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Preface

As ayoung "nugget" naval aviator and aspiring fighter pilot | listened
intently to my instructors, studied hard, did my best to apply what | had
learned during airborne practice flights . . . and constantly got "ham-
mered." After some period of enduring this humiliation | began asking
embarrassing questions of my salty old instructors concerning what |
assumed to bepretty basic tactical concepts. Probably the best answer | got
was. "Oh, you're supposed to lose at this stage."

We wanted a man of the caliber of Boelcke or Mannock or Molders or Malan
to explain the unknown and to clear our confused and apprehensive minds;
but on this occasion the right senior officer was not present.
AirVice-Marsha J. E. "Johnni€" Johnson, RAF
Leading RAF Ace in Europe, WW-II
38 Victories

Being ahard-to-please sort of guy, | have persisted in my dumb questions
throughout what seems to be a rather long, but unillustrious, career as a
fighter pilot. After arelatively short time, however, | came to a startling
conclusion: Nobody seemed to have the answers | was looking for—or if
they did, they weren't talking. In desperation | searched the literature,
thinking that surdly, in sixty years of fighter aviation, someone had writ-
ten the answers down. What | found, mostly, were histories that covered
periods of aerial combat with broad strokes and a superficial depth, histo-
ries whose authors, it often appeared, were working from newspaper
accounts to find information on a subject about which they had little
firsthand knowledge. There were also some personal histories written by
successful (i.e., living) fighter pilots(or derived frominterviewswiththese
pilots), who recounted in detail some of their more interesting combat
anecdotes. Asidefrom beingfascinatingto another fighter pilot, thislatter
class of work quite often actually covered tacticsthe pilots used and those
employed by their opponents. Unfortunately, | soon discovered that these
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tactics varied greatly, and, amazingly, that al were sometimes successful
but disastrous at other times. Although some of the more general concepts
of air combat gleaned from such accounts seemed to be valid in modern
warfare, many of the details were not. Each engagement appeared to be a
little dice out of time which could never be repeated. The aircraft, the
people, the weapons, the tactics, and the conditions al came together to
formaresult, and if the engagement had been repeated, even the next day,
the outcome easily could have been reversed. Luck and chance seem to be
very strong players in this game. Indeed, one of afighter pilot's favorite
expressions is "I'd rather be lucky than good any day."

An excellent weapon and luck had been on my side. To be successful the best
fighter pilot needs both.
Lt. Genera Adolph Galland
General of the Fighter Arm, Luftwaffe, 1941-45
104 Victories

But my engineering background had taught me that somewhere there
exists aneat mathematical solution to even the messiest of problems, so |
continued to search for the basic "truths" that govern these events—or at
least stack the odds one way or the other. Some of these principles do exigt,
and | hope most of them are included in this text. Much of what you will
read here has been derived from personal flight experience, engineering
analysis of fighter performance data, and "bar talk” with other fighter
pilots. (It'samazing how smart aperson becomes after acoupl e of beers.) If
| have stolen anyone's favorite move or pet expression, please accept my
apologies. | can assureyou the theft was not intentional. It isimpossible to
be certain of the exact origins of impressions and opinions formed over
many years. Neither do the tactics described here necessarily reflect the
tactical doctrines of the air services of any nation. | have done my best to be
as objective aspossible on this controversial subject by discussing the pros
and cons of several doctrines. No doctrine is perfect, and there will, no
doubt, be "B.S." flags flown by some students and practitioners of this
science. Inthisbusiness thereis certainly plenty of roomfor disagreement.

Nothing is true in tactics.
Commander Randy "Duke" Cunningham, USN
5 Victories, Vietham Conflict

It has been my experience that nations, and even separate air arms
within a given nation, differ in air combat tactics as widely as they do in
other areas. Infact, they often disagree even on what constitutesa"tactical
doctrine." For example, | have found that asking two U.S. pilots for their
tacticsin agiven situation dicits three different answers. By contrast, itis
my understanding that three Russian fighter pilots will al give the same
answer. Probably neither of these extremes is optimum. Obviously, if you
have only onetactic, it had better be the correct one; however, evenif this
is the case, there are disadvantages to inflexibility. Almost any tactic can
be defeated if it is totally predictable, and dogma stifles innovation. Total
flexibility isnotidea either, asitisdifficult for thefighter pilot to become
proficient if he is constantly changing his style and technique.
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... afighter pilot must befreeto proposeimprovements [intactics] or hewill
get himsdlf killed.
Commander Randy "Duke" Cunningham, USN

A few words might be in order to explain thettitle of thiswork, Fight-
er Combat: Tactics and Maneuvering. The subtitle may sound redun-
dant, but actually many fighter tactics have very little to do with maneu-
vering. Although all the maneuvers described here have tactical
applications, someareused morein practicethan in actual combat, where
anything more than a level turn feels exotic. Air combat maneuvering
(ACM), therefore, hasaconnotation of "simulated" combat. Fighter tac-
tics are more the "red thing." Both are covered here, and it may not be
clear which iswhich. One clueisto look for phrases such as uncontrolled
conditions or unknown environment, which are usually associated with
combat fighter tactics.

| didn't turnwith enemy pilotsasarule. | might makeoneturn—to seewhat
the situation was—but not often. It was too risky.

General John C. Meyer

Vice-Chief of Staff, USAF

26 Victories, WW-II and Korean Conflict

Another term that requires definition is fighter. These days every mil-
itary arplane jockey, whether he straps on a helo or a trash-hauling
transport, thinks he's flying a fighter. Fighter, in this book, will mean an
aircraft whose mission is destroying other airborneaircraft. Much has been
made of the term fighter-bomber, which describes an aircraft that can
perform both air-to-air and air-to-ground missions. Regardless of the de-
signation, aslong as that aircraft is assgned to drop thingsin the dirt, it's a
target, not a fighter. Once it has jettisoned that air-to-mud stuff and goes
looking for trouble, then it's a fighter. As a sdlf-respecting fighter pilot,
that's dl I'll say on that subject.

Thereareonly twotypesof aircraft—fightersand targets.
Magjor Doyle "Wahoo" Nicholson, USMC
Fighter Pilot

The word tactics also could use some clarification. Too often historians
confuse this term with the term strategy. Strategy signifies pre-engage-
ment planning for accomplishing rather large-scale gods. For instance, in
the Battle of Britain, the English developed a strategy of using coordinated
fighters and ground-based radar controllers as a defense against German
bombers. The tactics of the fighters would have included their choice of
attack formations, pre-attack positioning, attack speed, maneuvering to
attain a firing podition, and engagement/disengagement decision criteria
Youwill find that most of theliterature which purports to deal with fighter
tactics in actuality covers only strategy. Thisis probably because informa-
tion on strategy is much more readily available and is easier for both the
writer and the reader to comprehend, but such works are of little more than
entertainment value to the practicing fighter pilot. Although strategic
concepts are outlined here, the primary purpose of this text is to fill the
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current void of information and understanding associated with nitty-gritty
air combat tactics.

Bombing is often called "strategic" when we hit the enemy, and "tactical"
when he hits us, and it is often difficult to know where one finishes and the
other begins.

AirVice-Marshal J. E. "Johnnie" Johnson, RAF

Throughout my research in this area, | often have come upon the theory
that air combat has remained essentially unchanged since its advent in
WorldWar |. To acertain extent thisistrue. Obviously thelaws of physics
and geometry do not change very rapidly, so as long as fighter aircraft
remain fixed-wing airplanes with air-breathing engines, therewill be some
continuity in combat tactics. The details of these tactics, however, are
changing constantly. Although the total bag of available tactics probably
has not been expanded appreciably since World War |, those tactics which
will be successful vary with each new weapon, aircraft, and combat situa-
tion. Military planners often fail to account for this evolution, and conse-
quently they fall into the old trap of training and equipping for thelast war.
The opposite aso has been true, however. Probably the best example of
this was seen in the 1950s and 1960s, when many fighters were designed
and built without guns, since it seemed obvious that the tremendous
speeds of these new aircraft would preclude the close-range turning en-
gagement and that the new "wish-'em-dead” missiles being employed
would make such dogfights unnecessary. The first large-scale combat
with these aircraft and weapons proved this reasoning to be seriously
flawed. Once again the predicted demise of the dogfight had been "greatly
exaggerated."

