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Abstract

This thesis examines how the US Air Force responded to the first combat firing of
the SA-2 surface-to-air missile over North Vietnam in 1965, That response included the
deployment of aircraft specifically designed to jam radars, the production of jamming pods
for tactical fighters, borrowing the US Navy's anti-radiation missile, and the introduction of
the unique Wild Weasel aircraft. Together, these technologies represented a nascent form
of tactical ¢lectronic combat that helped the Air Force to regain control of the air over
North Vietnam. Four questions are asked in this study: (1)How might a system initially
react to a new opposing technology on the battlefield? (2)What might make a system
choose one set of responses to that technology and not others? (3) How might a system
change as these technological responses are incorporated within it? (4) In what ways might
the story of technological change within a system be instructive if it includes the
perspectives and actions of the operators — a "bottom up" approach -- and not just those of
the high-level decision-makers?

This study reaches two goneral conclusions, First, intograting a new technology into
a military system is a very complex task. Many factors, including national culture and
military doctrine, influence a system's flexibility, that is, the ability of a military system to
react to change. Thus, two similarly structured systems may well have different degrees of
flexibility. The process of integration and possible considerations pertaining to how well a
system might react to a changing environment are shown by a detailed look at tactical
combat betwoen the US Air Force and the North Vietnamese air defenses in 1965.
Second, probably the most important step of integration is ensuring that the technology can
be used to its full potential. This is accomplished through adaptation. The opsrators adapt
the technology to the needs of the system through proper training efforts while the system
is made to adapt to the technology through development of doctrine. This study reveals the

complexity of adaptation through a "bottom-up" look at the Wild Weasel I test program.
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Preface

War is not what it used to be, or 80 it seems. A new kind of warfare with advanced
technology like "black boxes" and "smart" bombs has taken on an increasingly impersonal
aura in popular American culture. In the opening months of 1991, televisions across
America were painted with cross-hairs and black-and-white images. A nation watched as
video bombs silently neared their targets. No explosions were heard when the weapons
detonated. Instead, the screen went blank or a cloud of smoke billowed from a single
gaping hole.

The telovision and print media, beguiled by these sterile images, attached labels like
"Nintendo War" to the kind of warfare carried out by modern combat aircraft. These
images and labels obscured the fast that the advent of black boxes and other "high-tech"
equipment had not yet changed the human realities of warfare. The confusion and horror
inherent in war have remained despite these leaps in technology and the growth of
integrated combat systems. The shiny new gadgets, however, seemed to attract the most
attention,

Despite all the intervening technology including radars, computers, electronics and
CRT displays, combat remains a struggle between people. The aviators, radar operators or
weapons controllers who fight the ubiquitous electronic video wars face a very personal
war unique to the technology that surrounds them, To the outside observer it appears as a
clean, sterile war capable of making awesome strikes with surgical precision and little mess
to clean up afterwards, but this image is deceiving, Calling attention to this electronic war
is in no way meant to detract from the living hell typically faced by combatants on the
ground, an environment vividly portrayed by many authors over the years, including John
Keegan and E.B. Sledge.* Whether in the air, at sea, or on the ground, humans continue to

remain on both the sending and receiving end of modern technology.




The following essay shows the wielders of this relatively recent electronic combat
technology to be in two locations. One was a crowded radar control van and the other a

cramped cockpit of an aircraft, It is in both these places where, in July of 1965, our story

begins.

- John Keegan, The Face of Battle New York: Penguin Books, 1978.

E.B. Sledge, With The Old Breed: At Peleliu and Okinawa, New York: Oxford University
Press, 1990,




Introduction

This paper examines the process by which the United States Air Force (USAF)
responded to the first combat firing of a North Vietnamese surface-to-air-missile in July of
1965.(1) Two related and recent scholarly studies have painted a far more comprehensive
picture of political and doctrinal aspects of the use of airpower in Vietnam than this study
could ever hope to accomplish.(2) Therefore, what follows remains strictly within the
realm of Air Force tactical operations over North Vietnam during a bombing campaign
more commonly known as "Rolling Thunder" that began in early 1965 and coniinued into
1968, This study focuses primarily on the time period between July and December, 1965
when a relatively new air defense technology, a surface-to-air missile known as the SA-2,
caused a collective shudder within the ranks of the US Air Force,

The Air Force reaction to this weapon was not solety the introduction of a new
technology or set of technologies designed to neutralize the missile threat, Rather, it
entailed an advanced form of tactical air warfare characterized by a dependence upon
electronic combat. In other words, the battle of the skies over North Vietnam included
duels with radar pulses and other electromagnetic transmissions as well as the more familiar
engagements between opposing aircraft or between aircraft and aerial defenses. Although
initially comprised of rather desperate actions, the United States Air Force's response to
this SA-2 came to include the deployment of aircraft specially configured to jam, or
disrupt, North Vietnamese radars, the production of jamming pods for tactical fighters, and
the borrowing of the US Navy's anti-radiation missile. In addition, the Air Force retrofitted
a small number of fighter aircraft to hunt down the clusive North Viethamese surface-to-air
missile units. Theso aircraft came to be known as "Wild Weasels,* and the name most
certainty matched the dangerous nature of the mission. Each of these new technologies
required the simultancous development of new tactics with which to employ them.

Together, these technologies and tactics formed a nascent version of the tactical electronic
4




combat espoused by current United States Air Force doctrine.(3) Understanding the
dynamics of this situation requires a closer examination of military systems and a look at
the nature of technological change within them.

Although much of the popular and historical focus on military technology has been
on individual weapons, the relationships between new technologies and the larger combat
systems within which they must perform has not been widely studied. A number of
historians have written about the relationship between technology and war.(4) Martin Van
Creveld, in his sweeping four-thousand year survey of technology and warfare wrote that
modurn military forces integrate many different weapons technologies into a large system
mainly because of cost. High costs precluded retiring older systems when their successors
came on line. Integration, then, involved finding the right "mixture" of old and new,
superior and inferior, to create the "greatest combat power," or the biggest bang for the
available buck.(5)

Integration also brought with it a paradox with respect to a weapon's success. Van
Creveld assorts that, "there were some indications that the inexorable drive towards
integration was not only symptomatic of the doclining effoctivencss of cach individual
clement but was, at the same time, acting as its cause." (6) In other words, a weapon's
effectivencss was directly related to its degree of independence from such a system. Ever-
increasing degrees of integration beyond a certain threshold seemed made that system more
and more rigid, ultimately suffocating the individual weapons within it. However, an
individual weapon, if it was not mired in the greater military system, could dominate the
enemy in a particular place and time. Therefore, the most effective weapon would have
the correspondingly greatest degree of autonomy, for it would be the least affected by
integration's pernicious influence. Van Creveld's thesis is important because of its powerful
suggestions concerning the ramifications of technological change. However, an important

term 1n his thesis, integration, lacks the clarity necessary for a general application to military

gystems,




Integration is the foundation upon which a military system rests. Military weapons,
whether they have mechanical linkages, vacuum tubes, or solid state electronics, require
integration into larger systems partly because of cost, but also because modern war
necessitates this high degree of integration. Although advances in technology might induce
an "inexorable" drive toward a system's integration, neither a new technology nor
integration itself necessarily determines the degree of the system's flexibility. Rather,
flexibility is defined more by the nature of the systum and less by the degree of integration.
A system's nature, shaped primarily by social and cultural forces, is the force that
determines the ability of a system to adapt to its changing environment, Regardless of the
naturc of a particular combat system, the relaiionship between an element -- a weapon, for
example --and its system tends to be mutually beneficial, not mutually degrading.(7)

At the heart of the relationship between the weapon and its system lies the people -
the operators or users -- who employ the weapon in battle. (8) Opposing operators in aerial
combat rarely, if ever, see cach other face to face but each is often exposed to imminent
danger and their respective skills with their modern weapons usually determine the battle's
outcome. An operator's survival in this kind of combat depends upon how well he knows
his own equipment and tactics, as well those of his adversary. There are plenty of historical
examples that show how technological ignorance has resulted in poor training, inadequate
combat tactics, or a disastrous combination of the two.(9)

The following cssay attempts to accomplish two broad objectives: one, expand
upon Van Creveld's ideas and two, aid historians' efforts in assessing technological change
i military systems by detailing specific examples of integration. The systems I will use to
illustrate these concepts are the North Vietnamese air defense system and ths US Air Force
tactical combat system that evolved in response to the guided surface-to-air missile.
Specifically, four basic questions are asked. How might a system initially react to a new
opposing technology on the battleficld? What might make a system choose one set of

responses to that technology and not others? How might a system change as these
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technological responses are incorporated within it? Last and most important, in what ways
might the story of technological change within a system be instructive if includes the
perspectives and actions of the operators rather than solely the high-level decision-makers?
Possible answers to these questions are revealed by studying the impact of the SA-2 on the
American tactical air forces and in particular by a detailed study of an Air Force program
called Wild Weasel 1. Hopefully, some light will be shed not only on how a new weapon
becomes a part of a large system but also how weapons are used by their operators in war.
It scems that the tools of war are continually changing, but the successful prosecution of
battle remains, as always, with its human participants.




Chapter One
24 July, 1963: A Fateful Mission

On 24 July, 1968, a Soviet-built surface-to-air missile exploded at approximately
23,000 feet altitude, northwest of Hanoi, amid a flight of four USAF F-4C Phantom
fighter aircraft.(1) One F-4C was destroyed and the other three were damaged as a result
of the blast. Code-named the SA-2 Guideline by the North Atlantic Treaty Organization
(NATO) and known to the Sovicts as the S-75, this missile had only recently arrived in
North Vietnam. The first of these Soviet-built missiles arrived earlier that spring
accompanied by advisors from the Soviet Army, The decision-makers responsible for
conducting tactical air combat operations over North Vietnam were not prepared to
counter this weapon.(2) Until theso decision-makets, the Pacific Air Forces (PACAF),

" could intsgrate into their air combat system a technology or technologies (and applicable
tactios) capable of neutralizing this new threat posed to their aircraft, PACAF could not
hope to reclaim the sky over North Vietnam.(3)

The Cold War had accelerated the development of the first operational guided anti-
aircraft missile systems in both the United States and Soviet Union. In the 1950's the
American government, for example, contracted with Bell Laboratories to produce the Nike
surface-to-air missile system to defend the North American continent from Soviet
bombers.(4) The existence of Soviet air defensc missiles was known to US Air Foroe
leaders since the early 1950's, after the first radar-guided missile site was built near
Moscow in response to the threat posed by long-range strategic bombers.(5) NATO
intelligence organizations named this first missile system the SA-1.(6) A few years later, a
second unique missile system, the SA-2, appeared in a 1957 May Day parade in Moscow.
With each passing year more SA-2 sites were established near major Soviet cities and other
potential strategic targets even in Soviet satellite countries such as Cuba. The SA-2 was

exported by the Soviet Union to North Vietnam early in 1968 soon afier the Johnson
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Administration initiated the "Rolling Thunder" aerial bombardment campaign. The
imported SA-2 missile systems and their attendant crews quickly became integrated into the
blossoming North Vietnamese air defense system,

The 1965 shooting was the first time a surface-to-air missile had brought down an
aircraft during a major combat operation, but it was not the first time this weapon was fired
in anger. In May 1960, Francis Gary Powers' U-2 reconnaissance aircraft -- and an
unlucky Soviet fighter-~ fell victim to SA-2s over the Soviet Union.(7) Approximately
fourteen missiles were fired that day. Twelve of the missiles never hit anytht:.g, the
thirteenth hit the Soviet pilot and the fourteenth got Powers.(8) Less than a year earlier, a
Communist Chinese SA-2 had downed a Taiwanese RB-57D.(9) These were the first of
similar incidents that followed in both Cuba and China whete reconnaissance, or "spy"
planes were brought down by this weapon. Even though surface-to-air missiles systems on
both sides had been operational for about a decade, it wasn't until after July 1965 that Air
Force tactical operations would be significantly transformed.

Leopard Zero-Four was the radio call-sign of the particular Phantom hit by the first
SA-2. Leopard flight consisted of four F-4C's, Each siroraft carrisd two airmen, a pilot and
a systems officer.(10) After takeoff from Ubon Air Base in Thailand and subsequent aerial
refueling with KC-135 tankers, Leopard flight's leader herded his aircraft into a fingertip
formation. Poor visibility necessitated this forimation in which the aircraft were positioned
like the four fingertips of one's hand. As little as thirty-six inches separated the wingtips of
any two of Leopard's aircraft. (11)

Leopard flight, and a sister formation called Panther flight, totaled cight F-4C's
whose task it was to patrol for North Vietnamese jet fighters, Known as MIG Combat Air
Patrol, or MIGC AP, this mission provided protection from MIG's (North Vietnamese

fighter aircraft) for a much larger force of F-105 Thunderchiefs that was striking an
explosives plant approximately fifty-five miles northwest of Hanoi. There had been little

North Vietnamese MIG activity since Rolling Thunder began in February 1965, and today
9




appeared to be no different than most of the others. The atmosphere was one of "tense
calm" when suddenly the radios came to life.(12)

The radio call "bluebells ringing, bluebells ringing," echoed through the ears of all
the attacking airmen, including Leopard 04's pilot, forty-year-old Captain Richard P. Keim.
Keirn, a veteran of World War II, had spent ten months as a prisoner of war after his B-17
was downed by German anti-aircraft fire in the late fall of 1944.(13) The "bluebells" radio
message warned of a weapon which Keirn had not seen over wartime Germany. It meant
that there were radar transmissions detected from an SA-2 surface-to-air missile site.(14) It
did not mean that a missile had been launched, rather this warning indicated that the
primary radar, known as a Fan Song, with which SA-2 missile crews used to continuousty
track potential targets was in operation. The Phantoms' crews had been wamed of SA-2
sites under construction near Hanoi, and had planned their flight path to circumvent the
suspected positions.(15)

The NortlI\ Vietnamese SA-2s, staffed with Soviet technicians, were forbidden
targets for US Air Force and US Navy air strikes. President Johnson and his closest
advisors, worried about killing the Soviet technicians, felt that by not bombing the missile
sites he would send the proper "signal" to the North Vietnamese, inducing the latter into
not using the missiles against American aircraft. Bombing the sites would, in this view,
escalate this war as well as court the possibility of Soviet or Chinese intervention in
Vietnam. (16)

Unfortunately, Leopard flight did not know that on the outskirts of Hanoi a fire
control battery of an SA-2 battalion commanded by Soviet Army Major F. Ilyinykh tracked
Leopard's Phantoms across the North Vietnamese sky.(17) The battery commander and all
the rest of the site personnel were also in the Soviet Army, who performed their duties
under the watchful eyes of North Vietnamese trainees. The batiery commander had already
determined where to search for the American aircraft after his battalion headquarters

provided the approximate location, course, and speed of the Phantoms. After ordering his
10




crew to transmit with the SA-2's Fan Song radar, he probably very quickly found the flight
of American aircraft and tracked their progress on his radar scopes.(18)

As soon as the Fan Song was in operation, or shortly thereafter, its signals were
picked up by the sensitive radar receivers of EB-66Cs, aircraft specially configured to
monitor radars and other electromagnetic transmissions. EB-66C's and other specialty
modified aircraft often patrolled the periphery of the Soviet Union and China, listening for
and locating radar sites, always on the watch for new and unusual signals which indicated
new radar developments. These electronic intelligence, or ELINT, missions were often
classified at the highest ievel and usually approved directly by the President.(19) The EB-
66C's, orbiting at about 25,000 feet altitude somewhete near the strike force but safely
beyond the range of North Vietnamese ground-based weapons had the task wamning the
strike aircraft of any imminent danger posed by North Vietnamese radars, particularly
those radars which directed anti-aircraft artillery, The Fan Song was added to their "to do"
list after 24 July, 1965, The Fan Song's radar pulses were translated into audible,
rattlesnake-like tones by the EB-66's electronics. These transformed pulses reverberated
inside the headsets of the aircraft's four electronic warfare officers.(20)

These officers, skilled in analyzing and identifying radar signals, were products of
many long months of highly classified training.(21) The new signals associated with the
SA-2 had been observed by an EB-66C crew only the day before Leopard flight took off
on this mission The distinct sounds of the Fan Song radar had been correlated with unique
cathode-ray tube (CRT) displays on the electronic warfare officers' equipment, indicating
to them that these SA-2 sites near Hanoi were indeed occupied, operational, and probably
tracking the US aircraft. The question as to whether or not Hanoi had received the proper
political "signal" associated with the avoidance of SA-2 sites was about to be answered.

A second call of "bluebells ringing" came about five minutes after the first. By
now, a second SA-2 fire control battery was tracking Leopard flight. This time, however,

the Phantoms had closed to within the range of the Guideline missiles, and the order came
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down from the Hanoi control center to fire upon the American jets. At about the same time
the EB-66C crew probably heard the radar's pitch in their headsets jump an octm.: higher.
The Fan Songs had changed their operating modes, sending out pulses even faster to
obtain more accurate tracking information. Each SA-2 fire control battery was now ready
to guide its missiles skyward.

With a huge cloud of smoke and dust, the first Guideline missile roared off its
launch rails. Two more Guidelines followed the first toward the Phantoms, at least one of
theso from the other SA-2 site. The Guideline, according to Colonel Jack Broughton,
Deputy Commander of the 355th Tactical Fighter Wing (F-105's) in 1966, created "a
good-sized dust storm on the ground, so if you just happen to be looking in the right
direction when it blasts off, you know that Sam (sic) is airborne and on the prowl."(22)
These are appropriate words when applied to the surface-to-air misgile, for it was what
amounted to an electronic hunter in search of aitborne prey. Its launch obacured by the
intervening cloud layers, the missile swiftly closed the distance to the unsuspecting
Phantom aircraft.

Within six scoonds after launch tho lead missile's UHF antenna received the radio
steering commands transmitted from its fire control battery. The Guideline is a command-
guided missile, which meant that the operators on the ground tracked the both the missile
and the intended target on radar. A computer predicted the point in the air where the
missile would intercept the aircraft based on the aircraft's current heading, speed and
altitude. Designed for a high success rate against bombers and other slow-maneuvering
aircraft, the SA-2 system usually requited a high degree of operator skill to engage fighters,
for there was an appreciable delay between the time a need for a directional change was
recognized and whien the missile rerponded to the new flight path.(23) The non-
maneuvering F-4C's of Leopard flight, however, presented casy torgets.

The SA-2 was "soldier proof," durable in natury with large knobs and switches, It

required little training in the basics of operation when compared to similar Western
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systems. Each operator in the fire control battery had a highly specialized function, and
only the battery commander could make the decisions for the crew based on the battalion's
orders. Despite the simple mechanisms of their system, the North Vietnamese SA-2 crews
became notorious for their combat savvy as the war progressed. In 1965, however, the SA-
2 was a relatively new weapon in Southeast Asia and both sides had much to learn about
how it was to be used effectively in combat.

Tracking the F-4C's on the cathode ray screen in the cramped control van, the
missile's ground operator transmitted corrections to the Guideline's course based on the
continuousty-updated predictions of the F-4C's flight path. Soon after launch the first-
stage solid-fuel booster expended its energy, detached itself from the Guideline, and fell
back to carth. The huge, thirty-five foot missile was probably flying at about mach two,
that is, twice the speed of sound or about 1400 miles per hour, by the time it reached ten-
 thousand feet altitude, By twenty-thousand feet the SA-2's internal rocket, using liquid
fuel, propelled the missile to almost two-and-one-half times the spoed of sound when it
shot out of a cloud less than a thousand feet or 80 below the Leopard flight. The missile
oontinued to accelerate as it zoomed upward toward the fingertip formation of fighters, a
distance covered in about a second or two.

Leopard 02 recalled what appeared to be a "flying telephone pole" suddenly
streaking upwards from the clouds towards the right side of his formation. The F-4's
began violent mancuvers away from the missile's path, but this was all too late to do
Leopard 04 any good. "Before I could press the muke button (for the radio)," recalled
Leopard 02's pilot, “it had detonated under the formation."(24) The missile's proximity
fuse, sensing that it was as close to Keirn's aircraft as it could ever logically be, triggered
the detonation of about three-hundred pounds of high explosive, Hundreds of metal
shards were shotgunned from the missile's nose in a conical pattern. The fiery blast
engulfed the doomed Phantom, while the metal fragments ripped apart the aircraft's

fuselage and control surfaces. Leopard 04s back-seater Captain Roscoe Fobair, was
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probably killed outright. Keimn, relatively unscathed but fighting high G-forces induced by
the now-tumbling aircraft, recalled witnessing "fire coming around my head." Pulling his
gjection handle, both he and his dead partner were catapulted through the air in their
rocket-fired seats. Keirn again became a prisoner of war, this time for almost eight years,
The two other SA-2s exploded harmlessly below and behind the rest of Leopard flight, but
the remaining three aircraft had already been hit by shrapnel from the first missile. The US
Air Force had been rudely introduced to the latest technology in the North Vietnamese air
defense system,
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Chapter Two

Every so-called black box, space-age satellite or cruise missile is part of a greater
military system, A military system like that of the North Vietnamese in 1965 inctudes not
just technological hardware but the individuals and organizations that use it in battie.
Scholars have shown various interpretations of the word "system" over the years.(1) Most
of them, however, would probably agree with what one might find in one of Webster's
dictionaries, where a system is "a complex unity formed of many diverse parts subject to a
common plan or serving a common purpose.” (2) Two specific examples of such systems
that operate in the realm of air warfare are those of acrial attack and of aerial defense. Both
of these systems will be explained in more detail in subsequent chapters, but it would be
useful to first establish a framework for discussion of military systems.

