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weapons were often removed to save
weight. Though the B-36 did not come
soon enough for combat, it was designed
on the assumption that Britain might
succumb. Its design incorporated 16 20-
mm guns, remotely controlled from a
cent:al station.*

We have seen that the notion of an
air-to-air guided missile had existed
before World War 1. But during World
War II more work was done on air-to-
ground guided weapons than on air-to-air
missiles. However, many of the ideas that
contributed in one area were {and are)
applicable to the other. The Germans
and the Americans had developed usable
radio-command guided weapons and
used them in combat in the Second World
War. The US got a number of hits on

naval vessels with radar-guided bombs
before V-J Day, and was working on
television and IR guidance too. Rockets
had long been in use in air combat by the
Germans. They had a host of imaginative
programs in research and development,
too many perhaps. Fortunately, the US
absorbed many of the ideas, and scien-
tists and engineers as well, during the
final collapse of Germany.** It was a har-

vest of huge proportions. The diversity of

the harvest was so great that it would
permit the new combination of many
ideas into new means of war fighting that
would have enormous implications for
strategy, operations, and tactics, and in
turn for international relations.

Insofar as armament is concerned, air-
to-air combat was not much different

After the B-36. the requirement for turrets and guns to defend all aspects was deleted from bomber designs. The
USAF B 52. shown here, came with tail guns only. in the 20-mm size. The theory was that speeds were such
that most intercepts would result in stern chases. The B-52s in Linebacker 11 did achieve two MiG kills with tail

guns.
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Bell P-59 was the first US jet

One of the reasons for the apparently slow development of nonnuclear atreraft

armament in the first two decades after Hiroshima was alleged to be the distracting presence of several
contemporary technological revolutions. They included the transition to jets, nuclear weapons. ICBMs avionics

and nuclear submarines

The Korean Experience

S()ME OF the puided bombs that had
been developed during and since World
War Il were used «-xperin"’nlallv in Korea.
They were visually tracked and guided
over a radio command link quite similar
to one of the German World War 1l bombs
and one of its air-to-air ruissiles (the Nazis
had gotten the former into combat, but
not the latter). The results were fair, but
the technology was not tried on air-to-air
weapons.' The period between the wars
had been but five vears, and it was not to
be expected that new weapons suites
would have been developed and deployed
in that time.

During World War il, a new version of
the M-2 Browning .50-caliber machine
gun had been perfected. but its deploy-
ment was only just beginning as the war
ended. The principal change was in
providing a new liner for the barrel that
had great benefits in logistical efficiency
and in gun performance. The new
weapon. known as the M-8, equipped the
air-to-air fighters of the Korean War. The

%)

Air Force had transitioned to jets, but the
guns were basically the same as in the
previous conflict. The main air supe-
riority fighter was the F-86 Sabre and the
models used in combat were all anned
with six M-3 weapons. The main adver-
sary was the MiG-15. It had one 37-mm
and two 23-mm cannons. While the MiG-
15 was being designed, the Soviel Union
had to consider a long-range heavy bomb-
er threat against the homeland. The UIS
faced a smaller threat and therefore had
less incentive to go to big guns on the
F-86. (However, the interceplor version
ol the Sabre did have unguided rockets in
the 2.75-inch caliber.) But the cannons
did not help the Soviets. The larger
caliber resulted in a lower rate of fire and,
though the airplane had a better altitile
capability than the Sabre, the MiGs sul-
fered greatly throughout. It seems that
the superior training and greater combat
experience of the American pilots helped
overcome the limitations of their airplane.
As the high rate of fire of their six 50-
caliber M-3 Brownings may have been
more significant than the heavy weight of
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the individual MiG round, it cannot be
claimed that superior armament had
much of an effect on the outcomes.*
Though the battles along the Yalu were
fought at higher altitudes and speeds
than in World War 11, and they took up
more space, the coming of jets did not
change the basic approach—still a stern
attack using guns from as close a range
as possible. As noted, the transition to
20-mm weapons in bombers was already
under way. The B-47 and B-52 were in
development in the late forties. and ul-
timately came equipped with 20-mm
puns—but only in the tail. At jet speeds,
only stern quarter shots seemed feasible
because of aiming problems in the for-
ward hemisphere. All American fighters
engaged in Korea came with .50-caliber
weapons, buf the F-86F Sabre entered
the USAF inventory with 20-mm weapons
just as the Korean fighting was ending.
The guns were the new M-39s, developed
from German technology since the end of
World War II. Though the Korean War

was fought with guns, the advent of the
missile age was already afoot in the re-
search and development community.™

