were executed in
en alrcraft with a very high powereto-weight ratio &nd a low=drag
profile = guch as the ¥F=104 - the attack could be invalusble, since
high speed decay and ¢ bleed=off would not occcur.

Nose=Quarter Attack

A nosgsquarter attzck is ineffective for the following two reae
sons:
1. We cannot launch & GAR-8 migsile from this position, because
of the missile's IR limitations, by 6 :
+ 2, In a gun atteck from & nose-qguarter position, we can avoid
the defensive=fire coverage of a given bomber. Howaver, in this type
of attack, the rate of closure becomes so high that an attécker cane
not deliver an effective burst end avoid a collision with & target,
For these two reasonsg, we will not comsider this atteck any further.

THE BEST TYPE OF ATPACK AGATINST A NON-MANEUVERIRG TARCET WITH CAR-8

To determine the best type of attaeck to employ with the GAR-=§°
missile, let's first emanine the posgible attacks which we may em=
ploy with this equipment, There are four bssic GAR-8 attacks which
we may employ.

1, Overhead Attack

2, The High-gide Attack

3.. The Six-0°clock Attsck

&, . The Underside &ttack — 24




= Gt = @Gr < Coszb

If we ssgume the e:
head pass = 30° angle-off, & total € - we get the Lolxc"ing regults:

emg to provide an apparent advantage,
hold. true, For exawple: If an attacker
&»ﬁnwns in an Fel00, be would experience e

ty as xkf* as induced drag, 48 a
:41sble, the attacker would have
suse of airspeed decay, the ate
covget ratio. Az a conseguence,the
orecd further out = in angle-off and
both total end radial G, Ae a
by this attack, since

o
performed an undersi
rapid epeed decay, Lo
result, since speed d*
much less total G, I
tacker would diminish th
attacker's max-§ point w
range = causing a fu &
result, the F=100 vwould not
total G available is r&du@aw 3 ' cancel out the advantage
of a higher radial G. However, if twia same attsck were exccuted in
an aireraft with a very high pow erabuvéaiﬁﬁﬁ ratio and a low-drag
profile = such as the F=l04 = the attack could be invalusble, since
high speed decay and G bleed-off would not cccur,

Nose=Quarter Attsck

A nosesguarter attack is ineffective for the following two reae
gone:

1, Ve cannot leunch a GAR-8 missile from this position, because
of the missile's IR limitations, :

2, In & gun attack frow a nose-guarter position, we can avoid
the defensive=fire coverage of a given bomber, Howaver, in this type
of attack, the rate of closure becomss so high that anm attsacker cane
not deliver an effective burct and avoid a collision with a target,
For these two reasons, we will not consider this attack any further.

THE BEST TYPE OF ATYICK AGAINST A NOW=MANEUVERING TARGET WITH GAR-8

To determine the best type of attack to employ with the GAR=§
missile, let's first exemine the possible attacks which we may eme
ploy with this equipwent. There are four bssic GAR-8 attacks which
ve may employ,

1, Overbead Attack
2, The Highegide Attack

3,. The Six<0'clock Attack
&, . The Underside Attack

e (SETET 2

attack conditions as 1llustrated in the ov&r-4ﬁ_
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The Overhead Attack has two basic disadvantapes
you will recall, IR tone contrast against sunlight
ground = clouds and ground - forces us to diminigh )
8lant raenge, until we are approxtimately 6000' to 8000' from

- get. This IR limfitstion ycombined with the 26 limitation,
attacker to fire onlv at low angleg off. To {llugtra ate,
14, 1f an attacker pulls 2 G inside an opponent's cone of max pera
forman¢e - gﬁediﬂr velocity cone « he will generate a radial @ cor
sidersbly different than the total G on the G meter, For exa
at 30° angle off, applying the formula Gt = Gr + Cog8, we, find t:;t
the attacker ie only able to generate 1,134 Gk,

> 35 = 80,000

Overkead Atrack

VE = .90 m&mh = §73'/8

V& = .9 mach = 873'/8
6t = 2
6 = 10
Gr @ 10g = 2 1
Gr @ 20" = 2 « 94 = 1,06
Gr @ 30° = 2 3

S

VE Ve Sin® = 23700 Sing

e e

32 @ 6’.(81. GI‘

S & 23_2 7000 9174‘ = _:‘_Q‘im
1.015

S = 23,700 .5 = 10,450
1,134 '

o
e Figure 14
at 20° angle~off, applying the same formula, we find that the ate
tacker cen generate 1,06Gr, At 10° annlemoff he can generate only
1.015 Gr. Now let's ssgume that the fighter making this attack is
going .9 mach against a .9 mach target at 35,000°', Applying the
formula § = Vf Vt x Sind '
32,2N

i SECRER
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“erimngtion

an attacker can get no_closer than
ere 8ing = . 342 and N = 1,06 - we

no closer than 7,650°., At 10° angle-
we find that an a&taekez'c&n get no-
:er cannot receive proper IR disge
swhere betwean 6000' and §C00°,
ile inside 20° angle-~off, in ore
3 poses no great problem, es the
e the fighter/target ratio is/
ite thisz aid from a low fighter/
or GAR-8 is the poorest possible.
» apparent vhen we discusg fighter=versuse

QMPE

he will be foxced to
der to gecure 8 kil
attacker will be fos
mech legs than 2 to
target ratio, the o
(Thiz will bacome e
fighter tactics).

