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academic freedom and the advancement of national defense-related concepts. The views ex¬ 

pressed in this publication are those of the author and do not reflect the official policy or position 
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This publication has been reviewed by security and policy review authorities and is cleared for 
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Foreword 

The stunning changes In the complexion of international politics that began 
late in the decade of the 1980s and continue today will profoundly affect the 
American military establishment as a whole, and the US Air Force in particular. 
Decisions about the future course of the military will be made in the early part 
of the 1990s which will essentially determine the course of the US Air Force well 
into the next century. Decisions of such importance require thoughtful con¬ 
sideration of all ¡joints of view. 

This report is one in a special series of CADRE Papers which address many of 
the issues that decision makers must consider when undertaking such momen¬ 
tous decisions. The list of subjects addressed in this special series is by no means 
exhaustive, and the treatment of each subject is certainly not definitive. However, 
the Papers do treat topics of considerable importance to the future of the US Air 
Force, treat them with care and originality, and provide valuable insights. 

We believe this special series of CADRE Papers can be of considerable value to 
policymakers at all levels as they plan for the US Air Force and its role in the 
so-called postcontainment environment. 

$> 

DENNIS M. DREW, Col, US/ 
Director 
Airpower Research Institute 
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Executive Summary 

This essay takes a historical approach to examining the nonnuclear armament 
acquisition process through the case of air superiority weapons. It deals first 
with the marriage of armament technology with aviation technology to produce 
military air power In the age of gun weapons. It aigues that it was mainly an 
adaptive, evolutionary process until the 1950s. In part, that was because 
ammunition and gun technology were well matured, but airframe and engine 
technologies were still on the steep parts of their developmental curves. 

With the appearance of practical air-to-air missiles, there were predictions that 
guns were obsolete and defensive counterair tactics were on the verge of a 
revolution—from the conventional short-range stem chase of the gun era to a 
time of all-aspect threats at ranges much greater than before. In Vietnam, those 
predictions were proven premature, and the aircrew community became firmly 
committed to the requirement for an internal gun in all new fighters. 

In the 1970s and 1980s. the infrared missiles did acquire an all-aspect 
capability at short ranges, and the new radar missiles with a beyond-visual-range 
multiple launch-and-leave capability were on the horizon. Some were predicting 
that the new era was finally at hand, but the effectiveness of electronic warfare 
along with the performance of stealth aircraft in Operation Desert Storm made 
the predictions uncertain. Too. the potential of air-to-air antiradiation missiles 
and uncertainties about the feasibility of fully reliable means of target identifica¬ 
tion further complicated the problem. 

Meanwhile, potentially revolutionary improvements were being made in gun- 
sight and gun ammunition technology and were not much noticed. All of this 
was taking place in a turbulent international and political climate introducing 
additional imponderables. Finally, in a 1990 reorganization of defense research 
and development, the Army laboratories were assigned the lead service respon¬ 
sibility for conventional guns—reducing the USAF role in the advanced gun and 
ammunition development business. This raised the possibility that the service 
would be lacking a gun advocacy group in its ranks and lead to a neglect of that 
technology in an austere budget climate. 

The study concludes that the USAF leadership would be well advised to 
enhance the inherent flexibility of air power by providing flexible weapon suites 
for future fighters. This would include medium-range radar missiles and short- 
range infrared missiles as well as guns. In the absence of a clear and present 
danger of general war against a first-class enemy, the leadership probably is able 
to postpone a commitment to a major and expensive change entailed in the 
adoption of radically new ammunition and guns. This may be justifiable on 
technical as well as economic grounds. Notwithstanding the great gain achieved 
in the development of telescoped ammunition, still greater gains may not be too 
far in the future if it proves practical to add a caseless feature. Substantial 



Improvements can nevertheless be made with updated versions of present guns, 
ammunition, and sights while keeping options open for future, more revolution¬ 
ary changes. As the Air Force now has a reduced responsibility for exploratory 
research and advanced development in conventional guns and ammunition, it is 
recommended that the leadership be alert to assure that such research and 
development be kept alive and healthy in the US Army laboratories. 
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CADRE PAPER 

Checking Six Is Not Enough 
The Evolution and Future of Air Superiority Armament 

MELVIN KRANZBERG, speaking at the 
US Air Force Academy's Third Military 
History Symposium, noted that a bias 
had been introduced to the study of the 
history of science and technology because 
writers preferred the glamorous Issues. 
He added that sometimes the un- 
glamorous (but often important) issues 
had a pervasive effect that went un¬ 
noticed because they simply had not at¬ 
tracted the attention of scholars. 
Kranzbergs remarks, made well before 
the “lessons" of the air war in Vietnam 
had been digested, were perceptive. The 
history of nonnuclear aircraft armament 
certainly seems to bear them out.1 

The romance of aviation guarantees 
that the history of airframe and engine 
development will get full attention. The 
obvious importance of nuclear weapons 
attracts the attention of a parade of 
scholars. Space and its promise for the 
future is a magnet for any number of 
writers. But the history of nonnuclear 
aircraft armament development, espe¬ 
cially aircraft guns and bombs, remains 
an untllled field. I suppose this is so 
because the armament part of the system 
has never been clearly decisive in air 
superiority battles and campaigns. 
Though nonnuclear aircraft missiles are 
an exception, the technology of conven¬ 
tional aircraft armament is far less exotic 
than those of strategic missiles, nuclear 
weapons, and aircraft. Also, aircraft 
bombs and guns were long organizational 
orphans while careers could prosper or 
fall with the fortunes of engine, airframe, 
intercontinental balUsUc missile (ICBM), 
ship, submarine, or tank programs. The 

time may have come to fill tills gap in the 
history of air power. Clearly, air supe¬ 
riority is as important as it has ever been 
and crucial nonnuclear armament 
choices for arming twenty-first century 
fighters are in the offing.2 

According to Richard E. Neustadt's and 
Ernest R. May’s Thinking in Time, when 
such choices are to be made one should 
found them on the study of three his¬ 
tories.3 First, the personal histories of 
the main actors have to be considered. 
Second, the organizational records of the 
units engaged should be understood. 
Finally, the past of the Issue Itself must 
be cx)mpreh ended. This essay is planned 
as a contribution to the latter history. 
What has been the record of the non¬ 
nuclear aircraft air superiority weapons 
since 1914? What factors made it evolve 
in the way that it did? How did these 
factors interact at each stage? The re¬ 
lated twenty-first century issue would be: 
shall the air superiority fighter be armed 
with missiles only, or should it also in¬ 
clude a gun? 

This essay is organized chronologi¬ 
cally. It is a work of synthesis reliant 
largely on secondary sources. It begins 
with the era of air-to-air gunnery from 
1914 to the end of the Korean War. The 
false dawn of the missile era will be dis¬ 
cussed, post-Vietnam air-to-air weapons 
developments examined, and the paper 
will conclude with some speculations on 
the nature of nonnuclear weapons 
development and ideas on future choices. 
It is clear that there is or should be a close 
relationship between doctrine and 
weapons. However, this study con- 
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centrales on the armament and deals 
with doctrine only when It liad a direct 
Impact on the arms themselves. Ii recog¬ 
nizes that the Soviets have a strong 
record In aircraft gun development, but 
they have generally trailed the West in 
air-to-air missile development. Conse¬ 
quently, most of the emphasis In this 
essay Is on the US part of the story. 
Finally, there is an Interdependence be¬ 
tween fire control equipment and 
weapons, but this study will concentrate 
on the guns and missiles. 

The Era of Air-to-Air Gunnery 

It IS commonly thought that the demand 
for air superiority or command of the air 
was a pragmatic reaction to the an¬ 
noyance of aerial reconnaissance of the 
early months of World War I. However, 
Lee Kennett's recent The First Air War 
makes It clear that the notion existed 
before that.4 Great air wars were en¬ 
visioned In the speculative literature long 
before the Wright brothers’ first flight, 
and the speculation boomed during the 
decade after 1903. As Kennet! shows, 
practically all of the current roles and 
missions of air power had been conceived 
before the "Guns of August" first spoke. 
Even air-to-air guided missiles had been 
anticipated. One author speculated that 
the way to meet the zeppelin threat might 
be the fashioning of a miniairship con¬ 
taining an explosive warhead and a spool 
of wire. Directions were to be sent to the 
mlnialrshlp from the defending zeppelin 
by means of the unreeling wire until the 
missile collided with the Invader. The 
notion must have seemed farfetched at 
the time, but it Is very similar to one 
German response to the Allies’ jamming 

of the data-link on the Fritz-guided bomb 
during World War n. It is even more 
similar to the current wtre-gulded mis¬ 
siles used against tanks all over the 
world.* 

America’s Lt Col Isaac Newton Lewis 
demonstrated his light, gas-operated 
machine gun from an Army aircraft at 
College Park, Maryland, as early as 
1911. But It was not at all clear that it 
would become the weapon of choice In the 
anticipated battles for command of the air 
when war broke out three years later. 
The legends regarding ignorant senior of¬ 
ficers prohibiting the wise Junior officers 
from carrying aloft machine guns have 
been exaggerated. In 1913, the British 
had a program designed to adapt the use 
of the Lewis to an airplane, but there were 
serious problems associated with it. For 
example. In the absence of a 
synchronizer, the use of a machine gun 
demanded a second crew member. Given 
the limitations of engine power, this gun 
and additional crew member guaranteed 
the airplane would not have a speed or 
climbing advantage over its adversary 
reconnaissance aircraft, which could 
therefore refuse combat at will—a dis¬ 
qualifying defect for an air superiority 
flg'itcr.7 

It was more than the appearance of the 
machine gun that put an end to the 
heyday of the Napoleonic offensive. 
Airplanes and many other factors had an 
influence. Such offensive tactics had 
been suicidal by the minié ball In the 
American Civil War before either Sir 
Hiram Maxim or Richard Gatling had per¬ 
fected their rapid fire weapons. Even in 
World War I, only 30 percent of the 
casualties were caused by small caliber 
wounds—60 percent were inflicted by ar¬ 
tillery.* 

Soon after the onset of World War I the 
ground generals recognized that aerial 
reconnaissance was a major contributor 
to the stalemate. The concentration and 
surprise necessary for a successful oflen- 
slve could not be achieved as easily in the 
presence of aerial observers. The ground 
leaders demanded the development of a 
capability to deny the enemy the ability 
to spot a buildup for an offensive from the 
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air—and to preserve such an ability for 
their own forces.9 

The Original Attempts to 
Achieve Command of the Air 

In THE period after the American Civil 
War. the gun technology In the navies of 
the world had advanced much more 
rapidly than the associated fire control 
systems. The ranges were longer, the 
filing platform less stable, and probably 
the target movement was greater than 
with land warfare. After many decades of 
development the sea services produced a 
solution. Just before the Great War. How¬ 
ever. In aerial combat the speeds were 
higher for both target and filing platform. 
Moreover, aircraft movements were not 
confined to a single plane, and weight was 
a more important consideration than It 
was at sea. Finally, the fields of Are were 
more constrained with aircraft than they 
were with ships. The consequence was 
the onset of a more or less pragmatic 
search for weapons and fire control sys¬ 
tems lhal could achieve command of the 
air—a search that has been going on for 
three-quarters of a century and which Is 
still far from complete. 

Some of the methods tried In the first 
two years of the First World War seem 
farfetched to modem readers. One of 
these was the towing of a grappling hook 
into an aerial target below. Perhaps that 
was not all lhal outlandish when pursu¬ 
ing a slow-moving, unsuspecting zep¬ 
pelin from above. The Russians actually 
achieved a kill on a German airplane with 
such a hook.’0 

Another method that was seriously 
considered for decades also may not have 
been as bizarre as 11 now seems: bombing 
enemy aircraft from above. The initial 
threat was the zeppelin, for only 11 could 
carry the bomb loads that seemed to be 
sufficient for real damage at long ranges. 
As the target was hundreds of feet long. 

filled with highly flammable hydrogen, 
and moving slowly along a straight path, 
getting into a proper position to drop an 
Incendiary dart from an airplane does not 
seem to pose a problem more difficult 
than ordinary formation flying. However, 
staying out of the way of the exploding 
hydrogen might be more challenging.1' 
Nor did the Idea die with the Great War. 
The US Army Air Corps (USAAC) prac¬ 
ticed such tactics against shadows of 
aircraft on our western deserts In the 
1930s, and the Luftwaffe tried bombing 
our B-17 and B-24 formations over 
Europe in World War II. (They were 
frustrated by the difficulty of setting lhe 
bomb fuzes to detonate at the proper 
moment.)12 

Brave attempts were made to fight with 
side arms and rifles, but the multiple 
accelerations Involved were too much for 
such low rate-of-flre weapons. Early in 
the war. the French used rockets suc¬ 
cessfully—but only against balloons. 
However, fired from the outboard struts 
of Nteuport scouts, unguided and few as 
they were, they could hardly be effective 
against anything but huge stationary tar¬ 
gets. Even at that, It was dangerous work 
because the pilot had to make a close 
approach to a balloon to ensure a kill, and 
the enemy often used “gas bags” as liait 
for antiaircraft artillery (AAA) traps. In 
that context, the sky was successfully 
mined at least once when the Allies 
provided a dummy balloonist and loaded 
the basket with high explosives. When a 
German aircraft approached the ex¬ 
plosives were detonated Iry wire from the 
ground to gel the kill." Notwithstanding 
some spectacular successes, none of 
these methods had a sufficiently high 
“probability of kill" (P^) to serve as an 
instrument to achieve command of the 
air. 

Early on, Lewis and Parabellum 
machine guns were mounted In the rear 
cockpits of two-seaters on flexible mount¬ 
ings. Their virtue was a theoretical pos- 
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sibility of hitting a pursuing enemy 
without one's own airplane necessarily 
being at any given point, but the multi¬ 
plicity of accelerations were such that 
deadly hits were seldom achieved. In any 
event, the second crew member and gun 
usually meant that the plane had no hope 
of overtaking lighter aircraft and single- 
seaters. But the Idea of flying an airplane 
with one hand and firing the Lewis gun 
effectively with the other from a flexible 
mounting was preposterous. The high 
rate of fire of a machine gun was essen¬ 
tial, but It would have to be mounted 
rigidly to the airplane if It was to be used 
In a single-seater with any hope of retain¬ 
ing a performance edge needed to achieve 
command of the air. Even before the war, 
it was understood that the greatest hope 
of achieving the required hits would be to 
remove the effect of multiple accelera¬ 
tions by attacking on a parallel course to 
that of the quarry. This meant usually 
tiring straight ahead while flying immedi¬ 
ately behind the target as closely as pos- 
slble.u 

Early attempts were made to configure 
fighting aircraft with the engine facing 
aft—a pusher—that would allow a free 
field of fire forward. Unhappily that could 
not work well because the configuration 
was not as efficient as a tractor arrange¬ 
ment with the propeller in front pulling. 
The pusher could not usually overtake a 
tractor, all other things being equal, and 
could not therefore bring Its gun to bear.IS 

While these other methods were being 
explored in the early days of World War 1. 
an effort continued to make practical the 
forward filing of a fixed gun on a tractor 
aircraft. It was difficult to contemplate 
mounting the machine guns rigidly to the 
airframe so they would fire outside the 
propeller arc. An advantage of the cur¬ 
rent externally powered Gatling guns on 
US fighters is that a misfire does not stop 
the gun. But neither the guns nor the 
ammunition of the Great Wai were as 
reliable as they have since become. As 

the energy for their automatic features 
came from each detonating round In both 
gas- and recoil-operated machine guns, a 
misfire meant a gun stoppage. It was 
necessary to keep the guns within the 
reach of the pilot so he could do in-flight 
maintenance (usually with a ball peen 
hammer) to get his weapon going again. 