This chapter provides a close look at the relationship between individual weapons
and their parent systems, as well as a clarifying the terms: element, flexibility, autonomy,
coordination and, most importantly, integration, These terms need to be defined in relation
to combat systems before this cssay proceeds. The diverse parts, or basic building blocks of
gystems are here referred to as clements. Flexibility and autonomy will be associated with a
systom and element, respectively, Flexibility refers to the ability of a given system to
respond to changes in its environment. Autonomy is the degree of freedom of action
allowed to the individual elements of a system. Coordination is the process by which all the
system's elements work toward a common goal. Integration, however, requires a more
detailed explanation because it is the foundation upon which a system rests.

All aspects of a system's activities are directly affected by integration. In a typical
combat system integration could include, among other things, the buying of new weapons

and their placement into particular positions within the system. In a macto-perspective this
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could be seen in the organizational structure. Batteries of heavy artillery would socner be
attached directly to regimental commanders than they would be to platoon commanders or
squad leaders, In a micro-perspective integration could mean not only ensuring that a radar
warning receiver's clectronics were compatible with those of the fighter aircraft in which it
was to be installed but also that the receiver's cathode-ray tube (CRT) display was
positioned on the instrument panel so that the pilot could see it easily.

Integration of most elements into combat systems can be generalized in terms of
these elements meeting three basic conditions. These conditions fall under the general
headings of mutual support, inter-system communications and successful adaptation to the
system, Although this characterization is by no means the final word on integration, it
provides a convenient framework for analyzing air combat systems. This chapter will
define these conditions and subsequently apply each to both the North Viethamese air
defense system of 1965 and the US Air Force tactical combat system that faced it.

First, the distance between each element must not be so great as to preclude their
mutual support. Guided missile batteries, for example, have finite effective ranges and
altitudes at which they can engage targets and the deployment of any two of these beyond
these ranges precludes any mutual support between them. In other words, the missile
batteries could not protect cach other. An example showing the rolv played by physical
distance between individual clements is the Isracli success in deteating S A-6 surtace-to-air
missilo batteries during the Yom Kippur War in 1973.(3) By bombing politically sensitive
targets in Syria, lsracl forced the Syrians to divert SA-6 batteries away from the battlefield
to protect those targets from future attacks. In order to maintain their battlefield air
defenses, the Syrians were forced to spread out their remaining SA-6's, leaving some gaps
in the air defense coverage. The Isracli Air Force then proceeded to pick apart the Syrian
missile umbrella by exploiting these gaps. Each battery was subsequently destroyed one at
a time. Mutual support is only one¢ factor in integrating the clements of a large system,

16




Second. the individual elements must also be able to communicate with each other.
This cnables concerted action by all the elements. Lines of communication, v;/hcthcr they
be physical cables or electromagnetic waves in free space, are a key factor in maintaining
an effective, cohesive system of integrated weapons, Severed or blocked communication
lines break up the systems into smaller and usually less effective groups of elements
operating in isolation from each other. Just as in the Syrian SA-6 example, isolation in
communications also means that a system is vulnerable to defeat in detail, That is to say an
opposing force can often easily overwhelm and defeat a system if it attacks a few isolated
clements at a time rather than taking on the entire system at once. It should come as no
ﬁm‘pﬁu, then, that communications facilities are usualty critical targets for planners of
aerial campaigns. One of the first Iraqi targets bombed by US Air Force F-117 "stealth”
fighters in the opening minutes of Desert Storm in 1991 was a communications center
dubbed the "AT&T Building,"(4) Physical distance and communications are perhaps the

most obvious and casity-measured aspects of an integrated system, The last condition of

integration is more difficult to assess.

The third and probably most important condition to be met is that the elements
must have been adapted by the system, The new weapon must be adapted to the larger
system while, simultangously, the system is adapted to the particular weapon, The former is
accomplished in part through training and the latter through development of combat tactics.
Certainly, the process by which any military system procures and integrates a new weapon
is far more complex than the above definition of adaptation. However, assuming that the
new weapon was designed to meet the system's specifications and appoared to work as
advertised, training and tactics development will have the most direct bearing on integration
and ultimately, combat performance. Historical examples abound,

This need for this adaptation can been seen in the case of the French-built

mitraillouse. An automatic weapon related to the Gatling gun, it was available to the

French army when they taced the Prussians in the Franco-Prussian War in 1870,
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Unfottunately, the secrecy surrounding the weapon was so great that few in the French
army knew what the weapon could do, much less how it operated. For all practical
purposes, nobody had been trained in the use of the weapon. Therefore there was no hope
of integrating this weapon into the French units, let alone figuring out how to use the thing
effectively in actual combat, The result was that the millatreuse became an ineffective,
highly vulnerable weapon, The weapons hardly fired any shots and were instead left
vulnerable to attack. They were quickly blown apart by Prugsian artillery.(5)

When a new technology, such as the millatreuse or any other weapon, is brought
into a system, the operators are usually responsible for making the technology "fit" into the
system. These individuals must first become familiar with this new technology hefore they
can properly deduce how to best use it in battle. It is important to stress that operators
learning the basics of a technology -- how to tumn it on, recognize and fix problems -- is an
" entirely different process than their learning how to apply the technology to tactical combat
operations. Even if these operators succeed in developing new tactics for the now
weapons, they might not have the power to make tiic necessary decisions that adjust the
system in response to that technology's capabilitics. Historians accustomed to the
hierarchical nature of military systems usually assume that lowly operators are not so
empowered. A deeper investigation into the workings of a military system, however, might
not always support that assumption, Understanding the often complex relationships
between the technologies, the operators, and the larger system is an important step in
comprehending the process of military technological change. These internal 1clationships
are often affected directly by how well the system is able to respond to external forces, an
ability controlled by a system's nature.

All systems -- whether they be economic, political, biological or ones designed for
military combat -- demonstrate unique responses to their respective environments. A

system scnses an cnvironmental change through inputs from its various elements, and

subsequently initiates a process of adjustment. This process is possible through proper
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coordination. It is intuitively obvious that an uncoordinated response would be rather
detrimental to the system, Military historian S.L.A. Marshall documented many accounts
of American infantry combat in World War II where key defensive positions were lost
because of a lack of coordination. An infantry company, for example, if unaware of
friendly companies positioned on its flanks, would often withdraw when an enemy force
was seen to threaten its "unprotected” flanks.(6) The process of coordination in response
to external forces is accomplished by the people within the system. Both the individual
clements and the system itself react -- or are made to react -- to their changed
surroundings. Who ultimately initiates this process of change? At what level of the
system's decision-making hicrarchy rests the authority to initiate such coordinated actions?
Possible answers might be found in examining the nature of a system, for this governs the
rather complicated process through which a system responds to change,

The nature of a system falls somewhere between two opposed boundaries: order
and chaos.(7) These varying degrees of order or chaos govern the actions of elements
within a particular system. A highly ordered system exercises an extreme degree of control
from its center which greatly restricts the autonomy of the individual elements. If each
element is constrained in this fashion then the system itself becomes rigid and unable to
respond quickly - if at all -- to a rapidly changing environment. By contrast, a system in
total chaos amounts to anarchy. Each element in this case works independently from,
often in opposition to, others in the same system. This causes a rather inefficient and wildly
unbalanced response to change. Some elements will react to a greater degree than other
elements, with some clements not reacting at all.

Having thus established a framework for studying systems, it can now be applied to
the North Vietnamese integrated air defense system and the air attack system of the US Air
Force. This framework is not intended to be all-inclusive; it cannot adequately explain

overy aspect of a military system. What it does do is hiphlight two impert-at factors, a
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system's nature and the process of adaptation, to be considered in the study of system

integration. These will be studied more closely in subsequent chapters.




The North Vietnamese air defenses were comprised of many different weapons
technologies, wamning devices, communications equipment and associated personnel.(1)
Elements like the Guidelines were themselves small, self-contained systems encased in
acrodynamic bodies. They were filled with radio guidance equipment, electronic circuits,
both solid and liquid propellants, and high-explosives. All this was further embedded in a
larger system of missile launchers, control vans, missile crews, maintenance personnel,
guidance and acquisition radars known collectively as an SA-2 battalion, Three SA-2
battalions comprised a larger entity called an SA-2 regiment, which was but one small part
of the huge defense network, Also inchuded in this air defense system there were command
clements, those who were empowered to make tactical decisions. Major Iyinykh, the
Soviet SA-2 battalion commander on 24 July 1965, would be a specific example of a
command element, but so would larger entities like a battalion command post or regimental
headquartets. There were other major categorics of clements in this air defense system,
twn of which are detailed below. These are categories of detection and response.

Detection refers to clements capablo of providing advanced warning by cither active
or passive means of an imminent air attack. Early-waming radars are examples of active
detection elements because in order to locate hostile aircraft the radars must transmit
clectromagnetic energy. These radars are typically positioned near the periphery of a nation
to maximize the range at which aircraft can be detected prior to crossing that country's
sovereign tertitory. Detection methods need not be very sophisticated, for a lone observer
with a pair of binoculars, stationed at a remote outpost, serves a similar purpose.

Observers are representative of passive measures. Radar detection devices, designed to give
wamning of and in some cases locate distant radars, are additional examples of passive

means.(2) The inputs from each detection device provides a specitic piece of information
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to the commander of the system. After assessing these inputs the commander decides
upon a response.

Air defenses in place prior to the introduction of the surface-to-air missile, Pre-July
1965 North Vietnam included, had two basic kinds of responses at their disposal. One
form of response was anti-aircraft artillery, or AAA (pronounced "Triple-A"). Other
response clements were interceptor aircraft. Anti-aircraft artillery fired unguided shells at a
point in the sky, based on e¢ither the gunner's judgment or radar-based predictions. Almost
all of the US aircraft lost over Vietnam were due to AAA.(3) The sizes, tactical ranges and
rates of fire of these weapons varied.(4) The medium and heavy guns, like 57 millimeter
tmm), 85 mm and 100 mm cannon, typically used radar guidance. When a particular
aircraft or formation was detected by the air defense system, a fire control radar -- a radar
working directly with a gun battery to provide for acourate aiming -- scarched for and
acquired the intended target. Once the fire control radar "locked on" to the aircraﬁ, an
analog fire-control computer predicted where the target would be by the time the guns
were fired and the rounds reached the aircraft's predetermined position, There were,
however, some limitations to these radar-directed heavy guns.

There was no correcting the shell's flight path once it left the barrel. Each round
followed a ballistic path at the completc metcy of gravity and winds aloft. Despite radar
guidance, anti-aircraft fire tended to be less accurate at high altitudes (20,000 feet and
above) than it was at medium or low altitudes approximatety (10,000 to 20,000 feet and
below .0,000 feet, respectively) Also these heavier guns were only somewhat effective
against targets at lower altitudes since their large caliber precluded high rates of fire and it
was also difficult for the large, heavy barrels to traverse quickly enough to follow fast, low-
flying jets. Radar-directed artillery was, however, a very lethal threat to attacking aircraft
despite these limitations. Other weapons were available to the air defenses that

compensated for the low-altitude weaknesses of the heavier guns.
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Low altitude flight, especially under 4500 feet, was pretty much a living hell in the
face of the smaller caliber weapons like the 14.5 millimeter (mm), 23 mm, and 37 mm
guns. These weapons featured extremnely high rates of fire could traverse rapidly and were
the most numerous of all the air defense weapons. Over half of the aircraft losses due to
anti-aircraft artillery came from these lighter guns, In approximately two years of combat
from January 1965 through December 1966, anti-aircraft fire downed 384 US aircraft.(5)
For every one of these downed, three suffered battle damage from this fire. Of those
aircraft lost, over fifty-three percent were initially hit by these weapons once the aircraft
descended below 4500 feet, and an additional six percent were hit between 4500 and S000
foet altitude.(6) The sheer volume of shells flying through the air at these low altitudes was
enough to make even the most stalwart of pilots to think twice before commencing their
bomb runs.

"Our only defense," recalled former F-105 pilot Jack Broughton, "was to keep
moving, or jink, We would keep moving up and down...side to side...slipping and skidding
to avoid coordinated flight on a steady track." This complicated the gunners' predictions.
Anti-gircraft gunners preferred to shoot at aircraft on the bomb runs, because
uncoordinated, jinking flight would be held to a minimum to allow for accurate bomb-
aiming. This also allowed for better aiming of the anti-aircraft guns. The scores of US
aircraft that had been victims of this ground fire by 1965 convinced the Air Force and
Navy to make low-altitude flight under 4500 feet taboo for their jets.(7)

By the time the SA-2 was launched in July of 1965, Air Force bombing missions
were flown at medium altitudes such as 15,000 feet. An aircraft usually commenced its
attack by diving from this altitude, releasing its weapons at the proper point in the dive, and
then pulling out of its bomb run while at lcast 4500 teet above the ground. The higher
initial altitude provided a greater measure of safety from most AAA fire and the pull-out
altitude shortened the exposure time to all anti-aircraft weapons after the bomb run began.

The radar-jamming EB-66 aircraft generally had good success against the anti-aircraft guns'
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fire control radars so the threat from heavier, radar directed artillery was minimized.(8)
The lighter weapons, however, could throw up walls of lead regardless of radar
effectiveness. The higher altitude also allowed the aviators to locate their targets from great
distances, provided that both the weather was cooperative and the target wasn't hidden in
the jungle. This allowed for plenty of time to align the aircraft into a proper bomb-run
heading. In 1965 pilots also had another threat to consider in Southeast Asia. This was
the threat posed by the second element of response, airborne interceptors.

An interceptor is a fighter aitcraft that defends friendly airspace from attack. North
Vietnamese interceptor pilots, like the North Korean, German and British pilots from wars
past made extensive use of ground-based radars -« known as ground-controlled intercept,
or GCIL, radars-- in order to locate and intercept hostile attacking aircraft.(9) North
Vietnam did not have an interceptor force at the time of the Gulf of Tonkin incident in
1964. Two days later, some Chinese MIG-15 and MIG-17 aircraft were deployed to an
airfield near Hanoi. These were older jet fighters and considered obsolete, but their
relatively successful use during the Rolling Thunder campaign, especially the MIG-17,
taught the American pilots some valuable lessons about air combat that had been lost in the
age of supersonic jets and air-to-air missiles.(10) The newer, more capable Soviet-built
MIG-21 would not appear in Vietnam until December 1965 and would not be used in
combat until the following April. Although heavily outnumbered, the North Vietnamese
fighters operated safely from airficlds that were restricted from American bombing attacks
by President Lyndon Johnson. Throughout 1965, North Vietnamese MIG-15 and M1G-17
attacks were sporadic in nature, and even then were usually directed at the last flights of a
bombing mission after they targets had been struck and when the American fighter escorts

were low on fuel.(11) The fighters and anti-aircraft guns were officially joined by a third
element in July of 1965 as soon as ynykh's first Guideline thundered off its launch
rails.(12)




The SA-2 offered a new dimension to the air defense system (See Figure I).
Although the accuracy and effectiveness of anti-aircraft artillery fire decreased as the
target's altitude increased, the SA-2's lethality increased with higher altitudes. The
Guideline, did not reach its full speed of about Mach 3.5 until well over 25,000 feet in
altitude; it was less responsive to the controller's maneuver commands at the slower speeds
and correspondingly lower altitudes.(13) Therefore, attacker's tactics based on negating or
minimizing the effect of anti-aircraft artillery -- flying at higher altitudes -- invariably
favored the SA-2 battalions. Conversely, low altitude flying to avoid the missiles' coverage
brought attacking aircraft into the lethal range of the anti-aircraft artillery. Unlike the
predicted artillery fire, an SA-2 fire control battery could compensate for its target's evasive
maneuvers by using electronic guidance. The missile itself was guided by a ground operator
to its intended target. In addition to its own merits as a weapon, the SA-2 greatly enhanced
the effectiveness of the entire air defense system because the missile battalions were quickly
integrated within it. Aiding in this fast process was the continuous construction of missile
sites.

Soviet advisors, North Vietnamese Army troops, and civilians combined efforts to
construct SA-2 sites in preparation for each battalion's arrival. Each site was carved out of
the surrounding countrysido, and designed to allow for quick set-up of an SA-2 battalion's
radar vans, service vehicles, and missile launchers. A typical site was made in what was
called a "Star of David" pattern, similar to those seen in Figure L. The lines of this six-
pointed star were roads and pathways for the various service vehicles included in an SA-2
battalion, and there was a missile launcher at each of the star's points. Electric and
communicetions cables were also laid out ahead of time to allow for fast connections,

Most importantly, these sites were quickly and expertly hidden.

The North Vietnamese quickly proved themselves as masters of hit and run missile

attacks from camouflaged sites, The shuttling of the missile battalions between these sites

was what amounted to a deadly shell game. The SA-2 battalions often remained in a
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FIGURE I
S5A=2 Guideline Missile
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dispersed status (i.c. not in a iirir.g configuration) and hid.’en i the countryside. Battalions
would only set themsclves up in a prepared site when they wers going to fire, There were
also a number of cases where some SA-2 battalions only fired at the end of the day,
dismantling their equipment and re-deploying to a new location under the cover of
darkness. A three-month intelligence study of four SA-2 battalions showed that they
shuttled between twelve prepared sites during this time, taking about three hours to "shut
down and pack" and four to six hours to unpack and begin operations.(14)

Each newly-arriving Soviet SA-2 battalion gave the system a greater degree of
mutual support. The airbome interceptor had traditionally been the only weapon facing
attacking aircraft which was able to strike at any altitude, but the surface-to-air missile
when combined with the anti-aircraft artillery enabled ground-based weapons to pose a
similar threat. This combination made for an overlapping of weapons' coverage, or mutual
" support between weapons. Now, more than one weapon of finite range could be
effectively brought to bear against a target at any altitude. This greatly complicated the task
of penetrating air defenases with an attacking force. Missile sites were occupied in such a
way that at least two missile battalions had overlapping coverage, and cach site was well-
protected by scores of anti-aircraft artillery pieces. Mutual support also applied to early
warning and ground control radars.

Each additional radar imported within the confines ot this small country led to an
overlapping radar coverage due to the sheer density of radar sites. The number of radars
deployed by late 1965 alone practically doubled the number present when the first SA-2s
were discovered. This moant that at least two --and probably more-- radars could search
the same volume of airspace, which was a characteristically Soviet practice of extreme
redundancy in radar coverage. The tremendous radar density allowed the North
Vietnamese to make almost continuous observations of the airspace above their territory as

well as regions beyond it.
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This mutual radar support, combined with efficient communications, made the
North Vietnamese air defenses quite formidable in 1965, Radar density greatly complicated
the task of penetrating these air defenses for an attack, especially in light of the limited
available electronic warfare assets. Electronic warfare aircraft like the EB-66's now had
more radars to handle and, more importantly, more distinct frequencies for their jammers
to cover. With only a finite number of jammers available on each aircraft, the EB-66's
quickly became overwhelmed.(15) Originally employed in 1964 to jam most of the then-
rudimentary North Vietnamese radar network, by late 1965 the EB-66's could only focus
on but a small part of it. Communications in the North Vietnamese air defenses ran the
gamut from radio relays to telophone lines to air-raid sirens. These linked all the system's
clements together and provided for a coordinated response to an air attack. Unlike the
American fliers, the air defense clements were positioned relatively close to their higher
headquarters, which eased the air defense commander's task of controlling all the forces at
his disposal,

North Vietnam constructed a very efficient system of air defense in a relatively
short time. When US air strikes bogan in August 1964, the North Vietnamese air defenses
were quite unsophisticated, resembling those of Korea in 1950. An estimated 1426 anti-
aircraft guns were available, supported by twenty-two carly-warning radars and four fire-
control radars. The latter were capable of providing firing solutions for the medium and
heavy guns. By November 1968, whon the dragged-out, sporadic Rolling Thunder
campaign came to an end, the North Vietnames defenses were as follows: 8050 AAA
guns; 152 fighters (106 of these safely based in China); 40 "active" SA-2 Battalions; and
over 400 radars of all types.(16) The numbers and interlocking ranges tell only part of the
story about how this system grew so quickly. Most important was the fact that this air
defense technology was successtully adapted almost as soon as it arrived in North Vietnam

The North Victnamese system was aided greatly by China and the Soviet Union in

adapting this air detense technology. I'he North's air defense elements had been tied into
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the Chinese air defense network, which added greatly to the total number of radars
available to the air defense commander. According to a contemporary Air Force report,
"the North Vietnam-China border ceased to exist when it came to air defense."(17) In fact,
one of the alternate control centers for the air defense system was inside China, lest the
Americans knock out the primary center in Hanoi, This North Vietnamese air defense
network was also loaded with Sovict radar and missile technology and practiced Soviet
tactical doctrine with the aid of the latter's advisors. Former Soviet advisor to the
Vietnamese Air Force, General-Major Mikhail Ityich Fesenko wrote: "In the beginning, the
Vietnamese only watched our specialists work and learned from their experience.” (18)The
North Vietnamese operators quickly learned their art.

