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FOREWORD

Electronic Countermeasures jn the Air War Against No{Lh
Vietnam is one of a series of monographs on USAF tactics and
techniques in Southeast Asia. Electronic countermeasures is
but one aspect of the broad subject of electronic warfare, which
was waged in all its complexity throughout Southeast Asia. Never-
theless, in choosing to deal with this topic, the Office of Air Force
History faced a difficult security problem, for key material is so
closely held that its inclusion might result in a history to which the
average Air Force officer would not have access. As a result, this
special intelligence was not used. Instead, various agencies involv-
ed in electronic countermeasures, having access to material not
available to the historian, were invited to comment on a draft of
the monograph, to ensure an essentially correct account.

The author did most of his research at the Office of Air Force
History, using materials obtained from the Albert F. Simpson His-
torical Research Center and the Air University Library, MaxweII
AFB, Ala. The U. S. Air Force Security Service, (USAFSS),. F"fr "

Antonio, Tex., furnished certain countermeasures evaluations that
did not contain unusually sensitive information. Data from this
organtzation supplemented the material assembled by the Strategic
Air Command, Offutt AFB, Neb. , on the 7972 B-52 campaign
against North Vietnam.

JOHN W. HUSTON, Maj. Gen. USAF
Chief, Office of Air Force History

Washington, D. C.
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PREFACE

Unlike the broader subject of electronic warfare, which
originated with interceptions of radio traffic during World War
I, electronic countermeasures began with the appearance of
radar-directed air defenses in World War II. The first syste-
matic use of electronic countermeasures occurred when British
night bombers employed various devices to blind German radar
and disrupt communications between defending pilots and ground
controllers. U. S. Army Air Forces also conducted wartime
countermeasures operations, and duri ng the Korean fighting the
U. S. Air Force used equipment and techniques developed for
World War iI. In the years that followed, the United States

.sought to keep pace with improvements in radar by devising new
countermeasures, especially for the strategic bomber force,
though for tactical aircraft as well.

The Vietnam war tested the recent developments in elec-
tronic countermeasures. At first, radar-controlled surface-to-
air missiles and antiaircraft guns had the advantage. The Air
Force, however, perfected a countermeasures pod for fighter-
bombers, and fitted out and armed aircraft for the express pur-
pose of locating and destroying missile sites. These endeavors,
complemented by long-range jamming and by countermeasures air-
craft from the other services, succeeded in restoring a balance
favorable to the offense.

The deadly struggle continued throughout the war. The North
Vietnamese adjusted their radars and electronic techniques to
neutralize American countermeasures, and the Americans reacted
to the changing threat. The countermeasures effort reached its
climax in Linebacker II, the B-52 attacks of December 7972 against
the Hanoi-Haiphong region. The entire wartime experience was com-
pressed into a few days, as each side sought to overcome the elec-
tronic tactics employed by the other.

u1{ctAsstFrED
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The electronic countermeasures campaign produce no inflex-
ible catechism of lessons learned. Instead, the Air Force dis-
covered the importance of continually evaluating the usefulness
of its countermeasures and adjusting quickly when effectiveness
declined. The basic lesson can best be summed up in words attri-
buted to Adm. Thomas Moorer, former Chairman of the Joint
Chiefs of Staff : "If there is a World War III, the winner will be
the side that can best control and manage the electromagnetic
spectrum. "
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I. .THE DESTRUCTION OF LEOPARD 02

{flf The four McDonnell Douglas F-4C Phantoms of Leopard
flight were cruising in loose fingertip formation at 23' 000 feet,
some 3? nautical miles west of Hanoi, capital city of North Viet-
nam. These twin-jet fighter-bombers, each with a Z-rnan
cr€wr had taken off earlier that morning from Ubon air base'
Thailand, to protect other Air Force planes assigned to bomb
North Vietnamese military targets. The date was 24 July 1965'
during the fifth month of Rolling Thunder, an air offensive de-
signed, according to President Lyndon B. Johnson, to make
North Vietnamrs leaders t'reali.ze. . that their aggression"
against neighboring South Vietnam "should """"". 