The False Dawn of
the Missile Era

THE NOTIONS of infrared and radar
detection had existed at least since the
1930s.”" But it was radar that got its
greatest development during the Second
World War. Once the idea had been ex-
panded from ground radars to airborne
equipment, it was but a small leap to
further push it to unmanned vehicles—
missiles. Research and development
(R&D) on air-to-air missiles, both radar
and infrared. commenced in the immedi-
ate postwar period and by the mid- 1950s,
such missiles were coming on the line.

The chief image of conflict in the late
1940s was a transpolar attack carried out
by large airplanes laden with nuclear
While the guided missile re-

weapons.

UISAF F-86 Sabre with six .50-caliber M-3 Brownings. Most air combat in the Korean War was done with the
M-3. 1t was. except for the barrel, essentially the same gun that had been demonstrated in 1917 and used in US

Navy and Army aircraft in World War I almost universally
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search was being implemented, an initial bomber phase into the ICBM age. All the
tack was to employ a shotgun approach air-to-air missiles introduced in the
by firing a volley of small, unguided rock- 1950s were designed against large-
ets. That seemed feasible against an un- bomber, nonmaneuvering targets.

maneuvering, relatively slow target (large Two Navy missiles were designed and
bomber)} and the interceptor version of the developed later and remained in service
F-86 Sabre and the F-89 Scorpion were even longer. One was the IR AIM-9
equipped to fire such volleys. Both Sidewinder, and the other the SARH
aircraft fired 2.75-inch folding-fin aircraft | AIM-7 Sparrow. The AIM-9 was the first
rockets that were in service for many |  air-to-air missile to score a combat kill in

years afterward (26 in the F-86D ana 52
lin the pods| in the F-89D).* At that
point, rocket velocities were lower than

October 1958 when Chinese Nationalist
F-86s claimed 14 victories in a single day
{over the Chinese Communist air forces).

the muzzle velocities of aircraft guns, and R&D on the Sidewinder had begun in
the unguided solution could not be more 1950, went through many models. and
than an interim measure. i as produced in tens of thousands by
The research on US guided air-to-air several corporations in the US and by a
missiles began in the late 1940s. The | consortium in Europe. It was still in
first missile to reach operational status } production in the 1990s. Most of the
was the Hughes AIM-4 Falcon, in 1956. models had IR seekers. but at least one
It was built with both IR and semiactive radar version was tried without much
radar homing (SARH), and a variety of success.
warheads.”™ The Falcon remained in ser- Early IR missiles were limited to stern-
vice for the next quarter century. In those quarter shots and their performance was
pre-Sputnik days, it was not clear that | degraded by clouds and rain. They were
the Soviets would leapfrog the strategic | short-range weapons. As a complement,

T
5

w ' r'<:- . U.S:A'Ii'i FbRCE FU'Slg

USAF F-86D. In the aftermath of World War I, some fighters. like the F-86D. were designed without any guns.
This plane had a retractable magazine under the nose that could be extended to fire volleys of unguided air-to-air
rockets
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USAF |
1 Brownings. but they
most western fighters. The M

based on the revolver principle

that first alr-to-air
siles were becoming prominent and when

the

the generation mis

massive retaliation strategy was
diverting funds and talent away from con
The M-39 repre

sented a substantial improvement over

ventional programs

the M-3 Brownings, but probably should

be described as an incremental advance

The M-61

in a vaniety ol ways though still perhaps
-

however, was a larger advance

not revolutionary in its impact

The weight of the M-39 is about three
times that of the M-3; that of the M-61
Gatling gun is about four times that of the
The M-39 delivers hall again
50-caliber but
the M-61 delivers four times the number
of rounds in a given time. Like the M-39,
it uses 20-mm ammunition. That is done
with higher
2,850 feet per second
3,400 fps), close to a 20
with size
round having an exploding capability.