The ground control radar controllers MIGG-21 fighter-intsrceptor pilots were
prime examples of this adaptation process. Shortly after MIG-21's wete offloaded in crates
from Soviet ships in Haiphong harbor they were reassembled and test-flown by Soviet
pilots before being brought into the North Vietnamese active inventory, Two-seat MIG-
21's were used for a new Vietnamese pilot's initial training flights over North Vietnam, A
Soviet instructor accompanied his North Vietnamese student pilot. Sometimes, the Soviet
instructor and his student were "unwillingly" forced into combat with US aircraft!(19)

The fighters were under strict positive control during each training flight. Even
when the North Vietnamese pilots flew on their own, the Soviet radar operators -- and
Vietnamese operators under close Soviet supervision -- directed every action of the fighter
pilots other than the necessary tasks for take-off and landing. Throughout 1965 and during
the carly months of 1966 North Vietnamese interceptors would be skillfully vectored by
ground controllers into attack positions behind US strike forces, but would usually break
off the attack before the American fighter escorts could respond.(20) While the radar
operators and pilots adapted to the newly imported Soviet technology, the North

Vietnamese system also displayed ever-increasing levels of coordination.

28




It became obvious to the Americans that the various air defense elements acted in
concert to confront various air strikes. The SA-2 fire control batteries, for example,
usually did not turn on their Fan Song radars until a prospective target was already well-
within missile firing parameters. This was despite the fact that the Fan Song radar was
capable of searching sectors of the sky alone for its own target. Other elements of the air
defenses such as early waming radars or even fire control radars for nearby anti-aircraft
guns passed target information via the Hanoi control center to the waiting SA-2 battalion,
Late in 1965, Wild Weasel crews would observe North Vietnamese radars "handing off"
tracking responsibilities on their radar detection equipment.(21) As the aircraft passed by
one tracking radar that radar went off the air and another would begin to transmit and track
from a position somewhere off the aircraft's nose. When that was passed by, yet another
radar would pick up the aircrafi.

Coordination also served to enhance combat tactics, Electronic reconnaissance
aircraft like the EB-66C would have problems pinpointing transmitting Fan Song radars not
only because their detection equipment was limited in accuracy but also because the other
air defense clements would warn the Fan Song of the approaching EB-66C's, allowing the
tormer plenty of time to stop transmitting and remain undetected. American airmen also
noted that in some arcas or on certain duys, the MIG interceptors and the SA-2 battalions
would trade-off responsibilities for the air defenses or work in concert. Some days were
"MIG days" and other days werc "SAM days." Also it was not uncommon for MIG's to act
as bait and lure US aircraft into SA-2 defended areas. In late November, North
Vietnamese MIG's attacked Air Force strike aircraft and then turned tail to allow the
pursuing American aircraft to chase them. The Vietnamese interceptors led them right into
airspace defended by some waiting SA-2 battalions. Conversely, SA-2's fired to force strike
aircraft into airspace defended by MIG's. In a very short period of time, the various
clements in this system had been skillfully brought together to act as one entity.(22)
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While showing an exceptionalty high degree of integration and coordination, the
North Vietnamese integrated air defense system in 1965 also showed a high degree of
order, Possible social, doctrinal and ideological conflicts between Soviet advisors and their
North Vietnameso traincos as well as other issues involving the transfer of one country's
technology to another are unanswerable until a significant number of Soviet and North
Vietnamese records are released. However, given that this system possessed a relatively
high degree of order, it can be further postulated that the North Vietnamese system was to
some degree inflexible in combat operations,

This air defense systemn featured centralized decision-making in battle; all decisions
for the tactical employment of the air defenses were usually made in Hanoi control
center.(23) For example, while an SA-2 battalion commander might wish to engage a flight
of aircraft as they entered the Guideline's lethal range, the decision to fire generally could

"not be made until he was ordered to do so by an authority many times removed from the
battalion in the command center at Hanoi, Success often depended upon a fast,
unobstructed flow of information both to and from the Hanoi command center. The
individual elements in such a system would not necessarily be prepared to cunduct
autonomous opetations should communications to their higher headquarters be obstructed
or hindered.(24)

A doctrine that calls for such a centralized decision-making pi1ocess may be more
influenced by social and cultural forces than technology. The North Vietnaniese integrated
air defenwe system was very much like that of the Soviet Union, The Soviet tendency for
centralized control may have been influenced by a number of social factors present in what
was then a totalitarian form of government. The virtual absence of personal freedom in
Soviet society, mutual feelings of distrust, a lack of either initiative or desire to accept
responsibility, or sven a pessimistic view an officer might have for the skill of the troops
under his command are just a few of many possible social forces which, when combined

induced such a doctrine.
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That the North Vietnamesc used a similar form of command and control in 1965
was in part because it was the doctrine espoused by the Soviet advisors and technicians
who were sent to North Vietnam along with the exported Soviet air defense technologies.
The Soviets operated these technologics themselves and also trained and closely supervised
the North Viethamese operators. It was only natural that the Soviets emphasized the
doctrine which they themselves had been taught and used daily. That these air defenses
denied free use of the sky to the American aircraft in 1965 is due in large part to an
Ametican air combat system that never quite found a workable balance between relative

extremes of order and chaos
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Chapter Four
I ion: The Usited i \ir Attack S

Facing the North Vietnamese air defenses in 1965 was the aerial attack system of
the Pacific Air Forces (PACAF). This system was spread out across the entire Pacific
Ocean. The headquarters of this body (HQPACAF) was located in Hawaii and was
responsible for the employment of most of the Air Force assets in Southeast Asia,
particularly those participating in Rolling Thunder strikes.(1) Ultimatety, the responsibility
for these assets was with the stateside-based Tactical Air Command (TAC). Tactical Air
Command met the combat neods of PACAF by providing the latter with aircraft, personnel
and other assets. For example, when additional F-105 squadrons were ordered to
Southeast Asia in 1965, most of these came from stateside-based Tactical Air Command
units. Upon reaching their forward bases in Thailand, these F-105 units came under the
immediate operational control of the Pacific Air Forces, and remained in that status until
their return to the United States where TAC resumed control.

As will be discussed, measures taken to counter the SA-2 originated from Tactical
Air Command, but were actually used in combat by the Pacific Air Forces. This chapter
will be confined to the day-to-day war over the skics of North Vietnam, and therefore will
tocus on PACAF. To aid in prosecution of the air war, HQPACAF established the
Sevond Air Division, a forward-based command ncar Saigon, South Vi¢tnam. The
combat units, or wings, ilying the Rolling Thunder missions were situated in various bases
throughout South Vietnam and Thailand.(2) This system grew quickly.

The year 1965 saw ever-increasing numbers and types of Air Force aircraft being
deployed to Southeast Asian air bases. This Air Force system appeared to become
relatively more inflexible as it grew in size, The reasons for this have less to do with the

technology and more to do with the people in this system The Air Force command

structure had problems not only in coping with demands imposed by Washington's political
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constraints. but also in keeping pace with the changing nature and scope of air combat in
Southeast Asia. This chapter takes a closer look at the Air Force tactical combat system
employed over North Vietnam, The American strike force arrayed near Hanoi in July
1965 was typical of what the North Vietnamese air defenses saw on a daily basis.

The F-4C Phantoms of Leopard and Panther flights provided protection for this
strike force against opposing aircraft. The threat from North Vietnamese fighters, however
was sporadic at best in 1965, In fact, it wasn't until early 1966 that the tactical air units
were subjected to periodic, aggressive air attacks, but the threat of opposing fighters in
19635 was real enough to warrant continuous friendly fighter escort.(3) The Air Force was
not about to drop its guard and devote the Phantoms to other duties. This protective
mission, the aforementioned MIGCAP, was designed to ward off threatening fighters that
attempted to shoot down or at least disrapt either the strike aircraft or the heavy support
aircraft, like the EC-121 "Big Eye" and KC-135 "Stratotanker."

An EC-121 Big-Eye aircraft was equipped with a large radar on top of its fuselage
to electronically scan the sky for North Vietnamese jets. The Big Eye worked closely with
the MIGCAP. These EC-121 aircraft had arrived from McClellan AFB in the spring of
1965 and began combat operations by May.(4) The Big Eye orbits were "racetrack," or
oval patterns flown at very low altitudes. The Big Eye would typically fly only fifty to
three-hundred feet above the surface. In this fashion the Big Lye "looked up" at the sky
rather than "looked down" from above, a sharp contrast to modern airborne carty warning
aircraft that typically operate at high altitudes.(S) Since the Big Eye radar was at its
optimum performance when the radar beam was enhanced by being "bounced" directly off
water's highly reflective surface, these orbits were situated about fifty miles ofY the coast of
Vietnam, over the Gulf of Tonkin. At best, EC-121's could spot aircraft and track them out
to 140 miles away.(6) Other large aircraft required protective escort tor marauding North

Vietnamese fighters as well.
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Huge KC-135 Stratotanker refucling aircraft orbited at pre-designated locations to
provide fuel to the gas-hungry fighter engines both before and after the strike, Their orbits
were usually over Thailand or the Gulf of Tonkin, Without the tankers, the Rolling
Thunder operations would have been scverely constricted in their range and scope. These
tankers also helped to diminish greatly the possibility of aircraft crashing because they
burned too much fuel during unplanned combat maneuvering. Effecting an acrial
rendezvous between tanker and receiver was not always easy, however, and ground radar
was of considerable assistance.

Aiding considerably in these tanker-fighter rendezvous were ground-controlled
intercept, or GCL radars. Unfortunately, these radars had only limited coverage. They
could scan the skies over South Vietnam and the Gulf of Tonkin but not the heavily-
defended arcas of North Vietnam such as Hanoi, where many Rolling Thunder strikes took
place. Tankers flew to a specific point in the sky and circled, waiting for the fighters to join
with them and refuel. The GCI radar operators, broadcasting instructions over a
designated radio frequency, directed the fighters to the tankers' locations.(7) This separate
radio frequency was used so as not to interfere with other nearby aircraft formations. Once
the fighters had sighted the tankers and closed to within three to five miles of the latter,
both the tighters and tankers switched their radios to a pre-designated refucling frequency
and started refueiing. This freed the ground controllers for other tasks.(8) Refueling was
an cver-present concern, as was the possibility of being shot down over hostile territory.

The Acrospace Rescue and Recovery Forces stood ready to recover downed
American airmen. Orbiting at approximately ten-thousand feet over central Laos was
"Crown." a heavy, multi-engined HC-54 or HC-130 aircraft serving as the airborne mission
controller for the rescue forces. These forces consisted of rescue helicopters and close air
support aircraft to provide air cover for the former's operations. (On alert also over Laotian
airspace were two large CH/HH-3 Helicopters, called "Jolly Green" in reference to the
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famed giant, Four A-1E Skyraider aircraft at Udorn Air Base, Thailand sat on the flight
ramp, on alert, waiting for an emergency call from Crown to assist in a rescue attempt.(9)

If an aircraft went down, the entire strike would often be called off then and there.
This decision depended greatly upon the intensity of opposing defenses in the vicinity of
the downed airmen. The mission would proceed, for example, if the strike force was busy
dodging intense flak while striking a target near Hanoi.(10) The relatively less-defended
western mountainous regions of North Vietnam would be a more typical location for a
rescue mission. The primary task for all aircraft in the vicinity became an effort to get to
the airman before the North Vietnamese captured him.

Once an aircraft like an F-105 went down, the downed pilot's wingman would call
Crown on the radio and explain what happened and where the airman was thought to be,
All nearby strike pilots would at this point be looking for a desoending, or landed,
" parachute. Crown carried radio direction-finding equipment on board, and would attempt
to pinpoint the pilot's location by homing in on the pilot's "beeper" or emergency radio
beacon. Meanwhile the Jolly Greens and A-1E "Sandy" aircraft would be directed to the
scene. The remaining strike pilots would orbit the pilot's location, each flight of four F«
105's occupying distinct altitudes in order for the lower aircraft to cover the pilot while the
higher aitcraft conserved fuel. When the lowest-altitude flight ran low on gas, it would
depart the scene and hook up with a tanker, while the next "stack" of fighters would
descend and repeat the process. Meanwhile Crown arranged for at least two tlights of
MIGCAP F-4C's to provide cover and also redirected tanker aircraft to fly orbits near the
rescue scene. Shortly after arriving in the arca, the Sandys typically talked to the downed
pilot over the radio while surveying the surrounding countryside tor enemy forces. The A-
1E's attacked those who were an immediate threat. The helicopters would go in to pick up
the pilot after the Sandys had cleared the area. The rescue teams often received help in

driving off threatening ground forces from the F-105's.(11)
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The F-105 "Thunderchiefs," known more commonly as "Thuds", were the
primary strike aircraft of the Rolling Thunder campaign. The aircraft was originally
designed for a high-speed low altitude penetration of enemy air defenses in all weather
conditions. Thuds first rolled off the production lines in the late 1950's and soon took the
role as Tactical Air Command's premier carrier of nuclear weapons because there was
room reserved inside the F-105's bomb-bay for a single nuclear bomb. During the conflict
in Southeast Asia, this bomb bay held an extra fuel tank instead of ordnance.(12) Nothing
airborne in Southeast Asia could out-run a Thud flying below ten-thousand feet. The
Thud relied on this high speed to escape enemy air defenses, However, it was hard to
outfly a barrage of bullets and shells. By 1968, over one-third of the losses of USAF
aircraft in Southeast Asia were F-105's, the losses being almost double that of any other
aircraft in the theater.(13) Still, the F-105 performed admirably in daily combat flights
over a period of three years, a role for which it was not intended. The F-105 had no
capability to counter the North Vietnamese air defense radars, and for this the strike pilots
relied on the aging EB-66 aircraft,

The EB-66 aircraft were formerly B-66 bombers that had been reconfigured to
perform electronic reconnaissance and radar jamming duties. Some EB-66's monitored the
North Vietnamese radars and provided warnings when imminent danger was suspected,
while other EB-66's jammed certain air defense radars based on the route of the strike
force. Those aircraft were the key clements in the tactical air combat system, because they
had the ability to disrupt the North Vietnamese radars. Until the SA-2 appeared over the
skies in July, the EB-66's were successtul in harassing the opposing radar operators,
particularly those who worked directly with the anti-aircraft artillery.(14) The growing
North Vietnamese radar system posed a more formidable obstacle as the year wore on.

One version of this aircraft, the EB-66C's had been deployed to Southeast Asia

prior to 1965, This version accommodated four electronic wartare officers and carried

radar receivers, direction tinding gear, radar pulse analyzers recording equipment, and selt-
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protection radar jammers. At this time the EB-66 was being phased out of TAC's
inventory due to its age, but the expanding North Vietnamese defenses halted the phase-
out. In May 1965, newly modified EB-66C's arrived in the combat theater with improved
capability against the North Vietnamese radar defenses.(15) The addition of the guided
missiles to the air defenses, howevet, rapidly made even the improved EB-66C's much less
effective by the end of 1965. It was difficult, for example, for an EB-66C to pinpoint the
location of an active SA-2 missile site accurately enough for a strike to be dirscted against
it.(16) The aircraft's lack of speed and maneuverability made it vulnerable to the SA-2's
Guideline missile, so the EB-66 crews had to be careful not to fly near the sites and
provoke a launch.(17)
Another version, the EB-66B "Brown Cradle", was first deployed to Vietnam in

October, 1965, several months after the first SA-2 launch. Tactical Air Command
managed to send five of these aircraft for use by the Pacific Air Forces, The EB-66B
carried twenty three pre-set jammers and a single operator for all the equipment. These
Brown Cradles were products of joint US Navy --US Air Force electronic warfare
oxercises in 1958 and 1959, For these exercises, the bomb bays of a handful of B-66
bombers had been stripped at the Brookey AFB, Alabama air depot and therein a pallet full
of the jamming equipment was installed. Additional EB-66's were given the Brown Cradle
conversion after those exercises. The B-model's equipment operator merely turned his
radar jammers' power switches to the "on" position when the time came for jamming the
radars. Unlike the electronic warfare officers of the C-models, he had no ability to adjust
the frequency of the jammers in flight. Therefore, if the North Vietnamoso radars changed
operating frequencies, the effect of any jamming pretty much would be negated.(18)
Nevertheless, both versions of the EB-66 were the workhorses of Rolling Thunder
operations.

Although the EB-66's played important roles in countering the radar-based air

defenses, the entire strike mission was doomed to failure if the tactical combat system was
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not effectively integrated. The various elements of the air combat system flew in relatively
close proximity to one another to provide mutual support. All wete tied together through
radio communications, and all the air crews were highly trained in the use and employment
of their respective technologies. The system also had adjusted combat tactics to some
degree based on the strengths and limitations of these technologies.

In many respects this Air Force system tended towards inflexibility making it
difficult to respond well to changes. At times, most elements lacked autonomy, while at
other times many elements were prone to act quite independently to the detriment of the
whole system, Relatively efficient mechanisms for instituting technological and doctrinal
change were not formally in place.(19) The integration of, and the relative inflexibility
shown by the tactical air combat system is evidenced by detailing a typical F-105 strike
mission of 1965.

The flight path of each strike aircraft was designed to provide mutual support for
the other clements of the combat system; in fact the very heart of American tactical
doctrine regarding fighter operations was based on this support with the combat-proven
congept of wingmen where the lead aircraft generally initiated an attack while the wingman
proved cover. Not only was it necessary for mutual support to occur between the F-105's,
but other aircraft like the EB-66's , Phantoms and tankers had to bo at the right place at the
right time, immediatety available to respond to unplanned changes. This was accomplished
through detailed planning of cach strike mission. Even if communications between the
various elements broke down for some reason during the flight, this immense etfort at
coordination would allow tho mission to proceed with some degree of efficiency.

For a typical strike mission over North Vietnam the overall plan of attack would be
made at a command level higher than the flying units, often at the Second Air Division in
Saigon or even HQPACAF in Hawaii. This plan was analogous to a huge puzze; each F-
105 wing in Thailand would receive only the piece of the puzzle that was necessary to plan

their wing's missions. This came in the form of a "frag" or "frag sheet", which was slang
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for "fragmentary order." Information on frag sheets would contain information such as:
the latitude and longitude coordinates of the target, the time at which the target was to be
struck, recommended (or even mandatory) routing to the target, radio frequencies and call-
signs of other types of aircraft operating in the area, information for air refueling,
information pertaining to alternate targets in case the primary could not be attacked, and
any other special instructions required for the completion of the mission.(20)

The force commander for a particular strike mission was one of the most seasoned
flight leaders in tho entire fighter wing, He was responsible for the plantiing of the mission
and that all the necessary mission information was made available to the strike pilots,
ﬁsually by the evening prior to the mission. It was not unusual, however, to have last.
minute changes in missions while the aircraft were preparing to take-off, but the essential
mission information could often be gleancd the night before the strike. This information
was passed to the flight leaders, each a highly experienced instructor pilot in his own
right.(21) Each flight leader led a flight of four F-108 aircraft and made sure that his flight
was familiar with all the necessary mission details.

Details wore by no means trivial. On their individual maps, or charts, the F-105
pilots marked special locations in addition to their route of flight. For example, these
locations might include predicted locations of the tanker aircraft for post-strike refucling
and locations of support aircraft like MIGCAP or EB-66's. Photographs of the target area
and surrounding countryside were closely studied, as were the anticipated locations of the
air defonses. Other factors were given careful consideration as well, These included: the
timo of day, position of the sun, and unusual terrain foatures noar the target. Tho value of
pre-mission study was constantly driven home to each pilot.(22) "Mission planning,"
according to a fighter wing's tactics manual, "will determine whether the mission will be
well execut :d or a confused sequence of events ..."(23) Those not familiar with the mission
courted the possibility of making costly, even deadly mistakes during the flight.
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Once he was confident that his flight had digested the necessary information about
the mission, the flight leader conducted what was called a flight briefing, Here, the basic
information regarding the mission was reviewed together by all the flight members. A key
point covered was determining who was to lead the flight if the flight leader had to abort
the mission. Another very critical area to be reviewed by the flight was what they were
going to do in the target area. Each had to be familiar with the planned approach to the
target, how each would maneuver, or "roll in" to attack and how all four were to re-form
their flight afterwards., The use of proper radio procedures was also a very important
detail, A large strike force needed to use a single radio frequency, called a "strike
frequency,” common to all strike aircraft, The mere fact that scores of airmen would be
conversing on this frequency at one time or another, often simultaneousty, meant that radio
calls needed to be as short and to the point as possible,

' These radio communications kept each airman in almost continuous contact with
the othery in the strike force, Typically, the aircraft radios were limited in range, often loss
than one-hundred fifty miles. Because of this, strikes over much of Vietnam, especially in
the North, would be out of contact with Second Air Division Headquarter near Saigon.
Most certainly, the tactical radio communications would never reach PACAF
Headquarters, Since Rolling Thunder missions extended beyond the range not only of the
higher headquarters' tactical communications but also the Ametican ground control radars,
forward-based central coordinating authorities were established to handle unplanned
circumstances.