f,- 1

{5) et about 0805 local time, a Douglas RB-66C electronic
reconnaissance plane detected a radar signal from a Russian-
designed SA-2 surface-to-air missile battery, the second time
in as many days that one of these planes had intercepted this type
of transmission originating within North Vietnam. The RB-66C
radioed a warning, &rrd shortly afterward Lt. Col. William A.
Alden, USAF on the far left of the Leopard formation, saw two
missiles streaking skyward, closing rapidly from the right and {
below. The first missile exploded directly beneath Leopard 02,
on the opposite flank from Alden. He saw flames erupt from the
trailing edge of the Phantomrs wing, as the stricken plane rolled
onto its back and spiraled out of sight into the clouds. One of
the crew, Capt. Richard P. Keirn, parachuted, survived almost
eight years as a prisoner of war, and returned to the United
States in 19?3. His partner, Capt. Roscoe H. Fobair, apparently
died in the crash. Alden and the surviving members of Leopard
flight broke formation, evaded the second missile, &rld returned to
Ilbon, where ground crews discovered that all three aircraft bore.,
scars from fragments of the missile that had downed Leopard 02. "

Intro{gcing the SAM 3

(U) Weli before the Vietnam conflict the American military
coined an acronym for the surface-to-air missile; it had become
the SAM. Although the SAM made a grim southeast Asia debut,
destroying a $2-million airplane and damaging three others, it



was not a new weapon. The SAM had first appeared in 1957, and
3 years later it shot down an American Lockheed U-2 high-altitude
reconnaissance plane near Sverdlovsk, deep inside the Soviet Union.
The pilot, Francis Gary Powers of the Central Intelligence Agency,
was taken prisoner' but within 2 years his captors released him in''t
exchange for a Russian spy held in the United States. Less fortunate
was the chinese Nationalist pilot killed in the autumn of 1962 when
a SAM site in mainland China downed his U-2. A few weeks later,
during the Cuban missile crisis, this type of weapon destroyed a
Strategic Air Command (SAC) U-2 on a photographic mission over
Cuba, killing the pilot, Maj. Rudolf Anderson, Jr, 4

(€lffre kind of SAM that destroyed Leopard 02 was a Guide-
line missile, a component of the SA-2 weapon system. The SA-2
employed a Fan Song radar to locate targets for four to six Guideline
missiles mounted on individual launchers. Portable generators
provided current for the computers that processed firing data. At .,:r

each SAM site, the North Vietnamese also installed an acquisition
radar capable of detecting aircraft at a distance of 100 nautical
miles, roughly three times the range of Fan Song. The most common
kird of acquisition radar was called Spoon Rest, though others saw
service before the war ended.

(T) The Guideline missiles that roared skyward on 24 July
measured 10. 6 meters (35 feet) in length, weighed about 2270 kllo-
grams (5000 pounds), and attained a velocity approaching Mach 4.
The solid-propellant booster rocket was 64 centimeters (26 inches)
in diameter and 2.6 meters (8.5 feet) in length. The liquid-fueled
sustainer, or second stage, measured 49 centimeters (20 inches)
in diameter and was 7.9 meters (26 feet)long. Because of its dis-
tinctive shape, Guideline received the nickname "flying telephone
pole. " The high-explosive warhead weighed 189.6 kilograms (420
pounds) and had a lethal bursting radius of 150 to 200 feet. At-
though Guideline could down an airplane as far as 17 nautical miles
from the launch site, it could not engage targets within a "dead
zone" of 5 nautical rniles. The missile had to travel this distance
before the fuze was armed, the booster stage discarded, and the
guidance system in operation. Nor was Guideline effective against
aircraft flying below 3000 feet, the minirnum altitude at which Fan
Song could track a fast-flying target.
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(8) Mounted on a trailer, Fan Song ernployed two trough-
shaped antennas, one of which scanned horrzontally to determine
azimuth and range, while the other scanned vertically to obtain
elevation and verify range. Because the antennas continued to
scan after they had locked onto a target, Fan song was called a
track-while-scan radar. This feature enabled the operator to
detect additional targets while tracking a particular radar re-
turn but did not permit him to fire upon two or more targets sim-
ultaneously. To acquire a target, lock onto it, and launch a
missile took about 75 seconds, with 30 to 40 seconds required to
shift to another target, lock on, and 1aunch. SAM crews could
salvo their missiles against a single radar return at 5-second
intervals.