One of the main Allied gun»—the Lewis 
machine gun—was often used in fixed 
Installations mounted aboard the top 
wing above the propeller arc. The aerial 
version of this gun had a 96-round 
magazine that could not be adapted to 
belt feed but had to be changed by hand 
frequenUy.1* That meant that the pilot 
had to release his seat belt, stand up in 
the cockpit and fly the aircraft by grasp¬ 
ing the stick with his knees, and change 
the magazine for reloading—this In the 
presence of an enemy made Irate by the 
first 96 rounds! Alternatively, the gun 
was mounted In a sliding mount so that 
the whole gun could be brought down to 
the cockpit for reloading. That had the 
additional benefit of permitting upward 
fire in case it was possible to approach an 
unsuspecting enemy from behind and 
below. It is hard to envision bore sighting 
a weapon In such a movable mount, but 
the ranges were so short that It was not 
critical. Reloading was still a cumber¬ 
some procedure for use in the midst of air 
combat. One variation was to put the gun 
on an inboard strut where it would clear 
the propeller when In its firing position 
parallel to the line of flight. When neces¬ 
sary, tire breech end could be swung 
inboard for reloading or maintenance, 
but that still was too cumbersome for a 
single-seater. An even less satisfactory 
arrangement was to mount tire gun on 
the cowl and accept whatever happened 
to the wooden propeller. The propellers 
were tightly wrapped in linen to dis¬ 
courage shattering when they were hit. 
But given the prevailing westerly winds, 
the German defensive strategy, and the 
offensive spirit of Sir Hugh Trenchard, In 

4 

t 



CADRE PAPER 

the long run the ensuing forced landings 
could only help the Kaiser. Even before 
the war. more than one attempt was being 
made to solve the problem by firmly 
mounting the gun on the cowl immedi¬ 
ately in front of the pilot and making it 
fire between the rotating propeller 
blades.17 

France’s Roland Garros used deflector 
plates on his prop, became an ace. was 
shot down and captured by the Germans, 
and lost his device to them. His design 
inspired Anthony Fokker to go a step 
further to create a mechanical 
synchronizer to interrupt the gun fire at 
the propeller blades.1* 

Garros went down in early 1915. and 
the Germans had a workable 
synchronizer by midsummer. The 
synchronizer and gun were mounted 
aboard the Fokker Eindecker that had a 
performance somewhat inferior to con¬ 
temporary Allied fighters. But for a short 
time the advantage was more than 
enough to overcome the performance In¬ 
feriority. As German tactics were to do 
their air fighting over their own territory, 
it was several months before the Allies 
captured the Fokker apparatus that 
enabled them to develop synchronizers 
that removed the advantage and per¬ 
mitted their superior numbers to count 
for more.19 

The struggle for air superiority swung 
to-and-fro throughout the First World 
War. but never again because of the 
quality of aircraft armament. The rest of 
the war was fought with rifle-caliber 
machine guns mounted on the cowlings 
of single-seaters and controlled by 
synchronizers. The subsequent changes 
were quantitative, adding to the number 
of guns carried aloft as permitted by in¬ 
creasing engine power. Also, the caliber 
in some installations was increased, but 
that was usually to enable the use of 
Incendiary rounds against observation 
balloons, which did not figure in air su¬ 
periority campaigns. 

The use of the synchronizer, though 
acceptable for the time, was not a perfect 
solution. It inevitably had the effect of 
reducing the gun's rate of fire, which was 
a crucial factor. The weight of the 
synchronizer subtracted from the num¬ 
ber of guns or amount of ammunition 
that could be brought aloft—or reduced 
the performance of the airplane. Fokker's 
mechanical contrivance was difficult to 
keep in adjustment and to adapt to new 
engine installations. The ultimate Allied 
version was similar but depended upon 
the transmission of the synchronizing 
signal via hydraulic fluid rather than 
mechanical rods. This made operation 
more reliable and adaptation to new in¬ 
stallations a simpler process. There was 
some interesting gun research and 
development going on in Germany, but 
the war ended before further improve¬ 
ment could be made to armament sys¬ 
tems.30 

There was little aircraft weapons 
development prior to the Armistice. Most 
of the work was merely the adaptation of 
weapons designed for ground warfare to 
work in the air. The cooling problem was 
easier in the context of the slipstream, 
and the only change was the removal of 
the gun’s water jacket. But neither 
Hiram Maxim nor Colonel Lewis could 
ever have anticipated that their guns 
would have to operate upside down or 
under three times the normal force of 
gravity. Nor could they have foreseen 
that their weapons would have to work 
effectively when transported from sum¬ 
mertime temperatures on the ground to 
the subfreezing climes near 20.000 feet in 
relatively short spells. None of that posed 
insuperable problems—gun heaters, tor 
example, were developed In short order. 

The campaign for air superiority 
depends on more than just air-to-air com¬ 
bat. During the First World Wai, the 
ground defenses took a serious loll— 
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some say that even the Red Baron (Baron 
Manfred von Richthofen) fell to gunfire 
from the ground. 

After the Armistice, the war-weary 
world turned to repairing the damage 
without much Interest in armament 
development. It was clear that airframe 
and engine technology were still on the 
steep parts of their development curves, 
but there was little worry whether mere 
adaptation of giound weapons would 
continue to suffice for the future.21 

During the First World War, many 
ideas were tried to give aircraft the 
weapons to assert air superiority. The 
method that worked was to adapt ground 
weapons to use on airplanes. Though 
cannons were tried, rifle-caliber machine 
guns came to be the standard; and as 
engine power heightened, the number of 
guns on each airplane was Increased. 
That helped compensate for the primitive 
sights in use by multiplying the rate of fire 
to improve the P^ by increasing the odds 
that hits would be achieved in the short 
time available. Deflection shots were 
usually a matter of luck, and most kills 
in dogfights were made from directly be¬ 
hind at short range. Even in those early 
days, though, many more victories were 
achieved by surprise on the first pass 
than there were in dogfights after the ! 
enemy had become aware of the danger. 

Interwar Stagnation in 
Aerial Weapons Development 

INÆlUTARY technology underwent huge 
c hanges between the wars, but Improve 
menls in air-to-air weaponry were not 
conspicuous among them. Given the 
parsimony of the conservative American 
governments before 1929 and the Great 
Depression thereafter. It was not remark¬ 
able that the funds for development were 
scarce. Further, after the wartime stocks 

of Liberty engines were used up. there 
were dramatic advances in engine and 
fuel technologies. During those years 
also, airframe technology transitioned 
from wood framing and fabric surfaces 
through metal framework to all metal 
construction and monoplanes with 
monocoque fuselages—airplanes that 
had made a quantum Jump in both per¬ 
formance and robustness. All these 
developments had tobe funded somehow. 
Moreover, military aviation had to com¬ 
pete for funds with a Navy that was tran¬ 
sitioning from battleships to aircraft 
carriers and an Army that would have 
liked to move from horses to trucks. 
Little wonder that the new aircraft that 
would fight World War II would come 
equipped with but a few of the same 
Browning machine guns that had been 
tested outside Washington in May 1917. 
They had, however, begun to move up 
from the rifle caliber of the First World 
War to the .50-caliber size that was the 
mainstay of the Second. 

Though the strategic bombing idea had 
its genesis In World War I and before, the 
US Army Air Service (USAAS), later the 
Army Air Corps, emerged from the conflict 
with a firm commitment that the 
paramount mission was air superiority 
and air-to-air battle was essential to its 
success. Pursuit aviation, Ihen, was an 
(If not the) elite part of the USAAS. In a 
day when the liberals thought that the 
League of Nations might make war ob¬ 
solete and the conservatives were firmly 
committed to a balanced budget and 
lowering taxes. Congress would only 
authorize one fighter organization, sta¬ 
tioned first at Ellington Field, Texas, and 
after 1922 at Selfridge Field, Michigan. 
11s Initial equipment was a collection of 
World War I leftovers—SPADs, SE-5s. 
and a lew DH-4s. As the US armaments 
Industries were Just hitting their stride 
when the war ended unexpectedly, the 
USAAS was blessed with a huge Inventory 
of Liberty engines and brand new Brown 

% 

É) 

6 

t 



CADRE PAPER 

ing machine guns and enormous stocks 
of .30-caliber ammunition.33 

The airmen could see that the higher 
performance and robustness of new 
generations of airplanes would ultimately 
demand more potent weapons and that 
they would require the high rate of fire 
enjoyed in the past war. Though the Air 
Service's Materiel Division had respon¬ 
sibility for both airframe and engine 
development, the Army's Ordnance 
Department was In charge of all gun 
programs—including aircraft guns. The 
airmen thought the .50-caliber gun 
would be essential in war, but they knew 
the expense of the ammunition would 
inhibit its use in peacetime. Farsighted 
designers provided mountings for both 
the .30-caliber and the .50-caliber 
Brownings on all new pursuits. The 
lofiner were to be used for peacetime 
practice, but with the mountings already 
in place it would be a simple matter to 
quickly put the larger guns aboard once 
war appeared Imminent. Finally, as gun 
and ammunition technology was more 
mature than aviation technology, the 
USAAS had yet another reason for not 
pushing hard for gun and ammunition 
programs“ 

In the US there was not much change 
In fighter armament between the wars. 
Though all the guns that were used in 
Mitchell's First Provisional Brigade were 
leftovers from the war. the readily avail¬ 
able 30-callber Brownings could have 
been used in the 1921 operations against 
the Ostfriesland. The air version of the 
50-caliber Browning was available very 

soon afterwards. The ammunition for 
these two guns had been redesigned and 
was more reliable than previous rounds. 
Still, the Army did not move to put the 
guns out on the wings of fighters to avoid 
using synchronizers un‘il the mid- 1930s. 
Though some P-35s and P-36s had some 
guns in the wings, they retained some on 

the engine cowling, and even the first 
version of the P-51 Mustang had two of 
its guns firing through the propeller.34 

World War I experience proved that the 
manipulation of guns in open cockpits on 
bomber aircraft was tough: change came 
slowly there, too. The bombers used the 
same .30-caliber guns universally and 
little was done to give the gunners protec¬ 
tion from the slipstream nor a power as¬ 
sist to move the guns smoothly against 
the rapidly Increasing airspeeds. One of 
the first of the “modem" bombers was the 
Martin B-10 coming on line in the early 
1930s. It did have its forward gunner in 
an enclosed position, at least, but he still 
fired .30-caliber guns without power as¬ 
sistance. When the first model of the 
B-17 appeared a couple of years later, it 
only had five guns. All of them were 
enclosed positions. They were .30- 
caliber weapons in flexible mountings 
with no power assistance, though the 
airplane came equipped with mountings 
that would also accept the .50-caliber 
gun.35 

The gunnery problem on bombers did 
not seem that urgent until 1940. Most of 
the theorists of the Air Corps Tactical 
School, along with many others with 
thoughts on the matter, agreed that the 
bomber would always get through. For 
protection it could count on the immen¬ 
sity of space and the difficulty of finding 
a small speck of bomber in that vastness 
in time to reach Its altitude and position 
before the defender ran out of gas. Guns 
would not be needed at all aboard that 
speck if the defender could not find it— 
and to all but a few. the notion of the 
development of a radar was as 
preposterous as a death ray. 

The stoiy elsewhere was similar. Nolh- 
ing in the Japanese combats with China 
and the Soviet Union in the 1930s drove 
them to serious work on their aircraft 
guns. Though they did some original 
work in aircraft design, their gun designs 
were taken from foreign prototypes and 
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made of inferior materials so that their 
performance was less than that of the 
originals—a situation that more or less 
persisted down to Hiroshima.2* 

In Germany, the Soviet Union, Italy, 
Fiance, and Britain more emphasis was 
placed on airframes, engines, and fuels 
than on air superiority weapons. The 
development In Germany before Hitler 
was constrained by the Versailles Treaty 
and the Allied Control Commission. 
Though Germany was soon allowed back 
Into commercial airframe and engine 
development, military work remained dif¬ 
ficult. Germany’s lag in airplane and 
especially power-plant technology further 
inhibited specialized work on aircraft 
guns. Some development was done 
covertly in the Soviet Union. At the onset 
of the Spanish Civil War, Soviet forces 
there achieved a measure of air supe¬ 
riority over the Germans and Italians. 
Though their aircraft had more and larger 
caliber guns, one cannot assert that the 
advantage was due to superior weapons. 
Until 1937, the Soviet airplanes were bet¬ 
ter, and the Loyalist side in Spain also 
had the advantage of numbers. The 
Soviet lighters generally had two rifle- 
caliber and two 11-millimeter (mm) 
(roughly the same as .50-caliber) 
machine guns at a time when most of the 
German and Italian planes had but two 
of the former (as did the contemporary US 
P-26). However, the Germans deployed a 
new generation of aircraft to Spain in 
1937 and soon had air superiority for the 
Rebel side. The mainstays of their Con¬ 
dor Legion were the Messerschmitt Bf- 
109, the Ju-87 Stuka, and the Heinkel 
He-111H. As all of them started with 
rifle caliber weapons, it cannot be as¬ 
serted that gun quality caused the tum 
ol the tide, rather, it was tactics, num¬ 
bers. and aircraft perfonnance. The Ger¬ 
mans had, however, seen the desirability 
of a 20-mm cannon and so designed the 
Bf-109 to mount one tiring through the 
propeller hub. Some of the Soviet I-16s 

also were carrying 20-mm weapons 
before the end of the conflict.27 

All of the European great powers had 
matured gun Industries (including the 
Soviet Union and Italy). There was little 
inhibition against adopting foreign ideas 
even though it was an age of rabid 
nationalism. For the most part, the ad¬ 
vances in ammunition Involved quality 
control and standardization. One of the 
reasons the US lagged in moving up to the 
20-mm level was that it had led the rest 
to the .50-caliber region and had 
developed superior ammunition—includ¬ 
ing a viable armor-piercing incendiary 
(API) round. This improved ammunition 
in the M-2 yielded not only a higher rate 
of fire than the 20 mm but also superior 
ballistics. The changing of caliber is 
serious business, for the sunk costs (in¬ 
ventory) are usually enormous. Even 
before World War II, the Germans had 
contrived a round with electric ignition, 
but the rest of the world remained with 
percussion ignition beyond 1945.28 

The reason the European powers were 
going to higher calibers was to get am¬ 
munition that would be hot enough (at 
the Increasing ranges) to Ignite aircraft 
fuel. Additionally, it was to get a round 
with enough mass and velocity to 
penetrate the armor then coming into use 
in aircraft. Also, going (o a larger bore 
would permit the use of high explosive 
rounds and up to a point, increasing the 
caliber might result in a flatter trajectory. 
The fire control solution in aerial combat 
is exceedingly complex, but if the trajec¬ 
tory is made flat enough it reduces the 
effect of range errors. Since flat trajectory 
arises in part from higher muzzle velocity, 
it means that the target has less time to 
get out of the line of tire. The Europeans 
probably envisioned their targets as ar¬ 
mored bombers more often than dtd the 
Americans. To some extent that drove 
them to leap directly from the .30-caliber 
region directly to the 20-mm level. How¬ 
ever. increasing the caliber usually has 
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the effect of lowering the rate of fire and 
decreasing the ammunition load one can 
cany aloft—both undesirable In terms of 
the probability of hitting enemy aircraft.” 
The larger caliber guns were more useful 
In air-to-ground operations than the 
smaller. Their lower rate of ftre was not 
as large a handicap there because the 
targets were less fleeting than were other 
fighters. The ground targets were 
generally less fragile than an airplane; the 
larger warhead helped. 