A typical example of a coordinating authority was the Tactical Air Control System,
or TACS. It was designed to allow aircraft to effectively respond to changing situations on
the ground. For example, if an Army unit urgently needed an unplanned air strike, the
TACS would direct nearby aircraft to the scene. This system took root with the Amy Air
Forces in World War 11, but largely died out with the cessation of hostilities. Although a

ground-based Tactical Air Control System had been re-established tor the Korean conflict,
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the system was again left to rot in the post-Korea years.(24) Even in the very early stages
of American involvement in Vietnam 1962 an Air Force report characterized the TACS as
being “incapable of handling the expanded air operations throughout this (pre-1965)
period," which was small compared to the American force in place by the end of 1965.(25)

Although the TACS typically coordinated close air support and interdiction
missions in South Vietnam rather than in the north, its sorry state in the early 1960's was
indicative of an Air Force system geared toward full-scale nuclear conflict where large-
scale, sustained conventional operations like that had occurred in Korea were but
“aberrations."(26) The Air Force in Southeast Asia spent much of the 1960's relearning
past lessons and trying to improve their at-the-scene tactical coordination.(27) The aerial
conflict over Southeast Asia set the slow-turning gears of doctrinal and technological
change in motion, and new airborne technologies appeared in attempts to address problems
of coordination and allow fast response to changing threats,

There were several new technologics of these types that appeared during Rolling
Thunder. For example, the EC-121 Big Eye provided a measure of warning from enemy
aircraft and could direct forces to engage them, Crown took control of unforeseen hazards
such as combat rescue operations. The year 1965 also saw the initial deployment of the
Airborne Battleficld Command and Control Center (ABCCC), which was essentially an
airborne extension of the Second Air Division. The ABCCC purpose was to make sure the
strikes wont according to plan while also coordinating last-minute strikos of secondary
targets. Later during the Rolling Thunder Campaign, large aircrati with names like "Rivet
Top" and "College Eye" would orbit the skies, looking for radar emissions from surface-to-
air missile sites and enomy fighters, respeutively.(28) These developments were indicative
of the most important process in integratior: where new technologies and the system are
made to adapt to cach other. i is a process that begins and ends with the operators o the

technologies, and relics much on the skills of these individual operators.
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The level of experience and professional competence of the operators is
tremendously important in a military system. In this particular air combat system, pilots
had to be familiar not only with the capabilities and limitations of their aircraft but also the
"rules of engagement" pertaining to their combat flights. What targets could be hit? What
could not? For example, most airfields were off limits to American strikes, and it took a
high degree of American tactical discipline not to pounce upon North Vietnamese fighters
while the latter waited on the airstrips, armed and engines running, in complete safety.
Adaptation also applied to the immediate problems of combat.

Each weapon carried on board required a different bombing technique. Napalm
tanks or CBU-2A cluster bombs, for example, required relativoly level flight at low altitude
in order to drop them accurately and effectively.(29) Standard "iron" bombs. like the five-
hundred pounders, wete best delivered in a dive, Actual combat missions were often used
for training opportunities. Some flight leaders were in their position for the first ime under
the watchful eye of an flight lead-qualified wingman. Even the most experienced of fliers
needed time to adjust to the "local procedures" of a combat zone, far different than what
one encountered stateside,

These aircrews were well-trained in aircraft operations and combat tactics. For
examplo, over fifty peroent of the USAF fighter pilots flying in Southeast Asia prior to
1966 had aver 2,000 hours total flight time. The average pilot had almost ten years ot
flying expericnce and had over 500 hours in the particular aircralt they were flying in
combat.(30) The wing commanders were typically veterans of the Second World War and
Korea, Many of the squadron commanders were at least veterans of Korea, Authors
including Earl Tilford have convincingly argued that the Vietnam air war, Rolling 'I'hunder
included, was prosecuted with a World War II mindset by higher headquarters officers in
organizations such as the Headquarters, Pacific Air Forces and the Pentagon's Air
Staff.(31) Decision-makers' doctrinal liabilities aside, the operators in Southeast Asia were
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familiar with the dynamics of tactical air combat. These airmen were no neophytes. There
were, however, problems to be overcome.

The Air Force's system in 1965 was technologically limited in carrying out
conventional air operations. Many weapons were outdated and the airmen were far more
familiar with flying procedures appropriate for a nuclear environment than they were for
the "brushfire war" ablaze in Vietnam.(32) Rolling Thunder pilots too often were plagued
by problems with their bombs, Many of the available bombs were of World War Il
vintage, designed to be carried cither internally, in a bomb-bay, or externally at much lower
airspeeds than what the jet fighters typically experienced. Bomb fins cracked under the
strain of the powerful air flows and some fins were simply blown off. Fuze arming wires
broke and, even worse, some caused the bomb to be armed while it was still carried on the
aircraft. Close formations often alterod tho air flow to the point where it caused these
bombs to detonate. (33) In November, for example, an F-105 of the 335th Tactical
Fighter Squadron exploded in mid-air on its way to a combat mission, an incident caused
by faulty fuzing. Further use of those fuses was immediately suspended by that squadron,
which meant a lot of bombs could no longer be dropped.(34) A strike force did not need to
lose aircraft in needless accidents. Most certainly they did not need to toss bombs wildly
off target due to cracked funs, or worse yet, hit a target with duds after penctrating heavy
air defenses. One F-105 pilot recalled a 1965 mission where he saw his six bombs hit
squarcly on his target, a bridge, and then bounce and skid across it into yome noarby huts
without exploding. (35) A further concern was that most of the bombs could only be
dropped in daylight.

Althiough the F-105 was the primary strike aircraft and had an "all-weather"
bombing ability, it was designed for dropping a nuclear bomb. The Thud was not well
suited to the role of an "iron hauling" conventional strike aircraft, because the F-108's radar
did not have the resolution required for all-weather, day or night conventional bombing

operations. There is a common expression pertaining to the value of accuracy: "being
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close only counts in horse-shoes." This also applied to nuclear weapons delivery in the
1950's and 1960's whete pinpoint accuracy was not important. The Thud's radar scope did
not have to depict a corner of a building to allow a nuclear weapons release, it merely had
to display the city. This mecant that the Thuds could not usually find specific targets very
well while flying either in cloud cover ot at night in Southeast Asia. EB-66's had a better
bombing radar than the F-105's and were sometimes used to lead F-105 strikes over arcas
outside of SA-2 range beginning in 1966. Although some F-103 and also some F-100
fighter pilots were well-trained in night operations, their number was few and
consequently, so were the night missions by fighter-bombers.(36)
| Night operations in Southeast Asia during the 1965-1968 time period were more
often seen over South Vietnam and Laos because the ground-based anti-aircraft defenses
there againat high-flying aircraft were relatively weak. These missions could be conduoted
by aircraft like the B-57 Canberra medium bomber and the huge, heavy B-52
Stratofortress.(37) Neither aircraft was allowed by the USAF to fly in the SA-2 dominated
areas of North Vietnam mostly because the B-57 lacked adequate speed and had no radar
jamming devices while the B-52 was also relatively slow but also had poor maneuverability.
The Navy possessed the only true night-capable fighter bomber in the form of the A-6
Intruder. Night missions were (o increase as aircraft like the AC-130 and F-111 appeared
later in the war, but throughout Rolling Thunder fighter bombers like the Thuds would
have to rety upon good weather, which, unfortunately, is what most of the anti-aitcraft
artillery and small arms fire preferred. The previous chapter showed how the effectivencss
of anti-aircraft artillery stimulated tactics changes within the air combat system. How fast
and effectively the Air Force system responded to change appeared to be mostly affected
by forces other than technology.

Air Force operations in Vietham were but one picture of a much larger puzzle that
involved the entire Defense Department. The combined operations of the services were

marked by a distinct lack of centralized authority. For example. overall authority tor all
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Vietnam operations might logically have rested with the Commander of the United States
Military Assistance Command in Vietham (MACYV), who at this time in 1965 was General
William Westmoreland. Westmoreland, however, had little opportunity to step back and
look at how all the American forces could best be used in Victnam, He was directly in
charge of all ground operations in Southeast Asia, a task that consumed so much of his
effort that, according to an Air Force report, he had little time to devote to the full use and
exploitation of air power.(38) In other words, there was nobody at MACYV who could
speak with full authority for all the military forces committed to Southeast Asia nor was
there a single voice for the air assets,

The Commander of the Sccond Air Division was in charge of all US Air Force
operations over Vietnam, but did not have direct control of all the Air Force's aircraft.(39)
Aircraft like B-52's and KC-135's were still directly attached to Strategic Air Command,

" the headquarters of which was in Omaha, Nebraska, and not under PACAF control. This
required another burcaucratic layer to be penetrated just to coordinate actions with these
aircraft, There was no hope of merging Air Force aircraft with Navy aircraft, as each
service jealously guarded its assets. Control of Navy aircraft remained ultimatsly with the
Commander-in-Chief of the Pacitic Fleet, but for all practical purposes control rested with
Task Force 77 tloating in the Gulf of Tonkin. Marine air opcrations were practically
autonomous, concentrating primarily in support of Marine ground forces. Chaotic,
haphazard arrangements "permitted varying degrees of confused responsibilities,
overlapping authority, and inadequate controls" between these agencies were the order of
the day.(40)

Further exacerbating the command and control situation in 1965 was the way in
which North Vietnam was divided betwoen the Air Force. Navy and Westmoreland's
MACYV. North Vietnam was geographically divided on a flight chart into six "Route
Packages", known as "Route Packs", cach labeled onc through six. Route Pack "Six" was
turther divided into "Six-A"(6A) and "Six-B"(6B). Gencrally speaking, the air defenses
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grew in intensity as the Route Pack number grew. Thus Route Packs 6A and 6B, the areas
around Hanoi and Haiphong, had the highest concentration of air defenses. Westmoreland
had jurisdiction over Route Pack 1, since that was closest to the ground troops fighting in
South Vietnam. The Navy presided over Packs 2,3,4, and 6B, and the Air Force had
Route Packs § and 6A.(41) Operations by the Air Force into zones "controlied" by the
Mavy and vice versa did occur but were relatively infrequent whein compared io operations
within a service's own zone. Coordination between the various agencics was done on an ad
hoc tasis. There was no formal mechanism for inter-service coordination, Even within a
single service there were problems of command and control. These problems became
manifested in the system's inflexibility, as seen by the tight control over mission planning,

Although the strike force spent a great deal of time studying the plan for each
mission, the details of cach strike plan were usually products of an Air Force planning staff
located in Saigon or at PACAF Headquarters in Hawaii, In either case, actions seen as
relativety minor details on one end were major cvents on the other end. One example of
this occurred on a strike of 27 July, 1965, The strike was set to hit the missile sites that
fired on Leopard flight ecrlier in the woek. Mission planners from the higher hoadquarters
imposed r.utes of flight that the strike pilots believed, correctly as it turned out, to be
unnccessarily dangerous. Ordnance loads on the aircraft were changed frequently prior to
takeotl, up until the very last minute. It got to the point that the maintenance crews could
no. keep up with these changing weapons requirements. As a result, some aircraft were
made to fly without any bombs. Despite the fliers' strenuous objections and suggestions
for change, neither Second Air Division nor PACAF budged.(42) By itself, the centralized
control of Rolling 1hunder mission planning was not necessarily causing the system to be
cither inflexiblc or inefficient. The problems arosc when the centralized control took hold
of tae execution of the plans as well,

It wasn't unti’ the Rolling Thunder strikes had gone on for over a year that the

tactical fighte: wings tinally convinced somebody above them in the pecking order that the
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wings doing the flving might best provide inputs as to how these strike missions might be
accomplished. The wings proposed that a list of potential targets be sent ahead of time so
that the wings might develop a detailed plan to include routes, timing, and ordnance loads
based on the latest information concerning tactics and aircraft capabilities. This plan could
then be forwarded back up the chain of command for consideration.(43) There is little
evidence that suggestions like thesc were heeded during Rolling Thunder. The
intransigence of higher headquarters later led to bitter condemnations, like those of Colonel
Jack Broughton, who saw this inflexibility as leading to an unneccssary waste of life in
tactical air operations.(44)

Much of this inflexibility resulted from political control over the military's activities
in Vietnam,(45) "The military," according to a post-Rolling Thunder Air Force report on
the conduct of Southeast Asia air operations, "must not only acknowledge close political
control but understand the necessity of it in the modern world and then get on with the job
of operating within the established bounds."(46) These boundaries were not well-defined in
1965. For example, the selection of most tactical targets was a function more appropriately
and effectively performed by teams of specialists trained in fields such as air tactics,
intelligence, and weaponeering. Instead, Rolling Thunder target selection took place at
intimate ‘Tuesday luncheons between Johnson and his closest advisors, without the Joint
Chiefs of Staff.

President Johnson and his staff’ micromanaged the air war and selected every
Rolling Thunder target in 1965. "By keeping a lid on all the designated (bombing) targets,

" recalled Johnson, "I knew I could keep control of the war in my own hands."(47) This
meant aitempting to control not only the pace of the war but also its scope. Johnson was
greatly concerned about accidentally bringing China or the Soviet Union into the war.
"Johnson," wrote Doris Kearns, "lived in constant fear of triggering some imaginary
provision of some imaginary treaty (between North Vietnam and the Communist

superpowers)."(48) The controls were politically justitiable but tactically insane. Missile
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sites under construction were off-limits to bombing, as were airfields full of North
Vietnamese fighters, Many SA-2 sites found a comfortable refuge within the thirty
nautical mile restrictsd ring around Hanoi or the ten mile circle drawn about Haiphong,
The end result was a severe constriction on tactical air combat operations,

It remains open to debate whether or not Rolling Thunder, as either the President
or the Joint Chiefs envisioned it, would have ever achieved its lofty objectives of stopping
the flow of men and supplies from North Vietnam into South Vietnam and compelling the
North Vietnamese to negotiate an end to the conflict.(49) Regardless, it is clear that the
airmen flying these missions were hampered not only by the restraint of force associated
with limited political objectives, but also by their own Air Force leadership. This is not a
new revelation, but in light of this discussion on air defenses these restraints are of great
importance with respect to the nature of PACAF's air attack system, Neutralization of the
North Vietnamese air defenses was absolutely essential to achieve the limited, if even
unreachable, political objectives. The North Vietnamese defenses, rather than being
neutralized, were instead allowed the opportunity to deny the use of their airspace to the
Air Force. The defenses took cvery advantage given to them.

Those manning the North Viethamese air defenses were as familiar with the rules
of the game as the Rolling Thunder pilots: where to homb and where not to bomb, where
to fly and where not to fly. As a result, the North Vietnamese could shift their defenses
and concentrate them along the predictable American air routes. Long after the Rolling
Thunder strikes ended, the Soviet advisor to the commander of the North Vietnamese air
defense forces noted how the stercotypod missions made the task of defense far casior than
it could have been.(50) Because tactical flexibility had been forfeited by the United States
Air Force, the need tor an etfective technological solution to the air defense problem

became of paramount importance to the Air Force decision-makers.
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Chapter Five
Degision: Choices Made To Counter The Air Def

"SAMs probably cannot be eliminated from Vietnam," wrote the Pacific Air
Forces Commander to his immediate subordinate, "but must be lived with,"(1) The
problems of "living with" SA-2 battalions in late 1965 will bo shown in the next chapter.
The commander, however, also knew that back in the States, methods of neutralizing the
missile sites were being studied. Silencing these SA-2s would enable a medium-altitude
strike mission to safety ingess and cgress the target arcas that were within the missile's lethal
§nvolopc.(2) Since every SA-2 battalion was integrated into a larger air defense system, the
battalion's supporting elements, such as long-range target acquisition radars, anti-aircraft
artillery, and fighters also had to be degraded, or somehow inhibited from passing vital
information to the waiting SA-2 battalions. Therefore, the Air Force was faced with the
task of noutralizing an entire combat system, or at loast many of its key components, There
were a number of possible ways to do this.

Were these options necessarily "logical" or "right" responses? To imply that there
would be a logical technological response to the SA-2 would be to assume that social
factors, like human judgment wore relegated to a minor role in the Air Force's decision-
making process.(3) For example, historian Robert O'Connell viewed the surface-to-air
missile as a "natural, tactical opponent to the bomber." (4) Thus, the nature of the strategic
bomber and the way in which bombers were employed in combat were more responsible
for the evolution of these missiles than any particular social factor, like national
characteristics, cthnic culture or tactical doctrine. Bombers, according to O'Connell,
waged predatory warfare on citics and civilians,

O'Connell characterized predatory warfare by the drive for pure destruction and
annihilation of the opponent than by traditional political or tactical military objectives.

Accordingly, combat during the Second World War on the Eastern Front and in the Pacific
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was far more predatory in nature than in France, Afiica or Italy, On the Eastern Front,
neither German nor Soviet troops gave any quarter nor expected any from their opponent.
The Pacific island-hopping campaign waged by American forces was a continual struggle
to dig out fanatical defenders at places like Iwo Jima, Peleliu or Okinawa. The word
predatory was also used by O'Connell in reference to specific weapons technologies
designed to attack relatively defenseless targets,

Predatory weapons were also unique in that they generated a counter-response
from the opponent. German U-Boats, for example, waged predatory warfare against
Allied merchant shipping, In response to the marauding U-Boats, Allied navies developed,
not other submarines, but sonar equipment and depth charges to install in fast escort ships
and airborne radar for maritime aircraft. The counter-response was a different class of
weapon entirely, designed at first not to overwhelm but to neutralize the looming
" technological threat.(5) A counter response triggered a volatile series of developments in
efforts to hold the technological "high ground" on the battlefisld. Neither side held a
permanent edge, for each new response that gave an advantage was immediatety followed
by a counter-response designed to neutralize it. Radars and radar-countermeasures in the
U-Boat campaigns of World War II are particularly illustrative for countet-response
patterns, for the submarine was a prime example of a predatory weapon. (6)

In 1942 German U-Boat commanders surfaced at night to recharge their batteries
and even conduct attacks on convoys, since darkness brought some measure of safety from
attack. Soon the Royal Air Force (RAF) employed airborme metric radars that transmitted
radio waves of about onc and one-half meters in length. A surfaced U-boat after having
been located by one of these radars was illuminated by an 22-million candlepower "Leigh
Light" from the same aircraft. This technique sent a number of U-boats to the bottom of
the ocean, while merchant shipping losses to submarines began to decrease accordingly.
Shortly thereafter, a radar detection device for these metric radars was installed on U-

boats. Merchant shipping losses again skyrocketed because German U-boat commanders
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were forewarned of marauding Allied bombers. By 1943, revolutionary microwave radars
operating on centimeter length radio waves were installed on RAF bombers and U-Boat
losses climbed dramatically because the submarines were not forewarned of the bombers'
presence. It would take a year of frightful U-Boat losses before the Germans received
appropriate detection gear. (7) The SA-2 missile systems, like the German U-Boats, can be
viewed not only as counter-responses to strategic bombers but also as predatory weapons
because slow, lumbering bombers were exceptionally vulnerable to the much faster guided
missiles,

SA-2 battalions deployed near a likely American bombing target in Vietnam were
much like duck hunters near a body of water, The hunters waited patiently in their blinds
for the ducks to show up, and opened fire when the birds were within range. Each shot
was aimed at a particular duck. How would ducks respond? The natural response in such
a desperate situation would seem to be what is popularty known as a "fight or flight"
response. Let us assume that the ducks decided upon the former: to shoot back in self-
defense to stop -~ either by pinning down or killing -- all the hunters. Is this the limit of a
natural response, to neutralize the immediate threat? What if instead these ducks chose to
go beyond shooting just to keep the hunters' heads down? What if they also decided to be
predators themsclves by flushing the hunters out of the blinds so as to get a clearer shot?
These particular ducks would then attempt to evict all the hunters out of the area, dead or
alive, so future flocks could come and go as they pleased. What started out as the ducks'
attempt at simple neutralization would in this case evolve into a systematic method of
wholesale disruption and destruction,

In this analogy did the hunters' guns alone motivate the ducks to go to such an
extreme? Translating the analogy back to Vietnam. then, what would be a "natural tactical
opponent” to the predatory SA-2 missile systems? Was it to be a different airplane, another

missile, a sophisticated radar jammer or simply different tactics? That it came to be a

combination of all these possible responses indicates the complexity of the situation, rather
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than that the Air Force's response was overkill. The dynamics of a combat system are such
that its responses to a certain outside stimulus, such as new enemy weapons, are not always
so straightforward and casily anticipated. It is difficult, if not impossible to predict a
response from a system like that used by the Pacific Air Forces, much less assume that
what seems logical must have been right, or natural.(8) Trying to mold the specific
historical or decision-making model of counter-responses onto this situation iy useful but
fails to adequately explain why certain choices were made.

Many possible American responscs to the SA-2 were logical.(9) For example, one
could simply take one's chances and fly at medium altitudes near active missile sites. This
would present a single SA-2 system with more targets than it could possibly attack. This
tactic was questionable in 1965 given that evasive maneuvers, the jettisoning of ordnance,
confusion, and the loss of flight integrity were results of many medium-altitude flights by
ill-equipped aircraft near SA-2 sites, as will be shown in the next chapter. Another
approach would be to deny the SA-2 battalions their reserve of missile supplies. This was
not possible because these supplies were usually located in restricted zones, For example,
the North Vietnamese could store new missiles in the port of Haiphong where Soviet ships
offloaded them, because the city was off-limits to American air strikes. Because of these
problems, neither of these alternatives appeared to have been practical.

There were other options available. Blinding the Fan Song radar was a possibility,
as was disrupting either the S A-2 battalion or the entire air defense system by severing the
links between the various elements. The most obvious, but also most difficult option was to
lash out and destroy active SA-2 sites, Blinding the radars, disrupting the systems and
seeking out and destroying active SA-2 sites required expert knowledge of radar operations
and characteristics.