(€) The same antennas that tracked the target also tracked
the missile, receiving a signal from the guidance beacon, a trans-
ponder located on the sustainer stage. A computer processed
the data on both missile trajectory and flight path of the target,
issuing commands to the missire by means of a guidance trans-
mitter that used a different frequency from the track-while-scan
radar and had its own dish-shaped antenna. The guidance signal,
which commenced no later than 4 seconds after launch, was picked
up by a receiver in the base of Guideliners sustainer section.
when the SAM was about 1000 feet from the calculated point of in-
terception, cr approximately 23 seconds after launch, a command
from the ground armed the warhead. A radar proximity fuze cau-
sed detonation. If the intended victim eluded the missile, the war-
head would automatically explode from 57 to 63 seconds after launch.
The second Guideline fired on 24 July against Leopard flight de-
stroyed itself in this manner.

(*) rrre sA-2 was a mobire weapon. some 25 assigned ve-
hicles and vans could move a complete battalion, usually consis-
ting of an acquisition radar, a Fan song set, electrical generators,
a fire control computer, and 1B Guideline missiles, one for each
of the six launchers and a dozen spares. At first glance, rapid
movement seemed almost impossible in the absence of an extensive
network of surfaced roads, but the North Vietnamese proved sur-
prisingly adept at shutiling units among previously prepared
Iaunch s ites.
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C) fne SAM in its 1965 version had certain exploitable
weaknesses other than its inability to engage low-flying aircraft.
To provide a sharply defined radar image, Fan Song operators
doubled the prlse repetition frequency some 30 to 40 seconds
before launch, and the guidance signal, which could not be de-
layed more than 4 seconds after launch, confirmed that a missile
was on its way. Radar warning gear, installed in American
combat planes, could pick up these signals and alert the pilot to
make a diving or climbing turn, maneuvers that the missile could
not duplicate.

(f,' ffre SAM of 1965 differed, however, from the model in
use 7 years later. An important modification was the addition
of an optical sighting system, first introduced in 1968, which
enabled missile controllers to track aircraft fiying as low as
1000 feet. Contained in a box mounted on the horizontal trough
antenna, this aiming device was immune to jamming, though de-
pendent on good visibility. Optical guidance required only two
electronic signals. One was the guidance command, broadcast
from the Fan Song van beginning about 4 seconds after launch;
the other was the down link, or transponder signal, which showed
whether the missile was following the proper trajectory.

(€l Optical guidance gave North Vietnamts defenders an
opportunity for ambush. As the attackers approached, a Fan
Song radar could begin transmitting to attract the attentjon of
the air crews. Meanwhile, a different SAM site would track the
planes optically in order to unleash missiles from an unexpected
direction. 5

(5) fn addition, the Fan Song radar itself underwent modi-
fication, emerging as a greater menace to low-flying aircraft.
In 1972, crews of General Dynamics F-111Ats on night missions
reported being tracked by Fan Song at altitudes below 500 feet,
but they suffered no injury, for the missile warhead did not arm
in time to engage a target flying lower than 1000 feet. 6