The most important thing is to have aflexibleapproach. . . . Thetruthisno
one knows exactly what air fighting will be like in the future. We can't say
anythingwill stay asitis, but wealso can't becertainthefuturewill conform
to particular theories, which so often, between thewars, have proved wrong.
Brigadier General Robin Olds, USAF
16 Victories, WW-II and Vietnam Conflict

Along with tactics and aircraft, the fighter pilot aso has changed. The
crude "packing crates’ and weapons of World War | demanded great
physical dexterity and endurance, excellent marksmanship, good eyesight,
and quick reflexes. Successful fighter pilotswere, therefore, drawn largely
from the ranks of athletes, hunters, sport flyers, horsemen, and race-car
drivers. Although the same attributes and talents are still valuable today,
modern fighters and weapons systems have shifted the emphasis some-
what more toward eyesight, manual dexterity, and the ability to think in
combat, and away from marksmanship and reflexes. Flying today's fighter
aircraft is much like playing a piccolo with each hand, while 3,000-ps
hydraulic systems have reduced the requirements for great physical
strength. Paradoxically, the faster speeds of modern fighters have actually
slowed the pace of turning dogfights because of the resulting slower turn
rates. World War | fighters usually could reverse course in less than five
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seconds, while today'sfightersoften require about triple that. Moretime
provides greater opportunity for the pilot to think and plan during the
engagement, and so reduces the reliance on reflex reactions to the oppo-
nent's maneuvering. Conversely, longer turn radii and greater weapons
range have greatly increased the engagement distances between opposing
fighters, making excellent eyesight even more critical. Simultaneoudly,
guidedweaponsand computerized gunsightshavereduced marksmanship
requirements.

Aside from the physical qualities, however, aggressiveness, determina-
tion, patience, and a cool head seem to have distinguished the successful
fighter pilot throughout the history of aerial combat. Although the purely
physical attributes normally must be provided by nature, many of the
mental and psychological qualities can be gained through experience.
Particularly in modern air combat, the experience of an older pilot can
outweigh the physical strength and quicker reflexes of youth, aslong as the
older pilot can maintain his eyesight, either naturally or by artificial
means.

Great pilots are made not born. ... A man may possess good eyesight,

sensitive hands, and perfect coordination, but the end product is only

fashioned by steady coaching, much practice, and experience.
AirVice-Marshal J. E. "Johnni€" Johnson, RAF

Only one further point needs to be made at this time. thisregarding the
nature of air combat. Since so much in this business involves human
action and reaction, there are few absolutes, so it is unwise to make
unqualified statements about almost anything in the field. Inevitably
someone will expose a legitimate exception to any proposed rule. There-
fore, | adhereto the "never-say-never" philosophy. So, if you should note
statementsthat include unqualified words such as always or never, please
consider them to be oversights.

ACM has many of the qualities of boxing, chess, auto racing, and video
gaming, with the ultimate reward for success or failure. It can be sweaty,
exhausting, highly cerebral, and terrifying, and it requires great skill and
reflexes. Herein lies its challenge and its fascination.

Nothing makes a man more aware of his capabilities and of his limitations
thanthose momentswhen he must push asideal thefamiliar defenses of ego
andvanity, and accept real ity by staring, withthefear thatisnormal toaman
in combat, into theface of Death.
Major Robert S. Johnson, USAAF
27 Victories, WW-II
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anti-aircraft artillery
air-to-air missile
aerodynamic center

air combat maneuvering
airborne intercept control
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electronic warfare
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forward quarter
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German Air Force
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ground-controlled intercept
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altitude

altitude-Mach
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Fighter Weapons

Fighter aircraft exist to destroy other aircraft. The airplane itself may be
considered only aweapons pl atf orm designedto bring theweapons system
into position for firing. Fighter weapons have varied greatly over the years,
and each weapon has had unique requirements for successful employ-
ment. The requirements might include effective ranges, aiming, relative
position of fighter and target, or any number of other factors. All of the
requirements of a particular weapon must be satisfied simultaneously in
orderfortheweapontobeused successfully. Meetingtheseweapons-firing
requirements, whilefrustrating those of the enemy, must therefore be the
goa of al fighter tactics and maneuvering.

Beforefighter tactics can be discussed effectively, an understanding of
weapons systems must be developed, since these weapons are the driving
forces behind tactics. This chapter discusses the major classes of weapons
which have been used by and against fighter aircraft. Included in the
discussion are operating characteristics, operating limitations, and coun-
termeasures associated with these weapons.

Air-to-Air Guns

The most important thing in fighting was shooting, next the various tactics
in coming into afight and last of all flying ability itself.
Lt. Colonel W. A. "Billy" Bishop, RAF
Probably the leading RAF Ace of WW-I
72Victories

The gunisby far the most widely used and important air-to-air weapon
ever devised. The story of the adaptation of thisweapon for aircraft useis
very interesting and has been the subject of several other works, so it will
only be treated in summary fashion here.

Aircraft guns may be classified as "fixed" or "flexible." Fixed guns are
installed in a stationary position relative to the aircraft, usually are for-
ward firing, and are aimed by pointing the entire fighter. Flexible guns,
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althoughfixedtotheaircraft, may beaimed up, down, andfromsideto side
by the operator to cover a certain field of fire, which may be in any
direction relative to the aircraft. Such guns may be manually operated or
installed in power turrets.

Fixed, forward-firing guns have many advantagesfor small, maneuver-
ablefighters. Their installation is generally lighter and produces less drag,
so they have less negative impact on performance. Flexible guns usually
require a dedicated operator in addition to the pilot, which further adds to
aircraft size and weight. Maneuvering relative to another aircraft is also
much simpler when the opponent can be kept in front of the attacker,
which essentially requires a forward field of fire. For these and other
reasons, fixedforward-firing gunshavebeenfoundtobesuperior for small,
offensiveaircraft (fighters), whileflexiblegunsaregenerally preferredfor
the defense of larger, less maneuverable aircraft.

By tria and error, fighter armament in World War | progressed from
personal side arms to flexible machine guns and, eventually, to fixed
machine guns. The standard fighter at the end of this conflict had two
.30-cal-class fixed forward-firing machine guns, which often were
equipped with synchronizers to alow fire through the propeller disc.

The tremendous progress in aircraft performance during the 1920s and
1930s was in large measure the result of the intense interest generated by
the many international speed competitions of those years. Aircraft
structural methods were also revolutionized, as essentially all-metal con-
struction became standard. These developments, as well as the lessons of
WorldWar | onthevalue of firepower, led to significantly increased fighter
armament by the outbreak of World War 1.

Thereasoning behind these developmentsisfairly clear. First, increased
aircraft performanceallowed theweight of greater armament to be carried.
Second, designers recognized that the higher closure rates resulting from
faster aircraft speedswould, ingeneral, lead to shorter firingtimes, somore
destructive power was necessary in a shorter period of time. Third, metal
aircraft, particularly the bombers, were much tougher targets, and in-
creased performance enabled the planes to carry additional armor that
could be used to protect vital areas of the aircraft (armor for World War |
fighters sometimes was an iron stove lid in the pilot's seat).

These developments created a need for greater firepower, which could
be achieved by more guns, larger projectiles, higher rates of fire, greater
muzzle velocities, or explosive bullets. Some pairs of these factors, how-
ever, are related in such away that neither member of the pair can be
increased independently. Probably the most important of these rela-
tionships is that between projectile weight and rate of fire. In general, the
greater the weight of the shell (including bullet, charge, and casing), the
sower the rate of fire, owing primarily to the inertia of the heavier moving
parts required to handle this ammunition. Obviously, depending on the
gun technology at a given time, there should be an optimum balance
between these two factors. As guns and ammunition are made lighter for a
given projectile weight, the optimum balance shifts toward heavier bul-
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lets. Another factor in this equation involves target vulnerability. The
greater rate of fire possible with smaler bullets results in an increased
probability of registering ahit, but greater projectile weight generdly leads
to more target damage given that a hit occurs.

Someof thearmament variationsof thecombatantsduringWorldWar 1|
can be explained by this factor. For instance, bombers generally are re-
latively large, poorly maneuvering aircraft that are fairly easy to hit but
hard to destroy because of the armoring of vital areas and greater redun-
dancy of important systems. Such atarget best may be destroyed by fewer
numbers of more destructive projectiles. The opposite may be true of
smaller, highly maneuverable fighters, which are usually harder to hit.

The search for more destructive projectiles led to the devel opment of
the aircraft cannon. A cannon is essentially a gun that fires explosive
bullets. Ingenera, theseexplosivechargesarearmedby thefiringaccelera-
tion of the shell, and they explode on contact with atarget. Although some
use was made of single-shot cannon in World War |, truly effective auto-
matic cannon were devel oped between the wars. These were generaly 20-
to 40-mm weapons and had projectiles significantly larger than those of
the .30- and .50-cal-class machine guns in common use, with correspond-
ingly lower rates of fire. The cannon themselves were aso larger and
heavier, leading to further tradeoffs in usable aircraft space and inperform-
ance.