Neither the American military nor most major world powets were strangers to
radars or clectronic wartare in 196S5. Simultancously but secretly, radars were developed in

several countries during the 1930's primarily because of an international boom in short
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wave tadio research that began during the First World War and continued through the
1920's and into the early 1930's.(10) Radar, of course, was one of the major technological
breakthroughs of the Second World War. In every year since that war, ncw developments
in radar technology continued to be secretly and continuously introduced by most of the
world's military powers, particularly the United States and Soviet Union. Finding out
details of the adversary's new radar developments was of particular interest to these
countries, tor such knowledge was paramount for success in a highly dynamic yet invisible
battle known as electronic combat.

. Spying on the adversary's radar development represents just one of the many
struggles in clectronic combat. Electronic combat, also commonly referred to as electronic
warfate or electronic countermeasures, actualty involves the entire electromagnetic
spectrum including radio, radar, visible light and infrared waves, among others, as seen in
Figure IIL Probably the most famous description of this kind of warfare is Sit Winston
Churchill's "Battle of The Beams," which referred to successful British radio
countermeasures in 1940, British "beams" confused the Lufiwaffe's night bomber crews by
disrupting their air navigation systems.(11) This study will be concerned mainty with
electronic wartare as it applies to radar and the radar-related options tor dealing with the
Sovict-built SA-2 missile system. These options involved the merging of electronic
countermeasures with tactical combat operations. Radar jamming is the most common of
these clectronic countermeasurcs.

It was possible to jam the Fan Song radar in order to "blind" it, given either
sutficient power to saturate the Fan Song's radar receivers or the proper jamming technique
to prevent the fire control battery's radar operators from distinguishing between what was
real and what was not, The ultimate goal of electronic wartare is to create confusion in the
opposing torces by denying them cither correct or timely information pertaining to one's

own combat torces. In modern aerial wartare, where aircrafi otten tly at high subsonic

speeds, only a tew seconds' worth of contusion may be all thut is needed tor an attacker to
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remain unscathed. Confusion works both ways, for electronic countermeasures can induce
the attacking force into hitting the wrong target or ¢ven no target at all.

There are two fundamental types of electronic countermeasures known as active
and passive. For the purpose of this study, active countermeasures refer to actual
transmission of electromagnetic energy whereas passive countermeasures involve the
recoption of olectromagnetic energy. Passive countermeasures like ground-based radar
reflectors or the more well-known World War O-era "window" or "chaff" (r‘adar reflective
matcrial dispersed from aircraft) will not be treated in this study.(12) Active
countermeasures such as radar jamming will be covered here. These countermeasures can
be further divided into two basic types called noise jamming and deceptive jamming.

Noise jamming is designed to saturate radar receivers with excess electromagnetic
radiation, or noise. This noise, in order to be effective in preventing a radar from detecting
" a target, must be greater in power at the receiver's antenna than the radar's own pulse that
is reflected off the target and returned. The recetver will thus be overwhelmed by this
intrusion of jamming energy. The radar operator's scope will immediately become
unusable, because any potential targets will literally be "washed out" and therefore
impossible to see, as in Figure IV, A typical employment of noise jamming is most clearly
illustrated in EB-66 operations during Rolling Thunder.

During Rolling Thunder strikes, the EB-66's would orbit between twenty-five
thousand and thirty-thousand feet in altitude in clliptical, or "racetrack" patterns. These
orbits would be positioned so that the EB-66's were out of range of any known operational
SA-2 sites. In day-to-day Rolling Thunder operations from late 1965 through 1966 the EB-
66C's typically provided SA-2 warnings for the strike forces while the EE-66B's tlew
radar-jamming otbits. These orbits would be flown in such a way that the EB-66B's
forward-directed jammers would be radiating along the same path as the attacking force
when the latter penctrated the NVN air defenses. Idealty, this would hide the strike force

"underneath" the EB-66B's noise jamming that interfered with the North Vietnamese radar
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displays. Additional EB-06s, it available, would be radiating from other directions to
confuse the North Victnamese radar operators and help to screen the attacking force. It is
important to understand, however, that different kinds of radars are different in their
susceptibility to nois¢ jamming. Some radars are less vulnerable than others.(13) This gives
rise to the use of decaptive jamming that relies more on "finesse” and less on "brute
strength.”

Deceptive jamming, like noise jamming, is designed to confuse the enemy. It takes
advantage of the peculiarities of specific radars by tuming these charactetistics into
weaknesses. For example, the particular scan pattern of a radar antenna -- how it
physically moves and searches the sky -- might lend itself to a particular technique of
jamming as would the specific pattern in which pulses are transmitted from the antenna, A
radar's clectronic hardware or signal processing methods might be another potential
weakness, This is why radar developn: .nt has been characteristically secretive because to
know how a radar works is to also know how it can be jammed.(14)

In order to successfully disrupt a radar, the equipment doing the jamming must
mect some conditions, First and foremost, the jamming transmitter must be natched to the
correct frequency. All the jamming power in the world is of little value unless it is tuned
into the correct "channel." This requires detailed intelligence from electronic
reconnaissance aircraft or other gatherers of electrenic information, This data is called
clectronic intelligence, or ELINT. The Navy, for example, had ELINT ships in the Guif of
Tonkin to monitor North Vietnamese air defense radars and record their operating
frequencies. The Air Force's ELINT etforts date back to World War I1.(15) Matching the
trequency is only part of the battle.

Jamming also neods to bo continuous and, cspecially with respoct to deception
jamming, able to match the characteristics of the victim radar. Competent radar operators
are often able to "work through" or compensate for jamming and still identify and track
their targets.(16) Lt the jamming is not continuous, tor example, these operators can gather
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the necessary information from the "breaks” in the janming, when the true targets present
themselves. Deception jamming must be able literally to mimic the radar's own pulses so
they will be processed normally by the radar's logic circuits to present false information,
often without the operator realizing that something is amiss. If these deception signals do
not exactly match the outgoing radar pulses, they will be rejected by the radar's processor
just as soon as they are received through its antenna. Deceptive jamming can be cleatly
illustrated in the case of a track-while-scan (TWS) radar.

There have been many TWS radars developed throughout the world over the
years, with the SA-2 being among the first of these ever employed.(17) A track-while-scan
radar typically uses two radar antennas, cach operating on different radar frequencies and
both capable of scanning a section of sky at a rapid rate, as seen in Figure V. One radar
antenna determines the range and elevation of the target, while the other determines the
range and azimuth, Once a target is selected for missile launch, the information, combined
from the two antennas, is fed into a computer and converted into a guidance signal for the
outgoing missile. The radar is called a track-while-scan because it is able to provide this
missile guidance information on one target while simultancously tracking many other
potential targets, Most other types of radars in that time period immediately lost the ability
to "sce" other targets once they were "locked on" to a specific target of interest. By
contrast, a TWS radar technically did not "lock on" to its target.

One kind of jammer that can be used against a track-while-scan radar is called a
modulated noise jammer. What this jammers does is deny tracking capability to the victim
radar. To accomplish this, the jamming waves are modulated, or shaped, by a modulating
signal in a process roughly similar to the way in which music being transmitted from a
commercial radio station is superimposed onto a frequency modulated (FM) or emplitude
modulated (AM) wave. The shape ot the modulating wave is determined by certain scan

characteristics of this radar. The eftect on the victim radar can be devastating,
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kvery track-while-scan radar is unicjue, and there are vast differences between their
electronics and methods of operation. The following example illustrates what might occur
during active jamming of such a radar. In Figure VI, we see what might be seen as a
"typical" operator's radar scope of a track-while-scan radar. The target is clearly seen at
ten degrees of elevation at a range of five miles. Noise jamming, when introduced,
immediately denies range information.(Figure VII) The operator knows that something is
out there at 10 dsgrees elevation, but not how far away it is. Figure VI shows the effect
of modulated noise jamming. Range information continues to be denied, but now the
operator has four possible elevations from which to choose.(18)

In 1965, the specific jamming techniques required to jam an SA-2 were known in
the American military, but testing efforts had almost always involved Strategic Air
Command (SAC) bomber aircraft, like the B-52 Stratofortress and B-58 Hustler. Rarcly

" were Tactical Air Command (I'AC) fighter aircraft like the F-105 or F-100 participants in

these tests, The bombers were outfitted with extensive arrays of electronic warfare
equinment and had an electronic wartare officer on each crew to operate it. SAC B-52's
often flew simulated bombing runs in special training ranges whete "surrogates" of Fan
Song radars operated.

These surrogates were Ainerican-made copies of'the SA-2's Fan Song radar, The
design was based on the best intelligence information available. General Dynamics
Corporation in Fort Worth, Texas had what was called an Elecironic Warfare Evaluation
Simulator, which, after technical help from Cornell University researchers, was able to
cvaluate many different American radar jammers and countérmeasure techniques.(19)
Through a computer, this equipment was pitted against most every known Soviet-built
radar and radar-guided missile system. "By 1964," recalled a Cornell rescarcher, "we had
4 very good handle on what would iam an SA-2. The knowledge was there, ready for
when it would be needed."(20) Tactical Air Command and the Pacific Air Forces had been
rudely awakened to the fact that they very much needed that knowledge.
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Radar jamming was not the only way to neutralize the SA-2. Another altenative
was to sever or at least disrupt the links between the elements that made up the SA-2
system. For example, Radio transmissions within the SA-2 battalion or between the SA-2
battalion and its commanding regiment could have beon vulnerable links, These links could
be jammed, provided the frequencies were known and the appropriate jammer with enough
power could be positioned close enough to the SA-2 site to be effective, If the SA-2 had
been in position for any appreciable length of time, then certainly the crew could have
connected communications cables, thus hampering attempts at radio jamming, Missile sites,
it will be recalled, were built with these cables already laid out and only in need of
attachment. There were other vulnerable links that could not protected by a cable,

One of these links, for example, could have been the radio commands from the
ground to the missile, If it were unable to reccive various guidance commands from the
fire control battery, the missile might simply follow a ballistic flight path and miss its target
entirely. Another link might be the proximity fuse of the Guideline missile itself, This fuse
could be tooled through the use of decoys or actual jamming of the missile's fuzing radar.
Feeding the wrong intformation into the fuse could cause a premature detonation of the
warhead. This was not new knowledge in the American electronic warfare community
because similar options were considered almost three years before the missile's deployment
to North Vietnam during the 1962 Cuban Missile crisis.

(‘'uban SA-2's directly threatened the reconnaissance flights by U-2 aircraft, which
generated a crash program within the American military to find out what radio frequencies
were used on the Guideline missiles' proximity tuse. This required monitoring activity near
the Cuban SA-2 missile sites. The US Army had become adept at intercepting electronic
emissions from Soviet tests and exercises in Europe. One of the most sought-after Soviet
frequencies was that for radar proximity fuses in artillery shells. (21) Finding such a

frequency in a guided missile was relatively more difticult than in a artillery shell's fuse,

because the former's radar tuse transmitted in a limited direction. This transmission was
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confined to a narrow "cone" projecting forward from the missile's nose. Unfortunately, the
only way to intercept this frequency was to send up a juicy target for a missile crew,
provoke a launch, and record the radar transmission just prior to the missile's detonation
next to the aircraft doing the recording. Although the Air Force often got volunteers for a
variety of dangerous missions, this one exceeded what might be considered “above and
beyond" the call of duty. It was highly unlikely that anyone would knowingly fly as a
sacrificial lamb to record proximity fuse transmissions just prior to vanishing in a large
fireball. The solution, therefore, came in the form of a target drone modified not only with
special radar detection gear, but also deception equipment which made the drone appear on
radar to be a large aircraft. These drones were on hand by 1965,

Starting in October, 1965, the Air Force launched four of these drones under the
code=name of "United Effort."(22) A drone was sont at high altitude right over the North
Vietnamese air defenses on each occasion to collect and re-transmit the proximity fuse
frequency. Nearby, but far out of the range of SA-2 missiles, orbited a Strategic Air
Command RB-47LL a B=47 bomber re-configured for electronic intelligence missions,
which would receive and record the drone's signals, All four United Effort drones
suvceeded in provoking missile launches and were subsequently shot down by SA-2
battalions. Although the RB-47's gathered important guidance signals from SA-2 fire
control batteries, it wasn't until the fourth mission, on 13 February, 1966 that the missile's
proximity fuse radar transmissions were successfully collected. That particular drone was
blown to pieces by two Guidelines over Thanh Hoa, North Vietnam.(23) Countering the
§A-2's electronics was a significant but incomplete solution to the probiem faced by the US
Air Force,

Consideration also had to be made for the North Vietnamese integrated air defense
system, Even if an SA-2 battalion did not bother to turn on its Fan Song radar, chances

were good that the other detense clements could provide the battalion with accurate

tracking data regarding the attacking torce. A hidden SA-2 site could theretore remain n
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ambush until the last possible moment, furning on its radar only to eftect a missile launch
since the battalion already would know the direction in which to point its rada.. Efforts to
blind or destroy large radar-based air defenses, or even attempts to sever certain key links
of that system, were correspondingly massive, complex tasks,(24) Less massive, but no less
complex, were attempts to destroy occupied SA-2 sites,

The physical destruction of an SA-2 system would first require knowledge of its
precise location, Visual identification of a site, either through photo-reconnaissance or
pilot observations, was difficult due to the excellent techniques of concealment practiced by
Athe North Vietnamese. To help overcome this problem in finding the site, the approximate
position of an SA-2 could be revealed through a combination of radar direction-finding
equipment and triangulation. Direction-finding equipment installed on an aircraft could
provide the relative bearing of the emitting radar to the aircrafl, the latter always at a
known location, Figure LX shows typical airborne electronic intelligence equipment and a
route of flight. The derived positions, no matter how carefully taken by the operator, were
limited in accuracy because of limitations in the detection equipment. Also, if alerted in
time by the other clements of the air defenses, the Fan Song crews could shut down their
radars when an EB-66C passed nearby on such a teconnaissance mission. Despite these
difficulties, the actual process to derive the approximate location a site was relatively simple
in nature.

At three different times along the route of flight, the relative bearing of the desired
radar signal to the aircraft were recorded, provided that the radar was transmitting in the
first place. This information can be used to derive three lines of position, or LOP's, as scen
in Figure X. Ideally, all the LOP's would intersect at a common point. This point
represented the position of the radar site. If the lines did not interscct in the same place, the
resuit would be a triangle, with the radar located somewhere within the boundaries of that

triangle. In any ¢vent, the derived location was approximate, and there still remained the
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problem actually finding it. Even then, these missile sites were well-endowed with
supporting batteries of anti-aircraft artillery, making aircraft attacks a risky proposition.

As the above analysis indicates, the Air Force was faced with a problem which had
no simple solution. Further compounding the problem was the complete lack of electronic
warfare expertise among the ranks of both the Tactical Air Command and the Pacific Air
Forces decision-makers, They would come to learn that an implicit first step in the
countering of such a lethal, radar-based system was having a firm program of electronic
warfare already cstablished. In 1965, however, this was not the situation at either the
Tactical Air Command or PACAF, where electronic warfare operations in each had long
been relegated to the backburner of daily operations. According to a contemporary Air
Force report, "the SAM (missile) threat triggered a flurry of activity at PACAF...a 'wait
and soe attitude' had been rudely confronted with a 'what do we do now' attitude."(25)

The Commander-in-Chief of the Pacific Air Fotces lamented the state of his
command's electronic warfare in 1965 as "practically devoid of electronic warfare
equipments (sic) and personnel." The tactical air units were faced with implementing a late,
costly effort in the electronic wartare arena. He thought it was a situation "fostered by lack
of emphasis on clectronic warfare equipment, manpower and organization." When
PACAF finally got its anti-SA-2 act in gear, etforts at countermecasures were hindered by
“lack of proper manning and organization throughout the entire T'actical Air Forces,"(26)
Ay was written in a contemporary Air Force report, this was a "rerun of an old movie
based on a Korean war script."(27) Old lessons in electronic wartare were going to have to
be relearned, and the Air Force was finding out the hard way. More than two weeks after
the downing of Leopard 04, the decision to counter the SA-2 came straight from the top of
the Air Force command structure.

A task force to study the situation was officially created on 13 August, 1965 by
the USAF Chiet of Statt, General John McConnell.(28) This came a day after the Joint
Chiels ot Staft created a similar committee under the code-name ot "Prong Tong" to stucty
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the same problem.(29) The independent Air Force committee, headed by Brigadier
General K.C. Dempster, was directed to study the SA-2 and determine possible ways to
counter it. It was comprised of representatives from the Air Staff, major air commands,
industry, and the scientific community. One of the members of the task force, who had
been associated with Air Force research and development for many years, described it as
“ten or twelvo guys who sat in smoke-filled rooms and brought contractors in to figure out
what to do."(30) In a very short time the task force had come up with several
recommendations, and Dempster went over these proposals with everyone up the chain of
command, starting with the Commander of the Pacific Air Forces and ending with the
Secretary of Defense.(31) Ironically, Dempstet's task force onty echood carlier cries for an
airborne tactical electronic warfare program long since buried in a massive avalanche of
military documents.

As carly as 1952 Tactical Air Command had convened an Electronic
Countermeasures board modeled after that of the Strategic Air Command.(32)
Furthermore, Tactical Air Command had also published a document entitled "Doctrine
(toverning Mission and Command functions of Electronic Countermeasures in Tactical Air
Operations" in November of that same year. Both the board and the doctrine pointed to a
pressing need to integrate this capability with the current tactical air operations, including
the means to locate and destroy threatening enemy radars.(33), Visionary statements aside,
the tact remained that TAC had at this time but a handful of personnel familiar with
electronic wartare. The organizational structure to implement any electronic wartare
program simply could not come into being without the property qualified pcople to support
it. Whether this small-scale eftort was the result of decisions by only a tew influential

officors or more of a general fecling of animosity toward such a sectot program, or both,

remains to be tully investigated. However, the contrast with the Strategic Air Command is

rather striking,




Historians Alfred Price and Daniel Kuehl to some extent have contrasted the
electronic warfare policies of Strategic Air Command (SAC) and Tactical Air Command
(TAC), but the subject is open for a much more detailed examination.(34) This is
especially true for the time period between the Korean and Vietnam Wars, However, it is
obvious that SAC placed a much greater emphasis on electronic countermeasures, General
Curtis 1o May, the long-time Commander-in-Chief of SAC, held up the production of the
new B-52 Stratofortress bombers in the early 1950's until Boeing redesigned the crew
compartment to include space for an clectronic warfare officer, not to mention an extensive
electronic countermeasures suite.(35) Kuehl noted that for large exercises, SAC regularly
showed up with dozens of electronic combat-capable bombers and dedicated clectronic
countermeasures support aircraft. On the other hand, TAC only scraped up a few such
aircraft, and these were relatively obsolete bomber airframes with out-moded
countermeasures equipment. The tactical fighters, too, had a paucity of jamming
equipment, most of which was in storage on a Pacific Island. Suffice to say that throughout
the 1950's and most of the 1960's SAC possessed the personnel and infrastructure to
quickly expand any slectronic warfare program while TAC did not.

Despite its lack of a sizeable electronic warfare program, TAC's immediate task was
the installation of radar detection equipment onto Air Force combat aircraft. This was
called Radar Homing and Waming, or RHAW gear. According to author Larry Davis, the
Bendix Corporation had made this very same proposal to the USAF carlier in 1965, about
the same time the first SA-2 sites was discovered in North Vietnam.(36) Bendix wanted to
install RHAW gear in the F-100 fighter, but the proposal was rejected. The Air Force
officers making the decision at the time perceived no need tor such equipment in tighter
aircraft. A second cxample contrasting what the tactical air forces perceived as threats
betore and after the luly 1965 missile firing was the development of the F-105. The

manufacturers of the Thud had in the original contract a modest array of ¢lectronic

countermeasures to include a radar warming receiver, chatl dispenser and jammer. This
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was also rejected in the name of $105,000 in cost savings per aircraft.(37) On 14 Qctober,
1965, however, the Headquarters, United States Air Force ordered its Air Force Logistics
command to install RHAW equipment on the F-100 in ten days. The installation and initial
equipment testing took place at the Sacramento Air Materiel Area, McClellan Air Force
Base, California.(38)

Radar homing and warning gear would allow the air crews to continuously receive
information as to the approximate location and intentions of active S A-2 sites and other
threat radars, A missile launch waming light, accompanied by an car-piercing tone would
be triggered when the RHAW gear detected the radio guidance commands from the SA-2
~ﬁre control battery to the missile. Clear visibility to the actual launch site would no longer
be the onty means for a pilot to be aware of an approaching missile. This was an
important consideration while operating in the variable weather conditions over the heavily
defended North Vietnamese targets.