Though the British led the way In tur¬ 
ret development for bombers, all their 
turrets (through the end of World War II) 
contained the .303-caliber Browning 
guns. Their initial approach when they 
moved to meet the Nazi threat against the 
British Isles In the mid-thirties was to 
mount many small caliber, high rate-of- 
flre guns on the wings of their new Spit¬ 
fires and Hurricanes. As the potential 
targets were thought more fleeting even 
than they had been In World War I. the 
notion was that the higher the rate ol fire, 
the better the probability of getting a hit. 
However, before the Battle of Britain 
(BOB), the Royal Air Force (RAF) had 
moved to follow the Luftwaffe and the Red 
Air Force Into the 20-mm regions. Some 
Spitfires and Hurricanes were fitted with 
experimental 20-mm gun suites in time 
for combat testing In the summer of 
1940.10 

Just before the onset of the Second 
World War. the US started to follow the 
British lead, first with the experimental 
installation of a power turret on a Douglas 
B-18 and then with standard turret In¬ 
stallations atop the fuselages of the B-25 
and B-26 medium bombers.31 

Though the US was committed to the 
.50-callber machine gun for both bomb¬ 
ers and fighters, it nonetheless was aware 
of tiie prospects and problems of going to 
a higher caliber. Gen Carl A. Spaatz had 
been sent to Europe in 1940 to serve as 
Gen Henry H. Arnold's combat observer. 
Arnold was at that time the chief of the 

Air Corps and responsible for preparing it 
for war. Spaatz reported back that 
though the acquisition program for the 
.50-caliber gun should be pushed as hard 
as possible, some manufacturing 
capability for a 20-mm air-to-air weapon 
should be sought. The Army’s Ordnance 
Department had previously acquired 
both a license to build and some samples 
of the Hispano-Suiza that were aboard 
the British fighters. Some were manufac¬ 
tured in the US during World War U. but 
were mostly used on Navy aircraft. The 
concept behind building the P-39 around 
a 37-mm cannon was centered on an 
air-to-rir mission. However, aircraft per¬ 
formance limitations disqualified It for 
that role, and it came to be used mainly 
in close air support (CAS) against ground 
targets. Experimental work mounting 
20-mm guns on P-36s and 75-mm can 
nons on B-18s with a view to air-to-air 
use was done at Eglln Field. Florida, 
before Pearl Harbor, but none of It led to 
operational weapons. The sights ol the 
day were Inadequate for the ranges of the 
weapons and the rates of ftre were far too 
low to compensate for poor sighting.32 

Before Pearl Harbor little thought was 
given to developing weapons other than 
guns for air-to-air combat. But some 
things were done in other arenas on com¬ 
ponents that were similar to some that 
were to tie used in missiles after World 
War II For example, the systems used In 
the Kettering Bug, a kind of Hying bomb, 
during and just after World War I may 
bave been distant ancestors of some mid- 
course guidance systems developed after 
World War II. In the late 1930s Infrared 
(IR) sensing was conceived as a possible 
aid in bombing through the clouds. Alter 
the war it was to become central to the 
development of air-to-air missiles. But 
none of those things came near to l>eing 
incorporated into operational weapons “ 

On the eve of World War II. air-to-air 
weapons had changed more in degree 
than in nature. Some nations, like the 
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US, were Increasing gun sizes to the .50- 
caliber level. Others, like the British, 
were Increasing the numbers of guns on 
Ûghters and bombers, while generally 
remaining with the rifle-caliber weapons. 
The reliability of the guns and ammuni¬ 
tion had Increased enough that they were 
often put out on the flghters' wings—out¬ 
side the propeller arc, thus saving the 
weight of the synchronizing mechanism. 
By and large, during the Interwar period 
the weapons were only guns, usually 
scaled-up versions of World War I 
weapons. Attacks on enemy aircraft were 
envisioned as being best carried out by 
surprise from behind, or out of the sun. 
The idea of radar was Incomprehensible, 
and locating such an enemy In the vast¬ 
ness of space still seemed like a very 
serious problem. 

Air-to-Air Weapons and 
Doctrinal Flaws in World War II 

Only THE US and the British entered 
World War II with well-developed Ideas on 
strategic bombing and. as noted, they did 
not infer that upgraded bomber weapons 
would be needed for the air-to-air fight. 
All the other powers were more or less 
oriented toward tactical aviation—air 
power in support of the ground battle as 
opposed to independent operations 
against enemy economic resources or 
civilian morale. All the continental 
powers also understood that winning air 
superiority was vital to both surface and 
other air operations. But generally, they 
agreed with Giulio Douhet that the best 
way to achieve that was by air-to-ground 
attack against the enemy air forces at 
their bases. Consequently, there was 
more emphasis on bombs and the 
problems of delivering them on small tar¬ 
gets than on new ways of air-to-air com¬ 
bat. Combat soon uncovered defects at 
both ends of the doctrinal spectrum, and 
spurred advances In air-to-air weaponry. 

The German approach worked in Its 
attack on Poland where some of the 
enemy's combat power was destroyed on 
the ground. The rest was technologically 
dated and could not put up much of a 
fight. The Germans repeated their suc¬ 
cess against the French and the British 
In 1940. After Dunkirk, the Battle of 
Britain campaign began with an attack on 
the RAFs Infrastructure. It was Imper¬ 
fectly executed, but there Is room to 
doubt that the Luftwaffe could have won 
through better ground target selection 
given the geographical and technological 
constraints on their operation. Still, 
there was some relief In the RAF when the 
Germans switched to an attack on Lon¬ 
don In early September, for It reduced the 
pressure on the ground structure and 
simultaneously the losses in British 
pilots began to diminish.34 

Insofar as single-engine air combat is 
concerned. It Is difficult to draw any firm 
inferences from the Battle of Britain. In 
general the British flghters were about 
equal in performance to the Germans. 
Their armament, however, was usually of 
a smaller caliber and a higher rate of fire 
than that of their enemy. The British 
flghters also carried more guns. But the 
outcome of fighter-on-flghter engage¬ 
ments did not emit any signals strong 
enough to Interrupt the trend toward 
higher calibers on both sides. Nor did it 
stimulate a search for weapons other 
than guns for the air superiority battle.33 

As for combat between fighter and 
bomber, the German attackers suffered 
heavily to little purpose. But the 
Luftwaffe guns, or lack thereof , cannot be 
identified as the decisive factor. Their 
small caliber and scarcity is often cited as 
one of many factors In the outcomes. 
Typically, the twin-engine bombers 
employed would have three guns aboard 
In flexible mountings, all enclosed, but 
never In power turrets. All of the guns 
were rifle caliber (7.9 mm—slightly larger 
than .30 caliber).3“ 
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The Luftwaffe Itself soon decided that 
the bomber armament was too light. The 
contemporary experience of the RAF 
bomber command, still flying twin-engine 
bombers, armed only with a few rifle- 
caliber guns usually not In power turrets, 
was similar. In 1940. the daylight bomb¬ 
er losses were so heavy that the RAF, like 
the Luftwaffe, went over to the night at¬ 
tack. Without airborne intercept (AI) 
radars, losses were reduced for a time— 
but German and British bombing ac¬ 
curacy severely declined.37 

Soon after the Battle of Britain, the US 
provided the RAF with a small number of 
its latest heavy bombers, the B-17C. 
They were still lightly armed and lacked 
power turrets. The RAF used them In 
daylight hlgh-altltude raids against con¬ 
tinental targets without much success, 
but the feedback led to some design 
changes In later models of the Fortress— 
Including the introduction of two power 
turrets ar d tail guns. About a year later, 
the US deployed the Eighth Air Force to 
Britain and commenced raids against the 
Continent. The initial results (against 
targets on the periphery of Fortress 
Europe) were not too discouraging, and 
the Americans persisted in the daylight 
attack notwithstanding British skep- 
ticism.3,, 

Wartime Expedients 

The RAF responded to the early ex¬ 
periences of the war by continuing its 
development of larger caliber guns for Its 
air-to-air fighters (which also increased 
the effectiveness of ground attack). In 
1939 most British lighters and all their 
bombers were carrying rifle-caliber guns 
and they had a strong incent Ive to adopt 
bigger weapons: the US was already on 
the way up to .50 caliber, a round much 
larger than the British .303. The US 
Army Air Force (USAAF) responded by 
increasing the number of guns on its 

fighters and placing them all on the wings 
and retaining the .50-caliber Browning to 
the end of the war (and beyond). 

After the tide turned, the Germans gave 
more and more attention, though be¬ 
latedly. to the air defense of their 
homeland. That led them, in the days of 
the unescorted heavy Ixnnbers, to in¬ 
crease the numbers of guns and their 
caliber on many of their Oghters. This 
permitted them to await the time when 
the US escort fighters had to tum around 
because of fuel and then to trail the 
bomber formations and take leisurely 
potshots at the Americans—with frag¬ 
menting warheads that caused damage 
without getting direct hits. It also per¬ 
mitted them to employ high-drag ex¬ 
pedients such as mounting large caliber 
rockets on racks beneath the wings, en¬ 
abling them to tire larger warheads than 
was possible with guns into the middle of 
the US formations. Free from an escort 
threat, it also permitted them to sling 
high-drag bombs beneath their fighters, 
fly well above the range of the B-17s' 
.50-caliber guns, and leisurely drop the 
bombs down onto the American forma¬ 
tions. For a short time, the large caliber 
guns and Hie rockets worked well: the 
bombs did not.39 FYom the beginning, it 
was too difficult to fuze the bombs cor¬ 
rectly. 

Those tighters armed with large caliber 
guns and rockets, and equipped with 
weighty armor, gradually became heavier 
and more cumbersome. Finally, when 
Eighth Air Force escort lighters were able 
to close the sanctuary for the German 
fighters at the far end of the bombing 
trips, the laden Luftwaffe defenders could 
no longer safely operate. The P-5 is 
covered the bombers at the far end of the 
trip and the P-47s the nearer segments. 
Both were armed with .50-caliber Brown¬ 
ings. They generally got the better of all 
the German fighters—those armed for in¬ 
terception work against the bombers as 
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well as those with lighter armament for 
the purpose of providing high cover to the 
Interceptors. As practically all flghter- 
on-flghter attacks were stem shots, the 
guns of a pair of engaged single-engine 
planes were almost never firing simul¬ 
taneously. Though the American guns 
were smaller, they were sufficient for the 
tasks—as were those of the Germans 
whenever they managed to get on the tails 
of US pilots. The latter events occurred 
less and less frequently In 1944. That 
had little to do with the quality of guns, 
but rather was a result of an ever-increas¬ 
ing disparity in both operational numbers 
and pilot experience level. The low ex¬ 
perience level of the German pilots was a 
result of the collapsing training program 
caused by the drying up of the sources of 
aviation fuel. Even at that, the ME-262 
Jet with four good 30-mm cannons might 
have upset the Allied solution but for bad 
policy choices that kept it from getting on 
the line in numbers soon enough.40 

In the Pacific, the Japanese were out¬ 
numbered and outclassed in both 
airplanes and engines. And the longer 
the war went on, the greater the difference 
became. The same generalization applied 
to the pilots. Their pilot production was 
far lower than that of the US and In the 
desperate attempt to keep their numbers 
up, quality declined in the training pro¬ 
gram leading to disastrous results in 
combat. The same generalizations ap¬ 
plied also to aircraft armament develop¬ 
ment. Materials were poor, and little 
research and development was done after 
the war began. American guns were bet¬ 
ter at the outset, and though not much 
improvement was done on them, Qghters 
mounted more guns as the war went on. 
The difference In the quality and numbers 
of guns, however, was not a major factor 
in the defeat of Japanese air power. 

Numbers of airplanes and pilots; quality 
of both: and better organization, stan¬ 
dardization, and doctrine on the Allied 
side were all far more significant.41 

The Japanese, like the British and the 
Gennans, did attempt to move up from 
rifle caliber to the 20-mm range during 
the war, while the USAAF and US Navy 
(USN) remained with the .50 caliber. The 
Japanese were much more threatened 
than the Americans. They therefore had 
a greater Incentive to change their arma¬ 
ment. But for the most part, they tried to 
Import the technology from the Germans 
for their econo my was not up to the re¬ 
quirements of a long war and could not 
sustain an extensive aircraft armament 
research and development program. The 
Japanese were not devoid of original 
ideas, however, one being a clever notion 
for a caseless round for 40-mm weapons. 
It had actually been worked out before the 
end of the war so that tt was effective 
against bombers, though Its muzzle 
velocity was too low for fleeting targets.42 

As noted, the Americans added guns 
and turrets to their Liberators and 
Fortresses before Pearl Harbor. But they 
did not get the Boeing B-29 ready for the 
European war, so all of them were used 
against Japan. Its fire control system 
was a substantial step beyond those In 
earlier bombers—the guns could be con¬ 
trolled from one centralized station, or 
some in an alternate mode from the In¬ 
dividua] gun positions. However, the 
guns themselves remained the .50- 
callber weapons except for one 20 mm in 
the tall. That might have helped against 
the Luftwaffe, but the heart was gone 
from the Japanese air forces by the time 
the B-29 got there In numbers. Moreover, 
the Superfortress was moved from 
daylight to night attack where the guns 
would be of limited use. so the 20-mm 
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weapons were oflen removed to save 
weight. Though the B-36 did not come 
soon enough tor combat, it was designed 
on tlie assumption thai Britain might 
succumb. Its design incorporated 16 20- 
mm guns, remotely controlled from a 
cenl-.al station."