The many variations and exceptions of aircraft armament used in World
War |l cannot be discussed in detal here, but some genera trends deserve
mention. The firepower of the earlier fighters was invariably increased in
later versions of the same aircraft, as well as in new fighters introduced
during the war; increased projectile/target specialization also was ap-
parent as the conflict progressed through its various stages. For instance,
U.S. fighter designers, primarily concerned with German and Japanese
fighter opposition, tended to stay with high rate-of-fire machine guns. The
standard armament of the more important U.S. fighters (P-51, P-47, F4U,
F6F) at war's end was six or eight .50-cal Browning machine guns. These
were usualy mounted in the wings, where there was more room and no
requirement for synchronization, so that the full rate of fire could be
developed. German designers generally employed acombination of cowl-
mounted (often synchronized) and wing guns, and they tended to use
cannon for morepotency against the heavy bombersthat weretheir prime
concern. Late in the war the Me 262 (jet) and Me 163 (rocket) fighters,
primarily used as bomber interceptors, employed four 30-mm cannon
and/or 50-mm unguided rockets. Even larger guns were used successfully
by both sdes in an air-to-ground role, as were unguided rockets.

The advent of wing-mounted gunsledto increased problemswith bullet
dispersion. When al guns were cowl mounted, they were ssimply bore-
sighted to fire essentially straight ahead (the sight might be aigned to
alow for the normal gravity drop of the bullets at a selected range). But
when guns were spread out over much of the span of the wings, bullet
disperson became excessive, leaving large holes in the bullet pattern at
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somefiring ranges. The "lethal bullet density” was increased by a method
known as "harmonization,” which generally involved using one of two
techniques.

"Point harmonization" aligned the outboard guns dightly toward the
aircraft centerlinesothat thebullets met at apoint that wasassumedtobe
the optimum combat firing range (normally 700 to 800 ft). This method
resulted in maximum lethal density near this particular range, but led to
wide dispersion at much longer ranges. Point harmonization was often
preferredby thepil otswho hadthebest marksmanshi p andwereconfident
they could place this maximum density point on target.

For most pilots, another method, known as "pattern harmonization,"
yielded better results. This involved adjusting each gun individually
dightly up, down, left, or right to produceafairly uniformbullet pattern of
acertain diameter at the harmoni zation range. Although maximum lethal
density was not achieved in this manner, the average fighter pilot had a
better chance of getting hits. The advantages of this method were much
like those of a shotgun over those of arifle. Morelethal projectiles aso
favored this technique, as maximum density usually was not necessary.

Mounting guns such that their line of fire does not extend through the
aircraft center of gravity (CG) introduces other problems. Particularly
when wing-mounted guns arelocated | arge distancesfromthe CG, failure
of agun to fire on one side can cause the aircraft to yaw significantly,
greatly complicating am. Aircraft designed with asymmetrical gun
mountsoften require someautomati c aerodynamic control coordination,
such as rudder deflection, to compensate for these effects.

Therecoil action of heavy, rapid-fire guns can be considerable and can
often cause significant speed loss for the firing aircraft. At dow speeds,
especiadly under asymmetrical firing conditions, this recoil can cause a
stall and subsequent loss of control.

With the advent of jet aircraft, one further complication has arisen to
themounting of guns. The gun gases produced must beexhaustedinsucha
manner that they are not ingested by the engine, as this can cause com-
pressor stalls and flameouts.

Thenext significant technical breakthroughinair-to-air gunsappeared
following World War 1I. This was a new cannon, modeled from an ex-
perimental German gun and built around arotating cylinder smilar to a
"revolver" handgun. This design, known as the M39 in the United States,
resulted in a great increase in rate of fire.

Even greater performance was obtained in the late 1950s with the
introduction of the "Gatling-gun" cannon. Rather than arevolving cylin-
der, thisweapon employed multiplerotating barrels. Designated the M61
in the United States, this gun could develop atremendous rate of firewith
less barrel overheating and erosion. Additionally, this gun was usudly
electrically, hydraulically, or pneumatically propelled; becauseit wasnot
dependent on the residual energy of the expended round, problems asso-
ciated with duds were eliminated.

During the 1950s and 1960s there was a definite trend away from the
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gun as the fighter's primary armament. The feeling was that the high
Speeds of jet fighters and the heavy armament of new bombers made the
gun obsolete, particularly for night and all-weather missions. During this
period many fighters were not equipped with guns at al; ther air-to-air
weapons package congsted entirely of unguided rockets, and then of
guided missiles (which are discussed later in this chapter). This trend was
reversed in the 1970s, after further combat experience had once again
demonstrated the value of the gun and the limitations of some of the more
exotic weapons.

Table 1-1 is a collection of dtatistics on many of the guns which have
been important in American combat aircraft, and it isfairly representative
of the armaments of other nations, as well. A good indication of the
technological development of a gun is the weight of the projectiles that it
can fire in one minute (assuming barrel limitations and ammunition
supply alows). In this table weight of fire is measured by the factor W.
Tremendous progress can easly be seen here by comparing the post-World
War | Browning .30-ca M2 machine gun with the 20-mmM61 Catlinggun
of the 1950s. Improvement in this area has been one of the leading factors
in the lethality increase of airborne gun systems.

The lethality of a gun can be measured by multiplying the destructive
power of its projectile and the number of hits. For nonexplosive bullets,
destructive qualities are generally proportional to kinetic energy: half the
mass of the projectile times the square of its velocity. To be more tech-
nicaly correct, the velocity used should be the relative impact velocity,
but for comparison purposes, muzzle velocity will do. The factor F in
Table 1-1, a measure of the lethality of the gun, is proportional to the
kinetic energy of each projectile and the rate of fire.

F. should be roughly indicative of the lethality of a nonexplosive bullet
fired at the specified rate from a given gun. Cannon are a somewhat
different case, since much of thelethality of theseweaponsisderivedfrom
their explosive shells. Therefore F| isafairly accurate rel ative assessment
of the destructiveness of machine guns, but it underrates the cannon in
comparison. Likewise, it can be used to compare cannon of the same
projectile size, but it would dight larger gunsin comparison with smaller
ones.

Evenwithitslimitations, FL cangiveaqualitativefeel for theincredible
increase in fighter gun-system lethality over the years. For example, the
combinedFL of thetwo .30-cal-class synchroni zed machinegunstypical of
fighters at theend of WorldWar | wouldbeontheorder of F| = 2, whilethe
six wing-mounted .50-cal guns of the World War 11 P-51D fighter would
rate about F| = 38. In addition, a much better gunsight on the P-51 and
many other fighters of its day greatly increased the probability that hits
would be scored. A further lethality increase can be seen in the gun
systemsof somepresent-dayfighters,suchastheF-14,F-15,F-16,andF-18,
whichmount asingleM61 Catling gun. Ignoringtheincreased lethality of
the explosive shell and even better gunsights, these aircraft would rate
about FL = 145. Such technological advances, combined with inherent



Table1-1. American Aircraft Guns

Weight ofFire  Muzde Velocity Lethality
Operational ~ Bullet Weight Rate of Fire We Vu FL
Type Date llbg (rounds/mini jlbs/min} (ft/sec) W x VJA x 1D"®)

Machine Guns

30-cd M2 1929 .02 1,200 25 2,600 17

50-ca M2 1933 .10 800 81 2,810 6.4

50-cd M3 1947 A0 1,200 11 2,840 9.8
Cannon

20-mm M2 1941 30 650 196 2,850 159

20-mm M3 1944 20 800 241 2,750 182

20-mm M39 1953 22 1,500 332 3330 36.8

20-mm M61 1957 22 6,000 130 3,300 144.8

37-mm M4 1941 134 135 181 2,000 7.2
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reliability, cost-effectiveness, ssimplicity, and flexibility in comparison
withmany other weapons systems, makethe gun aformidabl easset of the
modern fighter.

Regardless of the lethality of a given gun system, it is of little value
unless it can be brought to bear on the target. The fact that even the
relatively benign systems of World War | were effective in their time
demonstrates that lethality is certainly not the only factor, and probably
not even the most important factor, in gun effectiveness. The ability to
achieve ahitinitially isprobably morerelevant. By thisreasoning, asmple
comparison of rates of fire among the various guns and gun installations is
likely to be abetter measure of their effectiveness, sincethisfactor ismore
closdly related to the probability of ahit. Lethality and target vulnerability
are gill important, however, since they determine the number of hits
requiredfor akill. Additionally, for the gunsto be placed in areasonable
firing position, aircraft peformanceandpilot ability mustbeadequate. The
location of thispositionisvery much dependent ontheeffectivenessof the
gunsight, asis discussed later.

Air-to-Air Gunnery Principles

The air-to-air gunnery problem is a difficult one it involves hitting a
moving target fromamoving platformwith projectilesthat follow curved
paths at varying speeds. This complicated problem can be better under-
stood if each part of it is isolated in turn.