Another recommendation was that jamming cquipment designed to confuse the
SA-2 system be developed for mounting onto fighter aircraft. These were called pods,
long, hollow acrodynamic containers with jamming cquipment installed inside. Prior to
take-otl , the pod was attached underneath the fighter and the jammers were tuned to the
frequencies of the radars which threatened the aircraft, like fire control radars tor anti-
aircraft artillery and the Fan Song. Pods also had their limitations. As the aircraft's speed
increased, the pod would induce greater drag. The pods also took up space under the
aircraft that would otherwise be used for ordnance,

The jamming pod was not a new idea to the tactical community, In the late 1950's
Tactical Air command bought a few ALQ-31 pods trom North American Aviation for use
of tho F-100 and F-105. These huge, 12-foot, twenty-cight inch diamcter pods caused so
much drag that the fuel consumption on these tighters was substantially increased. The fuel
burn ratc was so high, in fact, that the fighters would not have cnough fuel to return trom
striking their assigned wartime nuclear targets.(39) A couple years later, Tactical Air
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Command procured a large number of smaller QRC-160 jamming pods for fighter aircrafi
under the Quick Reaction Capability program, or QRC.(40) General Electric produced
these pods, with the first arriving at operational USAF units in the wake of the Cuban
Missile crisis in 1963, Many of these pods wound up within PACAF where they went into
storage at Kadena Air Base. Few commanders at the time were inclined to attach the pods
underneath their tighters. Neither the length of time in storage nor the humid conditions
on Okinawa were favorable for these pods when they were brought out for later use in
Southeast Asia,

These QRC-160 pods were sent to Southeast Asia's hostile skies by 1965, but onty
for a short time. RF-101 "Voodoo" reconnaissance aircraft based out of Tan Son Nhut
AB, Vietnam, carried these pods on their missions, Qualified technicians and spare parts
for the QRC-160, however, were in short supply. That wasn't half the problem. Not
' designed to withstand sustained in-tlight vibrations, many of the internal parts of the pod
came loose, rendering the jammers useless. An Air Force report said that the pods "also
seemed to cause the RF-101 wing tips to tuck and some thought this could be (very
unsate)." These pods, viewed with a "shadow of suspicion" were sent back to the
States.(41) The pods recommended by Dempster's task force needed to overcome the
QRC-160's deficiencics, and the tirst improved models would not arrive in theater until late
1966,

A third recommendation was to build and employ a missile capable of homing in on
the Fan Song's radar emissions and destroying the radar itselt. Such a missile was
designated an anti-radiation missile (ARM) and its origins trace back to World War 11,
where scientific hotbeds like the Radiation Laboratory and Radio Research Laboratory in
Massachusetts produced a plethora of technologies, many of which were "reborn" for use
in Southeast Asia.(42) One example of the several ancestors to modern ARM's was the
Moth, originally conceived as a radio-controlled, radar-homing glide bomb. Designed to

knock out German radar warning stations along the northern French coast, the Moth
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program was eased out of the US 8th Bomber Command's Radio and Radar
CountermeaJures program in November of 1943 on the grounds that the Moth tests in the
United States were not proceeding at a satisfactory pace. The Army Air Forces opted
instead for low-level attacks over the water by medium bombers.(43) The Moth, like so
many scientific programs of that era, vanished after V-J Day.

Years later, the US Navy developed an ARM that was based on the Sparrow air-
to-air missile, (44) This particular missile, known as a Shrike, 1,8 tested as early as 1958 at
the Naval Ordnance Test Station, China Lake, Nevada.(45) By 1962 the Cuban missile
crisis accentuated the perceived need for an ARM and so the Navy accelerated the Shrike's
development, The first operational shrikes arrived for use over North Vietham by April,
1966,

The most significant rocommendation by Dempster's task force was that it called
for the development of a fighter aircraft designed specifically to locate SA-2 sites and mark
them for immediate attacks by accompanying tlights of fighter-bombers, The equipment
used for this mission was to be off-the-shelf equipment installed into an existing tighter.
Moreover, the fighter had to be a two-seat aircraft allowing for both a pilot and an
¢lectronic wartare oflicer, the latter's job being to operate the radar direction- finding
equipment.

This idea, ironically, came from a tormer SAC ¢lectronic wartare officer who was
now out of the service and working for North American Aviation.(46) This proposal for a
moditication to North American's F=100F tighter aircraft was outlined on the back of an
cnvelope on his flight over to where the task force was mecting at the Pentagon., Dempster
was quite impressed with the plan but was not too contident about pushing the program
through the standard Air Force acquisition routine that scemed to require, according to one
member of the task torce, "a development plan thirtv-five fect thick that had been (outlined

and coordinated with) the whole world." Convinced by the task torce to bypass the

cumbersome process duc to the desperate nature of the situation, Dempster lett the room
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and "fifteen minutes later he was back with two million dollars," which was sufficient to
begin a program called "Wild Weasel 1." The program was given the highest priority
possible to ensure its fast completion.(47)

Unfortunatety for the airmen flying combat missions in Southeast Asia, the
manifestations of the task force's recommendations were still months away when the
remnants of Lyopard flight touched down on the airstrip at Ubon Air Base, Thailand in
July of 1965, Until the new assets to counter the SA-2 arrived, the aviators would have to
quickly come up with some ideas to deal with the SA-2 and the North Vietnamese air

defense systera,

67




; i
D on: The SA-2 Denies The Medium Altitud

The SA-2 missile system dominated North Vietnam's acrial arena throughout the
tall and winter of 1965 and throughout most of 1946, This weapon helped to allow the
Norih Victnamese defenses to effect @ situation that historian Earl Tilford termed air
denial.(1) This meant that the air defenses, at a time and place of their own choosing and
within cerain altitude regimes, could often prevent the American aircraft from operating
freely. For example, F-105 pilots preferred to approach their targets from mediuin altitudes
between 12,000 to 15,000 feet (2). If the target was defended by SA-2 battalions then the
F-105's would be torced to change their plans. Often this meant appreaching at a much
lower altitude or even bombing another target entirely. It has been previously argued that
" the SA-2 was well integrated into the Notth Victnamese air defensos and that this same
defensive system was relatively inflexible, yot the SA-2 appcears to have been an extremely
ctfective wea i luring this time.

This weapon should be considered by historians as one of the most significant
weapons ever introduced into air combat. The $A-2 transtormed tactical air wartare much
like the rifle or machine gun changed land wartare. It brought a sense of desperation and a
major shitt in tactical doctrine in the forces that opposed it over North Vietnam in 196S.
The SA-2 dominated the skies but a short time in a loug war. It exacted a relati cly small
human toll aid only a small number of launched missiles managed to down a target.

These facts, combined with its subscquently poer pertformance in the Sinai has led some
writers to question the ctlectiveress of the SA-2.(3)

In the 1967 Six-Day War, Sovict built SA-2's were used by the Arab ground
detenses, but were rarcly tired at Isracli Air Force aircrafl. The Israchis did not use Wild
Weasel-type aircratt, nor were they torced out of their pieterred operating altitudes. A

closer fook at the combat cttectiveness ot an single weapon or clement in a large military
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system might shed light on how the Israelis dominated the air in 1967 and the US Air
Force was denicd its operational freedom in 1965, even though both air attack systems
faced the SA-2 missile system, Historian Martin Van Creveld offered a possible
explanation in his aforementioned chapter on modem, intcgrated war.

To illustrate the relationship between an individual weapon and a highly integrated
system, Van Creveld used the case of a fighter-bomber type aircraft. He called this airplane
"a selt-contained plattorm” which made it autonomous in nature with respect to the greater
system. Such a wcapon was therefore capable of inflicting tremendous damage to
opposing forces as evidenced by the German Blitzkrieg carly in World War Il and in Allied
tactical aircraft operations a few years later. Van Creveld asserts that this was also true in
the Isracli Air Force as late as the 1967 Six-Day War, "A single pilot, " wrote Van Creveld,
"requiring comparatively little outside assistance, was able to loiter above a battlefield,
conduct reconnaissance, acquire a target, and hit it with the aid of weapons carried
aboard."(4)

As anti-aircraft defenses became more formidable with the ,assage of time, the
fightcr-bomber became "increasingly dependent” on other technologies. The aitcraft grew
less cffctive as it became part of this growing system of integrated technologies.(5) In Van
Creveld's view, integration contributed to the demise of this aircraft's ettectivencss just as
much as the threat posed by the modemization of anti-aircraft detenses. Furthermore, the
growing system of which the aircraft was a part became less tlexible as the former grew in
size and aegree of integration. Modem aerial wartare subsequently evoltved into two huge
systems ~ngaged in a slow war of attrition with the individual clements hampered in their
use and etfectiveness because ot the systems' growing rigidity,

However, the application of his model to the 1967 Isracli air war exampie seems to
paint an incomplete picture. True, this 1967 air battle was a clash ot two large systems --
the Isracli Air Force (IAF) on one hand and the Arab air detenses on the other. It is also

true that the Israch Air Forees tacilitated the tasks of the Isracli armored and infantry units
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in the Sinai by pummeling the Arab ground units. It these two systems slugged it out toe-
to-toe in the skies above the Sinai we are to further infer that the nimble Israeli fighter-
bomber wrought havoc upon the Arab ground forces because it was independent from its
own encumbering system and therefore free from this greater war of aerial attrition. Using
the word "autonomy" as an explanation tor the effectiveness of the Israeli tighter-bombers
appears to fall short.

‘The 1967 Israeli pilots roaming the sky at will in search of targets could do so
because the Arab air forces-- a key component of the integrated Arab air defenses-- had
been smashed by the Israeli Air Force on the first day of the war, Surprise was complete,
and the Arab defenses were completely shattered in a matter of minutes. Many of the
same Isracli tighter bombers roaming the skies above the Sinai had been the same ones
over the Arab airficlds on that opening strike. After that day, nothing short of a nuclear
detonation in the sky could have stopped the Israclis from loitering above the battlefield
and commencing their long, diving bomb runs once a target had been located. Most of the
Arab anti-aircraft artillery pieces positioned in the Sinai could not accurately reach the
operating altitudes of the Israeli aircraft in order to effectively harass the pilots. Arab
surface-to-air missiles, SA-2's in particular, were not ¢ven a factor to consider on the
battleticld; they were too far away to stop these Isracli close air support missions,(6)

‘The Arab air defense network had been tom asunder, allowing the Israeli pilots to
choose the time and place of their attacks. Although this appears to have been the main
reason for the success of the Israeli fighter-bombers, there were other reasons. It should be
kept in mind, for example, that man-made machines like tanks, trucks, vans and radars arc
relatively easy to spot in tlat, open desert tfrom great distances. 'This is especially true when
they are in motion, since much dust is kicked up behind them. Factors such as a
neutralized air defense system and open desert wariare, not necessarily a high degree of
independence trom an intlexible system made the Israeli tighter-bombers so ettective. The

1967 conflict was a casc ot sracli air superiority, which allowed it to spend most of its time
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doing what they pleased at medium altitudes often far above the small arms fire, automatic
cannon, and other antiaircraft artillery pieces situated with the beleaguered ground forces.

Despite this relative freedom, about three-quarters of the approximately forty-tive
[sracli aircraft were downed by Arab ground fire. The rest were shot down in air-to-air
combat: none were lost to missiles.(7) This should come as no surprise. Anti-aircraft
artillery (AAA), consisting of everything from automatic weapons to heavy cannon, has
usually out-performed guided missiles in exacting tolls from modern combat aircraft, This
was as true in the Sinai as it was over Vietnam, Over 80 percent of the USAF aircraft
combat losses in Southeast Asia during the course of the war were due to AAA fire and
not guided missiles.(8) Most aircraft, in fact, escaped the wrath of surface-to-air missiles in
the sorties tlown during the course of the Southeast Asian contlict. Of over 9000 SA-2s
firod between 1965 and 1972, only about 1.5% of the missiles actually brought down
aircraft.(9) To use a more specific example during the 1972 Linebacker II operations, the
so-called "Eleven-Day War" in which US aircraft mounted a devastating precision air
bombardment of Hanoi and Haiphong in December, over one-thousand SA-2s were fired.
Thiy cost the US Air Force fiftoen B-52 bombery and no fighters.(10) How much damage,
then, is "enough" to make a weapon "successful?"

For the traditional measure of achiovement in the form of body counts, onc onty
need to review the employment of the rifle in the American Civil War or artillery and
machine guns in the First World War, The tremendous loss of life caused by the ritle in
the Civil War eventually led to the abandonment of tactics originally conceived around the
inaccurate smoothbore musket. Fifty years later, the machine gun mowed attacking
infantrymen down by the thousands and brought trench wartare to World War 1, while
artillery accounted for about sixty percent of that contlict's casualtics.(11) 'These weapons
were trighttully ettective killing machines. The thousands upon thousands of dead were

silent, yet powertul testimony to this fact. In 1862, over 24,000 men fell at Antictam in
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one day. Well over one million fell during the agonizingly long Battle of the Somme
during the latter half of 1916.(12)

As long as opposing commanders had not adjusted their way of thinking to the
threat posed by advances in destructive technology, these weapons would continue to
wreak havoc with men-at-arms. Until changes occurred in tactical doctrine, the particular
weapon in question would dominate the field. For many reasons, large military
organizations are very resistant and thus notoriously slow in radically changing their
doctrines to accommodate new weapons, To be sure, the fact that the aforementioned
weapons were the direct cause of so many casualties greatly magnifies their impact on
warfare. However, this also serves to obscure the major doctrinal changes that other less
destructive weapons or technologies may have caused, simply because these other weapons
failed to sweep the battlefields clean of human lives.(13) In light of this, one indication of
a weapon's impact in wartare might simply be whether or not it induces a significant
changp in the combat doctrine of the opposition,

The Soviet-built SA-2 is an example of such a weapon that produced a major
doctrinal change. The SA-2, shown previously to play a key role among the response
elements of the North Viethamese intcgrated air defense system, also wreaked havoc with
the Pacific Air Force's acrial combat system in a number of ways, The initial response to
the SA-2 was desperate and short-sighted. As was noted in the previous chapter, it was
also severely hampered by a lack of tactical flexibility. This reaction came on 27 July,
1965. Fifty-four F-105s flew a pootty-planned mission against the suspected location of
the SA-2 sites (known as SAM sites 6 and 7) that had fired on Leopard flight.

This mission came directly as a result of orders from the White House under the
code name "Spring High." (14) Although the sites were demolished, acrial reconnaissance
photographs taken after the strike showed that both sites were fakes, The real equipment
had been pulled out by the North Vietnamese and take SA-2 equipment set up, along with
multitudes of anti-aircraft guns in anticipation of the American strike. ‘This was a "flak trap"
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which had used the dummy SA-2 sites as bait. Making matters worse was that the
attacking aircraft were directed by higher Air Force authorities to follow cach other vsing
the same low-level ingress routes to their target, This all but negated any element of
surprise and practically handed the strike formation's trailing aircraft on a silver platter to
the North Vietnamese gunners.(15)

"The mission was just stupid," recalled Charles Horner, who was a captain and F-
105 pilot at the time. "(It was) like a North Vietnamese firepower display. We were tlying
right into a barrage of anti-aircraft fire."(16) The flak was so intense that the last flight of
four F-105s dropped down to fifty feet off the ground at almost the speed of sound in an
attempt to fly under the shell bursts, "I've never seen a sky like that," observed Captain
Marty Case in that last flight, "and I never want to see another one." Six F-105 aircraft
and one RF-101 "Voodoo reconnaissance aircraft were shot down, and only one of the
. pilois was rescued. (17)

All those aircraft were lost for an imaginary SA-2 site. It was clear that better
plans for attacking the sites had to be devised, not to mention finding the real ones in the
first place. Regardless of the faults of the approach used in that first retaliatory strike, it
was clear that the mobility of the SA-2 was an important planning consideration. Once an
SA-2 site had been located, it was important to attack it as quickly as possible, lest the
mussile battalion pack up its gear and drive away elsewhere.

Special flights were created to go atter SA-2 sites, but the methods employed to
hit the sites were quite unwieldy. It wasn't until 3 August, 1965 that the Pacific Air Forces
reccived permission to send out photo-reconnaissance flights at low altitude over North
Vietnam to take pictures of suspected SA-2 locations. "Suspected" because, electronic
intercepts of the Fan Song radars alone were not desmed accurate enough to launch a
strike in that location. A site discovered by interceptions of Fan Song radar transmissions,
like intercepts made trom an EB-66C, had to be turther confirmed through photographs.

This was a lengthy process, because reconnaissance aircraft had to tirst obtain the
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necessary target information by launching and then performing the mission. Once the pilot
landed, his photographs had to be developed and interpreted by intelligence experts. Only
after this process was finished were evaluations sent "up the line." Once in possession of
positive identification, Second Air Division or Headquarters, Pacific Air Forces could order
a strike, For example, on the 9th of August, the first strike was made on an SA-2 site
(SAM site #9) through these methods, a full 25 hours after the initial ELINT reports. (18)
There had been more than enough time for the SA-2 battalion to move away by the time
strike aircraft showed up to bomb it. Remaining behind were anti-gircraft guns, which
according to post-mission reports put up "intense ground fire."(19)

In August, both the Air Force and Navy established what were known as "Iron
Hand" missions. These were missions planned specifically to attack SA-2 sites, and they
soon became a significant portion of Rolling Thunder sorties (20) On 12 August, the Navy
lost an A-4L to an SA-2 missile. On that day and the next, numerous Navy aircraft were
launched on Iron Hand missions in an ¢ffort to find and destroy any SA-2 sites in tho arca
of the downed aircraft. They found no sites and lost five aircraft for their efforts. In the
case of the Air Force, Iron Hand fell to the Thuds.

Initialty, Iron Hand F-105s were directed to wait on the ground in an alert status
until an SA-2 site was detected by some source. Upon notification of an active SA-2 site,
the Thuds would take ofl and try to find it. Lacking any electronic gear and hampered by
excellent North Vietnamese camouflage techniques for hiding the missile sites, the F-105s
were not very successtul, This particular technique of ground aleit was abandoned after
only a woek, because the Air force planners in Hawaii preferred to see the ground alert
sorties in the air on a strike mission rather than idle. Ground alert sorties for Iron Hand on
12, 14 and 15 August, tor example, were never launched.(21) To avoid losing sortics on
paper, these ground alert sorties were tlown as armed reconnaissance sorties, searching for
North Vietnamese targets along suspected lines of communication, like roads. The cftorts
to seek out and destroy SA-2 sites became a part of daily Rolling Thunder operations.
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One exaniple of an effort organized to tlush out these North Vietnamese SA-2
predators was operation "Left Hook," The plan behind this was to launch an unmanned
target drone aircraft high over the air defenses to provoke the latter into directing a missile
launch. Waiting near the drone -- but safe from the NV defenses -~ would be electronic
reconnaissance aircraft. These aircraft, upon detecting Fan Song emissions, would relay
the relative bearings to an airborne command post. From these bearings the command post
would plot the sites' location and direct strike aircratt into the area. Additional aircraft
would be on patrol in the vicinity of suspected SAM sites, waiting for the launch of the
Guidelines to give away the site's location. Left Hook I took place on 21 August, 1965, but
no missile radars were turncd on by the North Vietnamese. Ten days later, Left Hook I
flushed out a Fan Song but the strike aircraft were unable to spot the SA-2 battalion. An
F-105 was lost to AAA on an attack on an alternate target. (22)

Thereatter, the Thuds tlew armed reconnaissance over North Vietnam in search
of active SA-2 battalions, Certain geographical areas in North Vietnam were cleared by
President Johnson and his advisors for strikes against these missile sites no matter how they
were located. Sites found outside these cleared arcas still had to be seen on reconnaissance
photos betore a strike vould be authorized.(23) Although clearing out strike zones for the
purpose of hunting SA-2 battalions decreased the time lag between initial site location and
the launch of strike aircraft, the problem of pinpointing the sites had yet to be solved. Air
Force aircraft continuc_d to be traded for attack opportunities on suspected sites. For
example, on 16 September, six I'-105's attempted to seek out and strike three suspected
missile sites, only to be met with fierce anti-aircraft fire from waiting guns, One F-105 was
lost before it reached a suspected site, and another went down somewhere near that same
site, but the SA-2 itsclf was never located. The remaining tour aircraft found an
unoccupied site and bombed it.(24) Fourteen days later another F-105 went down, this
ong victim to a (tuideline. The pilot, a squadron commander, had been wamned of SA-2
activity, but was occupied in directing his squadron's attack and could not see the rising
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SA-2 due to clouds. Light prepared SA-2 sites, some not yet occupied by SA-2 battalions,
were found and destroyed between July and November by Iron Hand Missions, but the
¢ost to the Air Force in downed aircraft was unacceptable.(25) The North Vietnamese
seemed to be building sitcs faster than the attacking aircraft could destroy them, shuttling
their battalions around from site to site in a deadty shell game.

On 31 October, 1965 the USAF borrowed the services of a Navy "Hunter-
Killer" A-4E, an aircraft which could detect and pinpoint the SA-2s radar emissions. ‘The
Navy was far better prepared than the tactical Air Force in regards to the SA-2, Their
"Project Shoehorn" literally crammed RHAW gear and other appropriate electronic
equipment into any available nook and cranny in certain attack aircraft, like the A-4E
Skyhawk, One of these jets, from the aircraft carrier USS Oriskany, landed at Takhli Air
Base on 30 October so that the Navy pilot could discuss the upcoming mission with the F-
105 strike pilots, This mission was a Navy strike on a highway Northwest of Hanoi, with
the F-105'y assigned Iron Hand dutics in support of the operation. (26)

Kight F-108's accompanied the A-4 on this mission, and the Navy pilot quickly
located two active SA-2 sites. In the wild attack that followed, six Guidelines were fired,
two radar sites were contirmed destroyed, and the A-4 was lost. It had dropped it's bombs
on an S A-2 site from an altitude of fifty feet and was caught in a bacrage of ground fire as
the pilot desperately climbed to a sate altitude. Since the A-4E was a rare and valuable
Navy assct, the Navy husbanded the rest for their own air strike operations.(27) A
promising prospect of inter-service cooperation thus went down with the Navy fighter,
Stifl, this mission was an indication of what was to be brought to bear against the North
Vietnamese air defense system.