We have seen tliat 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 tlie ideas fliat 
contributed in one area were (and are) 
applicable to the other. The Gennans 
and the Americans had developed usable 
radio-command guided weapons and 
used them in comljat in the Second World 
War. The US got a number of lilts on

naval vessels with radar-guided bombs 
before V-J Day. and was working on 
television and IR guidance tcxi. Rockets 
had long been in use in air combat liy tlie 
Germans. They had a host of imaginative 
programs in research and development. 
t(X) many perhaps. Fortunately, the US 
absorlxd many of the ideas, iuid scien
tists and engineers as well, during the 
final collapse of Germany.*^ It was a har
vest of huge pro|X)i1lons. The diversity of 
Uie harvest was so great that it would 
permit the new combination of many 
ideas into new means of war figliting that 
would have enoniious implications lor 
strategy, operations, and tactics, and in 
turn for international relations.

Insofar as armament Is concerned, air- 
to-air combat was not much dlflerent

Aflrr the B-36. the requirenieni for turret* and guna to defend all aspect* wa* deleted from bomber design*. The 
*.JSAF B 52. shown here, ramr with IaII f^ins only. In the 20-inm size. Tlir theory was that s|>rr<1s wrrr siK-h 
that most Interc-cpls would result In stem <-haaes, H 52» in linebackrr II did ac*hlrvr two MIO kills with tall 
guns.
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f om what it had been in World War I— 
siem attack with gun weapons. The 
emergence of practical guided missiles for 
air-to-air fighting seemed to promise 
more radical changes in air combat than 
had been seen before.45 Another change, 
beyond the scope of this study, was fire 
control technology employing radar and 
improved gyroscopic sights. 

Postwar Stagnation in 
Nonnuclear Armament 

Development 

Notwithstanding the harvest of 
technology from Germany and a backlog 
of good, but not fully developed, tech¬ 
nological ideas that had been generated 
in wartime America, there was little 
serious development of nonnuclear 
aire rali armament in the first decade and 
a half after Hiroshima. There were mul¬ 
tiple reasons for this Initially, many 
thought that though Woodrow Wilson 
had tailed with the League of Nations, we 
would do it right this time. The US and 
the other great powers would cooperate 
to make the United Nations work. There¬ 
fore. wars were a thing of the past and we 
v/ould not need new armaments. 
Another strain of thought was that war¬ 
time taxes had been necessary, but we 
should not impose a huge burden on a 
society needing to make up deferred con¬ 
sumer consumption and social expendi¬ 
tures—consequently the demobilization 
In 1945 was a collapse, filie USAAF went 
from 2,300.000 military personnel to 
hardly more than 300,000 in about a 
/ear—generally retaining the least ex¬ 
perienced.) Finally, three technological 
revolutions were under way to absorb all 
the available developmental funding— 
Jets, ballistic missiles, and nuclear 
weapons. The Korean War temporarily 
seemed to reemphasize the need for con¬ 
ventional weapons In an air superiority i 
role, but the emergence of the massive 

retaliation doctrine, the Soviet detonation 
of a nuclear device, and the orbiting of 
Sputnik turned the flow of funds back in 
the other direction.4* Within the USAF, 
the massive retaliation doctrine 
strengthened the hand of the strategic 
bombing advocates and limited the atten¬ 
tion paid to tactical and conventional air 
operations. 

The US achieved some marvelous 
things in strategic technology during the 
period, which benefit us still. It carried 
out the transition of Its bomber fleet to 
jets and built a huge tanker fleet to sup¬ 
port It. The US expanded the power and 
at the same time miniaturized Its nuclear 
warhead inventory while multiplying its 
numbers. It led the world In the develop¬ 
ment of nuclear submarines and the sub¬ 
marine launched ballistic missile (SLBM). 
The US ICBM programs ol the period 
come close to being in a class with the 
Manhattan Project, and the Minuteman 
was put on guard in record time. The US 
did all tills while at the same time equip¬ 
ping almost every household in the 
country with an automobile and a 
television set and raising and educating 
a record crop of young people along with 
their GI-Bill lathers Just back from the 
war. All this was done while shooting 
part of the national wealth out of cannons 
in Korea and sending another substantial 
part to help Europe recover from Hitler. 
When all those other distractions are con¬ 
sidered. it does seem remarkable that the 
US began a gun development program 
that yielded one of the greatest weapons 
of all time—the 20-mm M-61, st ill used in 
practically all of our fighters and widely 
used abroad. At the same time, two great 
air-to-air missiles got their start and are 
still in wide use in Western air forces 
though they did not revolutionize air 
fighting as rapidly as had been 
predicted.47 
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Bfll P-59 was Ihr first US Jet One of the reasons for the appamitiv slow tlevelopmenl of nonnurlear aln raft 
armament In the first two der ades after Hiroshima was alleged to he Ihr disira. ling pres. ii. e ..I scr rral 
. ..nIemiHirarv lr< hnol.«l. al revolutions lliry ln.4ii.led the Ir .nslIl.Mi In jets, mu lcar wraisms. If 'HMs avtonl.s. 
and fiufiear subtiiArinrs.

The Korean Experience
SoMK OF Ihf uiildt-tl lh;tt had
Itet-ri develoix^i during and since World 
War II were list'd exjieriinenlally in Korea. 
nie\' were visually trarketi and ciilded 
over a radio command link qulle similar 
If) one ol Ihe German World War 11 IkhiiIis 
and one ol lls alr-to-aii missiles (Ihe Nazis 
had ftollen the lomier into combat, but 
not Ihe latter). Hie results were lair, but 
the lechnolo>f\' was not tried on ati -lo-air 
wea|K)iis.** Tlie period lietween the wars 
hat! lieen but live years, and it was not to 
lie exjiecletl that new weapons suites 
would have l>een developed and deplo>'ed 
in that lime.

During World War 11. a new version ol 
the M-2 Hrowiting .50-calll>er iiutchine 
gun had lieen j)ei1ecled, but its deploy
ment was only just lieglnnlng as the war 
endeil. The princijial change was In 
providing a new liner tor the barrel ihat 
had grejtt lienelils in logistical elflclenrv' 
and in gun pertormance. The new 
weajion. known as Ihe M-3. equi|)|)ed the 
air-to-air tiglilers ol Ihe Korean War. Tlie

Air Force had transilitiru-d to jets, but the 
guns were liasically the same as in the 
previous contlict. File main air siipe- 
rlfirily tighter was Ihe F-Kfi Sabre and ihe 
models used in combat were all anned 
with si.x M-3 weajxins. Tlie main adver- 
sar\- was Ihe MiG-15. It had one 37 ruin 
ami two 23-min cannons. While the Mit.- 
15 was lietng designed, Ihe Soviet Union 
had to consider a long-range heavy Ixnnb- 
er threat against the homeland. Hie IhS 
laced a smaller threat and Ihc'relore had 
less incentive to go to big guns on Ihe 
F-86. (However, the inlercejilor version 
ol the Sabre did have unguidefl rockets in 
the 2.75-inch calllx-r.) But the cannons 
did not help the Sfivlets. llie larger 
calilier resullfxl in a lower rale of lire and. 
Ihougli the alqilane had a lieller allilii Ic 
capability than Ihe Sabre, the MIGs sul- 
tered greatly Ihrotighoul. It seems Ihat 
the siijierior training and greater combat 
e.xperlence ol the Ainericjui pilots heljxfl 
overcome Ihellmilallonsol Iheiralnilaiie. 
As Ihe higli rale of lire ol llieii six .50- 
calilier M 3 Brownings may have Ih-cii 
more slgnillcanl than Ihe heavy weiglil fit

• «
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the individual MiG round, it rannot be 
claimed that superior armament had 
much oi an eflect on the outcomes.*” 

Tliouftlj the battles aloiifi the Yalu were 
loiiftlit at hi^lier altlludes and speeds 
tluin in World War II. and tliey tcxik up 
more space, the coming of Jets did not 
change the basic ai>pn)acli—still a stem 
attack using guns from as close a range 
as pKisstble. As noted, the transition to 
20-nirn weapons in lx>ml)ers was alreadv’ 
under way. Tlie B-47 and B-52 were In 
development in the late forties, and ul
timately came ecjuip|>ed with 20-mm 
guns—but only in the lail. At jet sjieeds. 
only stem quarter shots seemed leasible 
liecause of aiming problems In the for- 
wanl hemisphere. All ^\merican fighters 
engaged in Korea came with .50-caliber 
weajjons. bul the F-8BF Sabre entered 
the lJ5iAF inventory with 20 inm weajions 
Ju.st as the Korean lighting was ending. 
Tlie guns were the tiew M-39s. develojied 
Irom German tec hnology since the end ol 
World War U. Thougli the Korean War

was fouglit with guns, the advent of tlie 
missile age was already albot in Ihe re
search and development community.’"

The False Dawn of 
the Missile Era

THE NtmONS of tnlfared and radar 
detection had existed at least since Ihe 
1930s.” But it was radar lliat got its 
greatest dev'elopment during Ihe Secxind 
World War. Once the Idea had Ireeii ejc- 
jiancled from ground radars to airlxime 
ec)ui|)ment. it was but a small leap to 
liirlher push it to unmanned vehicle.s— 
missile's. Research and development 
(R&D) on air-to-air missiles. Ixith radar 
and infrarc*d. conunenced in ihe inimc'cii- 
ate ixjstwar pericxi and by the mid-1950s, 
such missiles were coming on Ihe line.

llie chiel inuige of conllit I in the late 
1 tt40s was a transpolar attack carried out 
l>y large airplanes laden with nuclc*ar 
Weapons. Willie tlie guided missile re- • •

USAF K H6 Sabrr with six SO-callbcr M S nnmmtnga. Mont air combat In the Korean War wan tk>ne with the 
M .'J. It wa.s exc ept for tlie Ixirrel. esseritt.illv the n;jme gun tliat had been demonstrated in 1SI7 and used In US 
N.«w and Army alriraft tn World Wat It almost universally.
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search was being Implemenled. an initial 
tack was lo employ a shotgun approach 
by firing a volley ol small, ungulded rock
ets. lliat seemed feasible against an un- 
maneuveilng. relatively slow target (large 
boml>er) and tlie uiterceptoi version ol Uie 
F-86 Sabre and the F-89 S<x)rjjlon were 
equipped t<> fire such volleys. Both 
aircrafi fired 2.75-tnch folding-fin alrcrafi 
rockets that were in sei^lce Ibr many 
vears alieiward (26 in tJie F-86L) ami 52 
[in the podsi in the F-89D).“ At that 
|K)lnt. rocket veUn'Itles were lower than 
the mu7.7Je velocities ol alrtTalt guns, and 
the ungulded solution wuld not l>e more 
than an Interim measure.

Tf>e research on US guided alr-to-alr 
missiles began in the late 1940s. The 
first missile to reach operational status 
was the Huglies AlM-4 Falcon, in 1956. 
It was built with lx)th IK and semiacUve 
radar homing (Sj'VRH). and a variety of 
warheads.’” Tlie Falmn remained in ser
vice for the next quarter century. In those 
pre Sputnik days, it was not clear that 
tlie Soviets would leapfrog the strategic

Iximlier phase into the ICBM age. All the 
air-to-air missiles Introduced in the 
1950s were designed against large- 
Ixmiber. nonmaneuvering targets.

Two Navy missiles were designed and 
dev^elojxxl later and remained in service 
even longer. One was the IR AlM-9 
Sidewinder, and the other the SARH 
AiM-7 S|iarrow. The AlM-9 was the first 
air-to-air missile to score a combal kill in 
0( tolx-r 1958 when ('hine.se Nationalist 
F-86s claimed 14 victories in a single day 
(over the C'hlm*se Communist air forces). 
RfiiU on the Sidewinder had liegun in 
1950, went through many models, and 
was produced In tens ol thousands liy 
several corjxirations in the US and by a 
consortium in Eurojx*. It was still In 
production in the 1990s. Most of the 
riMxlels had IR seekers, but at least one 
radar version was trietl without much 
success ^

Early IR missiles were limited to stern- 
quarter shots and their perionnance was 
degraded ly clouds and rain. Tliey were 
short-range weajxms. As a c-omplenieni.

* b • U.SrAIR FORCE fU-619

llSAF F-«6I>. In thr aftrrmath of World War 11. mmic flghtrrw. Ukc the F-«f>I>. wrrr designed without any guns. 
Tills plane had a rctradablr magazine under the nose lliat ct>uld be cjctended to fire volle)*M uf unguJded air tu-alr 
TO* ket».