Most peoplewho havefired agun or an arrow or have thrown arock at a
stationary target realize that the projectile takes a finite length of time to
reach that target. During this period the projectile is acted on by gravity,
which causesit to curve downward. Thelonger the projectiletime of flight
(TOP), thefarther the projectile drops. In thefirst second this gravity drop
is about 16 ft. During its flight the projectile is aso subjected to aerody-
namic drag, which causes it to decelerate at a rate dependent on its shape,
Size, weight, and speed, as well as the density of the air. In general, the
greater the muzzlevel ocity of abullet, the shorter the TOP and the smaller
the gravity drop at a given range. As range, and therefore TOP, increases,
however, the rate of gravity drop aso increases. Gravity drop may be
negligible at very short ranges, but it becomes increasingly important as
TOPincreases.

Thisfinite TOP also poses aproblemif the target happensto bemoving,
sincethetarget's position will change somewhat fromfiring of the projec-
tileto itsimpact; thusleadisrequired for the projectileandtarget to arrive
a the same point in space a the same instant. This will come as no
surprise to anyone who has ever shot at flying birds or skeet. The lead
required is roughly proportional to the crossing speed of the target, so if its
track is directly toward or away from the shooter, no lead is necessary, but
maximum lead is called for when the target's track is 90° to the line of sight
(LOS) from shooter to target.

AsshowninFigure 1-1, lead usually is described asa"lead angle.” Lead
angleissensitivetotarget crossing speed and averagebullet speed. Rangeis
also afactor, sinceaverage bullet speed decreaseswith greater TOP. Lead
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angleis dso dependent on the geometry of the firing situation because of
theinfluence of thisfactor ontarget crossing speed and TOP. Thisgeome-
try canbe described as "target-aspect angle’ (TAA), whichisdenned asthe
angle between thetarget'svel ocity vector (flight path) and the LOSbetwen
the target and shooter. When the target is moving directly toward the
shooter, TAA is zero. The shooter would have a 180° TAA when he is
Situated directly behind thetarget, and a90° TAA onthetarget'sbeam (i.e.,
"abeam” thetarget). ASTAA varies, so doestarget crossing speed, chang-
ing the lead angle required.

| had no system of shooting as such. It is definitely more in the feeling side of
things that these skills develop. | was at the front five and a half years, and
you just get afeeling for the right amount of lead.
Lt. Genera Guenther Rail, GAP
Third Leading L uftwaffe Ace, WW-II
275 Victories

To this point only nonmaneuvering targets (i.e., those traveling in a
straight line at constant speed) have been discussed. To gain an apprecia-
tion of the effects of target maneuvering on lead angle, assume that the
shooter isdirectly behind the target at the moment of firing, but beforethe
bullet TOF thetarget beginsaturntoleft or right. If the shooter applied no
lead angle (becausetarget crossing speed was zero at the time of firing), the
bullet might passbehindthetarget. Thetarget'slateral acceleration (radia
G) has generated an average crossing velocity that requires alead correc-
tion. The amount of this lead correction is very sendtive to target G near
nose or tail TAAS, but it is less dependent on target maneuver (and more
dependent on target speed) near beam aspects when the target turns di-
rectly toward or away from the shooter.

Target movement and maneuver also affect range. If TOF, gravity drop,
lead angle, etc., are calculated based on target range at the time of firing
(position "1" in Figure 1-1), any movement or maneuver during projectile
TOF could change the range, invalidating dl caculations and causng a
miss.

TARGET
1 2
-
/ 14 P
SHOOTER 9/ PR g
v/ o
g
/ $‘ ’# o
l -
»
w
LEAD
ANGLE

Figure 1-1. Gun-Firing Geometry
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The final complicationin air-to-air gunnery is the motion of the shooter
aircraft itself. Accurate balistics calculations depend on knowing the true
velocity of the projectile as it leaves the barrel. The true airspeed of the
shooter must be added to the muzzle velocity to determine launch speed.
Shooter aircraft maneuvering will also have severa important effects. For
example, as the shooter maneuvers, the gun-bore line (GBL) may be dis-
placed somewhat from thefiring aircraft's direction of motion because of
"angle of attack," sdedip, etc. (Angle of attack is discussed in the Appen-
dix.) The actua tragjectory at the instant the bullet leaves the muzzle will
not, therefore, generaly be aigned with the GBL. Motion imparted to the
projectileby rotating barrels (Catling gun), aswell asaircraft flexing under
maneuvering loads, may be factors. These and some other factors are
usuadly grouped together under the term "trgjectory jump,” which in-
cludes any angular difference between the GBL and theinitial trajectory.

Given dl theforegoing factorsthat comeinto play, it's amazing that an
air-to-air gun kill is ever recorded, especidly when many of these factors
are unknown quantities for thepilot. Little wonder that the most effective
technique often is to "fill the windscreen with target and let ‘er rip."
Effectiveair-to-air gunsghts have donemuch to aidthefighter pilot inthis
difficult task.

As to gunnery passes, the best was when you dived with speed, made one
pass, shot an opponent down quickly, and pulled back up. ... The secret was
to dothejob in onepass; it could befrom the sde or frombehind and | usualy
tried to open fire at about 150 feet.
Major Erich Rudorffer, Luftwaffe
Seventh Leading Ace, WW-II
222Victories(13 onOneMission)

Tracer bullets, introduced during World War |, were dso a great aid to
the pilot, since he could see the trgjectory of his bullet stream and make
corrections. Smdl pyrotechnic charges located in the rear of tracer bullets
burn during the TOF, making the projectile visble. Although this feature
can be an ad in placing bullets on the target, the benefits can work both
ways. The pilots of many target aircraft do not realizethey areunder attack
until the first shots are fired. Any tracer that misses the target will defi-
nitely get the target pilot's atention and cause him to maneuver defen-
svey. Without tracers, attacking pilot normally gets afew extra seconds
chance a a steady target, greetly increasing the probability of akill. For
this reason it is recommended that tracer ammunition be used only for
gunnery practice, to dlow the student to develop afeel for bullet trajecto-
ries and dispersion.

Sometimes you miss with the first bullets and the tracers give you away.
Colond Francis S. "Gabby" Gabreski, USAAF
Leading American Ace in Europe, WW-II
345 Victories, WW-II and Korean Conflict

Theusual practicewith tracersisto intersperse these rounds among the
normal ammunition (every fifth bullet, for example), since rate of fireis
usudly such that severad will bein the air smultaneoudy anyway. Since
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the baligtics of tracer ammunition generdly varies dightly from the
ballistics of the nontracer rounds, the trajectories dso are likely to differ
dightly, which can be mideading, especidly when the pilot is firing at
long range. Difficultiesin depth perception can also make assessment of
tracer trajectories ambiguous. With the advent of effectiveair-to-air gun-
sghts, the disadvantages of tracersin combat probably began to outweigh
the benefits.

lThe commanding officer] ordered the tracer ammo removed . . . I'll never
orget the spectacular resultswe got. Our kill ratewent up from 50 to 100 per
cent.
Colond CharlesW. King, USAF
5 Victories, WW-I|

In the absence of an ammo-remaining indicator, tracers have been used
to warn the pilot that his ammo is nearly spent. For this purpose, the last
few rounds in the can might include some tracers. It doesn't take long for
an observant enemy to pick up on thispractice, however, andit may give
him the advantage of knowing which fighters are low on ammo. Some
other indicator of rounds remaining is, therefore, preferable.

Aii-to-Aii Gunsights

The earliest Sightsfor air-to-air gunswere of thefixed variety, most often
consisting of aring and bead, asillustrated in Figure 1-2. Thisarrangement
usually included aring or concentric ringswith cross-braceslocated near
the muzzle of the gun, and avertical post located near the rear of the gun,
closer tothepilot. (Sometimesthesepositionsarereversed.) By moving his
head so asto dign thetip of the post (the bead) with the center of thering,
thepilot was sighting downthe GBL. Sincethe size of theringwasknown,
as was generally the sze of the target (wingspan is the most common
measure used for target size), the relationship between the ring and the
apparent target size varied with target range. This relationship provided a
handy range-estimation method. For instance, the pilot might know that
he was within the maximum effective range of his guns when the wing-

N
A

Figure 1-2. Ring-and-Bead
Sight
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gpan of the enemy aircraft just extended over half the diameter of his sght
ring. Theringwas aso auseful tool in estimating the required lead angle.
For a nonmaneuvering target of a given speed at aknown range, the lead
angle required is roughly related to the TAA. If the target was flying
directly toward or away from the shooter, only asmdl correction wouldbe
requiredfor gravity drop. However, if the attack was madefrom aposition
off the target's flight path, some lead would be required. The pilot would
generaly have a set of thumb rules, learned from the experiences of other
pilots in his squadron as well as his own, which related target position
withinthesghtringto TAA at agivenrange. For instance, if thetarget fills
the sight ring a a 90° TAA, the shooter might place the target's nose
tangent to the bottom of theinner sight ring, about as shownin Figure 1-2.
Of course, further corrections might be required for gravity drop and
maneuvering target or shooter aircraft, making "Kentucky windage' an
important factor.