Browning
more rate of fire than the

a substantially muzzle

velocity (M-39 =
“‘»\I/M‘;l =

percent increase the same

Both ol those qualities are highly sig

nificant in air-to-air applications

Probably equally important, the old

100 developed in the late Afties with M-39 20-mm guns
wer the Korean War era M

tandard 4

39 was a dertvative
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Those weapons were substantial improvements

were quickly superseded by the M 61 20 mm Gatling gun. now

of a German World War [ developmental program

the M-39
reciprocating motion in their actions
The M-61
motion

machine guns and use a

is characterized by a rotary

with fewer sudden starts and

stops. The result has been a quantum
jump In the reliability of the system

he Air
several fighters in the middle and late
1950s

Force and Navy developed
The only one that came close to
being optimized for the air superiority role
100
that came along too soon for the M-61
The
F-104 and F- 105 were the first two planes
I'he
many varianis, in
cluding a day fighter but the
initial lot of production went to the Air

in conventional wartare was the F
and it was equipped with four M-39s

equipped with the Gatling gun
former was built in

version,

Delense Command as interceptors with a
gun and Sidewinder Many
others have been built by and for our
NATO
modifications for
F-105 was
penetrator for nuclear attack

missiles

allies usually with important
ground attack. The
built as a high-speed
It had a
bomb bay and came with an M-61 in

stalled. The F-101 and F-102 were en
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visioned as interceptors also, but the
former came in reconnaissance and
ground attack variants. Some of the F-
101s had guns, though not the M-61, but
all of the F-102s were equipped with mis-
siles only. The F-4 was a Navy develop-
ment designed as a fleet defense
fighter—a mission similar to the intercep-
tor role of the Alr Defense Command of
that day. It, too, was designed with only
missiles for air-to-air fighting.*

The Exaggerated Reports of
the Death of the Aircraft Gun

BY THE presidential election of 1960,
gun technology had made a substantial
advance but it was little noticed coming
in the shadow of the new air-to-air missile
technology. The Kennedy administration
with its Flexible Response, seemed to be
a move away from the use of guns in the
air-to-air role. Practically all of the new
fighters were equipped with the AIM-9
Sidewinder, and many, those that could
bear the necessary radar, were being built
to carry the AIM-7 Sparrow. The two
fighters that were to be the USAF

mainstays in the air war over North Viet-
nam were the F-105 Thunderchiefl and
the F-4C Phantom. The F-105 was com-
ing into the units, and Secretary of
Defense Robert S. McNamara was en-
thusiastic to find aircraft that would suit
the requirements of both Navy and Air
Force.

The F-111 TFX (tactical fighter ex-
perimental) program was one manifesta-
tion of McNamara's policy, and the F-4
was another. Though the F-111 made it
only into the Air Force inventory, the F-4
was put into the fleet and the Air Force.
The Phantom was designed for fleet
defense, and that role resembles the Air
Force's interceptor mission area more
than its battlefield air superiority func-
tion. Enthusiasm for missiles was not
confined to the Navy, though the Air Force
(especially in the Tactical Air Command
[TAC)) insisted on the need for a gun in
an air superiority fighter.”’ The result
was that the F-4 was brought into the Air
Force inventory for the air superiority role
without a gun. However, there was
enough sentiment for a gun that develop-
ment was immediately begun to create a
gun pod to be carried externally beneath
the airplane. By the onset of the Vietnam

The USAF F-104 of the late 1950s shown here (along with the F-105) was the first atrcraft equipped with the
General Electric M-61 20.mm Gatling gun. This gun is still standard in most US and many NATO fighters. An
tmproved version of the M-61 is currently in the advanced tactical fighter (ATF).
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The F-105 is shown here configured as a conventional fighter-bomber
bombing while the F-4 covered it against air (o alr atta k from MiGs
high speed nuclear attack, it inc luded an internal Gatling gun from the outset