’t*ck IR tone contrast will not be adequate at
longex m ai?¢ because of background reflections, Howvever,when
comparad to en overhcad attsck, IR range is somewhat better, G pre=
gente no sig ;nificant limitation, as illustrated by figure 15.

(

in  High ”ir@ AL

W0

VE = .9 mach = 873"/s

35 - £0,000'
Vi = .9 mach = 873'/8

Gt = 2Cr "= 1,73
Gt = 1.6 CGr = 1.25
§ = V£ va Sin@ = 23,700 Sin€
2.2 Cr Gr
8 = 13,700 SinG 10° = 2380
‘ ir = 1,73 20° = 4680
30° = 6840
8§ = 19,000 Siné 10° = 3300 .
Gr = 1,25 20° = 64390
30° = 9480
Figure 15
25
i L




This figure disclose
be generating 1.73 radial
performance (our angular

we cen close to a 1

Ange o

pulling 2G,wd will
rure to our cone of max
that at 30° angle-off,
e-0ff, 2,380" , but
not get inside the ranges
sithout exceeding our 2=
8 uiling 1.6 total G, we will
cermg of wange, we will be at the
y we again, if we attempt to
£, we will exceed

specified =t 30°, 20°, and 1
limitation, At 40,000' ., when w
e &
be genmerating 1.25 radisl &,
figure specified in the figurve
e at 8 o1t angle-of

get inside the specified wan
cur 1.6=G limitation,

2

k with the overhead

We can see, by comparin
attack, that the high=gide j se of less limitakions.in
IR and G, In other words, 4% ‘ reedom of maneuver to
succegsfully launch GAR=8. ;

8ix C'eclock Attack

In & gix-o'elock a
ranges because the noris lose
radiation, Since we are at 0% a
laxmbda limitetion, therefore we can
neximum and minimum range,

contrast occurs at greater
flect ps much background IR
=off, there will be no G or

ire GAR-8 at any point between
wese facts, the six-o'clock
Re8 is not forced to operate
dition, becavse of cur pogition
; an element of surprise,

" near its limiting paerameter
in relation to the target, we

Undarside Attack

The underside attsck or, sixes'clockelow attack, is the best
pogeible attack we can execute, &s we acquire advsutages in:

1, IR
2. G
3s Surprise %

&, Ailreraft Performance
let’s discuss each on in detail:

IR tone contrast is mewimum egainst a blue-sky background. Heve the
lead sulphide cell can discriminate between the hot metal of the jet's
tailpipe and the blue sky, At raages of 20,000' end greater, the IR
pattern becomezs longer then the range of the missile., The € limita=-
tion, in relation to GAR-E range and IR tone contrast, is almost none
exigtent, Sese figure 16,

2 s d

o
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This figure {llust ;fy
eone of maximum p £ can

generate 2. %bﬁ
ue to the f*@
as near as ¢
tion, )
can lg >
tiaﬂﬁ ‘At 1@0

To it ancther wey
fros an underside at
gud.VLty to set up ite
the &*f etion of &x@
fall ard the
ventage, since iﬁ gw
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the target's
vantage, can
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£0000°

33500'

NDERSIDE ATTACK
Figure 17

nadly to lsounch GAR-8 against a target trave
Lpplying a rulecsdfethumb for co-airspeed,

: meh from a max range of about 13,000',
Now, if the attacker sets himself up to launch from 30° anglemoff

this mesns that he can launch £rom o position 6,500' below the target.
To achieve this launch position, en attacker may start his attack at
even a lower eltitude = bh@ distance below dependent upon his airspeed,
For ezsmple: An Fel00 at 1.1 mach may start his atteck with an altie
tude differential of 1 st 10,000° « in this case, at 30,000' altie
tude, From this illustraticn, we can gee that GAR-8 gives an attacker
en additionsl performan ability, in that tha attavker is not re=
guired to attain th@ targetis altitude, 2

_Here, wa see an atte
ﬁllin& eg ﬁ'a‘ﬂl at é-(}g
we see that the figh

ce e

In summary, Bince the U““&ttid@ attaek provides the greatest -ade
vamta-@g « IR, G, surprige and performance o we should employ this ate:
ack wﬁaﬁavar possible, As you will see later, this holds true for
both ightersvargug~bomber and fighter-versus-fighter, When compared
- with & gun attack, GAR-§ is far superior, since the range of the misg-

gile allows us to get into an effective cone of fire,

BEST TYPE OF ATTACK ACATNST A NON-MANEUVERING TARGET WITH THE 20MM CAE&QK

As you will recsall, bgeau 6 of the characteristics of the pursuit
curve and our fire control system and the cepabilities of our oppotient’s
defensive five, we consider the pursuit curve a poor attack at best,
when using the 20mm cannon., It does not matter whether we are im an