Weapons, too, had to be developed to counter the S A-2 sites. During this time
period in late 1965, air crews were instructed to use weapons designed to cover a large area

when detonated. Their advantage lay in the ability to ¢ :vastate a wide arca and increase the

chances of hitting an SA-2 battalion ¢ven it the pilot had problems pinpointing the lidden,
76




dispersed site. 'The weapons initialty chosen were napalm and cluster bombs, both deadly
weapons against "soft" targets such as exposed personnel and unarmored vehicles, Both
types of ordnance necessitated level, low-altitude deliveries -- rather than dive-bombing
from a higher altitude -- which left the aircraft exposed to ground fire for long petiods of
time.(28) Iron Hand missions were dangerous propositions for the air crews involtved, but
there were other means tor countering the missile systems,

The only Air Force aircraft capable of taking on the SA-2 in the electromagnetic
spectrum were the relatively few available EB-66's, At the time of the loss of Leopard 02,
there were a total of nine EB-66C's available for operations in this theater.(29) This aircraft
became the workhorse of the electronic wartare campaign against the North Victnamese air
defenses despite being plagued by electronic equipment maintenance problems and high
operating costs, (30) Fighter pilots, according to the 355th unit historian, were "high in
their praise of the EB-66("'s and their crews for the protection they provided," even
dubbing the EB-66C unit "The Second Best Fighter Squadron in Southeast Asia."(31)

The success of the SA-2 torced a change in EB-66 operating procedures. The
EB-66 jamming could no longer significantly degrade major portions of the North
Vietnamese air defenses because the aircraft were thrust into a role of directly deteating the
SA-2 battalions. EB-66 jamming targets became the radars which most immediatety
threatened the attackers -- SA-2 radars and AAA fire control radars. Receiving less
emphasis than betore were the other wamning radars of the North Vietnamese air defense
network, which meant that much of the information that the EB-66's were trying to deny
the SA-2's through jamming was being supplied by other, non-jammed radars in the
defense system. ‘The high degree of North Vietnamese integration prevented the
American countermeasures from being eftective. This unhappy tact, added to the
predictable routes and timing ot the Rolling Thunder attacks made tough going tor the
strike torces. (32) In 1965 the USAF tought an air war ot desperation, a condition brought

on largely by the introduction of 5 A-2 battalions.
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The tirst and most obvious impact of the SA-2 was that it torced the USAF aircraft
into flying back down into the very low altitude regime «- often only a few hundred teet in
the air-- to avoid the missiles. These tactics served two purposes. First, the low altitude
approach greatly decreased the range at which the attackers could be detected by radar,
thus cutting down the North Vietnamese reaction time. Second, and most important, the
SA-2 performed very poorly at these low altitudes so this tactic practically negated the
SAM threat. Unfortunately the low-altitude approach brought the pilots into the lethal
range of a myriad of anti-aircraft guns.

This was also tar tfrom an optimum bombing situation. Flying at high speeds while
at low altitude increased the pilot's chance of survival, but it was quite a difficult task to
find his target from this viewpoint, Prominent terrain features like mountains, hills and
trees served to block a pilot's view from the aircraft to the target. To compensate, pilots
' performed a "pop-up" maneuver prior to the target area at some specific time or place after
passing the "initial point."

The last navigation timing point on a bombing mission is called the initial point, or
IP. The IP was usually some significant or recognizable landmark, and from this point the
aircraft would be tlown at a constant heading -- provided the pilot wasn't busy dodging flak
--until the target was attacked by releasing the weapons, Long before the IP the aircratt
had descended to an extremely low altitude, perhaps only a tew hundred feet above the
ground. Shortly after passing the [P, at a pre-determined location called the "pop-up” point,
the pilot climbed to an optimum attack altitude.(33)

This mancuver caused the aircraft to climb rapidly to at least a few thousand teet
in altitude (sometimes higher) which gave the pilot greater visibility needed to tind his
target. (nce the target was tound, the pilot would immediatety dive upon it and release his
weapons.  Untortunately, it was not casy to tind a target in such a short time peniod, and

the rapid climb served also to reduce the aircratt's speed, thereby making it more vulnerable
p

0 AAA tire. Bombing accuracy was signiticantly attected, also.  According to one F-105
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wing commandzr's end-of-tour report, "numerous targets have not been hit because the
strike force could not go to the target at the desired altitude and (aircrews) were forced to
use 'pop-up' tactics which allow only a tew seconds to acquire the target and (this)
decreases bombing accuracy,"(34) Not only were the strike aircraft forced to fly at lower
altitudes, the support aircratt were driven farther away.

The increased number of SA-2 sites also drove the slow, less mancuverable EB-66
electronic wartare support aircraft farther from the aerial battleficld to escape the missile
threat, The farther away the EB-66s were, the less effective their jamming was on SA-2
radars or any other North Vietnamese radars. Although the jamming efforts of these
aircraft only marginally degraded the SA-2¢ radar at best - the effect of an EB-66C's
jamming was reportedly overcome by relatively simple and easily acquired radar operator
techniques -- it was at least better than no help at all.(35) Even a few seconds' worth of
confusion among the operators in the SA-2s tire control battery could mean the difference
between a missile hit or miss, Therefore, the once closely-integrated support clements for
American air strikos were stretched out and the overall system weakened. This made the
individual aircrafl clements more vulnerable,

It tighter-bombers, like the =105 "Thud," pressed home their attack trom higher
altitude such as 15,000 tect to avaid the AAA, they still ran the risk ot encountering the
SA-2s. In these cases a medium altitude was chosen tor F-105 operations. The SA-2 was
slower and less mancuverable at these altitudes and flight above 10,000 fect was beyond
the reach of most AAA pieces. For most of the F-108', the recommended altitude for air
strikes against fixed targets was usually between 12,000 and15,000 teet. This altitude
range would vary depending upon the heights of the cloud layers,  Air crews preterred to
fly at least 7000 teet above the undercast. which allowed at least some opportunity to sce
and react to an SA-2 coming up through the clouds. Lacking any protective electronic gear,
the only hope tor a Thud pilot who taced a climbing SA-2 was to pertorm a drastic
mancuver. Often this involved heading straight {or the missile, and waiting until the last
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possible instant to pull down (or up) into a new direction perpendicular to the missile's
(light path. (36)

These evasive maneuvers often generated forces of at least four times that of
gravity, or 4"G's" to be thrust upon aircratt and crew. This force and the resultant stress
on the airframe was complicated by the weight of additional ordnance ot the aircraft's
wings and fuselage. Fighters could out-mancuver the missiles faster and in a much safer
fashion if they weren't laden with their heavy bomb load. Also, such a maneuver with tull
ordnance loads caused losses in speed and maneuverability after the it was completed. By
dumping ordnance, a fighter would significantly reduce its drag and weight and be better
able to maintain its precious speed throughout the evasive mancuver. According to a post-
war report, "the USAF aircrews (regularty) avoided oncoming S AMs by jettisoning
ordinance immediately and using a high 'G' turning maneuver to make the missile
overshoot." (37)

The SA-2, despite its radar guidance and mancuverability, was not physically
capable of making drastic changes of direction to compensate for significant evasive
mancuvers made by its intended target. There was about a S-second delay between the
time the Fan Song's computer recognized a need to alter the missile's course and when the
missile actually responded to the new guidance command.(38) This missile, it will be
recalled, was designed to down large bombers, like the B-52. 'The unsuspecting, non-
mancuvering F-4C's ot Leopard flight made relatively casy prey tor the first of those three
SAMs. The subsequent violent turns of the remaining Phantoms were too great tor the
other SA-2s to tollow so these missiles missed their targets,

In fact, the SA-2s became known for their lack of mancuverability against the
agile tighter aircraft, but this knowledge came out of combat experience, Former F-105
pilot Jack Broughton wrote in that "If you can see Sam (sic), You can usually escape. It has
little, stubby wings and it is going like hell, so it can't turn very well. You can take it on

just like another aircratt and it you toree it into a commit position and out-turn it, it will
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stall out and auger in. If its radar guidance can't stick with you, it will just explode in the
empty sky..."(39) However, If onc couldn't see the SAM because of intervening cloud
layers or simply by not looking in the right direction, then one had a problem.

Broughton relayed one episode that occurred while looking for his target on a
bombing mission. "(We) came spitting out of the clouds," he recalled, "and we met three
Sams in formation coming up. I ncver saw them until the first two roared between John
(Broughton's wingman) and myself...between our wingtips. The first sensation was the
most god-awful noise 1 have ever heard. It ripped me way down in the bottom of my
stomach someplace, like an old steam engine bursting out of a tunnel. The white hot light
of two rocket engines, passing verticalty only fuet away, was bizarre and momentarily
tumbled my emotional and physical gyros." (40) The two pilots were lucky that the SAMs
failed to detonate. Evasive maneuvers helped to minimize the need for iuck.

Although these violent maneuvers made the aircraft safe from the missile attack, at
this point pilots often tound themsetves down at a much lower altitude, back into the teeth
of the anti-sircraft artillery. This was not a very positive experience for those flying the
harassed aircraft. Morcover, the aircraft usually had no bombs left to drop, cither, so
there was no point in continuing their mission. Whether or not the aircraft made it back
safely was not a concern to the SA-2 battalion, for they achicved their original goal of
preventing an acrial attack upon the target that they were detending. The Thuds would
return another day, but today the SA-2 and the air defenses could claim victory.

These maneuvers also tended to disrupt the integrity of a particular tlight by
scattering it across a large volume of airspace. Most American aviators had long since
discarded the "lone wolt” approach to air combat and based their tactics on mutual suppor,
(41) Key to this concept was situational awareness, part of which entailed knowing where
your own thight was at all times. Scattering a tlight of aircratt in response to a SA-2 launch
only added to the contusion inherently present in combat, and made temporarily isolated
awrcragt vulnerable 1o waiting Nerth Vietnamese fighters, Ewven il not forced to perform a
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violent maneuver, the appearance of a SA-2 batiery somewhere in the countryside ahead
would force a change in the planned route of attacking aircraft. (42) In common jargon
that meant not flying a mission "as brieted, "

As previously argued, the missions were planned for aircraft to adhere to specific
routes, altitude and airspeeds, This allowed for timely coordination and support from a
variety of aircraft operating from different air bases. Changing one's plans in such a highly
dynamic environment -- aircraft cannot "stop" to allow for careful contemplation - greatly
adds to the already daunting tasks facing the aviator in combat. Flying as briefed was
especially critical regarding the low-level tactics which the SA-2 forced on tactical combat
aircraft in 1965,

Since chances were good that the pilots wouldn't even see his target until about the
time he popped up, it was crucial to at least anticipate where one should look. Changing
tactics and approaches after take-off greatly complicated the problem of finding the target.
All the Key visual reference points would either be approached from a different diroction or
be completely different points altogether. The margin for error, already low, greatly
decreased in an environment where aircraft flew a mile cvery cight or nine seconds, A few
seconds' worth of confusion was all it took for a target to be missed entirely.

Another effect of the SA-2 was that it cither diverted a large number of aircraft and
resources into specitic support roles in SAM suppression or diverted many air strikes from
SA-2 defended areas, More aircraft were lost to AAA fite while attacking SA-2 sites than
were downed by the SA-2's themselves.(43) Without the SA-2 around, many of these
aircraft could otherwise have been used to strike other targets. For example, during each
two-week "period” of authorized Rolling Thunder strikes, the Navy and Air Force would
be authorized about 600 sorties -- on¢ mission by one aircraft -- each for "armed
reconnaissance” in addition to their specitic list ot Presidentially-approved targets. Armed

reconnaissance sorties flew along suspected lines of communication, such as roads, in

search of truck convoys or other targets of opportunity. From 29 October to 11 November
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approximately twenty-percent of these "armed recce” sorties were onginally planned to be
Iron Hand sorties. Also, one of the six specifically authorized targets was a support facility
for surface-to-air missiles.(44)

All told, over 200 Iron Hand strikes were flown between August and December of
1965.(45) but the number originally planned to be Iron Hand far exceeded that number,
Poor weather over North Vietnam, for example, cancelled many sorties during the winter
months and if there were no known SA-2 battalions operating or possible sites discovered
then those Iron Hand sorties would instead be flown as armed reconnaissance.
Headquarters, Pacific Air Forces noted at the time that a large number of armed
reconnaissance missions were devoted instead to Iron Hand duties throughout the fall (46)
Research analyst Mike Fossier called this diversion of aircraft to other roles as "virtual
attrition."(47)

Virtual attrition could take out an entire strike force. As shown earlier, the downing
of just one aircraft by an SA-2 could call a halt to the air strike in progress and all ¢fforts
would be made instead to locate and rescue the downed air crew,(48) Not only would a
large number of aircraft be stopped from striking a target, but the rescue operation was
dangerous tor the aircraft involved. In November, after an F-105 was shot down by an
SA-2, two helicopters and two close air support aircraft were shot down in attempts to
rescue the pilot. That the air above North Vietnam was often denied to the Americans was
not in doubt, but this was not the most important result of the SA-2 launches,

Probably the most significant impact of the SA-2 was that it changed the way the
Air Force fought tactical operations. Electronic combat was exhumed from the tactical
graveyard and given new life as a prominent playet in tactical combat planning.(49) Air
Force tactical planners learned not to ignore the threat ot surtace-to-air missiles and other
developments of air detense systems, Tactical Air Command, once practically devoid of

anybody familiar with clectronic wartare, now made a concerted cttort to develop and test

new technology for the clectronic wartare arena. This was partially shown in the last
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chapter by the actions of Dempster's task torce. The remainder of this study is concerned
with some of these developments in tactical clectronic warfare.

Therefore, the SAM did not have to destroy many aircraft -- 194 known missiles
fired in 1965, for example. resulted in eleven downed US aircraft -~ to make its mark on air
combat, The SA-2 greatty contributed to the overall North Vietnamese air detense system,
and that same system made the SA-2 a highly lethal threat to US aircraft. This happened
despite an apparent lack of autonomy in a system that showed a relatively high degree of
integration. The SA-2 was seen to be formidable threat by the aviators who faced it.
"While actual kills by SAMSs were not excessive," cautioned an Pacific Air Forces report,
"the effectivencess of the SAM transcended this criterion because the threat was real enough
to trigger other side effects."(50)

The SA-2, in faot, dominated Vietnam's acrial arena in late 1965, The above
evidence suggests that the SA-2 would have been far less effective had it not been highty
integrated into the air defense system, This episode provides some insight into the
immediate, often desperate changes induced in one system by the weapon of another, The

days of the $A~2's dominance became numbered when a new technology appeared in

Southeast Asia, the Wild Weasel.




Chapter Seven
I ion: The Wild Weasel [ P
Eglin P!

The story of technological change within a military system is usually told from the
"top-down" and thus the predominant viewpoint is that of the decision-makers. Missing
trom these stories is an complete explanation as to how and why a technology changes
once it is introduced into the system. Detailed examinations of technological chiange that
considered the operators' perspectives -- "bottom up" approaches -- can fill in many of
these missing pieces. For example, a previous chapter discussed the problems of cracking
bomb fins and the need for new bomb design. Operators were not mentioned (except to
illustrate the detrimental effects of the inadequate bombs) and the decisions to implement
the changes were implicitly assumed to come from higher headquarters such as PACAF.
The story about the technological response to the SA-2 was seen from the perspective of
Dempster's task force but that had little impact on how the airmen dealt with the threat until
the new technology arrived, The air combat system had already begun to change on its
own betore the new technology was even built, It the story of the Wild Weasel [ program
was told only from the perspective of the high-level decision-makers then it, too, would
paint an incomplete picture,

Shortly after Dempster's rocommendations were made known, Headquarters, US
Air Force directed that four F-100F's be modified with otl-the-shelf radar warning and
homing (RHAW) goar built by Applied Tochnology, Incorporated. The Wild Weasel |
program received its modified aircraft in October. Volunteer crews were quickly trained
and were sent to Southeast Asia at the end of November. The Wild Weasel I "test period”
lasted 60 days, trom 28 November, 1965 until 26 January, 1966. In those sixty days, 135
sorties were scheduled tor the four Wild Weasel aircraft, of which 112 were flown.(1) In

these sorties SA-2 homing tactics were refined under combat conditions. Although the
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Weasels located only a few SA-2 sites, on 22 December one Wild Weasel aircraft managed
to mark a site for escorting F-105 aircraft which subsequently destroyed it. The program
was seen as successful, and in January Dempster ordered the Weasel aircratt to be changed
to the F-105, This version, called Wild Weasel I, appeared by the spring of 1966,

Unfortunately, this brief account leaves out specific answers to an important
(uestion: who held the power to implement major changes in tactics, training and
technological design? This account, like many studies of military technological change,
implicitly assumes that the system's major deciion-makers, like PACAF or Dempster's task
force, held that power. Likewise the operators are assumed to have successfully figured out
how to use the new technology in battle because the test program produced a tangible
result -~ the destruction of an SA-2 site. However, a bottom-up look at the Wild Weasel I
test program will show the inadequacies of these assumptions,

The idea of using specially-equipped aircraft to seek out tadar sites did not originate
with Dempster's commission, In 1944, the Royal Air Force equipped some Typhoon
fighter-bombets, under a program called "Abdullah," with radar detection gear to tind
German radars. These typhoons were accompanied with other typhoons who would attack
the site once the Abdullah aircraft marked it with smoke. The program, however, was not
very successtul.(2) In the US Army Air Forces, specially configured bombers like the B-
17, B-24 and B-29, all called "Ferret" aircraft, monitored German and Japanese radars and
gave approximate locations through triangulation of the intercepted signals. Other aircraft
were later sent out to bomb the sites.(3)

In the Pacific cspecialty, some B-25 Mitchell bombers were converted into “radar-
busters." Radar detection equipment was installed into these aircratt. ‘This technology,
combined with the B-25' already iethal nose armament and intemalty carried bombs, made
them deadly threaws to Japanese radar operators. These aircratt attacked and destroyed

approximately fifty Japanesc radar sites.(4) During the subsequent conflict in Korea, a

similar Air Force ettort was undertaken to seek out and destroy North Korean ground
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control intercept radars. Only a tew specially modified aircraft were produced, and as
historian Daniel Kuehl has shown, the program was not very successful.(5) In cach of
these cases the idea of "radar-busters” appeared to have died with the end of hostilitics. A
renewal of conflict led to the resurfacing of these methods and the carlier pattern was
repeated for Southeast Asia when the representative from North American outlined the
Wild Weasel on the back of an envelope. A radar homing effort again began from scratch.

As in previous programs, the aircraft chosen to pursue the Wild Weasel mission
already oxisted in the active Air Force inventory, A two-seat nircraft was necessary to
accommodate both a pilot and electronic warfare officer, or EWO. Obviously the pilot was
needed to fly the aircraft but the aviator in the back was needed to operate and interpret the
displays of the radar detection equipment. The aircraft chosen was a two-seat version of
the North American F-100 Super-Sabre,

The F-100, the tirst of the "Century-Series" aircraft, was a fighter design that
emerged out of the Air Force's lessons from the Korean War. The cry for better aircraft
performance was answered by the single-seat F-100, the first aircraft to achieve supersonic
speed in level flight. The "Hun", as it was called, was harder for the pilot to control at
lower speeds than it was flying faster, so a two-seat trainer version, designated the "I
model, was built. This allowed experienced instructors to pair up with less experienced
pilots in the same F-100F. The two-seat version was longer, heavier and slower than the
single-scat version. It was not originally intended to fly in combat. The commander of the
Wild Weasel [ program, a veteran of many hours in the F-100, summed up his feelings on
the matter by saying "I sure as hell never thought I'd be going into combat in a "Hun' two-
holer!" (6) Much less probable was the thought of this aircratt sporting radar detection
equipment and a non-pilot occupant in the rear cockpit.

This technology included oft-the-shelt equipment from a small-sized defense
contractor called Applied Technologies, Incorporated (ATT) based in Palo Alto, Calitornia.