In Vietnam it was used primarily for
Though the F 105 had been designed for
During the Vietnam War. the

F-105 achieved some kills with guns and some with IR missiles. but it could not fire radar weapons

War, such a pod was on the line as the
SUU-16 containing the M-61 Gatling
gun.™

In Vietnam both of the Air
mainstays were applied to combat roles
for which they had not been designed.
The F-105 with its internal gun came to
be the conventional bomber instead of the
supersonic nuclear, penetrating strike
fighter. The F-4C was at first the air
superiority fighter instead of the fleet
defense interceptor. (Later, it replaced
the F- 105 in the bombing role, too.) It did
not have a gun, but was equipped with
AIM-9 heat-seeking Sidewinders and
AIM-7 radar Sparrows. The Thunder-
chief had a gun and the Sidewinder, but
not the Sparrow. The supersonic strike
role had demanded a high-speed wing
with high wing loading on the F-105.
That meant that all of the communist
fighters could outturn it by a wide mar-
gin, a serious handicap in dogfighting.

Force's

The F-4 had a lower wing loading. Com
bined with its high thrust-to-weight ratio,
it had an excellent climb rate that was
also tmportant and it could come closer
to staying with the North Vietnamese
fighters in a hard turn. But when the gun
pod was hung below its fuselage, it lost
some of its performance advantages
Furthermore, the gun so carried was not
as accurate as it was in internally carried
configurations.”

The Defects of Air-to-Air
Doctrine Revealed in Vietnam

THOl JGH there seems to have been sub
stantial technological advance in air-to
air weapons during the Eisenhower
years, not much thought was given to air
superiority doctrine. Michael Howard
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has written that all doctrine is wrong. He
asserted that the peacetime soldier's task
is to strive to keep the doctrine from being
too far wrong. He argued that when com-
bat comes, it inevitably exposes the
doctrinal errors. Then the task becomes
to adapt to correct the errors more rapidly
than does one’s enemies.”

The errors in the air-to-air doctrine on
the US side were not all that great. But
combat soon exposed them, and adapta-
tions were undertaken. The kill ratio was
still favorable to the American side, but it
was far less favorable than it had been
during the Korean War. Aircraft arma-
ment was seen to be a more significant
factor in the air-to-air fight than in pre-
vious conflicts. The IR and the radar
missiles had a lower success ratio than
their enthusiasts had expected. The
communists were able to get better use
out of their aerial guns than had been
anticipated.”™

The Americans adapted rapidly: so did
the Vietnamese—with significant assis-
tance from abroad. There were important
adavances in electronic countermeasures
(ECM) capabilities lor the seli-protection

of bombers and fighters, and specialized
units for the suppression of the ground
defenses were built. The combatl ex-
perience lent force to an already existing
program to provide an internal gun for the
F-4, and the first E model was put into
operations in the fall of 1967. Innovative
tactics, as in Operation Bolo early in
1967, yielded some temporary ad-
vantages. But the ratio and the perfor-
mance of the air-to-air missiles remained
disappointing.™

There was more to this disappointment
than just the nature and quality of the
air-to-air weapons. The state of air com-
bat training was one. The US peacetlime
training emphasized achieving air supe-
riority largely through oflensive
counterair attacks on eneny air asseis on
the ground. As conducted, air-to-air
defensive counterair training was be-
tween small units carefully constrained
to maintain strict safety standards. This
seriously underemphasized the com-
plexity of the air environment in Vietnam
and limited the effectiveness of the train-
ing. Further, the US policy of rotating its

USAF F-4E. Earlier versions of the F-4 did not have the internal M-61 20-mm cannon seen here (under nose).
They were at a disadvantage without a gun in combat against the MiGs. A podded 20-mm gun was developed
for external carriage. but that entailed a performance penalty.
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The IAF had it all its own way, but many
factors (in addition to superior aircrait
armament) contributed to that result—
most prominently superior aircrew train-
ing. Only 7 percent of the Syrian losses
were to guns. By that time the IAF was
equipped with F-15s and F-16s. The
former had Sparrows and Sidewinders
while the latter carried only IR missiles
(both atreraft had the M-61 20-mm can-
non). The missile success ratio seems to
have been higher than in Vietnam, but it
was a different enemy and improved ver-
sions of the AIM-7 and AIM-9 were opera-
tional,”™