«
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the AIM-7 Sparrow was developed with 
radar guidance in several variants. The 
R&D began under Navy auspices in 1946. 
and the first version of the niisstle entered 
service in 1956. The initial version 
operated on beam-rider principles, but 
soon a semiactive radar homer was 
developed. The Sparrow was also built in 
thousands of copies by several corpora¬ 
tions In surface-to-air missile (SAM) and 
anttradlation missile (ARM) Shrike 
variants. It was also still in production in 
the 1990s. The Sparrow Is substantially 
larger and more expensive than the 
Sidewinder, but it Is also propelled by a 
solid rocket motor that gives it a longer 
range than the IR missile. The Sparrow 
is not limited to stem-aspect shots. It 
requires that the attacking aircraft 
remain roughly on course with its radar 
antenna painting the target alter launch 
and until impact. That is not a require¬ 
ment for the Sidewinder, for the pilot can 
go on to other business (like escape) as 
soon as the AIM-9 is separated from the 
aircraft.“ 

Postwar Aircraft Gun 
Development 

.Apparently little thought was given to 
the Improvement of aircraft guns in the 
Immediate postwar period. However, 
1946 initiatives of the Army’s Ordnance 
Department started developments on two 
trails that had their fruition only after the 
Korean War was over. One arose from the 
technology harvested from defeated Ger¬ 
many. and the other from a much older 
strain of gun development. Many 
thought that gun technology was so well 
matured that research would yield only 
diminishing returns—that investments 
were better made in missiles. Others 
thought that the increased speed of jets 
made imperative higher rates of lire and 
muzzle velocities and lower weights—and 

that could not lie extracted from a tech¬ 
nology already so mature. However, the 
Germans had been working on a revolver 
gun that was well along In development 
by 1945. It had a radical new action that 
promised significant Improvements in 
rate of fire with high reliability and low 
weight—but limited still by the pressure 
and temperature tolerances of a single 
barrel. The idea lor the other track arose 
in the Ordnance Department itself. It 
looked toward multiple barrels to spread 
out the stress and to save weight by using 
a single action to serve them all—building 
upon the Gatling gun technology of the 
nineteenth century.“ 

During the su nuner of 1946 the Army's 
Ordnance Department contracted for 
R&D on a gun envisioning a 20-mm 
weapon and a revolver action as with the 
German Mauser MG213C. The technol¬ 
ogy developed In the next tew years was 
brought into a production program by 
Ford Motor Company and It resulted in a 
weapon known as the M-39E. The 
Mauser technology also led to develop¬ 
ment of revolver guns In Europe. The 
American version was ready during the 
Korean War and actually got into action 
aboard the F-86F achieving six kills Just 
before the truce. The M-39 is a good gun; 
It achieves a rate of fire higher than that 
of the M-3 .50-callber gun and yet dijes it 
with a substantially larger round and a 
comparable muzzle velocity with a much 
heavier projectile. The M-39 first went 
operational In the later F-86s and was 
standard equipment In the F-100. At this 
writing, it is still In production and used 
aboard F-bs.^ 

General Electric of Burlington. Ver¬ 
mont, survived the early phases of the 
Gatling gun developmental process as the 
prime contractor. The gun. which was to 
become the M-61, trailed the develop¬ 
ment of the M-39. but was ready for 
operations by 1956. This was at the time 
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IIS/VK F 1«<> drvrloprd In the Ulr flftirs with M :W 20 mm guns Those *rrf(iiMis were mibali<nll.il Impmvemeiits 
over the Kore.iii W.ir er.i M T Itrowiilngs tnil they were i]iin kiv Hiiperwrted hy lire M « I 2<> null i iHlIIng gnn now 
ntand >rd In most western flghters Tire M whs h derlvnllve irl h ('•erinsn Win Id W.ir II develo|imenlHl (irngi.rm 
t>Mrd on the revolver prlntlple

lhal the flrsi (jenwailon alr-lt»-air iiils- 
sIIm wrrr beroniln^ pnimtiienl ami when 
the massive retallalloii slraleijy was 
diverting funds and talent away trtimron- 
venllonal prngrams Tlie M 39 repre- 
s«-nteil a substanthil Improvement twer 
the M 3 Hrownlngs, hut proljithly should 
lie rlcsr illietl as an Im ifmeiiial advance. 
Tlie M hi. howevei. was a lar|>er atlvame 
til a vaiTt-lv <>l ways lhoti|>h si ill (rerhaps 
nol revulutlonary' In Its iiii|>a<'t.

The welidit ol the M 39 Is aUiut lhrr>* 
times ttiat ol the M 3: that ot the M-hl 
Gatllniiliun Is about lour times tlhil ol the 
BrowTilnn The M-39 delivers halt ai^ln 
nuire rate ol lire Ilian the .50-rallber hut 
the M-hl delivers lour Uines the number 
tif rounds In a i^ven lime. Like llie M 39, 
It uses 20-mm ammunition. That Is done 
with a substantially higher miiz/le 
velorltv (M 39 = 2.850 leel per second 
|fps|/M-hl = 3.400 tps|. close to a 20 
percent Increase with the same size 
round havUin an exploding capability. 
Both ol those qualities are hIKlily slK- 
nlllcant In alr-lo air applications. 
Probably equally Important, the old

iiiai blue nuns and the M 39 use a 
re< ipna allnn motion in Iheli adioiis. 
Tlie M-hl Is c haracterizerl liy a rotary 
mol Ion with fewer sudden starts and 
slops TIk- result has lieen a quantum 
jump In the reliability ol the system.** 

The Air Kon *■ and Navy develojied 
several flnhiers In llie middle and late 
1950S. The only one lhal came c lose to 
Ix-lnn opilmizetl lor the air siqierlorlly role 
In ixinventlonal warfare was the F 100 
lhal came alotin I<m> siMin lor the M-hl, 
and It wasetpilpiierl with lour M-39s. The 
F 104 and F-105 were the llrsl two planes 
erpilpped wlili the Gatlinn Sun Tlie 
lonner was built In numy varlanis. In- 
cludlnn a day tlRliter version, but llie 
initial kil ol production went to the Air 
Delense CommaiKl as Inletceplors with a 
nun and Sidewinder missiles. Many 
others have lieen built Ijy and lor our 
NATO allies usually with Important 
iiMHllllcallons l«)i nFoiind allack. Tlie 
F-105 was built as a hinh-speed 
penelralor lor nuclear attack. It had a 
bomb bay and came with an M-hl In- 
slalletl The F-IOI and F 102 were en
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vlsloiied as lnl(*rc'epturs also, but thr 
former ranie In reronnaissanre and 
f^ound attack varlaiils. S>me nl the F- 
101s had mms. thoutili not the M-61. but 
all of tile F- 102s were eqnlpfietl with mis
siles only. Tlie F-4 was a Navy develop
ment designed as a lleet defense 
Of{hter—a mission similar to the Intercep
tor role of the Air Defense Command of 
that day. It. too. was deslf{ned with only 
missiles lor alr-to-alr fighting.*”

The Exa^erated Reports of 
the Death of the Aircraft Gun

By the presidential ele< tlon ol I960, 
gun lechnolo^ had made a substantial 
advame but It was little noticed coming 
In the shadow ot the new alr-lo-air missile 
lerTuiolo^ Tile Kennedy admlnlslratkin 
with IIS FleAlble Response, seemed to lie 
a move aw:iv from the use of guns in the 
alr-to-alr role. Pra<-tlcally all «>f Hie new 
fighters were erpilpped wtth the AIM 9 
Sidewinder, ami many, those that could 
bear the ner essary radar, were being built 
to carry the AIM 7 Spiirrow Tlie two 
fighters that were to be the USAF

mainstays In the atr wjir over North Viet
nam were tlie F lOS Tliunderchlet and 
the F-4C Phantom. The F 105 was com
ing Into the units, and Secretary of 
Delense Robert S. McNamara was en
thusiastic to find alrcralt that would suit 
Hie requirements ol both Navy and Air 
Force.

The Fill TFX (tartlral fighter ex 
lierlmental) program was one manllesta- 
tlon ol McNamara's jiollcy. and the F-4 
was anoHier. TlMiugli tlie F-111 made It 
only Into the Air Force Inventory, the F-4 
was put Into the lleet and the Air Force. 
The Phantom was designed lor fleet 
delense. ;uul Hial role resembles Hie Air 
Fori-e's Inleiceploi mission area more 
than Its balllelleld air superlorlly Itinr- 
llon Enlhiislasm lor missiles was not 
<-onlln<d lo Hie Navy. Ihoiigli Hie Air Force 
(espe<iallv In the Tactical Air Coiiunand 
|TAC|) Insisted on the need lor a gun In 
an air siqierkirlly llgliler.*’' The resull 
was Hial Hie K 4 was broiiglil Inlo Hie Air 
Force Inventory lor Hie air superkirlly role 
wllhoiil a gun However. Hiere was 
emmgli senlliiieni lor a gun Hial ilevelop- 
ineiil was Imniedlalely liegun lo <Teate a 
gun pod to be carrletl externally beneath 
the airplane Hy Hie onset ol Hie VIeliiam

60766

The USAF F 10« of the late I9BOo shown here (along with the F-IOS) was the Unit atorrall equipped wHh the 
Ciet)eral Kle< tii< M SI 20 mm riatltiig gun Thia gun la allll alandarH In iiuial I IS and inanv NATO Bghlrra An 

vmrton <»( thr M 61 Is (nirrmtlv bi thr advanird tsftlial Hi^htrr lAI'F)
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Thr F los In nhnwn hrrr c-onB*urrH an a ronvrnllniial flahlrr hiinihcr In Vlrlnani II wan ii-a-d firlnwrllv lor 
hranNiis whllr Ihr K 4 iiwcrcd II aaaliinl air li> all atlai k horn MUar I'hoogh Ihr K li»-^ had h«-cii drsiitiird lor 
tiluti n|»-r.I HIM Irar alia, k II In. Iiidrd an Inirmal r.allln* gun litHii Ihr laiinri During Ihr Vlrlnani Wai Ihr 
F lOS arhh-vrd aomr ktlhr with guna and aomr with IH mlaallra but It rould no! ftrr radar wrapiMia

War. such a pod was on Ihf line as the 
SUIM6 conlalninit the M 61 Gatltiift 
nun “

In Vietnam IkiIIi oI the Air Forres 
mainstays were applied lo roinbal roles 
lor whh h lliey had not been designed. 
The F 106 with Its Inlenial gun ranie lo 
be Ihe ronvenllonal bomlier Instead o! the 
supersonic nuclear, penetraling strike 
lighter The F 4C was at llrsl the air 
su|>erlorllv lighter Instead ol the fleet 
delense Interceptor (Later. It replaced 
Ihe F-105 til Ihe Iximblng role, too.) It did 
not have a gun. hut was equlp|>ed with 
AIM 9 heal-seeking Sidewinders and 
AIM 7 radar Sparrows. TJie Thunder- 
chief had a gun and the Sidewinder, but 
not the Sparrow The supersonic strike 
role had demanded a hlgfi-speed wing 
with hlgli wing loading on the F-105. 
Tfiat meant that all of the cximmiinlsl 
lighters could oullum It by a wide mar
gin. a serious handicap In dogllglillng.

The F 4 had a lower wing kiadlng Com 
blned with Its higli Ihnisl to welglil ratio. 
11 had an extelleni < limb lale Ifiat was 
also lm|Jorlanl and It could come closer 
lo slaying wllh the North Vietnamese 
lighters III a hard turn Hut when llie gun 
pod was hung lielow Its tiiselage. It lost 
some ol Its |)ertormance advantages 
Furthermore. Ihe gun so carried was not 
as aci urale as II was In Inlenwilv carrietl
conllgurallons.

The Defects of Air to Air 
Doctrine Revealed in Vietnam

THOUGH there seems lo tiave lieeli suh 
stanllal technological advance In air to 
air weapons during Ihe KIsenhower 
years, not much tliouglil was given lo air 
superlorlly d«H-lrlne. MIcliael Howard
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has written that all doctrine Is wrong. He 
asserted that the peacettme soldier s task 
Is to strive to keep the dw trine from lielng 
too tar wrong. He argued that when com
bat conies, it Ineritably exposes the 
doctrinal errors. Tlien the task Ix^-oines 
to adapt to correct the errors more rapldh' 
than does one's enemies.*^

Tlie errors In the alr-to air doctrine on 
the tIS side were not all that great. But 
comliat stxin e-xjxised them, and aclajila- 
tions were undertaken. The kill ratio was 
still lavorable to the American side, but It 
was tar less favoiable than It had lx?en 
during the Korean War. Alrcralt arma
ment was seen to lx* a more signilltant 
factor In the air-lo-air light than In pre
vious conllicts. Hie IR and the radar 
missiles had a lower suwess ratio than 
their enthusiasts had ex]x*cted. The 
communists were able to get lietter use 
out ol their aerial guns than had lx‘en 
anticipated.**^

Tlie Americans adajited rapidly; so did 
the Vietnamese—with slgnlllcant assis- 
tanve troin abroad, lliere were Imjxirtant 
advances In ele< tronic couiilenni-asures 
(ECM) capabilities lor the sell-protection

ol lx)mlx*rs and lighters, and s|iec lali/.ed 
units lor the suppression ol the ground 
delenses w'ere built. The combat ex-
jx*rience lent force to an already existing 
program to provide an Internal gun for the 
F-4. and the llrst E model was put Into 
oix-rallons In the tall of 19B7. Innovative 
tactics, as in 0|x?ration Bolo early in 
1967. yielded some temporary ad
vantages. But the ratio and the jx-rlor- 
mance of the air-to-air missiles remained 
disapjx>inling.**'

There was more to this disapix)iiitment 
than JusI the nature and quality of the 
air-to-air weap<jiis. The state of air com
bat training was one. Tlie US jx“acetlrne 
training emphasized achieving air sujx*- 
riorlly largely through oflensive 
counterair at tacks on enemy air as.seis on 
the ground. As conductetl. air-to-air 
delensive counterair training was l>e- 
twwn small unils carelully constrained 
to maintain strict swlety standards. Tliis 
seriously underemphasized the ctmi- 
ple.xity of the air emnronment in V'lelnain 
and limited the effectiveness of the train
ing. FurUier. the US |»lity of rotating its

* .' ••

USAF F 4F. F>rilrr v<-isloiis of ihr F 4 did not hiivr tlir M 61 20 nun i annon sron hen- (under nofir).
Ilirv wrrr at a dlwidvanlaae without a (£1111 In ct>inh;it against the A (xaided 20 nun gun wa.-» develoijed
(or external l arTlaBi-, but that entailed a |xTfonnance [>enaltv.
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pilot force through the combat billets 
spread the lighting experience through 
the force but guaranteed that the ex¬ 
perience level on the line in Vietnam 
would be low. 

Even with the weapons themselves, 
some nontechnical factors reduced their 
effectiveness. The strong point of the 
AIM-7 was that it could be fired from any 
aspect, not just behind the target. Also, 
It had a longer range than either the guns 
or the IR missiles. Had the AIM-7 been 
employed in an interceptor role against a 
strategic nuclear attack as designed, 
identification of the target would not have 
become a problem. But in the crowded 
airspace of Vietnam. It was necessary to 
insist that the attacker visually confirm 
the identification of the quarry before 
firing at a target. Unhappily, by the time 
a pilot could do so he was usually close 
enough to use the IR missiles or guns 
instead—losing both the range and 
aspect advantages of a key weapon. Ad¬ 
ditionally. the Sparrow sometimes 
remained on the pylons through many 
landings and takeoffs (especially rough 
on aircraft carriers) and the wear and tear 
made It unreliable In Its functioning. Its 
operation was more complex than either 
IR or gun weapons and required a second 
crew member (given the state of technol¬ 
ogy). Too, the cockpit control arrange¬ 
ments were less apt than optimum. The 
SARH configuration required that the 
fighter remain on a fairly predictable 
course for the several seconds of the 
missile's flight and sometimes that was 
too dangerous to do in the midst of an air 
fight. 