Shots that require great amounts of lead, generdly as aresult of large
angles off the nose or tail of the target, are caled "high-deflection” shots,
andthe art of hitting targetsunder these conditionsisknown asdeflection
shooting. Only the best marksmen mastered this art with fixed gunsights,
and their scores generaly reflected their proficiency.

One of the factors which must be understood when shooting with a
sght such as the ring and bead is the effect of the pilot's head position. If
the pilot moves his head forward, closer to the sight, the ring will appear
larger andwill cover awider angular cone a agivenrange. Thisconeangle
canbemeasuredin degreesor, morecommonly, inmils(1° = 17.5mils). A
mil represents the span of an object 1 ft in length when viewed from a
distanceof 1,000ft. A target with a35-ft wingspan would appear to span 2°
(35 mils) at arange of 1,000 ft, and 1° at 2,000 ft. Therefore, changesinthe
apparent span of the sght ring caused by pilot head position can result in
large errors in both range and lead-angle estimation. Some ingtallations
included headrests to assst the pilot in head positioning.

This problem was normally addressed by the fixed optical sghts, some
resembling telescopicrifle sghts, which largely replaced thering-and-bead
variety betweenlateWorldWar | and early WorldWar I1. The opticsof such
agght required a certain pilot head position for aview of the entire sight
picture or a clear target image or some other inducement, and largely
ediminated this variable. The earlier designs were in tubular form, but
thesewere generally replaced beforeWorldWear 11 by reflector sghts. This
optica 9ght was usudly in the form of a circle, or sometimes severd
concentric circles, of light projected onto a "combining glass' through
which the pilot sighted the target. The combining glass was transparent,
but it ill reflected the sght image so that the sight and target could be
seen simultaneoudy. These sght images were normally focused near
infinity so that both the target and the sght would be in sharp focusto the
pilot. This aso eliminated any apparent changes in the size of the sight
ring with head position.

Once again, the angular span of the sight rings could be used for range
and lead estimation. Some of these sights aso had an adjustable feature,
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often bars of light on each side of the sight image, which could be moved
toward or away from the center of the sight to represent the wingspan of
varioustargets at maximum or optimum ranges. The center of these sights
was usualy shown as a spot or a cross of light called the "pipper.”

Optical sights of this type represented only a very small advance over
the origina ring-and-bead variety. The fighter pilot needed more help,
particularly with lead estimation for high-deflection shots. For some,
this help arrived during World War 11 in the form of the gyroscopic lead-
computing optical sight (LCOS). There are many variations of the LCOS,
both in sight picture and sophistication, so a general discussion is
cdledfor.

The three basic components of the LCOS are a sight display unit, a
gyroscopic sensing unit, and a computer. The attacking pilot tracks the
target by attempting to hold the pipper steady on the center or some
vulnerableportion of thetarget. Simultaneoudly, he constantly adjuststhe
sight picture to the wingspan of the target, often by turning an adjustable
throttle grip, which, when the type of target or its wingspan has been
sdlected prior to the attack, alows the computer to calculate target range.
Any turning required by the attacking aircraft in order to track thetarget is
sensed by the gyroscopes and is aso sent to the computer. Once the
angular rate of the target LOS and target range are known, the computer
can calculate the required lead angle. The gyros can aso sense the shoot-
er's attitude and enable the computer to calculate the direction and magni-
tude of the gravity drop for the target's range.

All these corrections are displayed to the pilot by the sight unit, which
causes the sight picture to move opposite to the direction of the LOS
movement. In order to continue tracking the target, the pilot must adjust
his aim in the proper direction for the lead correction. For example, if the
computer determines that more lead is required, the pipper didestoward
the target's tail, requiring the pilot to adjust his am farther forward,
thereby providing the necessary lead correction.

Such a sght system attempts to predict the future LOS to the target
based on the present LOS and its angular rate of change. The time for
which this future LOS position is predicted is the TOF of abullet fired at
the present time. The TOF, in turn, is dependent on the firing conditions
(essentially shooter speed and altitude) and the distance the bullet must
travel to reach the target. This distance must aso be predicted, based on
range at firing and the range rate of change (closure).

Obvioudly, there is alot of predicting going on here. The fire-control
computer must make these calculations based only on the quality of the
information availabletoit. Sincenot only current val ues of variousparam-
eters (LOS, range, etc.), but aso the rates of change in these parameters,
may be used in the calculations, smoothness of the input information (i.e,
smooth, steady tracking and smoothly changing rangeinput) isessentia to
avoid large errors caused by false rate information. Each computer aso
requires a finite amount of time, known as "settling time,” to make
calculations based on new data inputs. Rapid changes in these inputs can
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cause large, erratic pipper movements during this settling time, making
the sight unusable.

Y ou can have computer sightsor anythingyou like, but | think youhaveto go

to the enemy on the shortest distance and knock him down from point-blank

range. You'll get him from in close. At long distance, it's questionable.

Colonel Erich "Bubi" Hartmann, GAP
World's Leading Ace, Luftwaffe
352Victories, WW-I1I

A significant advancement in gunsight technology was the addition of
automatic ranging information, usually provided by radar. Early systems
used afixed radar beam, with fairly wide-angle coverage, centered directly
ahead of thefighter. Whenever atarget (or anything else) wasplaced within
itsfield of view and range coverage (usually on the order of onemile), this
range-only radar would measure the distance to the target, indicate the
range through the sight system, and send values of range and range rate to
the gunsight computer. Radar-measured range and range-rateinformation
is ordinarily much more accurate and smoother than manual input. In case
of aradar malfunction, manual backup might be possible, or the computer
might simply assume some nominal range and range rate.

Radar is discussed in much greater detail later in this chapter, but two of
its limitations can be mentioned now in connection with gunsights. One
of the problems with most designs is encountered when the radar is
looking down at low altitudes, where "ground return” might obscure
returnfrom arelatively small target and render the radar ranging unusable.
In addition, radars are susceptible to a wide variety of electronic coun-
termeasures (ECM). Figure 1-3 isanillustration of atypical radar LCOS
display.

Sﬁ?fm ght that causes the pipper to move around within the sight field
of view (as opposed to afixed sight) in response to the maneuvers of the
shooter aircraft is sometimes referred to as a "disturbed-reticle” system.
Within this broad category there are many variations. The type of LCOS
which has been described attempts to predict the position of the target
(LOS and range) at one TOP in the future and then displays a pipper that
directsthepilot in providing the proper amount of lead. Thistypeisknown
as a"director” or "predictor” sight. Besides all these difficult predictions,
the accuracy of this system is also dependent on the target maintaining a
fairly constant maneuver (the closer to astraight line at constant speed, the
better) for at least one TOP after the prediction is completed.

Another mechanization of the disturbed-reticle LCOS might be called a
"historical" or "real-time" sight. This system only predicts the bullet
trajectory and "remembers’ this tragjectory until its TOP would be com-
plete. It then displays a pipper that represents the point of impact of that
bullet on ageometric plane at the target's present range. Such a gunsight
tells the shooter what is happening at the present time to bullets fired one
TOPIinthe past, thustheterm historical. If the pipper is superimposed on
the target, bullets should be passing through the target if the shooter was
firing one TOP earlier.
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This system has severa advantages over the predictor method. One of
theseisthat the only cal culationsinvolved are based on themost accurate
information: bullet ballistics and the shooter aircraft's attitude and man-
euvers. Another is that the information displayed by the pipper is real-
time, and so is not dependent on future target maneuvers.

With ahistorical sight, the pilot must remember to openfireat least one
TOP beforethe pipper appearsto touch the target onthe sight unit in order
to get the maximum number of hits. Tracking can also be somewhat more
difficult, sncethereis alag of one TOP between movement of the shooter
aircraft and a change in the pipper indication. The pilot has little immedi-
ate control of the pipper (just as he can't control the flight path of bullets
after they arefired) for fine tracking corrections. Even with these short-
comings, however, sights based on this real-time technique generaly
show better results against maneuvering targets than do director sights.

Many variations of these two basic methods have been tried with some
success. Often the differences are only in display formats, and sometimes
combinations of the two computational techniques are used. Severd
clever prediction and estimation tricks that are often employed result in a
need for much less computer sophistication than the full historical sight
reguires.