.
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overhead, a higheside or en underside attack, The problem now is, how
are we going to attack & nou-maseuvering terget, if we do mot choose

to use the pursuit curve as Lllustrated previously., The solution we
propoges Plan an attack in which we combine the characteristics of the
pursuit curve and the collision esurse, To explain: On & collision
courge attack, the target will be gliowed to fly right through our bule
let stream. The bullet stresam {teelf will have no angular veloeity as
generated in a pursuit eurve type of attack, A 100-foot target ¢

Pt

i
with &
spead of BOO feet per second, at 30,000" will reguire approximstely 1/8
of a second to fly through our bullet stresm, Assuming that we can

fire 6,000 rounds par winute o the combined rate of fire of & M=39 cane
non « this mesns we firve at s rate of dpproximately 100 rounds per sece
ond, If it takes the target 1/8 of a second to pass through our bullet
gtresm, we can expect about 12 hite, 1f we set up a perfect attack,This
is not aeceeptable. In 8 pursuit esurve attack, we do not have this proe-
blewm, becauss the sngular velogity of ocur bullet stream wmateches the ang-
ular velogity of our tavrget, In other words, our bullet stresm is come
stantly superimposed againgt the target which is being trecked, The
only disadvantage of this sttack is that it forees us into our opponents
defensive cone of five, To counter the dissdvantages of the pursult
curve and the collizion courze, we sssume attsck conditions against an
imaginary target and apply then sgainst & reel tavget., To illustrate:
We set up an attaeck so that the angular velocity of cur bullet streem
wmatehes that of 2 tavget going slower them & mach - say .5 mach. This
allows ug to fire at a higher angle-cff, at a given range, because of

>

the slower target. Then we epply this imeginery attack - against a 8-
wach target o to the .8-mach target. To do this, we plece our retiele
in front of the .Bomach target, generating the € necessary to track a
Semach target whieh weens our real tsrget (.8) eloses upon our bhullet
stresm (,5) with & delits mach of .3 or, at 30,000°, 300° per second,
Firing 100 rounde per second, thie allows ue to put approximately 33
holeg in the target with a perfect pass, 88 compered to 12 in a collie
sion course,

Our only requirement is to figure the smount of lead necessary,
when fizing, %o determine lead, we need to know three components:-

]

1, Lead for target motion

2

2. Lead for gravity drop

.3, Trajectory shift
If we use a £ixed sight, we will have to determine all three components,
If we use radar, or kesp the sight pegeed et the range at which we plan
to fire, gravity drop and trajectory shift will be completely computed
for and lead for target motion partially ecomputed o the amount of lead
needed for the imaginary tarzet., We'll use perocd sight, to simplify
ourx lead problem, Radar is not applicable bac he overlead needed
to set up the attack teakes ug out of ocur redaw king cone, To deter-
mine the additional leaed we nead to enable our pszged sight to indiecate
our bullet impact area, we wee the following !

&

L

cmulas
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pexr gecond of the target

2 velocity (dynemie gravity drop
tables)

nils

> above formuls, we place in
nd indicates the bullet ime
reticle. To place this
lowing formula:

In crder to zolve for both additional lead and rveticle gize; we need to
know : & engle=off at which we'll be firing, Assume
that iz treveling .8 mach (at 35,000') at .9
mach

Step I

golve in the

(%

] 438@ (o SJ) - &

25°

5 = 4380 (.423) « 15p%
20°

S = 4380 (.342) = 1500°




needad

To pl in the 8 @ we solve in the

following

2190

£ ""‘\\
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From Step IXI we can see that it will be impogsille to set up the addie
tional lead by placing the wingspan lever on 166 since 120 is the maxie
mum gatting, This means we cen either fire at 1850°, 2 gngle-off
{steps I andIl) with the wingspan lever at 118 ox 1500%720° angle-cff
with the wingspan laver at 76. Since we want to fire st max angle=off,

; 2 lever at 118 and fire at 1850°, 25° angle=off,

2%
we'll zet the wingspa

Row to perform the attack, We do not use the conventional pursuit
curve approach, as this does not allow us to determine both targst speed
and direction, and we need these fsctors to apply the attsck we have just
computed, To apply this atteck correctly, we use 2 barrel-roll type of
attsck., To set it up, we fly in the same direction as the target and
gbout 3=to-4,000° gbove {t, From there we turn agbout 10° from his line
of flight, barreleroll - in the direction of the turn - down to a key .
peint, trying to maintain en almost constant angular relationship hee
tween us and the tarvget, See figure 18, From here, we place the sight
reticle well out in front of the target, in line with his [Zight path,
and pull the ¢ necessary to track ths imsginary target, As we close to
ouzr firing range and - angle=off, the target will move toward cur sight
reticle. As the target startz to cross the cuter diswond, we depress
our gun trigger snd hold it down untii the tail of the tevgat pasces
through the outer dismond, From there we recover snd set up another
attack by kicking in afterburner and rolling back to the same position
on top of ocur tsvrget,
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