The air-to-air training had inadequate¬ 
ly emphasized the dimensions and nature 
of the firing parameters. Sometimes 
Sparrows were deliberately fired out of 
parameters to so threaten an enemy pilot 
that he would discontinue an attack or 
take some evasive action that would per¬ 
mit our fighter to close within the range 
of the remaining weapons. Sometimes 

the missiles were unknowingly launched 
when they had no chance of properly 
guiding on the target. Only about one out 
of 10 Sparrows launched achieved a kill."7 

The Sidewinder also had limitations 
that caused it to fall somewhat below 
expectations. First, the versions in use in 
the Vietnam era required stem shots at 
the exhaust pipes of adversary Jets. They 
were rather easily decoyed by flares. 
They sometimes homed on the sun or on 
its reflection from the clouds below. Their 
maximum range was less than that of the 
AIM-7, and like the Sparrow, they had a 
minimum range that offered a kind of 
sanctuary—one yielding an advantage to 
enemy aircraft with guns that could be 
effective inside that range. The 
Sidewinder was more reliable than the 
Sparrow because it was less complex, but 
it was not as reliable as it might have 
been. As the early marks of the Sparrow 
and the Sidewinder had been designed for 
nonmaneuvering bombers, many fighters 
could outturn them. This was especially 
effective against the Sidewinder because 
it not only forced a sharp turn on the 
missile but also tended to mask the tail 
pipe heat source from the seeker. The 
Sidewinder, too, was sometimes fired out 
of parameters to impress an enemy. Like 
the Sparrow, the shape of the envelope in 
which a shot was permissible changed 
with changing speed and direction. It 
was difficult for pilots to keep its limits in 
mind in the heat of combat. The F-4's 
engines left a trail of smoke even when 
not in afterburner. That was a serious 
handicap in the air battle for it allowed 
the enemy pilots to spot the Americans 
too quickly. Similarly, the Sidewinder 
(and the Sparrow) had rocket motors that 
left a highly visible trail of smoke. This 
was serious in that their aerodynamic 
design and top speed was such that if the 
enemy spotted an inbound missile soon 
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enough, he could usually tum faster than 
It could and escape. In the end. the ratio 
of kills per missile was better than that of 
the Sparrow, but still below 20 percent .88 

In air-to-air combat, the F-105, F-4, C, 
D, and E models, and the Navy's F-8 
Crusader got significant numbers of kills 
with their weapons. The Navy F-8s did 
significantly better than its F-4s. In part. 
the reason was that the mere presence of 
internal Mk-12 20-mm cannons built 
into the Crusader was conducive to more 
air combat training than was the practice 
in USN Phantom units. The USAF F-105 
did not have as many opportunities as the 
others tjecause it was usually in a bomber 
or defense suppression role. However, 
once its bombs were expended, it could 
and did fight with its guns and 
Sidewinders. During the Linebacker 
operations, for example, in a period of 
about seven months, the USAF forces got 
10 kills with Sidewinders, and seven with 
the M-61 cannon—though they had made 
many more attempts with the missiles.*' 
Still, most kills during the whole war were 
achieved with missiles. Though the new 
weapons achieved most of the kills, the 
reliability of the AiM-7 and the mies of 
engagement that inhibited employing it at 
long range limited the number of kills it 
made from the forward hemisphere. The 
Sidewinders of the time were limited to 
stem shots. Consequently, firing on the 
enemy from behind at fairly close range 
was the most frequent approach. The 
new weapons, in that sense, had not yet 
revolutionized tactical air doctrine. 

Post-Vietnam Development of 
Air-to-Air Weapons 

The participants in the Vietnam battles 
came away with many and varied ideas 
for the improvement of missiles, but an 
almost unanimous conviction that a gun 
would be required on air superiority 

fighters well into the twenty-first cen¬ 
tury.70 In the aftermath, substantial ef¬ 
forts have been made to Improve missiles 
and guns and to develop altogether new 
weapons in both categories. All USAF 
and USN fighters acquired since Vietnam 
have Included a gun—all except the AV-8 
and the A-10 have used the same M-61 
Gatling gun Installed in the F-105 and the 
F-4E. Many foreign air forces use the 
M-61, too. and almost all of their air 
superiority fighters and Interceptors have 
also carried guns.71 

Recent Combat Experiences 

On THE other side of the world, the 
Israeli Air Force (IAF) was also an in¬ 
fluence on the direction of air superiority 
doctrine and technology. Its 1967 cam¬ 
paign serves as a classical model of the 
potential for the achievement of air supe¬ 
riority through offensive counterair 
(OCA), a surprise attack on the enemy air 
forces on the ground. However, as the 
enemy was largely eliminated before it got 
into the air, that war did not offer much 
instruction on the subject of defensive 
counterair (DCA), atr-to-air weapons. 
For a time, the Vom Kippur War seemed 
to suggest that air superiority might be 
achieved, or at least contested, by 
ground-based air defenses, but it, too, 
offered little Instruction in DCA. The lew 
air-to-air kills that were achieved in 1967 
were scored with guns; many in the 1973 
war were accomplished with missiles.77 

In the “October War." as in Vietnam, 
the gun-missile combination seemed 
most effective. The IAF went into large- 
scale combat again in 1982 against the 
Syrian Air Force over the Bekaa Valley. 
That time, the experience was most in¬ 
structive In the realm of the balance be¬ 
tween air forces and ground defenses for 
the IAF overcame the latter handily with 
tew losses. The air combat was extensive. 

24 



CADRE PAJ’ER

The lAF had It all Us own way. but many 
lartors (in addition to superior airrralt 
annainent) c-ontributed to that result— 
iiK)sl pniminently suj)erlor aircrew train
ing. Only 7 percent «>f the Syrian losses 
were to guns. E^y that lime the lAK was 
e<piipped with F-15s and F-lHs. Tlie 
tonner had Sparrows and Sidewinders 
wlille the latter carried only IR missiles 
(lx)th alrcralt had the M-fil 20-mm can- 
non|. llje missile success ratio seems to 
have Ix^n higher than In Vietnam, but It 
was a dllferent enemy and improved ver
sions ol the AlM-7 and AIM-9 were opera
tional.”

In the Falklands War ol 1982. the 
Rrltish prevailed In limited air-to-air 
lighting. All engagements were tlie Har
rier defenders versus Argentinian jets on 
Ixnnbing missions. Little can lx* inferred 
from the tighling be>’ond noting that most 
of tile British air-to-air kills wereachie\>ed 
using the Sidewinder, but it was a much 
Improved version <'omp ued with the ones
used in Vietnam.

At this writing (March 1991). Uie war 
against Iraq is Ixirely completed. Ttiere 
w-as not enoiigli of an air superiority Iwl- 
lle to establish any clear trends. Tlie 
metlia suggests that the short air-to-air 
Jet battle was one sided in tavor of ihe 
coalition forces, and all of the kills 
achle\'ed were done with missiles, not
guns.

Product Improvements of the 
Guns. Sidewinder, and Sparrow

IN^AJOR relorms atlsing Irom Ihe air 
llglilmgover North Vietnam liu luded new 
and more realistic USAF and USN train
ing progiams lor air combat (R(*tl Hag and 
Top Gun).” As lor technology, one result 
was the design of two new I.ISAF lighters 
which were ojitlmized for air-to-air ('oin- 
bat; the F-15 and F-lfj. Both designs 
included sjiace lor a gun and for mis
siles.

-At

USAF F 16 launrhlng an AIM-9 Stdfrwindcr alr-to-alr mlmllc Tlie Sldrwlndcr l» an IR and Is U^jlilcr and
rhraprr than radar misstirs. It Is a short range wrajxwi CtifTt-nt Sidewinders aic niurh linpiovrd mer Ihrlr 
Vlrtnam-rra ancestors Hiey are more reliable and no longer have to hr llrt*d from behind ihc target. Sidewinders 
g<it mont of the kills in the F<ilkianrjs War arifl Bekaii Valley fighting of 1982.
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During the 1970s, the USAF had a 
major R&D program aimed at providing 
an advanced gun for lhe F-15, with addl- 
t fonal applications to many other aircraft. 
Known as the GAU-7, It used 25 nun 
ammunition. Since the beginning, gun 
design and ammunition design have been 
interdependent—usually a revolutionary 
development in ammunition leading to a 
similar radical Improvement In guns. 
Such an iimmunltlon advance was to 
have been the Inundation for the GAU-7: 
caseless, telescoped ammunition. The 
idea was that the projectile was to be 
telescoped back into the propellant, and 
the outer layer of the propellant was to 
serve as Its own casing—and be con¬ 
sumed In the barrel on detonation Not 
only was this to yield a substantially im¬ 
proved muzzle velocity but also to result 
in a symmetrical right cylinder round. 
That simplified the feed system and 
eliminated an extraction system al¬ 
together—with Ireneflts In rate of lire and 
Increased reliability through fewer 
moving pails Tire GAU-7 Gatling gun’s 
design posed no particular problem, and 
the teleseojred part of the ammunition 
design did produce higher muzzle 
velocities However, durability, environ¬ 
mental, and shelf life problems with the 
caseless feature proved Insuperable. The 
result was that the program was aban 
doned and the M 16 20 mm was in¬ 
stalled in the F-15. F-16, F/A 18. and 
F 14.78 

Component technology has advanced 
dramatically since the Sidewinder and 
the Sparrow were first developed In the 
1950s. The miniaturization of electronic 
parts, the appearance of small com¬ 
puters. the development of solid-state 
electronic technology, the advance in 
propellant technology, and refinements 
in warhead design have all contributed to 
substantial product Improvements in 

both missiles. These changes have 
caused periormance and reliability gains 
for each of them. 

Tire later models of the Sparrow and 
the Sidewinder are proven more reliable 
in part because the wear and tear of long 
carriage on aircraft pylons has less im¬ 
pact on tire new solid-state electronics. 
In later combats there have been fewer 
failures to eject from their rails to ignite 
the propellant, to guide on the target, to 
projterly detonate near the target, and to 
do sufficient damage to bring the enemy 
down. Both missiles enjoy Improved 
propellants and aerodynamic design that 
give them a higher speed and a cajraclty 
to make harder turns than their Vietnam 
era ancestors—both ot which make il 
harder for an enemy to evade (hem If he 
knows he Is under attack. The rocket 
motors have been so improved that they 
leave less smoke and thus lessen the odds 
that the enemy will ever discover he Is 
under attack ^ 

All Improvements notwithstanding, the 
Sparrow still is well over double the 
weight of the Sidewinder. Furthermore, 
it requires a fairly sophisticated radar 
aboard the launching fighter. Being a 
SARH missile, it retains the handicap of 
mandating that the launcher continue In 
the same direction with Its radar emitting 
until impact—both of which are 
dangerous practices As only one target 
can be managed at a time (sometimes two 
AIM-7s were launched at a single target 
at the same time to Increase the prob¬ 
ability that at least one would hit), II 
prevents the mounting of another attack 
before the first is complete. 'Hie Spanow 
cannot be used aboard most of the Air 
Force's F 16s, and It limits the amount of 
fuel and other munitions that other 
fighters can carry."” 

Though substantial improvements 
were made In the Sparrow by 1980, 
probably even greater gains were ob¬ 
tained in the IR Sidewinder. It shared 
almost all of the component advances of 
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S|w«Tww (AIM 7) radar mlaHlIr hrtn|( llrrd froai UAAF F IA Ttir i iirrriil Sp;«miw?i arr mu* h linpmvrd <*vrr Ihrir 
Vlrtnam rra aiufalnra and ai hirvrd riuiliv of (hr inallttona ktlln In Oja-rallim IVra-li SInmi ll>>wr\rt llirv air 
hravlrr and larger than Ihr newer radar weapona and they are •wmlai live ayalemi lhal require giiidanie frmii 
the lauiu liing alnrafl unlll Impai I Iliev are all aapcr l mlaallea and are lena cx|a fiatve lhan (lie a'lvanied 
medium range air In air mlaalle

Ihr* Sparrow, bill In addition II overramc 
oin* ol die lyealesl handicaps of die early 
mixlel AfM-9s. They had to be fired from 
a rather thin i one behind the tall <>l the 
enemy. By the lime ol die Falklands am! 
Bekaa Valley tlftlidnt(. Ihrout^h belter 
ciKillnft. new malertals lor sensors, en
hanced aerodynamic design, and Im
proved optics, the Sidewinders had 
grealiv expanded their envelojie so dial 
they were approaching an all-aspect 
status. 'Iliey could lie llred at the enemy 
Irom almost any direction It was no 
longer necessary that the sensor have a 
direct line ol sight on the enemy Jet's 
e.'chaiisl pljie. It liad become so sensitive 
dial It could home In on the parts ot the 
airfoils dial had been wanned liy air trlc- 
llon entailed In high sjieed lllghi Head- 
on shots with Sidewinders beianie 
(losslble. rhe Vietnam era IK missiles 
lincliiding enemy ground-laiinclied (jort- 
able missiles) could be rather easily 
sptMited tiv dropping flares The later

marks of the Slilewlnder overcame this by 
giving die sensors iIm* capabllltv ol dis 
criminating lie!ween Hares ami the t-irget 
heat sources Even the newest IK 
AlM-ds were limited In |¥*i1oniiance l»v 
log. clouds, and rain, and In any event 
diev were short range weajions ■"

In the altermalh ol the Vietnam Wat, 
die Navv also turned lo the develo|mient 
ol a new fighter—die (inimnian F I I 
Like Its ancestor, the F 4 I’hantom. It was 
optimized lor fleet delense—long-range 
Inlercrptlon ol relatively noiimaneuver 
Ing targets. Because ot die limited deck 
sjiace of alrcralt carriers. II was highly 
desirable lhal each F 14 lie c apahk- ol 
multiple kills, even sliiiullaneous attacks 
as lar away from the task lorce as pos 
sible With die corning ol slandotl mis
siles In the Soviet alr|ilanes. this 
ctiaracterlsllc was all die imire desIraMe. 
Tlie F 14 Is callable of c arrylng die S|iar- 
row (along wllli Its M-Hl cannon and 
Sidewinder missiles). However, the
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AIM-7 has a limited range and only one 
can be directed at a target at any given 
time. The Navy, therefore, developed a 
new missile and a sophisticated radar 
system to overcome the limitations of the 
AIM-?."2 

The Navy's AIM-54 Phoenix is used 
only aboard the F-14. An attack can be 
managed against six targets at a time 
while the airplane's radar maintains a 
watch on as many as 24 targets simul- 
taneously. The Phoenix is launched in a 
SARM mode against targets as much as 
100 miles away. It has its own radar set 
and can complete the latter part of Its 
trajectory Independently while the 
aircrew inlllates additional attacks or 
l>eglns its escajie. In 1981 the Phoenix 
was close to double the weight and 10 
times ihe price of the AIM-7F and re¬ 
quired Ihe use of a very expensive radar 
system and a second crew member."' 
Consequently it was not used to replace 
the Sidewinders and Sparrows but rather 
to complement them. 