Undoubtedly the quest will continue for the "perfect" air-to-air gun-
sght, but there are practical limits to the attainable accuracy, in large
measure because of manufacturing variations in ammunition which cause
dight balistics changes. Barrel vibrations during fireand other factors dso
have an effect. The practical accuracy of air-to-air guns at present, dis-
counting sight errors, seems to be about 5 mils.
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Figure 1-3. Typicd Radar Lead-Computing Gunsight
Display
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Gun Employment

When one has shot down one's first, second or third opponent, then one
begins to find out how the trick is done.
Baron Manfred von Richthofen
Leading Ace of WW-1, German Air Service
80 Victories

In order to destroy atarget with, a gun system, the shooter must meet
range, aming, andfiring-timerequirements. WWeapons-systemrange con-
straints usualy involve both maximum- and minimum-range limits.
Effective maximum range for air-to-air guns depends on many factors,
including bullet ballistics, sight accuracy, fuzing requirements (cannori),
dispersion, target vulnerability (including sze), dtitude, shooter and
target speeds, andfiringgeometry. A reasonableeffectivemaximumrange
for modern gun systems againgt fighter targets is about 3,000 ft.

Minimum range for agun system is somewhat harder to define, being
based primarily on the shooter's ability to avoid a collison with the target
or the target debris. Closure, shooter maneuverability, deflection, and
pilot reaction time are the primary factors here. Minimum range has
generaly increased with fighter speeds. At typica jet-fighter speedsin a
maneuvering Stuation, 500 ft might be a reasonable minimum range.

Hereis afirsthand account of just what a min-range gun shot is like,
Thispassageisadescription of M ajor John Godfrey'sfirst victory; hewas
flying a P-47 over Europe, and the victim was a German Me 109,

Breathlesdy | watched the 109 in between the bresks in the clouds as |
dove. At 12,000 feet | leveled off and watched him up ahead. In diving | had
picked up speed, and now had hit 550 miles an hour. | was about 500 feet
below him and closing fast. Quick now, I'vegot time. | checked dl around, in
back and aboveme, to insurethat no other Jerries were doing the sameto me.
My speed was dackening off now, but | still had enough to pick up that extra
500 feet and position myself 200yards dead astern. The 100 flew as straight as
an arrow, with no weaving. As his plane filled my gun sght | pressed the tit.
The results were incredible. No sooner did | feel the plane shudder as the
machine guns went off, than a huge flame engulfed the 109, followed im-
mediately by ablack cloud of debris extending fifty feet in dl directions in
front of me. Ingtinctively | threw up my arm over my face and pulled back on
the dick, expecting any minute that the wreckage would break my
windshield.*

The aming requirement is to point the guns so that the bullets hit the
target. The techniques and difficulty of this task depend largely on the
sght design and thefiring geometry. In genera, the GBL must be pointed
infront of thetarget by theamount of therequiredlead angle, aspreviousy
discussed.

Therequired firing timeis related to both the number of bullets hitting
thetarget over agiven period of time and thenumber of hitsrequiredfor a
kill. Requiredfiring timeistherefore dependent onthelethdity of thegun
system, dispersion, range, firing geometry, and target vulnerability.

For a kill to be registered, the available firing time must exceed the
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required firing time. Availablefiring time commences when the guns are
properly aimed between maximum and minimum ranges, and it ends
whenever rangeor aiming constraints ceaseto be satisfied. Itissenstiveto
the range at which proper aimisfirst achieved, closure, firing geometry,
and relative aircraft performance capabilities.

There are two broad categories of air-to-air gun-firing situations. "track-
ing" shots and "snapshots’ The tracking shot occurs when the pipper
remains steady on the computed am point for longer than the settling
time of the Sight. A snapshot, sometimes called "raking guns,” refersto a
situation when the pipper merely passes through the proper aim point,
never stopping.

Tracking Shots. Steady tracking is usually necessary for a predictor
gunsight to calculate an accuratelead angle, and thereforetracking greatly
improves the chances of achieving ahit with thistype of sight. Tracking
asoenhancestheeffectivenessof afixedsight, sncearelativelylong firing
time generdly isrequired to find the proper aim point. Sincethe historical
sght usudly requires only that bullets be in the air at least one TOP in
order to display their impact point accurately, trackingisnot generally a
requirement with this sght, but it may provide greater chances of akill by
increasing the firing time.

Aerial gunnery is 90 percent ingtinct and 10 percent aim.
Captain Frederick C. Libby, RFC
First American to Shoot Down 5 Enemy Aircraft, WW-I
24 Victories (10 as Observer, 14 as PFilot)

The best firing technique depends on many factors and tradeoffs. The
improved lethality of tracking must be assessed relative to the shooter's
sght design and gun-system lethaity. This assessment then must be
weighed againgt the tactical Situation. Tracking requires the shooter to
concentrateonthetarget andfly apredictabl eflightpathfor alonger time.
If the Situation is such that other hostile aircraft may achieveathreatening
position during thistime, tracking may not be advisable. Closureisone of
the mgjor factorsin available tracking time, and since the shooter's speed
contributes to closure, decreased speed usually increases tracking time.
Performanceand maneuverability area so affected by speed, however, so
such a speed reduction may not be desirable because of its effect on the
shooter'soffensive or defensive maneuvering potential following the shot.
One other factor isthe time required to achieve aposition fromwhich a
tracking shot is practical. Because of the resulting presented target Size,
reduced closure, and required lead, the optimumfiring position for track-
ingamaneuveringtargetisgeneralyintherear quarter (about 30° to 60° of f
thetall withaLCOS, 0° to 30° for fixed sights), near thetarget'svertical
planeof symmetry. Achieving such apositiononanevasvetarget cantake
a considerable amount of time, possibly morethanis prudent in ahostile
environment. Target defensive fire is dso a consderation. Multi-crew
aircraft, such as many bombers, may be well defended in the area where
tracking is best.
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I am not agood shot. Few of usare. To makeup for this| hold my fireuntil |
have a shot of lessthan 20° deflection and until I'm within 300 yards. Good
discipline on this score can make up for a great dedl.

Lt. Colond John C. Meyer, USAAF

In order to track effectively with fixed guns, the pilot of the attacking
fighter needs to stop the relative angular motion between the pipper and
thetarget. Thisrelative motion can be broken down into two components
when viewed through the shooter's gunsight: lateral motion and vertical
motion relative to the shooter's windscreen. When the shooter is located
in the target's plane of maneuver, target relative motion will appear to be
in a straight line, which greatly simplifies tracking. To maintain this
situation for any length of time, the shooter must establish a maneuver in
the same plane asthetarget. To accomplish this, the shooter first maneu-
vers to apogtion in the opponent's rear hemisphere, insde his turn. The
nose is placed to point well ahead of the target, and the aircraft attitude is
adjusted to approximate that of the target aircraft, that is, the shooter
aligns fuselages and matches bank angle. The shooter matches his turn
rate to the LOS rate of the opponent so that the target stays a constant
distance below the pipper. The target then might appear to move left or
right inrelation to the shooter's nose. Smal bank corrections are madein
the direction of this apparent motion, and the nose position and bank angle
arereadjustedto center thetarget again below thepipper. Thisprocedureis
repeated as necessary until the left/right drift of the target is removed,
whiletheturnrateis continually adjusted as required to keep the target at
the original distance below the pipper. Once dl relative motion between
the target and the shooter's nose has been stopped, the shooter is estab-
lished in the target's plane of maneuver, aposition sometimes referred to
as "inthe saddle." Although this sounds like avery involved process, it is
fairly natural, and with some practice a shooter can "saddle up” rather
quickly on acooperative target.

Up to this point the gun-tracking technique isfairly independent of the
sight system, but now the sight begins to dictate the procedures. As the
desired firing range is approached with afixed sight, the shooter relaxeshis
turn dightly, dlowing the target to fly up toward the pipper. When the
estimated lead angleis reached, firing commences. Because of the limited
accuracy of such a sight in ahigh-deflection situation, the usual procedure
isto fire a short burst (about one second) and check the flight path of the
tracers. The lead can be readjusted in smal increments until hits are
achieved, and then a sustained burst can be fired until the target is de-
stroyed, minimum range is reached, or tracking the target farther isim-
possible. Smal adjustmentswill berequiredinlead angle and bank angle
throughout the firing pass to maintain correct pipper postion. Generdly
less lead isrequired as range decreases.

Go in dose, and then when you think you are too dose, go on in closer.
Major Thomas B. "Tommy" McGuire, USAAF
Second Leading U.S. Ace, WW-II
38 Victories
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With a disturbed-reticle sight the pipper moves around in response to
shooter-aircraft maneuvers, and its direction and therate of movement are
not alwayspredictabl e. Becauseof thisthepipperisnotasuitablereference
for shooter nose position while maneuvering into the saddle, and some
fixed point on the sight or windscreenisnormally used. The shooter must
concentrate on the target rather than on the pipper during this procedureto
avoid "chasing the pipper,” which dways seems to be moving the wrong
way. Once in the saddle, where maneuvering is at aminimum, the pilot
shouldfindthe pipper to befairly steady, and he canfly thetarget smoothly
towardthe pipper while still concentrating onthetarget. Withareal-time
sght, the shooter needs to estimate the point when the pipper is one bullet
TOFfromthetarget. Thisistheearliest effectiveopen-firepoint, but firing
may be delayed until thetarget is centered and held steady in the pipper. A
director sght usualy requires that the target be tracked steadily in the
pipper until thecomputer's settling timef or an accuratefiringsolution has
passed.