The Vector Homing and Warning System, the WR-300 Receiver, and the IR-133
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Panoramic Scan Receiver were the names given to the newly installed gear.(7) This radar
homing and warning equipment also necessitated the installation of multiple small receiving
antennas onto the nose, fuselage, wingtips and tail of the aircraft, Each piece of equipment
had a specitic tunction.(8)

The Vector was a 3-inch diameter circular .. chode ray tube (CRT) that was
installed in both the front and rear cockpit.(9) Radar energy received in the its antennas
would be processed and be made to cause a strobe to shoot out from the Vector scope's
center toward its edge. The size of the strobe varied directly with the strength of the
received signal. A radar that was tracking the aircraft would produce a much bigger strobe
than a radar that was not, Additionally, the strobe itself varied in its appearance depending
upon the type of threat detected, because the logic circuitry of the Vector was designed to

distinguish between various types ot radar types. (10) By interpreting the scope the EWO
~ could discern an approximate bearing of the site's position relative to the jet.(11) Below the
screen was a panel of lights which indivated to him whether the signal was from an SA-2
site, a anti-aircraft artillery fire control radar, or some other kind of radar. Many radars
transmitting simultaneously could pose problems for the EWQ), because it was quite a
difticult task to continuousty match multiple strobes with their associated radars.(12)

The WR-300, unlike the Vector, did not detect a wide array of signals but instead
tfocused solely on the SA-2's missile command guidance signal. The WR-300's designers at
Applied Technology were led to helieve b an Air Force intelligence report that the SA-2's
radio guidance signal suddenly became much stronger when a missile launch was imminent
so they built their device to detect a three-decibel shitt in signal power within one second,
As it turned out, the guidance signal did change its characteristics prior 1o a launch but not
due to a power increase.  Nevertheless, the signal change triggered the WR-300 anyway,
tor the wrong theorctical reasons.(13) The WR-300 had three lights colored green, amber

and red. [t the green light was illuminated. then a Fan Song Radar had been detected.
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Amber meant that a missile launch was imminent. If it detected a launch, the WR-300
illuminated a bright red "launch" light.(14)

The most sensitive and also most complicated piece of equipment to master was the
IR-133. It was a panoramic receiver, which meant not only that it received signals though a
wide band of frequencies, but it also could be tuned to a specific radar frequency and allow
individual radar signals to be analyzed. This was of tremendous value when many radar
signals had to be distinguished from one another. It was assessed to be superior to other
available radar detection equipment, even those on EB-66C's.(15) The IR-133 was
sensitive enough to pick up radars at greater distances than the Vector, and one of its
operating modes allowed for very accurate radar homing. (16)

Some Wild Weasel test personnel initially thought it was possible to determine the
range to a particular radar based on the indications of the IR-133 and Vector. (17) By
using the IR«133 to point the aircraft divectly at the radar and rolling the F-100F into ninety
degrees of bank -- one wing pointed straight down to the ground and the other straight up -
- the Weasel crew, through a quick trigonometric calculation attempted to determine the
range. For example, it the aircraft was flying at one-thousand feet over perfectly flat
terrain, a bearing indication of ong degree to the left meant, in theory, that the radar site
was ten miles away. However, at onc-half a degree the site would be at a range of twenty
miles, and at one-quarter degree the range turned out to be torty miles.(18) The test
personngl gave up on the idea, since tlying at ninety degrees of bank at extremcly low
altitudes was dangerous, and at higher altitudes combat conditions would not allow tor the
delicate maneuvering required for precise distance calculations.

The range to the site was a very important piece of information tor the tactical
puzzle, and later moditications would address the problem. Wild Weasel [ crews, however,
would not have the technology capable of providing that information, Range calculations

would have to be made based on operator judgment. In combat, range could only be

determined if the Weasel crew actually saw a missile launch trom a camoutlaged site, but
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Weascels maintained a sense of humor in light of their grim missions. When Secretary of the
Air Force Harold Brown queried Weasel pilot Captain Al Lamb on how he determined
range to SA-2 sites, Lamb replicd, "when Jack (Captain Jack Donovan, Lamb's electronic
warfare officer) breathes real heavy, we're close. When he stops breathing, we're
there."(19)

Regardless of range, the Weasels were quite adept at homing in on radar sites at the
Eglin Ranges. Both the Vector and [R-133 could be used for this activity, although cach
operator tended to use different techniques in using his equipment. For example, the
Vector could be used initially to provide the relative bearing of the site to the air crew. The
Woasel's electronic warfare officer (EWO), once having determined the bearing of the site,
directed the pilot to tly toward that initial bearing, Once the aircraft was pointed roughly at
the site, the IR-133 could be used to turther refine the direction for a more accurate
homing run, Other EWO's used the IR-133 trom start to finish. By selecting "Direction
Finding Mode" on the IR-133, the electronic warfare officer would see two vertical lines
on the IR-133 display. Each line represented the relative strength of the signal being
received in the left and right antennag, respectively. A taller line on the left meant that the
lett side of the aircraft and its corresponding antenna was receiving more radar energy than
the right side.(20) This was interpreted by the aircrew to mean that the aircraft was heading
toward the right of the site and needed to turn left slightly. ‘The best indications of proper
homing were a Vector strobe that pointed straight up to the "twelve o'clock position” and
two equal amplitude lines on the [R-133. The trick, however, was to realize just when one
actually passed over the radar site, called "station passage."

Station passage is more commonly associated with radio navigation devices, In a
typical radio direction-tinding device, when tuncd to the "station” one wishes to locate, a
needle points to the relative bearing of the destination, Assuming the station is straight
ahcad and that the ncedle is pointing to the "12-o'clock” position, if the aircraft passes over
the station and leaves it directly behind, the needle will point to the "6-0'clock" position.
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However. as it flies directly over the station, the needle will often swing back and forth
between 12 o'clock and 6 o'clock before finally staying put at the 6 o'clock position. These
needle fluctuations indicate station passage.

On the Vector, as the Weasel flew along the radar beam toward the site, the strobe
grew in length as the aircraft got closer to the radar and ultimately extended from the center
to the edge of the CRT. At station passage, the strobe "curled” at the edge of the CRT,
forming a hook. After passing over the radar site, a short strobe appeared at the 6 o'clock
position.(21) That a short strobe appeared at 6 o'clock and not a long one had to do with
the radiation pattern of most radars used at that time,

A radar transmits most of its energy in the direction that its antenna is pointing,
This is commonly called the main radar beam, or "lobe," but there are also other beams
called "side lobes" and "back lobes." In other words, a radar that is transmitting toward the
east with its main beam is usually transmitting to the north, west, and south with weaker
beams as well. The IR-133 was sensitive enough to pick up these woaker side and back
lobes at relatively long distances. Homing in on these lobes rather than the main lobe
offered the prospect of safety and surprise because the Weasel could not be tracked by the
SA-2 radar operators. Therefore, as soon as its Fan Song radar was turned on, an SA-2
battalion might attract a Wild Weasel from any ditrection, no matter where its radar was
pointed. (22)

The case in which back lobes, side lobes and main lobes of different radars could
be sorted out by a Wild Weasel crew depended upon the radar signal knowledge of the
operator in the back seat and how well he knew his equipment. In very dense signal
environments -- occasions when many ditferent radars are simultancously received «- the
Vector could have problems in discerning SA-2 radar from tire control radar and even
triend from foe.(23) It the Vector displayed several signals simultaneously at various
azimuths, the opcrator would often have to tune the IR-133 to specitic signals, checking to

see if the [R-133 indicated a particular signal left or right ot the airplane. He would have to
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further « xrelate the noises pulsating through his headsets with similar visual indications on
the displays in front of him. Adding to this were a number of distractions such as
communicating with the pilot, busy radio tratlic and the WR-300 flashing in his tace, not
to mention taking time out to see what was outside the cockpit. It iook a large measure of
skill not only to overcome for the equipment deticiencies but also to maintain the required
level of concentration,

The Wild Weasel pilots and electronic warfare officers were highly experienced in
their respective specialties. A total of eight F-100 instructor pilots and five B-52 electronic
warfare ofticers became part of the Wild Weasel [ program, Five of the ¢ight pilots had
previous combat experience, but none of the EWO's had seen any combat time, let alone
any time in an F-100. None of the aviators, however, had less than 1000 total flying hours,
and the average flight time for all the fliers was well over 2000 houss.(24) Althou_gh
Tactical Air Command produced the pilots, the message had to reach Strategic Air
Command before prospeciive ¢lectronic warfare officers could be tapped.

Messages had been sent out by US Air Force Headquarters to both Tactical Air
Command (TAC) and Strategic Air Command (SAC) as soon as Wild Weasel [ began to
take shape.(25) Few had any idea what exactly it was they were volunteering for, since the
nature of the Wild Weasel program was closely held, The mission was only described as
an "F-100 Command Post" and as being highly classified in nature. "Fortunatety," said a
subsequent Air Force study on the Wild Weasel program, "the US Air Force has never
been short of highly skilled volunteers in scarch ot a new challenge."(26) This is an
antiseptic and rather inaccurate way of describing the volunteer process for one of the most
dangerous missions ever envisioned for combat aircraft. T'he truth was. at least as far as the
SAC electronic warfare otficers were concerned, the Air Force did much of the
“volunteering.” Former 13-52 ¢lectronic wartare oflicer Captain Jack [Donovan was

surprised with his orders sending him to Eglin Air Force Base, Florida for temporary duty
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in an "F-100 Command Post.” He and his fellow SAC aircrew members were hand-picked
by higher headquarters for the Wild Weasel I test program.(27)

The "volunteer" aviators arrived in Florida at different times, but were all in place
by carly October, Donovan and another clectronic warfare ofticer, Captain Walt Lifsey,
were the first to arrive at Eglin AFB for Wild Weasel | in late September, They were
immediately flown to Los Angeles, California, and then dtiven to some dilapidated, but
well-guarded, hangars at Long Beach airport. According to Donovan, inside one of these
buildings was an F-100F "with all its guts hanging out."(28) In other words, engincers from
North American had already begun the process of modifying the aircraft for its mission,
The next day the airmen were driven to Palo Alto, California and met with a representative
tfrom Demptset's task force and engineers from Applied Technology Incorporated (ATI).
The design engineers of North American and ATI eagerly accepted inputs from the Air
" Force captains. Donovan and Lifsey determined how ATT's equipment was arranged inside
the rear cockpit as well as gave suggestions for its operation, "We'd tell them we'd want a
knob to do this and a switch to do that," said Donovan.(29) In this fashion the procured
¢quipment was initially adapted to the tactical combat system.

The process of adaptation in this program involved more than learning the
operation of new knobs, dials and switches. While the some of the pilots were learning for
the tirst time that the position of clectronic wartare oflicer actually existed in their own air
torce, some electronic wartare officers "were reluctant to bounce all over North Vietnam in
a single-engine fighter with a wild-eyed, hot dog pilot at the controls."(30) The ecarly
encounters between the two groups were uncasy. "We had never seen a fighter pilot up
close before." said a Weasel EWO. "They were trained to be aggressive and obnoxious and
they didn't disappoint us." (31)

Fighter pilots trom tactical air command, generally speaking, were used to being the

sole person in the cockpit of their aircraft. Initially, "we weren't happy about the team

concept,” recalled Weasel pilot Captain Al Lamb.(32) Having another pilot sit behind
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them was one thing, but these electronic wartare oflicers -- initially referred to derisively as
"trained bears" -- were another matter entirely. "(Pilots) were proud of the fact that they
were perfectly capable of steering themseltves from place to place in the world," wrote Jack
Broughton " and the thought of having a bomber navigator sitting behind them was
completely foreign...I hated listening to someone - : breathe into my ears on the hot mike
for hours."(33) Initially, the control stick in the rear cockpit was taken out when the new
equipment and its operator arrived, lest he try to fly the aircraft! Objections from the
EWCQ's brought the stick back, but no throttle controls.(34)

Both pilots and EWO's set aside their reservations as each teamed up to form a
combat partnership. Pilots and their back-seaters ate together, roomed together, flew
together and soon became able to anticipate sach other's actions while flying, Still, old
habits died hard. Jack Donovan recalled that on his initial training mission with pilot Al
Lamb, he identified himself on the intercom with "Pilot this is EWO" before commencing
with his request, This was common procedure in B-52's because up to ten airmen used the
same intercom system on that airplane. Lamb's reply: "well | hope to God that's you back
there" indicated the different style of communication that was required in this situation.
Cockpit communications needed to be brief, sometimes a grunt would suffice to convey a
message. (35)

Since the back-seat aviators came from B-52', the view trom the rear canopy of
the F-100F was probably the first time since navigator training that these clectronic warfare
otlicers could actually see where the aircraft was going,(36) Additionally, no relatively
slow, lumbering B-52 could hopc to match the mancuvering characteristics of a fast, agile
F-100. These new, highly mancuverable tighters also brought with them a correspondingty
high potential tor airsickness in queasy back-seat aircrew members accustomed to less gut-
wrenching rides in heavy aircratt! Such physical feelings could severely hinder an airman

from pertorming his dutics, but once adjusted to the tighter's characteristics, the electronic
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wartare otficers could then concentrate on their primary task of identitying threat radars
with the equipment and working with the pilot to find those radars on the ground.(37)

Project Wild Weasel [ was officially underway at the Tactical Air Wartare Center at
Eglin Air Force Base (AFB), Florida by 4 Oct 1965, but the official reports give little
indication of what role the operators played in conducting training.(38) The detail in which
many Wild Weasel I training activitics are shown in these reports can casily lead a historian
to assume that the airmen simply assumed their position within a pre-established formal test
program at Eglin AFB. This was not entirely the case. The tests for the new detection
equipment had been established beforehand, but there was hardly any time originalty
planned for the development of combat tactics.

Although a later chapter will outline the cight specitic objectives established by
TAC and the Air Force's Tactical Air Warfare Center for Wild Weasel 1 it is important to
note here that only one specifically referred to the development of procedures to locate,
attack and neutralize the SA-2 battalions. The air crews would have to develop tactics on
their own time once the flying began. There were no classrooms, no periodic intelligence
briefings on American and Vietnamese ait tactics used over North Vietnam, and no
training tlights geared toward finding camoutlaged, well-protected sites. What little time
could be found between training tlights to discuss the employment of this aircraft was
supplemented by time used in the dorm rooms and at the bar. Discussions ensued wherever
possible about subjects such as optimum size of formations, spacing between attacking
aircratt, altitudes at which one could expect to acquire targets, suggested attack profiles,
and munitions loads. Ong of the most important issucs among these was how the Wild
Weasel crew might be best able to provoke an S A-2 battalion into wrning on its Fan Song
radar. The lack of tormal training for combat was corrected in subsequent Wild Weasel
training classes.(39)

Flight training took placc on the ranges at Eglin in four newty-modified F-100F's,
Betore the crews set toot in their new aireraft, the Air Force had required that the newly
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moditied Wild Weasel aircraft were ready for them. Once the specialized equipment was
installed onto the F-100's, North American had first to test cach aircraft at their I.ong
Beach facility and then fly them to Eglin AFB, where they were put through further testing
on Eglin's flying ranges. Only after the contractor's tlight test were complete were these
aircraft to be turned over to the Air Force crews, but the staggered arrival ot the selected
Wild Weasel pilots led some of the ¢lectronic warfare officers to begin their flight
orientation with North American Aviation test pilots.(40)

The tost flights explored the ability of ATI's equipment to detect and locate
simulated Fan Song radar signals. The Air Force possessed Soviet Air Defense Simulators,
or SADS, which imitated SA-2 radar signals based on the latest electronic intelligence
information. The SADS had its own operators, and for all practical purposes the system
acted like a normal radar. It was paired with another radar for the purpose of tracking and
recording the test aircrafts' routes of flight to reconstruct missions. (41) The crews would
fty about in the Eglin ranges waiting for the SADS signals to be detected on the receivers,
Once the latter occurred, the electronic wartare officer in the back would direct the pilot
toward the SADDS site until cither the pilot or back-seater could see the site from the
aircraft. (42)

Twenty sortics were flown at various altitudes between 1001t and 10,000 feet to
specifically assess the operation of the radar homing and warning capability of the
Wezsels.(43) All told, approximately three-hundred practice runs were made against the
SADS site during the Wild Weasel testing, Four times during the mission the SADS site
would transmit its synthetic SA-2 signal, and the EWO would notify the ground radar
operators as soon as he picked up the SADS signal. After carefully noting the angle
between the aircraft heading and the relative bearing to the SAIDS signal, the EWO would
direct the pilot to the site with the object ot overtlying and locating the SADS visually, By
comparing what the EWO saw on his scopes and what actualty was the case, the

equipinent's accuracy could be determined. At Eglin, 235 runs gave an average 77 toot
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miss distance for overtlights.(44) Similarly, ten sorties at similar altitudes were tlown
without the benefit of homing, Once the back-seater detected the SADS signal and its
relative bearing, the SADS site would shut off its transmitter and the crew would have to
tind the site with only that initial information, Another concern was the use of on-board
jamming pods and their possible effect on the detection equipment, Five sorties were
flown where the F-100 carried a jamming pod. Although the resultant jamming interfered
with the radar detection equipment, the electronic warfare ofticer still had to guide the pilot
to the SADS site.(45)

An overlooked aspect of this program, but one no less important, was that this
étatesidc phase had to result in some sort of Wild Weasel organization, It was, in fact, a
system all to itself that had to be built from the ground up. Air crews had to be selected,
certainly, but so did maintenance specialists, intelligence experts and other support
personnel.(46) For example, each aircraft had its own pair of crew chiefs, who were
responsible for the overall condition of the aircraft, There were also included individual
specialists in areas like the repair of flight instruments, navigation equipment, and electronic
components, There were two jet engine specialists, weapons specialists, a parachute rigger,
and two fuel system specialists, Three representatives from Applied Technology deployed
with the team to provide their expertise, All told, about 53 people comprised the Wild
Weasel [ test team, as seen in Figure X1.(47)

An interesting feature ot this team was that it alyo included a body to evaluate the
project at cach phase and continualty make improvements while establishing some set of
standards for the Wild Weasel program.(48) The process by which this was to take place
was officially established about a week before the F-100F's departed tor Korat Air Base.
The key to this evaluation was an accurate reconstruction of the mission. A major input to
this process was a debrieting by the pilot and electronic wartare ofticer after each F-100

mission. Wherever possible, details were not spared. Pilots, for example, were asked about

the enemy air detenses that were encountered and what kinds of evasive maneuvers they
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Wild Weasel I Test Team Composition

Positions (officer/enlisted) Pasitions (enlisted anly)
Commander (officer) Instrument Repairman
Administrative Supervisor (enlisted) Afrcraft Pneudraulic Repairman
2 Administrative Specialists (enlisted) Inventory Management Supervisor
Air Operations Officer (officer) Aircraft Ground Equipment Repairman
Operations Analyst (civilian) 2 Electronic Warfare Repairmen
Operations Staff Officer (officer) 2 Jet Engine Mechanics
Air Operations Supervisor (enlisted) Mechanical Access Repairman
§ Tactical Fighter Pilots (officer) Aircraft Radio Repairman

5 Electronic Warfare Officers (officer) 2 Flight Control System Mechanics
Aircraft Maintenance Officer (officer) Weapons Maintenance Supervisor

3 Weapons Mechanics (enlistsd) Parachute Rigger

4 Aircraft Crew Chiefs (enlisted) Egress System Repairman

4 Aircraft Assistant Crew Chiefs (enlisted)  Aircraft Fuel Systems Mechanic
Airframe Repairman (enlisted) Personal Equipment Specialist
Parachute Rigger (enlisted)

Aircraft Electrical Navigational Equipment Repairman (enlisted)
Flight Control Systems Specialist (enlisted)
Aircraft Maintenance Superintendent (enlisted)

FIGURE XI




used. The clectronic wartare otticers were asked to detail what they saw on their
equipment. Both were asked to address a variety of problems and suggest solutions. What
was the communication like between the crew? How should the equipment be repositioned
or what clse needs to be added? This, however, was just one part of a larger process.

Each aircratt carried an airborne tape recorder in the rear cockpit and one catried a
seventy millimeter KA-60 camera in the nose.(49) The taped conversations of the crew
could clarify turther the pilot and electronic warfare officer reports. The cameta could help
identify overtlown SA-2 sites, and, if these sites were attacked, give some indication of
damage. Photographs from subsequent reconnaissance flights would provide better bomb
damage assessment in these instances. Intormation from other sources, such as intelligence
and electronic reconnaissance aircraft was gathered. When all this was combined, a more
complete picture of the mission emerged. Having painstakingly reconstructed the mission,
there now came the task of evaluating the mission. What went wrong? What went
right?(50) By late November, their training had been completed and the four Wild Weasel
crows flew their F-100F's to Korat AB in Thailand.

The process through which this took place however, was not as simple as it
otherwise might appear. Each F-100 carried only two aviators. ‘That left over forty-five
others without transportation, not to mention the support equipment. Many organizations
had their hand in the movement ot the Weasel tcam trom Florida to ‘Thailand. The Tactical
Air Command Headquarters in Virginin monitored the overall conduct ot the program and
was responsible for acquiting contractors to assist the Wild Weascl maintenance personnel.
The Tactical Air Wartare Center at Eglin Air Force Base arranged tor the deployment of
the Wild Weasels and also remained ultimately responsible for supporting and evaluating
the program during its tour in Southcast Asia. Other Air Force commands had to be
notified ot the deployment so that they could provide support. ‘The Pacitic Air Forces, for

example, were given operational control ot the Wild Weasel force once the latter flew west

of 140 degrees longitude. ‘They also had to provide tacilities for the Weasels at their tinal
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torward base in ‘Thailand as well as logistical support. ‘The Military Air Transport Service
airlifted most of the Weasel force from Florida to Thailand. Strategic Air Command
provided the tanker aircratt that enabled the both F-100's and the transport aircraft to make
the Transpacific tlight, as well as providing a staging base (Anderson AFB Guam) for this
redeployment. Further coordination for various reasons was required with the stateside Air
Defense command, The western area US Coast Guard, Air Force Logistics Command,
The Air Force Communications Service and the US Navy.(51) This deployment was not a
simple process for the people of the Wild Weasel team, either,

The petsonnel involved had relatively short notice as regards their future
destination, This was, after all, a highly classified project and most knew only that
experienced personnel were needed. Each individual was "processed,” as it were, through
what was known as a mobility linc. Every thirty minutes, fiftecn people were processed
through this line in a large aircraf