(€) The final year of the war saw the North Vietnamese
introduce several new pieces of equipment, among them a new
surface-to-air missile and a modified Fire Can radar, both of
which could have been Chinese inspired. As early as May 1972,

|"
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Air Force pilots reported seeing a "short, fat, and black"
missile with "extremely good guidance and much better maneu-
verability than the SA-2. " 7 The missile, however, did not
prove as deadly as the first reports seemed to indicate. On
the basis of infrequent sightings during the summer, intelli-
gence analysts concluded that the weapon had essentially the
same characteristics as current models of the SA-2. B

(fli ffre other electronic innovation was an I-band radar
signal which the Americans at first called T-8209 but later
redesignated B-4272--Tearnwork. This signal emanated
from Fan Song radars that apparently had been modified to
shift from the usual E-band frequency range to the l-band.
By December 1972 the enemy was installing the modified
Fire Cans at SAM sites, enabling radar operators to shift
from the heavily jammed E and F bands to a less vulnerable
set of frequencies. Against the Teamwork signal, American
electronic warfare officers employed a jamming transmitter qr
designed primarily to deal with airborne intercept radar. I

Other Elements of North
Air Defenses

Vietnamts

(€) to compensate for the ineffectiveness of early SAM|s
against low-altitude attack, the North Vietnamese turned to
conventional antiaircraft guns, surrounding their SAM batteries
(and other tikely targets) with automatic weapons ranging in
size from 12.7-rnrn machine guns to 57-mm cannon. Russian- *
designed 85-mm and 100-mrn guns also challenged the Ameri-
cans, but these were fewer in number and less deadly than the
lighter weapons. In short, North Vietnam bristled with anti-
aircraft guns, aimed by optical sights or radar, that not only
covered the low altitudes where SAM|s were least effective but
also supplemented the missiles in defending against aircraft
flying between 3000 and 40, 000 feet.

(*) Three types of antiaircraft weapons usually mounted
optical sights. The lightest was the L2.?-mm machine gun,
effective up to 3000 feet and capable of firing B0 rounds per
minute. The heavier 14.5-mm machine gun boasted an effec-
tive range of 4500 feet and a rate of fire of 150 rounds per
minute. The 37-mm gun could fire B0 rounds per minute
and down a plane flying as high as 5500 feet. 10
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(Al tn protecting the SAM sites, North Vietnamrs defenders
relied heavily on batteries of four to eight 5z-mm guns, either
towed or self-propelled. A van-mounted'Fire can radar nor-
mally controlled these weapons, feeding the data it gathered
into a fire control computer, but optical tracking and ranging
equipment was also available. credited with an B0-rounds-peff*
minute rate of fire, the radar controlled 5?-mm gun, could
engage a target at nearly 20, 000 feet, Optical aiming, however,
reduced the maximum effective range to about 18,000 feet. 11

(€) lfne Fire Can radar, also used with the 85-mm and
100-mm antiaircraft guns, evolved from a Russian set that, in
turn, was based on an American type produced during world
war II. The operator could pick up an aircraft at a range slightly
in excess of 50 nautical miIes, but the lack of a moving target
indicator on the vie wing scope complicated the task of tracking
fast, low-flying planes. Fire can was '''ore vulnerable to de-
liberate electronic interference than Russiars newer gun-laying
:."9":", ""T: of rvhich reached North Vietnarn before the 1{o
irgntrng endcd. L-
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(fl) North Vietnamts heavier antiaircraft guns were dead-
liest when controlled by radar. The B5-mm weapon had a maxi-
mum effective range of.27,500 feet and a rate of fire between 15
and 20 rounds per minute. The 1OO-mm gun could fire 15 'qt

rounds per minute against targets up to 39,000 feet. 13

5) Against aircraft flying so 1ow that neither radar nor
optical equipment could track them, the defenders employed
barrages from 37-mm and 5?-mm antiaircraft guns, machine
guns, and even automatic rifles. These weapons did not take
aim at the approaching formation but tried instead to throw a
wall of fire across the route the attackers would use. AccoFUing
to North Vietnamese Army manuaLs, a trained rifle platoon
could fire a barrage of 1000 rounds within 5 seconds or less. 74