Good flying never killed [an enemy] yet.
Major Edward "Mick" Mannock, RAF
Probably Second Leading British Ace, WW-I
50-73Victories

In addition to chasing the pipper, another common mistake madeinthis
process is getting into the target's plane of turn too early. The opponent
must be beaten first, and then shot. If the attacker saddles up well out of
range, angleoff thetail (AOT) of ahard-turningtarget will increaserapidly,
with concurrent increases in LOS rate (increasing the shooter turn rate
required to track) and closure (decreasing availablefiringtime). Theattack
should be planned so that thefiring position (preferably inthetarget'srear
quarter) is achieved just as desired firing range is reached.

Closuremust also be closdy controlled. High closureisdesirableat long
range to shorten the attack time, which reduces the target's reaction time
and limits the attacker's exposure to other hostile aircraft. But as firing
range is approached, the rate of closure should be reduced to provide
increased tracking time. Even if the attacker reduces his speed to some-
what less than that of the target, his position inside the target's turn and
his nose positionin front of thetarget will generally result in some closure.
In order to maintain a continuous tracking position in the rear quarter of
theturning target, the shooter would need to be dower than thetarget. The
shooter also would be turning on a smaler radius than the target, with
about the same turn rate. Such a situation is not always advisable in
combat, since this lower speed may not alow the attacker the necessary
maneuverability to reposition for another attack or to escapein the event
hefails to destroy the target on the first attempt. Some speed advantageis
usually preferable, which inevitably results in closure. Excessive speed,
however, limits tracking time and usualy increases the shooter's required
G, making tracking more difficult and increasing the probability of gun
jams.
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Guns are like acohal: vauable, useful, popular, and fun—but, without
discretion, self-destructiveto the user.
Unknown

In making his guns approach, the shooter must also planfor the possibil-
ity of a missed shot. Approaching with high closure is conducive to over-
shooting the target, which may give the opponent an opportunity to
reverse his turn and assume an offensive position. The shooter should aso
bresk off agun attack whenever heisunableto maintain proper lead for the
shot. Further turning in the target's plane of maneuver usualy results in
excessveloss of speed and often leadsto an overshoot. Instead, the shooter
can reposition for a second attack or disengage.

Suddenly you go into asteep turn. Y our Mach drops off. The MiG turnswith
you, and you let him gradually creep up and outturn you. At the critical
moment you reverse your turn. The hydraulic controls [F-86] work beauti-
fully. The MiG [-15] cannot turn as readily asyou and is sung out to the
sde. When you pop your speed brakes, the MiG flashes by you. Quickly
closing the brakes, you dide onto histail and hammer him withyour "50's."
Colond Harrison R. "Harry" Thyng, USAF
10 Victories, WW-II and Korean Conflict

Another typical error isnot alowing sufficient excesslead inthe saddle
position. At long range, target LOS rateisrelatively dow, makingit easy to
maintain excess lead. Asthe range closes, however, AOT, LOS rate, and
required shooter G build steadily. In a rear-quarter attack on a turning
target, AOT will usualy increase to a maximum, stabilize, and then
decrease again asminimum rangeis approached. Maximum G required by
the shooter generaly occurs soon after AOT begins to decrease. This
maximum G is often greater than that of thetarget, particularly when the
shooter has the usual speed advantage, and easily can exceed the shooter's
turn-performance capabilities before he reaches minimum firing range. It
is much more effective to alow, by stabilizing or dowing the rate of G
increase, thetarget to fly up to the pipper asfiring rangeis approached; this
allows the target motion to take out the excess lead and is preferable to
trying to "pull" the pipper up to the target from behind. Also, the excess G
required to pull the pipper to the proper aim point can exceed the shooter's
capabilities. Shooter G, particularly with a real-time gunsight, should be
stable or congtantly increasing during the attack for best pipper control.

Pulling up into hisblind spot | watched hisplane grow larger and larger in my
ring sight. But this German pilot was not content to fly straight and level.
Beforel could openfire, hisplane dewed totheright, and seeingmeonhistail
he jerked back on the stick into the only defensive maneuver his plane could
make. | banked my 47 over to theright and pulled back on the stick, striving
to get him once more into my ring sight. This violent maneuver applied
terrific G'stomy body, and| startedto black out astheblood rushedfrommy
head. Fighting every second to overcome this blackness about me, | pulled
back the stick, further and further, so that the enemy plane wouldjust show
a the bottom of my ring sight to dlow for the correct deflection.
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Wewere both flying in atight circle. Just alittle more and I'll have him.
Pressing thetit | waited expectantly for the 109 to explode. I've hit his wing.
A section two-feet long broke loose from the right wing as the machine guns
cut like amachete through it. Too low, a little more rudder and the bullets
will find his cockpit. | could see occasional strikesfurther up thewing, but it
wastoo late. The 109, sensing that | wasinside him on theturn, dunk into a
nearby cloud. Straightening my planel climbed over the top of the bank and
poised ontheother sde, waitingfor himto appear. But the 109 did not appear,
and not wishing to tempt thegods of fatefurther, | pushedthe stick forward,
entered the protective cover of the clouds myself, and headed home*

Shapshots. Althoughtracking shotsmay providethe highest probabil -
ity of kill, they may not betactically advisable, or even possible, inagiven
stuation. Depending on the initial geometry, relative aircraft perform-
ance, and pilot ability, tracking may be impossible within the effective
range of the gun system. A snapshot, however, may till beavailable and
lethal.

Snapshots may be categorized by the shooter's G level during firing,
ranging from zero to maximum load factor. For a low-G snapshot, the
attacker first projects the target's flight path, and then he positions his
pipper well infront along this path. The amount of |ead taken depends on
thetarget'smaneuver, LOSrate, andtimeremainingbeforereaching firing
range. |dedly the shooter positionsthe pipper andthenfliesastraight line
whilewaitingfor thetarget tofly throughtheaim point atfiringrange. Asa
practical matter some small corrections nearly alwayswill be necessary as
thefiring point is approached. This techniqueusualy resultsin very short
firing timesandisnothighly effectiveexceptwithverylethal gunsystems
or at relatively closerange.

| openedfireonly when thewholewindshieldwasblack withtheenemy... at
minimum range ... it doesn't matter what your angle is to him or whether
you are in aturn or any other maneuver.

Colond Erich "Bubi" Hartmann, GAP

The high-G sngpshot is "amogt atracking shot," and the same proce-
dures generdly apply, with the exception that somewhat more initia lead
isusualy taken than for thetracking shot. The shooter normally attempts
to get into the target's plane of maneuver, asin tracking, but thisisnot a
requirement, although it does makethetask of bringing pipper andtarget
together infiring range much s mpler. The dynamics of this shot may be
such that the shooter is never quite able to saddle up by stopping the
apparent motion of the target relative to the pipper; but G is gpplied,
possibly up to the shooter's maximum capability, to dow the relative
motion to a minimum during the actual firing period. The dower this
relative motion, the greater the exposure time to the bullet stream. A
further advantage of being in the target's maneuver planeat firingtimeis
the greater lethality that usudly results. The most vulnerable area of an
aircraftisusually thefuselage, and sinceafusel ageisgeneraly longer than
itiswide, maximum exposuretimeresultsif thepipper didesthelength of
the fuselage from noseto tail, rather than diagondly, asit does when the
shooter is out of plane.
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Most sngpshotslie somewhere between thelow-G and max-G varieties.
The low-G snapshot generaly requires more initial excess lead than the
high-G snapshot or the tracking shot. If the required excess lead is very
great and the shooter islocated near the target's plane of turn, the shooter
may have to place the target below his nose, out of Sght, to establish this
lead. Although thistechnique can be quite effectivewhenitismastered, it
has several drawbacks. Firgt, itisdifficult tojudge the proper amount of
lead and exact plane of turn when the target is not visible for severa
seconds, so the technique requires much practice. Practicing blind lead
turnsis exceedingly dangerous. The pilot of thetarget aircraft may not see
the attacker, and a dight miscalculation on the shooter's part or a small
changein target G can result in amidair collison, which could ruin the
entire day. Additionally, in combat, if the target pilot sees the attacker
performingablindleadturn, hecaneasly changehisG or maneuver plane,
ruining the shot and possibly causing the attacker to lose sght. This could
prlovi de the target with an opportunity to escape or even to reverse the
roles.