An examination of the literature on 
alr-to air weapons seems to support 
Kranzberg’s notion that the glamorous 
subjects get disproportionate attention. 
Since the end of Ihe Vietnam War, there 
have been at least 100 articles on aircraft 
missiles for every one on gun develop¬ 
ment. Most oí this work was in the print 
media, and little serious history has been 
published on either. As it shxxl at the 
onset of the 1980s, it was clear that in the 
West at least air-to-air missile technology 
had advanced rapidly since Vietnam and 
many of the limitations had been 
eliminated or lessened. However, the gun 
technology, on the suriace of tilings, had 
not moved ahead. The same gun that was 
used in Ihe F-105 In 1958 was also used 
in all of the United States' latest fighters. 
Though a large majority of the people with 
operational experience were firmly con¬ 
vinced that future air superiority fighters 

would nonetheless require a gun, the 
missile advances were bound to revive the 
notion that it might be better to eliminate 
the gun and use the weight (and money) 
savings for additional missiles or fuel. 

The Horizons of Air-to-Air 
Weapons Technology 

InTHE United States, two air-to-air R&D 
elforts weie started in the 1970s that are 
now nearing maturation—one for a mis¬ 
sile and one for a gun. The missile en¬ 
visioned was to have many of the 
advantages of the Phoenix, but smaller 
and cheaper. The gun was to build on the 
technology of the (1AU-7 to use a quan¬ 
tum jump in muzzle velocity combined 
with a new sight to achieve an all-aspect 
capability and a substantially higher P^ 
than the M-Hl Vulcan while retaining all 
of the advantages of that gun. 

AMRAAM: The Mother of AU 
Missiles 

The ADVANCED medium-range air-to- 
air missile (AMRAAM) program was 
generated In 1976 to go beyond the 
product Improvements feasible within the 
constraints of the Sparrow airframe. 
Alter the advanced development phases 
had been completed, Hughes was 
selected for the full-scale development 
program in the early 1980s. The new 
weapon was seen as a follow-on for all of 
the radar-guided medium-range missiles 
in Western inventories. The United 
States signed a memorandum of under¬ 
standing (MOU) with some of its principal 
NATO allies in 1980. The MOU provider! 
that the US would develop the AMRAAM 
and a combination of its European allies 
would create a follow-on to the 
Sidewinder—the advanced short-range 
air-to-air missile (ASRAAM). There were 
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ArKMixrd mrdlum r^iKc air Uvair mlanUr (AMHAAMI leal ah»l tinm Ihr F IS Thr AMKAAM la an liiipnrlant 
arfvani r over iilhrr inrrllurn raii^ir radar nitaallca Ira ar\rr-al rrajama It is sriullrr and lltlili r |ain rralaiani and 
la a nrr an.) fiintH wra|jnri II artll hr uard ajaii nn a largr part of lirr F lt> flrrl llial dra-s ii.a vri havr a radar 
miaallr i apabtlHv

lo Jif roprrxliirtlon arranRrmfnls lor Ixilh 
missiles Ihe US anreed lo avoid 
diipllr at Ini'short laiiije missile |»ri*Kraiiis 
wlille the NAI'O allies were lr> slay away 
from medium range radar missile 
programs lor the Hie ol the under
standing.**

II nol re\'olullonary. the AMRAAM went 
lieyond IIm- usual Inrremenlal Improve- 
menls In wea|Min systems. It was lo lii- 
rorjxirale all ol the many Improvements 
destrllietl alxrve lor the |X)sl-Vlelnam 
models of the Sparrow and Sidewinders. 
Hut. In addition. It was lo have an artive 
radar homing mode—lo lie able to dlret-l 
It sell at Its target without assislanre Irom 
the launrhing airrralt. That would 
enable Irtendly llglilers lo tiegln their es
capes immedlalelv alter launch, lo shut 
down their radars to Irustrale enemy tar
geting. or to manage multiple slmiil 
taneous attacks. It was alvi lo enjoy a 
"home-on-jamming" iiNxIe. Tlie missile 
was designed with Inertial iiildiourse 
guidance that would keep It on track until

Its own radar came wtihin range of llie 
victim—without helj' Irom the launcher.

Addlllonallv the AMKAAM was 
designed lo In* HO iiercent ol the welglil ol 
llie SjMfTow so that iiMire ol them coiikl 
|je larrlerl. or lhal the same niiml>ei 
would < ause less drag than the equivalent 
S|>arrow load Its seeker was designed lo 
l>e jam-resislani —to ojierale in a heavy 
eledronic counlermeasures environ 
nienl. The AMRAAM Is smaller than the 
AIM 7. has a jxiwerlul and smokeless 
iiM'lor. Is faster and more iiwneiiverahli- 
than earlier missiles Ifial slMiiikl lessen 
llie ability ol enemy ain rews lo spot and 
evade US and NATO missile attacks.

A< i-ordlng lo some re|>orts. the Soviets 
have some remailuihle cajiahilltles In 
leehnologk al advan< emeni—liiil llu-y are 
s|x)llv aiul do nol ajijily across Hie Ixiaid. 
One area where lliey have traditionally 
laggerl liehin<l Hie West, and seem lo lag 
still. Is In the realm ol air-lo-air missiles. 
According to tlKise rejjorts. It will tie many
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years bdore the Soviets have the com
ponent technoloj{ies to duplicate 
AMRAAM. and the new missile therefore 
iniitht git a long way toward compensating 
for a numerical Imbalance."*

The AMRAAM program was not 
wlthoul Its clialleni(es. It ran Into various 
leslInK dllTIcullles during; the middle 
eighties, and holdlnK down the costs was 
x-ery dllDcult. Even though costs had 
been brouf^ht down subslanllally by 
1990. the unit cost still stood at $600,000 
per missile. In May of that year, however, 
a full scale lesi was held over the Ef^ln 
Gulf Test Rarif(e. One F-15 llred lour 
missiles at lour dlllerent |et tart^ts In a 
heavy ECM envlronmenl. The AMRAAMs 
j{ol direct hits on three of the jets and the 
lourth missile passed close enough to Its 
larf^et that Us proximity luze would have 
detonated and fra^tments would have 
destroyed II. Thai test, coming after 
many ol Iters proving various aspects of 
I he weapon's functlonlnt(. seemed to 
build substantial confidence In the pro- 
gram. The schedule had called lor an 
Uilllal operational capablUly flOC) In the 
mid- 1980s. but It was not achieved until 
2f> Seplember 1991. Though some 
AMRAAMs were deployed to the Middle

E^sl lor the war ai^alnst Iraq, the alr-lo- 
alr flfthlliif; was over loo soon for them to 
get a combat evaluallon."*

Though the combat lest was not 
feasible, the range testing and the Im- 
provemenls in the older missiles seemed 
to offer the Itasis lor speculations that the 
nature of the defensive <-ounleralr bailie 
was on the verge ol great change. Tlie 
F-16 was present In large numbers In the 
USAF Inventory. II had neither the radar 
nor the weight-carrying capability to 
handle the Sparrow. It would be able to 
use the AMRAAM which was a nia|<>r 
change lor the US and Its allies. All iheir 
F-16s had l)een confined to short-range 
fighting Ijefore AMRAAM. now they woiikl 
all acquire a beyond-vlsual-range (BVR) 
capability with the new missile Tlial 
rueaiil lhal loi Ihe enemy pilots, at least, 
■cher king six' was no longer enough, lor 
after 1990, danger might come from any 
direction."^

Thougli the modenilly and romanr-e of 
missile wariare kept the advance ol the 
technology lor such weapons In a 
prominent place In the pages of Ihe 
media, there was still room to wonder 
whether Ihe lulure bektnged wholly to llie 
missile. Kranzberg's thesis seemed lo be

USAF F le flring an AMRAAM MnM US aiwl alll«] F I6a rannol handk Ihr Sparmw and are IherHiMT n|Ul|jfied 
cwdy Inr ahort ranee air combat AMRAAM will give them an Im|jnr1anl loneer ranee, all aaperl radar rapafatbty 
Cur Lhr ftrvt time
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borne out in that some important ad¬ 
vances in the more mundane gun tech¬ 
nology went relatively unnoticed. Ever 
since it proved impossible to overcome 
the challenges with the caseless round in 
the GAU-7 program of the 1970s. a desire 
continued to use its proven technological 
advances to develop a weapon that would 
have a more than incremental effect on 
the air superiority battle. 

Since 1976, the Air Force Armament 
Development Test Center at Eglin AFB 
had exploratory and advanced develop¬ 
ment programs In gun and ammunition 
technology. By the late 1980s, they had 
resulted in a tested telescoped round in 
20-mm caliber that had achieved around 
5,000 fps. General Electric had survived 
the advanced development phase and 
produced and tested a flight-weight Gat¬ 
ling gun with fewer than half the parts of 
the M-61 and about one-third the num¬ 
ber of moving parts. As gun sights make 
their predictions based on the past track 
and speed of the target, the shorter the 
time of flight, the less the error arising 
from changes in the target's path of 
travel. Consequently, the roughly 50 per¬ 
cent gain in muzzle velocity (over the 
M-61) would greatly expand the firing 
envelope of the attacker's gun—again 
making checking six insufficient for the 
enemy pilot.** 

During the late 1950s, the enthusiasm 
for air-to-air missiles waxed strong. 
When their kill ratios in Vietnam turned 
out to be less than expected, the 
shortcomings of missile technology were 
typically blamed. But perhaps there was 
more than that to it. Many of the predic¬ 
tions were based on an assumption, tacit 
perhaps, that air-to-air gun technology 
remained stagnant In the 1950s—that 
the missiles in the future would compete 
with the .50-callber Brownings used 
through World War II and in Korea. That 
assumption was not true, and it may be 
valid to say that a part of the outcome in 
Vietnam arose from the fact that the mis¬ 

siles were not as good as expected, and 
part from the fact that the guns were 
better than expected. In 1991, the im¬ 
provements in the Sidewinders and Spar¬ 
rows and especially the advances in the 
AMRAAM seemed spectacular. But the 
earlier experience stimulates one to ask 
whether the drama of the missile suc¬ 
cesses in the Vom Kippur, Falklands. 
Bekaa Valley, and Iraq fighting may be 
masking less romantic but also Important 
improvements in ammunition and 
aircraft gun technology. 

Speculations on the Future of 
Air Superiority Weapons 

Michael HOWARD, as noted pre¬ 
viously. has asserted that all doctrine 
(and consequently technology choices) is 
inevitably wrong. The choices are af¬ 
fected by thousands of Interdependent 
factors some of which are unknowns Uiat 
must be covered by assumptions. The 
goal, said Howard, must be to keep one's 
doctrine from being too far wrong and to 
build one’s system to be more able to 
adapt quicker than the enemy's when the 
combat experience reveals that assump¬ 
tions are wrong. What follows, therefore, 
is a group of speculations about the fu¬ 
ture of air superiority weapons with the 
hope to Improve the odds that the intu¬ 
itive judgments that must be made will be 
correct, or not as wrong as those of future 
adversaries. 

Three of the major technical variables 
that will affect air superiority outcomes in 
the future are: the AMRAAM, gun tech¬ 
nology. and advanced tactical fighter 
(ATF) programs. Clearly they are inter¬ 
dependent. All three programs were con¬ 
ceived in the immediate aftermath of the 
fall of Saigon, at a time when Soviet 
foreign and military policies seemed 
strong and aggressive. It was also a time 
when stealth technology was not as 
widely recognized as an Important factor. 
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and when the Implications of microcir- 
cuitry technology were not nearly so well 
defined as they have become. It was also 
a time when instability in the third world 
was seen as a serious problem, but when 
military technology had not yet been 
widely transported thence. It was a time 
when the notion was popular that the 
ground-based air defenses could com¬ 
mand the air over the battlefield with 
relative ease. In short, at the time that 
the requirements for AMRAAM, the ATF, 
and advanced gun and ammunition tech¬ 
nology programs were established, the 
problem was significantly different from 
what it is in the 1990s. 

The new problem in some ways is more 
complex than that of the mid-1970s. 
Though the likelihood of global nuclear 
war seems to have subsided, the pos¬ 
sibility remains: a few more states may 
have the nuclear capability to start such 
a war. The threat of a massive conven¬ 
tional general war on the northern 
European plain seems much diminished, 
but the possibility remains. We are likely 
to get more strategic warning of such a 
thing than might have been the case in 
the 1970s. The third world introduces 
additional imponderables. Though the 
local stimulants of Instability remain, or 
are worsened, the external support from 
the communist world is no longer as great 
a factor. Nonetheless, military technol¬ 
ogy has spread far and wide in the less- 
developed world since 1975. In sum. the 
problem seems more diffused and less 
well defined than it was aller the fall of 
Saigon. As air power s strongest suit is 
its flexibility, the challenges of the 1990s 
could increase the premium put on it and 
the complexity of the choices to be made 
by the leaders. The challenge may also 
be air power’s opportunity. It's inherent 
flexibility, if cultivated, may enable it to 
fulfill Howard's requirement to make our 
system more adaptable to the lessons of 
future combat experience than are those 
of our adversaries. 

There are hundreds of possible solu¬ 
tions facing the US leaders charged with 
cultivating that adaptability. It Is recog¬ 
nized that the discussion that follows 
cannot be definitive in the absence of 
consideration of political, economic, and 
platform factors that are interrelated. 
The discussion nonetheless confines it¬ 
self to an examination of some of the pros 
and cons of solutions Including high-tech 
radar missiles like AMRAAM and of those 
including an advanced gun and gunsight. 
Even limiting the discussion to those two 
general areas is somewhat artificial since 
it leaves out a host of possible product 
improvement programs that would en¬ 
hance the value of current air-to-air 
weapons in substantial ways. Much 
depends, also, on the technology, tactics, 
numbers, terrain, and training of the ad¬ 
versary—all of which are less “knowable" 
then they have been heretofore. 

Solutions Including Multimode 
Radar Missiles 

The TESTIMONY of any number of 
authorities asserts that the capability of 
getting in the first shot will be a substan¬ 
tial. perhaps decisive, advantage In fu¬ 
ture air battle.8® The champions of 
putting the high technology into the 
weapons instead of the platform and of 
medium-range missiles argue that the 
coming of AMRAAM tends to be revolu¬ 
tionary—not evolutionary. Danger can 
threaten enemy pilots from any direction, 
at much higher speeds than before, from 
tar greater distances, and with less rocket 
motor smoke to tip them off. Whether on 
standard fighters of the 1990s or future 
fighters, such missiles will magnify the 
flexibility already inherent In superior 
platforms. The launch-and-leave 
capability of AMRAAM will enable multi¬ 
ple attacks and immediate evasion alter 
missile launch. It also enhances the 
situational awareness edge arising from 
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US and NATO airborne warning and con¬ 
trol system IAWACS) by expanding the 
sphere that the enemy pilot needs to sur¬ 
vey. In combination with the stealth and 
new radars of the advanced tactical 
fighter, for example, the AMRAAM further 
multiplies the first shot opportunities. 