9) As American aircraft began attacking from low alti-
tudes to avoid the SAM, the 57-mm guns, either optically or
radar controlled, quickly became the enemyts dangerous wea-
pon. Compilations of Arnerican losses from the beginning of
Rolling Thunder in March 1965 to the end of that year disclosed
that this weapon, together with machine guns and 3?-mm gurrsr
accounted for 90 percent of the total. 15

€) a third element of North Vietnamts air defenses was
the interceptor force. When the F-4C's of Leopard flight hur-
tled northward on 24 July, they were protecting the dayts strike
force against Russian-designed Mikoyan-Gurevich (MIG) fighters.
North Vietnamese pilots in MIG-1?ts had made the first aeriBl
kills of the war in April 1965, shooting down two Republic F-105D
Thunderchiefs near the town of Thanh Hoa. Although subsonic
and short-range, the MIG-17 packed three cannon, could carry
air-to-air rockets, and was exceptionally maneuverable. By
the end of 1965, the more formidable delta-wing MIG-21, super-
sonic and armed with both cannon and infra-red homing missiles,
was in the hands of North Vietnamese pilots. As they gained
experience, these fliers became increasingly skilled at following
instructions from ground controllers to make high-speed, hit-
and-run attacks on American fighter-bombers. 16

!
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The Defensive Svstem Evolves

€l Such were the three components of North Vietnamts
air defenses: surface-to-air missiles, antiaircraft guns sup-
plemented by machine guns and even automatic rifles, and
modern interceptors. As time passed, the enemy establisheqf
a communication net that enabled him to use what the com-
mander of an Air Force electronic warfare squadron called
"unpredictable operating procedure. "

(9 tfre "classical example" cited by this officer, CoI.
Morris Shiver, was the use of radars other than Fan Song to
track targets for SAM units. Either the battalionrs acquisi-
tion radar or a nearby early warning set fed data to the SAM
fire control center, so that the Fan Song, instead of picking*
up the American formation at the usual distance of 35 nautical
miles, remained in what was called "dummy 1oad, " which
left it ready to transmit instantly even though no electrical
power was yet reaching the antennas. When the approaching
aircraft came within missile range, the Fan Song operator
began transmitting in the high pulse repetition frequency, thus
avoiding the characteristic doubling of pulse repetition fre-
quency just prior to launch. "This bit of tactical adaptabilitJa."
Shiver declared, "clearly demonstrated the danger of being
complacent where the North Vietnamese are concerned.tt 77

(C) ffre evolution of North Vietnamts air defenses con-
tinrred throughout the conflLict, During 1971, Defense Intelli-
gence Agency specialists reported signs that the enemy was
centralizing control of his SAM battalions at Hanoirs Bac Mai
airfield, already the site of a command post for interceptor
operations. Such a facility, they predicted, could ultimately
coordinate the activity of several regional defense centers,
each with its own missile and antiaircraft batteries. Yet, when
the air war approached its climax in December 1972, the
heaviest attacks fe1l upon Hanoi and Haiphong, and a nation-
wide command and control network proved unnecessary. 1B

€) According to Air Force endorsed intelligence, the
number of SA-2 units increased rapidly during the early years
of the conflict, then became fairlv stable. From seven launch
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sites at the end of July 1965, the number burgeoned to 20 or
25 battalions in 1967, to 35 or 40 in 1968, and to 45 in 7972.
Evidence available to Strategic Air Command planners in
December 19?2 showed that 26 of the SAM units were located
north of the 2Oth para1le1, with L2 of them clustered around
Hanoi and 9 around Haiphong. Each battalion had its own Fan
Song and target acquisition radars.