I'dhate to see an epitaph on afighter pilot's tombstone that says, "I told you |
needed training." . . . How do you train for the most dangerous gamein the
world by being as safe as possible? When you don't let aguy train becauseit's
dangerous, you're saying, "Go fight those lions with your bare hands in that
arena, because we can't teach you to learn how to use a spear. If we do, you
might cut your finger while you're learning." And that's just about the same
as murder.

Colond "Boots' Boothby, USAF

Fighter Rilot

A better technique for providing large amounts of lead (when time is
avallable) isto turn dightly out of plane. This should dlow the attacker to
maintain Sght of thetarget just to one 9de of thenose. After therangehas
decreased substantialy, the attacker canroll toward thetarget and pull the
pipper back to its flight path. The shooter then can dlow thetarget to fly
through the pipper (low-G snapshot), or he can quickly roll back in the
oppogtedirection to get into the target's plane of turn and attempt to dow
theLOSrate (high-G snapshot). Althoughthismethod takesalittlelonger,
it does not have the disadvantages of the in-plane technique.

The chances for success with a sngpshot depend on many factors, but
one of themost important is the gunsight. With afixed sght, the shooter is
amost committed to being near the target's plane of maneuver when
firing. This greatly smplifies the left/right aming problem that results
from target maneuver. The shooter's marksmanship is dill tested, how-
ever, by esimations of gravity drop, trgectory jump, €tc., but these are
greatly diminished a close range. Firing commences as the target
approaches the computed aim point, and it should continue aslong asthe
tracers show bullets passing forward of thetarget'stail and near its flight
path.

| liked thewhole front of my windscreen to befull of the enemy aircraft when
[fired.
Colond Erich "Bubi" Hartmann, GAF
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The predictor LCOS is little better than afixed sight in this environ-
ment, though it may provide gravity, jump, and other minor corrections.
Itsmaj or advantage, aslong asthe shooter'smaneuverisfairly constantfor
the settling time of the sight, is an accurate indication of the plane of the
bullet stream (left/right reference relative to the shooter's windscreen),
which must be estimated with the fixed sight. Because relative motion
remains between the target and the pipper, however, lead correction (up/
down relative to the shooter's windscreen) is usually inaccurate and must
dtill be estimated. Computed|eadisgenerally lessthan that required, by an
amount that is proportiona to the apparent LOS rate. For a reasonable
chance of success with this type of sight, the shooter must get into the
target's plane of turn early and establish considerable excess leed; stabilize
his maneuver until the sight settles down; make smal, smooth correc-
tions to place the pipper on the target's flight path; and open fire well
before the target reaches the pipper.

The historical type of LCOS is optimized for the snapshot, but it is not
without problems. It is designed to show the location of bulletsfired one
TOP in the past, so theoretically its lead projection is accurate as long as
bulletswere indeed in the air one TOP previously. Settling timeis gener-
aly not a problem with this sght snce it is normally quite short and,
except at very closerange, usually expires before bullet TOP, eliminating
its effect on the pipper display. These characteristics require only that the
shooter somehow get the target and pipper to converge, and that he open
fire at least one bullet TOF prior to convergence. Although theoretically
this can be accomplished in any maneuver plane and with highLOSrates,
hit and kill probability are still enhanced by low LOS rates and in-plane
maneuvering.

A good fighter pilot, like agood boxer, should have a knockout punch— You
will find one attack you prefer to dl others. Work on it till you can do it to
perfection . . . then use it whenever possible.
Group Captain Reade Tilley, RAF
7 Victories, WW-II

Air-to-air gunnery is one of the most difficult skills afighter pilot can
master. Regardless of the type of sight, consistent accuracy depends on
total, intense concentration on the target. Whether attempting a tracking
or asnapshot pass, the shooter must make minute, smooth aiming correc-
tions while approaching the firing position. Usually such fine control can
be achieved best with conventional controls by holding the stick firmly
(but not squeezing out black juice) with both hands, resting theforearms or
elbows on the knees or upper legs, and applying corrections with dight
variationsin finger and wrist pressure. Some positive back-pressure onthe
controlsusually helps, but in very high-G situations the shooter may pre-
fer to trim out excessve pressure to reduce fatigue. The aircraft should be
flown as close to balanced flight as possible, since most sights do not
correct for bullet curvature caused by the "Magnus effect” that results
fromayaw angle. (Thisisthephenomenonthat allowsbaseball pitchersto
throw curves.) For ammunition conservation, short bursts (about one
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second) should be used until the shooter is fairly certain of his firing
solution, then let 'er rip. "Hosepiping” tracers at atarget with long bursts
is generdly ineffective and severdly reduces ammunition endurance.
Effectivetrainingin air-to-air gunnery techniques necessitatesagunsight
cameraf ordebrief purposes. Videocamerasareideal f orthispurposesince
film-processing time is eliminated.

I gainedin experience with every plane shot down, and now was abletofirein
a cam, deliberate manner. Each attack was made in a precise manner.
Distance and deflection were carefully judged before firing. This is not
something that comes by accident; only by experience can apilot overcome
feelings of panic. A thousand missions could be flown and be of no useif the
pilot had not exchanged fire with the enemy.

Major John T. Godfrey, USAAF

1633 Victories, WW-II

Guns Defense

In discussing defensesagainst any weaponitisuseful tolook at theweapon
asasystem. Each component of this system must work effectively if itisto
succeed in its misson. Defeating any one component will defeat the
system, and the more subsystems degraded, thelessthe chances of system
success. The components of agun system arethe gun and ammunition, the
gun platform (aircraft), the sght, and the aircrewman firing the guns.
The gun/ammunition combination largely determines the maximum
effectiverange of the system at various aspects about thetarget. Some of
the factors involved are muzzle velocity, rate of fire, dispersion, bullet
aerodynamics, and fuzing characteristics. Probably the best defense
againgt agunisto remain outsideits effectiverange. Thismay be accom-
plishedif thedefending aircraft has speed capability greater thanthat of the
attacker andtheattacker is detected far enough away (depending on aspect
and overtake) to alow the defender to turn away and outrun him. When
thissituation exists and the defender doesnot wishto engage, hecanmake
a maximum-performance turn away from the attacker to place him as
closeto dead astern aspossible, accel erate to maximum speed, andfly as
straight aline as possible until he is no longer threatened. If the defender
does not put the opponent close to the six o'clock postion, the attacker
may continue to close to guns range because of the geometry. Turning
during therun-out (arcing) alows even adower fighter to closetherange
by flying across the circle. Under some circumstances it may be desirable
to keep the attacker in sght during this maneuver or to change the
direction of the run-out after it hasbegun. To maintain sght andto reduce
geometric closure to a minimum, the attacker should be kept near the
defender's aft visibility limit. A seriesof smdl, hard turns canbe madein
the desired direction (alowing the attacker to be kept in sight), and each
turn can be followed by aperiod of straight-line flight until the attacker
driftsback to the aft visibility limit; this process can berepeated until the
desired heading is reached. Sight can be maintained after this point by
making aseries of these smdl turnsalternately left and right of thedesired
course. This technique is often caled an "extenson maneuver."



24 FIGHTER WEAPONS

The next best thing to denying the attacker any shot at dl isto deny him
agood shot. This can be accomplished by complicating the task of any of
the gun subsystems. Looking a little deeper into the requirements for a
good gun shot will clarify the discussion that follows. Figure 1-4 is a
representative guns "envelope,” looking down on the target located in the
center, which isheading toward the top of the page. It can be seen that the
effective guns envelope is defined by the min-range boundary (primarily a
function of closure) and the max-range boundary (primarily a function of
gun/ammunition characteristics, dispersion, lethality, gunsight, closure,
apparent target sze, and vulnerability). Note that min-range is much
greater inthetarget's forward hemi sphere because of higher closure. Max-
range is adso generdly greater in the forward hemisphere for the same
reason. Thisrelates to shorter bullet TOP, smaller dispersion radius, and
greater bullet density on the target. Lethadlity is dso improved in the
forward hemisphere since greater bullet kinetic energy is provided by the
closure. Maximum effective range increases in the target's beam because
of larger apparent target size and better fuzing of the shells (cannon)
resulting from ahigher "grazing angl€" with thetarget. Low grazing angles
in the forward and rear quarters may alow shells to bounce off the target
without penetrating or exploding.

As might be expected, within the overal effective envelope of the gun
some areas are better than others. The tracking area is limited on the
min-range side by the attacker's ability to turn fast enough to stop the
target's LOS rate. In the case depicted, the target can be tracked dightly
forward of the beam at long ranges. The forward limit is predicated on
sufficient tracking time between max- and min-range to ensure destruc-
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