In the Falklands War of 1982, the
British prevailed in limited air-to-air
fighting. All engagements were the Har-
rier defenders versus Argentinian jets on
bombing missions. Little can be inferred
from the fighting beyvond noting that most
of the British air-to-air kills were achieved
using the Sidewinder, but it was a much
improved version compared with the ones
used in Vietnam.™

At this writing {(March 1991), the war
against Iraq is barely completed. There
was not enough of an air superiority bat-
fle to establish any clear trends. The
media suggests that the short air-to-air
jet battle was one sided in favor of the
coalition forces, and all of the Kkills
achieved were done with missiles, not
guns.”

Product Improvements of the
Guns, Sidewinder, and Sparrow

MA.J()R reforms arising from the air
fighting over North Vietnam included new
and more realistic USAF and USN train-
ing programs for air combat (Red Flag and
Top Gun).™ As for technology. one result
was the design of two new USAF fighters
which were optimized for air-to-air com-
bat: the F-15 and F-16. Both designs
included space for a gun and for mis-
siles.”

USAF F-16 launching an AIM-9 Sidewinder air-to-air missile. The Sidewinder is an IR missile and is lighter and
cheaper than radar missiles. It is a short-range weapon. Current Sidewinders are much improved over their
Vietnam-era ancestors. They are more relfable and no longer have to be fired from behind the target. Sidewinders
got most of the kills in the Falklands War and Bekaa Valley fighting of 1982.
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Sparrow (AIM- 7) radar misstle being fired from USAF F-15
Vietnam -era ancestors and achieved many of the coalitton’s kills in Operation Desert Storm

The current Sparrows are much improved over thetr

However . they are

heavier and larger than the newer radar weapons and they are semiactive systems that require guidance from

the launching atreraft unttl impact
medium range air to atr misstle

the Sparrow, but in addition It overcame
one of the greatest handicaps of the early
model AIM-9s. They had to be fired from
a rather thin cone behind the tail of the
enemy. By the time of the Falklands and
Bekaa Valley fighting, through better
cooling, new materials for sensors, en
hanced aerodynamic design. and im
proved optics, the Sidewinders had
greatly expanded their envelope so that
they were approaching an all-aspect
Ihey could be fired at the enemy
from almost any direction. It was no
longer necessary that the sensor have a
direct line of sight on the enemy jet's
exhaust pipe. It had become so sensitive
that it could home in on the parts of the
airfoils that had been warmed by air fric-
tion entailed in high-speed flight. Head-
on shots with Sidewinders became
possible. The Vietnam-era IR missiles
fincluding enemy ground-launched port-
able missiles) could be rather easily
spoofed by dropping flares. The later

status

27

They are ali-aspect misstles and are less expensive than the advanced

marks of the Sidewinder overcame this by
giving the sensors the capability of dis
criminating between flares and the tarpet
heat sources the
AIM-9s were limited in performance by

Even newest IR

fog, clouds, and rain; and in any event
they were short-range weapons "'

In the aftermath of the Vietnam War,
the Navy also turned to the developiment
ol a new fighter—the Grumman F-14
Like its ancestor, the F-4 Phantom, it was
optimized for fleet defense—long-range
interception of relatively nonmaneuver
Because of the limited deck
space ol aircraft carriers, it was highly
desirable that each F-14 be capabie ol
multiple kills, even simultaneous attacks
as far away from the task force as pos
With the coming of standofl mis
siles In the Soviet airplanes. this
characteristic was all the more desirable
The F-14 is capable of carrying the Spar
row f(along with its M-61 cannon and
Sidewinder missiles). the

ing targets.