(Sf After 1967, intetligence estimates advising Air Force
headquarters of the number of North Vietnamese antiaircraft
weapons showed a steady decline, as collection technique im-
proved. In the spring of 1967, the Air Force compilation
credited North Vietnam with almost B000 guns' ranging in
size from 3?-mm to 100-mm. Within a year, a revision had
cut this inflated total almost in ha1f, and by the fa1l of 1969,
it had been halved again to approximately 2000 weapons. In the
spring of 1972, Atr Force headquarters was citing intelligence
estimates listing just B84 antiaircraft guns, 824 of them 37-mm
or 57 -mm and the remainder 85-mm or 100-mm. To some
extent, the reduction since 1969 reflected the disbanding of
antiaircraft units after Rolling Thunder had come to an end.
Meanwhile, Pacific Command intelligence analysts agreed that
the number of gunlaying radars, both Fire Can and more
modern types, had increased from roughly 30 in 1965 to 49 in
r972.

€) No such drastic revisions characterized estimates of
the number of interceptors available for the defense of North
Vietnam. Throughout the conflict, however, the number of
MIG's actually in the North fluctuated in response to American
air power, which at times forced most of them to retreat be-
yond the Chinese border. In the spring of 1968, for example,
intelligence reported as few as eight MIG-21ts and seven MIG-
1?ts flying from North Vietnamese airfields, with the remain-
der of the force, more than 100 planes, enjoying the security
of bases inside China. The aggregate number of fighters
carrying North Vietnamese markings varied during 1967 and
1968 from slightly more than 100 to almost 150. The year
1969 saw the totat exceed 200, as supersonic MiG-19rs and
MiG-21rs moved south from China to increase from 55 to 126

the number of fighters based in North Vietnam. Air Force in-
telligence believed that 213 of North Vietnam's 245 MIGrs were
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operating from airfields within the country at the time of the
spring I972 invasion of the South. In December of that ledrt
after almost 9 months of aerial combat, SAC credited the
enemy with 744 MIG's on hand for the defense of his home-
1and.19

(fll Radar, however, not the number of planes, was the
key to the success of the interceptor force. By late 1965,
North Vietnamese radar operators had acquired the skill and
equipment to control the MIGts from the ground. As early as
the summer of 1966, Pacific Command intelligence had con-
ceded that the early warning network could detect an F-105D
15,000 feet above the northeast corner of Thailand, track the
plane over Laos, &rld follow its course over North Vietnam,
losing it only when the pilot descended below 3000 feet to
take advantage of terrain masking. 20

{t} When the Boeing B-52 Stratofortresses began system-
atic night attacks in the Hanoi-Haiphong region during Decem-
ber 1972, SAC planners anticipated a savage reaction by radar-
controlled MIG's. This opposition failed to materialize, how-
ever, probably because the North Vietnamese pilots were in-
experienced in night flying. The principal contribution of the
MIG's, aside from an occasional unsuccessful attack, was to
hetp SAM batteries determine the altitude of the bomber
stream. 2I

Histor ical Precedent : Bre3king German)r' s
Defensive Boxes

(U) The defenses confronting Leopard flights over North
Vietnam were much like those encountered by British night
bomber crews in World War II, the use of surface-to-air mis-
siles being the most significant difference. As early as 1942,
however, the German air defense net included not only early
warning radar, but radio-directed fighters, and antiaircraft
guns, all closely coordinated in air defense sectors or boxes.
To penetrate this barrier the A1lies developed counternreasuftrs
to interfere with radar tracking and radio communication.

€fGtEts *d
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(U) The first and simplest of these countermeasures,
devised by the British, was window, called chaff by the Ameri-
cans. Chaff consisted of meIittiE-strips that-reflected radar
waves and produced strong returns on viewing scopes. Clouds
of chaff drifting slowly earthward could mislead radar opera-
tors or screen attackers from detection and tracking. During
1943, chaff, became an essential aid to night bombardment...*
The defenders soon learned to counter it by either switching
to radar wave lengths not covered by chaff or by using equipped
night fighters with enough endurance to wait for the chaff to
disperse.