The improvement In air power adap¬ 
tability that could arise from AMRAAM 
might well be compounded by the nature 
of the current USAAF force structure and 
declining defense budgets. A very large 
part of the fighter force Is made up of 
swing-role F- 16s. The airframe seems to 
be excellent In the air-to-air role at short 
ranges. It is young in years and has long 
service ahead. However, It does not have 
any BVR capability at all since it is 
equipped only with 20-mm guns and the 
AIM-9 Sidewinder IR missile. From the 
beginning AMRAAM was designed to be 
compatible with the F-16 In size and 
weight, as well as in its electronics. The 
addition of such a weapon would greatly 
expand the numbers of fighters available 
for the full range of the air superiority 
battle at a cost much lower than purchas¬ 
ing additional F- 15s or ATFs. 

Missiles like the AMRAAM, however, 
are inevitably complex. They are made 
possible only by the dramatic and recent 
advances in microcircuitry. The In¬ 
dividual components are more reliable 
than they were in the Vietnam days, but 
complexity still tends to breed un¬ 
reliability. It also tends to breed high cost 
and small inventories. The unit cost of 
AMRAAM runs well over a half million 
dollars.90 Notwithstanding that the new 
weapon has a multimode seeker, it is 
dependent upon electromagnetic radia¬ 
tion. This could conceivably diminish its 
effectiveness In two ways. If the stealth 
being designed Into new US aircraft 
spreads to other nations, then the range 
capability of the AMRAAM could be 
degraded. Further, the advance in 
electronic warfare (EW) technology and 
tactics might make It too dangerous for 

the launching fighter to turn on its radar, 
or the emissions coming from the missile 
itself may serve to alert the enemy to an 
imminent attack (admittedly a short 
warning because of AMRAAM’s speed). 
The technology for airborne antiradiation 
missiles already exists, which may serve 
to weaken all airborne radar-based sys¬ 
tems. Finally, the AMRAAM launch-and- 
leave capability has a defect to go along 
with that virtue. Once It Is separated 
from the aircraft and locked on to a target, 
the aircrew has no further role in the 
operation of the missile. In a confused 
situation, that weapon may not dis¬ 
criminate between foe and an accidental¬ 
ly intervening friend. That fratricide 
problem exists also with current 
Sidewinders; but those are short range 
weapons and the longer range of the 
AMRAAM may seriously complicate the 
problem. 

The possible difficulties with acquiring 
and tracking targets may not be the most 
serious inhibitors of BVR air-to-air fight¬ 
ing. Throughout the Vietnam War, the 
potential of radar missiles was never frilly 
exploited because of the requirement to 
get a positive visual Identification of the 
target before firing. According to Ben¬ 
jamin Lambeth and others, this problem 
would be even worse today because the 
latest and best two Soviet fighters both 
have twin vertical stabilizers. That 
makes them both similar in appearance 
to the F-15. Yet many authors (Lambeth 
being a prominent one) cite the absence 
of an effective means of electronic iden¬ 
tification of a noncooperative target as a 
serious fault in the US scheme of things. 
On top of that, the target set is getting 
tougher because of the Increasing use of 
remotely piloted vehicles and cruise mis¬ 
siles—small targets dying at low levels 
that are difficult to acquire with a radar. 
As with gun projectiles, the shorter the 
time of flight, the greater the chances of 
a hit. But. as missile speeds get higher, 
radome heating becomes an increasingly 
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serious problem. The high unit costs 
usually mean a peacetime inventory too 
small to fight a sudden but extended war. 
High costs also mean that live-fire train¬ 
ing cannot be done and that simulators 
will have to be used. Simulators are ex¬ 
pensive and. though very realistic, they 
can never be quite as close to the real 
thing as live-fire training. 

The original concept for the AMRAAM 
was that it would be complemented by a 
European-developed short-range missile. 
ASRAAM. with a new IR seeker and rocket 
motor. The ASRAAM program has fallen 
on hard times and according to many 
reports the actual creation of a produc¬ 
tion missile is unlikely.91 The same 
sources suggest that were the ASRAAM 
program frustrated, then the US could 
further develop the Sidewinder to provide 
many of the same capabilities in a fairly 
short time. The later marks of the 
Sidewinder have an all-aspect capability 
and a good combat record. Either 
ASRAAM. or Sidewinder would help 
moderate the unit cost problem of 
AMRAAM, and both would supply a pas¬ 
sive launch-and-leave feature to comple¬ 
ment that of the radar missile at the 
shorter ranges. Both, like AMRAAM, can 
pose a threat from any direction (at the 
shorter ranges) that helps to bring about 
a radical change in the terms of engage¬ 
ment. Also, the IR missiles are lighter 
and less complex than radar missiles and 
that yields benefits in terms of expense, 
reliability, and weapons load per sortie. 

Solutions Including Advanced 
Guns and Ammunition 

THERE IS hardly any suggestion at all 
among the current crop of aviation 
writers that future fighters could do 
without a gun. Almost all of them advo¬ 
cate its inclusion, especially for the sake 
of flexibility. Some might say that una¬ 
nimity ought to stimulate the USAF 

decision maker to wonder whether the 
idea has become the conventional wis¬ 
dom worthy of questioning. 

It seems certain that a gun is worth 
consideration for the sake of adaptability 
alone. None of the air-to-air missiles can 
be used against surface targets, whereas 
even the current M-61 Gatling gun is 
proven effective against a wide variety of 
ground targets—and economical against 
most of them. 

The issue of including an advanced 
technology gun is another question. It 
would have an even greater flexibility 
against surface targets because of its 
radically increased muzzle velocity. 
Though the current developmental 
weapon is in the same caliber as the 
M-61, the 50-percent increase in velocity 
has a disproportionate effect on all vehicle 
targets except tanks. The penetration 
ability of the round varies with the square 
of the speed at impact. Further, the ac¬ 
curacy is improved because the trajectory 
is flatter and the target has less time to 
get out of the line of fire. Whether fired 
against an air or ground target, a gun 
projectile is not vulnerable to counter¬ 
measures once it leaves the barrel. But 
as noted, in air-to-air combat the in¬ 
creased muzzle velocity combined with a 
new sight makes feasible beam and head- 
on shots with guns. That capability turns 
guns into all-aspect weapons, contribut¬ 
ing to new terms of engagement along 
with the new IR and radar missiles. That, 
in combination with the all-aspect 
Sidewinders, means that violent 
maneuver in the close-in battle no longer 
means finding an avenue of escape out¬ 
side our weapons envelope. Running out 
of ammunition or fuel in a close-in battle 
then would be catastrophic. All missiles 
have an inner limit to their firing en¬ 
velope. but there is no minimum range for 
a gun—no close-in sanctuary. To the 
extent that stealth and electronic warfare 
degrades the capability of radar missiles, 
they will increase the rela'ive utility of 
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guns. As the advanced gun will remain a 
visual-range weapon notwithstanding its 
longer range, the want of an effective 
identification, friend or foe (IFF) does not 
degrade its operation as much as that of 
a radar missile. 

The advanced gun technology is a 
General Elecbic program. Its M-61 has 
an enviable record of reliability, and the 
new weapon has far fewer parts, as noted 
previously, and still fewer of them are 
moving parts. That seems to promise an 
even greater reliability in a new weapon.92 

The combination of a modified M-61 
with a new, but conventional 20-mm 
round can yield about half the gain of an 
advanced technology gun. But the new 
gun would come at a substantial price. 
The US and its allies have a considerable 
sunk cost in M-61 guns and standard 
20-mm ammunition. The maintenance 
of another noninterchangeable line of 
guns and ammunition in the supply ac¬ 
counts would seriously complicate logis¬ 
tical arrangements and interoperability. 
The parts of the modified M-61 (and its 
improved ammunition) are interchange¬ 
able with older stocks. It would take a 
long time to replace all the M-61s and 
their ammunition in the inventoiy as the 
older guns wear out and the ammunition 
is used up. Shortening that time would 
entail enormous expense. The current 
gunsight Is subject to error because it 
bases its direction only on (he accelera¬ 
tions of the shooter and not the target. 
The new sight envisioned for the ad¬ 
vanced technology gun uses inputs from 
the target, which involve measurements 
taken by radar—making it subject to 
electronic countermeasures. Post-World 
War II research, as noted, has revealed 
that a great majority of kills have been 
achieved on the first pass when the victim 
has been unaware of the threat. As a 
short-range weapon, the gun would not 
usually enjoy the first-shot advantage. 

A further inhibitor of going over to an 
advanced technology gun in the 1990s is 

that there is a possibility of buying into 
the technology too soon. Though the 
caseless principle was found wanting in 
the 1970s and many experts still believe 
it to be impractical, caseless rounds have 
already proven feasible in small arms. 
Traditionally an inhibitor of technology 
application has been the feeling in the 
R&D community that even more ad¬ 
vanced technology is Just around the 
comer. Adding a caseless feature to the 
advanced ammunition would yield enor¬ 
mous benefits in simpler gun and feed 
mechanisms. We have seen that the 
M-61 was conceived in the late 1940s. 
and it is still the first-line air superiority 
gun in US and many allied forces. Any 
decisions made now on advanced gun 
technology would likely affect us for an 
even longer time. 

Other Improvements that may be Just 
around the comer make the challenge all 
the more difficult. For 50 years, at least, 
some have longed for a trainable 
capability in fighter guns. Fixed guns 
cannot be pointed at a turning target if 
the attacker wishes to close the dis¬ 
tance—the attacker must lead the prey by 
more than the lead required by the gun 
to reduce the range. If the shooter could 
train his guns, even by a limited amount, 
he could have his guns lead the target by 
a lesser angle than the one he is using 
with his aircraft to close the distance. He 
could therefore shoot even while shorten¬ 
ing the range—an immense advantage. 
Were he able to use this “off-boresight” 
capability with a helmet-mounted sight, 
it would be all the more effective.98 

Recommendations 

ThERE ARE so many Interdependent 
variables and imponderables affecting fu¬ 
ture air superiority weapons choices, firm 
recommendations would be acts of 
supreme arrogance. A traditional lament 
in Air Research and Development Com- 
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mand and then in Air Force Systems 
Command has been that conventional 
weapons being the responsibility of the 
Army and Navy were lacking advocacy 
groups inside the Air Force. Therefore, 
the story goes, when Vietnam came, the 
USAF was insufficiently prepared with its 
bomb inventory. Whatever the merits of 
the case, this study suggests that it did 
not apply to guns. The M-61 was ready 
well before the beginning of the war, and 
it was more than adequate to the task. 
The fact that it was not in the F-4C had 
nothing to do with the want of an ad¬ 
vocacy group within the Air Force. How¬ 
ever, a recent reorganization of science 
and technology responsibilities among 
the services assigns the lead service role 
of the conventional gun work to the 
Arm)'.9* It may therefore behoove the Air 
Force policymakers to assure that con¬ 
tinuing support is given to conventional 
gun research and technology programs in 
the Army laboratories. This is to guaran¬ 
tee that when and if new guns and am¬ 
munition are decided upon, the 
technology base will indeed be available. 

Meanwhile, if air power is to be flexible, 
it must have flexible platforms—multi¬ 
purpose airplanes is the usual answer. 
The flexibility of the platforms can be 
enhanced by a flexible set of weapons— 
the full potential of the F-16 cannot be 
exploited because it does not now have a 
BVR missile capability. Consequently, it 
does seem that Michael Howard's 
prescription for adaptability of doctrines 
(and force structure and weapons) can be 
best fulfilled by assuring the availability 
of medium-range missiles and guns, 
complemented by short-range missiles. 
The decision as to which gun is shrouded 
in imponderables. An intuitive judgment 
must be made. The attractiveness of a 
quantum jump in muzzle velocity and a 
simpler, more reliable gun than the one 
In current fighters is substantial. Yet the 
experience with the Browning M-2/M-3 
and the General Electric M-61s suggest 

that such choices tend to be forever. It is 
therefore this author's intuitive Judgment 
that the new missiles be complemented 
with the improved M-61 and improved 
but conventional 20-mm ammunition. 
This would avoid a premature and prac¬ 
tically irreversible commitment to ad¬ 
vanced gun technology and ammunition 
when even greater gains may Indeed be 
Just around the comer—and when the 
threat remains diffuse, not well defined, 
and seemingly not immediate. Such a 
choice entails a continuing press for con¬ 
tinued R&D in science and technology 
programs related to conventional aircraft 
guns. Since those programs now fall 
under the Army leadership, the Air Force 
must assure that they receive continuous 
support. 

Summary 

The HISTORY of armament for air com¬ 
bat is less well known than that for in¬ 
fantry or naval fighting. At the dawn of 
military aviation, gun and ammunition 
technology was already well matured: the 
aircraft arming process was largely a mat - 
ter of adapting ground weapons to aerial 
combat. Therefore the developmental 
curve was rather fiat for the first 40 years 
of the history of air power. The curve 
made a rather sharp turn Just after World 
War II that was little noticed because It 
was masked by enormous and simul¬ 
taneous changes in other technologies 
more romantic than nonnuclear aircraft 
armament: nuclear weapons. ICBMs, 
transition to Jets, nuclear submarines, 
and space flight . For a time early in the 
air-to-air missile age. It did not seem that 
air fighting would really be 
revolutionized—though the speeds were 
higher and the space used greater. Most 
combats still bot’ed down to a stem chase 
firing from a ran^.e as short as possible. 
Jet speeds made that necessary for the 
guns, and seeker limitations made It 
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necessary for the early IR missiles. The 
radar missiles of the 1960s theoretically 
could fire from elsewhere, but In Vietnam 
the visual Identification requirements 
were such that too often the attackers 
were already too close to use the Sparrow 
before they had fulfilled them. The small 
wars since Vietnam amply demonstrated 
that the newer IR models had expanded 
their capabilities so that they had become 
all-aspect weapons. New sight and gun 
technology may already be at hand that 
will do the same for the guns. When the 

flre-and-forget and multiple attack 
capabilities of the new radar missiles are 
added to that equation, it can be seen that 
the environment of the air battle may 
have become more lethal than tt was even 
In the days of the Vietnam War. That 
change might even be described as 
revolutionary, but one that ts little noted 
because many other more romantic 
developments have usually attracted the 
attention of journalists and historians 
alike. 
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