sible

However,
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Advanced medium range atr to-alr missile (AMRAAM) test shot from the F- 15 The AMRAAM is an important

advance over other medium range radar missiles lor several reasons
It will be used also on a large part of the F 16 fleet that does not yet have a radar

1= a fire and forget weapon

missile capability

to be coproduction arrangements for both
missiles The US agreed to avoid
duplicating short -range missile programs
while the NATO allies were to stay away
from medium-range radar missile
programs for the life of the under-
standing.™

If not revolutionary, the AMRAAM went
beyond the usual Incremental improve-
ments in weapon systems. It was to in-
corporate all of the many improvements
described above for the post-Vietnam
models of the Sparrow and Sidewinders.
But, in addition, it was to have an active
radar homing mode—to be able to direct
itself at its target without assistance from
the launching aircraft. That would
enable friendly fighters to begin their es-
capes immediately alter launch, to shut
down their radars to frustrate enemy tar-
geting, or to manage multiple simul
taneous attacks. It was also to enjoy a
“home-on-jJamming” mode. The missile
was designed with inertial midcourse
guidance that would keep it on track until

29

It is smaller and lighter. jam resistant. and

its own radar came within range of the
victim—without help from the launcher
Additionally, the AMRAAM was
designed to be 60 percent of the weight of
the Sparrow so that more ol them could
that the same
would cause less drag than the equivalent
Sparrow load
be jam-resistant—to operate in a heavy

be carried, or number

Its seeker was designed to

electronic countermeasures environ
ment. The AMRAAM is smaller than the
AIM-7, has a powerful and smokeless
motor, is faster and more maneuverable
than earlier missiles
the ability of enemy aircrews to spot and
evade US and NATO missile attacks.
According to some reports, the Soviets
have some remarkable capabilities in
technological advancement—but they are
spotty and do not apply across the board.,
One area where they have traditionally
lagged behind the West, and seem to lag
still. is in the realm of air-to-air missiles
According to those reports, it will be many

That should lessen
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years before the Soviets have the com-
ponent technologies to duplicate
AMRAAM, and the new missile therefore
might go a long way toward compensating
for a numerical imbalance.™

The AMRAAM program was not
without its challenges. It ran into various
testing difficulties during the middle
eighties, and holding down the costs was
very difficult. Even though costs had
been brought down substantially by
1990, the unit cost still stood at $600.000
per missile. In May of that year, however,
a full-scale test was held over the Eglin
Gulf Test Range. One F-15 fired four
missiles at four different jet targets in a
heavy ECM environment. The AMRAAMs
got direct hits on three of the jets and the
fourth missile passed close enough to its
target that its proximity fuze would have
detonated and fragments would have
destroyed it. That test, coming after
many others proving various aspects of
the weapon’'s functioning, seemed to
build substantial confidence in the pro-
gram. The schedule had called for an
initial operational capability (10C) in the
mid- 1980s, but it was not achieved until
25 September 1991. Though some
AMRAAMs were deployed to the Middle

East for the war against Iraq, the air-to-
air fighting was over too soon for them to
get a combat evaluation.™

Though the combat test was not
feasible, the range testing and the im
provements in the older missiles seemed
to offer the basis for speculations that the
nature of the defensive counterair battle
was on the verge ol great change. The
F-16 was present in large numbers in the
USAF inventory. It had neither the radar
nor the weight-carrying capability to
handle the Sparrow. It would be able to
use the AMRAAM which was a major
change for the US and its allies. All their
F-16s had been confined to short-range
fighting before AMRAAM, now they would
all acquire a beyond-visual-range (BVR)
capability with the new missile. That
meant that for the enemy pilots, at least,
“checking six™ was no longer enough, for
afler 1990, danger might come from any
direction.”

Though the modernity and romance of
missile warfare kept the advance of the
technology for such weapons in a
prominent place in the pages of the
media, there was still room to wonder
whether the future belonged wholly to the
missile. Kranzberg's thesis seemed to be

USAF F-16 firing an AMRAAM. Most US and allied F- 168 cannot handle the Sparrow and are therefore equipped
only for short-range air combat. AMRAAM will give them an important longer range. all-aspect radar capability

for the first time
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