(U) gritish scientists responded with jamming trans-
mitters. One such device, called cigar, enabled Allied air-
craft to broadcast a signal that disrupted radio communication
among defending pilots and ground controllers. Another,
mandrel, drowned out the return from early warning radar,
causing clutter similar to that produced by chaff. Mandrel **.,
stations in the British Isles broadcast for the first time on 5

June 1944, helping to screen the Normandy invasion force.

(U) During the final year of the war, the Allies used
mandrel cisar, and chaff in combination. The mandrel
ground stations jammed German early warning radar, creat-
ing an electronic screen from which a few decoy bombers
emerged. These decoys released clouds of chaff to create the
illusion of an approaching strike force. The real bomber
formation, also dispensing chaff, advanced with the added
protection of airborne rnandrel sets, installed in Arnerican
Boeing B-17rs or British Short Stirlings,which blanketed the
frequencies used by German ground control intercept radars..
The attackers also employed converted bombers carrying air-
borne cisar which jammed the radio channels relied upon by
ground controllers. 22

Protecting the Strategic Bornbers

Q After World War II, the U. S. Strategic Air Command
turned to electronic countermeasures as it studied the problem
of penetrating the defenses of the Soviet Union. Electronic war-
fare training was conducted at Barksdale AFB, Louisiana, where
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the 376th Bombardment wing turned out operators for thd"'
spot jammers installed in Boeing .B-29 and B-50 Super-
fortresses. These spot jammers were transmitters which
concentrated all their available power in a narrow frequency
band to create clutter, also called noise, on defensive radar
scopes. Accurate electronic intelligence was essential since
the operator had to know the .exact enemy radar frequencies
but until the defending operators received equipment that
offered them a choice of frequencies, spot jamming was

effective. 23

(€) Again during the Korean conflict electronic counter-
measures demonstrated their wartime value. Spot jamming,
inaugurated in April 1951, became standard practice for B>29

night strikes against North Korea. Usually each B-29
carried three spot jammers and a radar receiver to warn that
it was being tracked. Sometimes a pulse analyzer' used to
identify the tracking radar type replaceo one of the jamming
transmitters. The spot jammers had different frequency
settings, enabling a bomber formation to generate a barrage
of electronic noise to blind the various radars that might be

encountered. Chaff, which made its Korean debut in Septem-

ber 1952, either reinforced the spot jammers or blanketed
frequencies they did not cover. 24

(U) Equipment developed for World War II performed
adequately over Korea, but by the mid-fifties defensive rd{ar
had become less susceptible to existing countermeasures. A
radar operator could escape the narrow focus of spot jamming
by shifting frequencies through a fairly wide range' Barrage

3amming, in which the operator distributed power uniformly
over a wide frequency band, generated too weak a signal to
drown out the return from some of the newer and more power-
fu1 radars. A togical solution was to develop sweep jammers
that would enable an airborne electronic countermeasures
specialist to move a concentrated beam over a fairly wide
spectrum, consulting his receiver and pulse anaLyzer every few

seconds to make sure he was transmitting on the exact frtp
quency being used by the enemY. 25
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({lt SAC helped test the newly developed countermeasures
gear and installed much of it in the commandrs newer aircraft.
For a time, the 301st and 376th Bombardment Wings, with a
total of 90 Boeing EB-47ts, were assigned the responsibility
during wartime of flying prescribed routes, using chaff and
electronic transmitters to confuse the enemy and screen the
approach of nuclear-armed bombers. The more modern of
SAC's B-52 Stratofortresses carried elaborate jamming
equipment to improve chances of survival during low-altitude
solo penetrations of radar-controlled defenses. 26

Countermeasures for Tactical Aircraft c.

(€) Atthough Tacticat Air Command (TAC) also was
interested in electronic warfare, development of the neces-
sary equiprnent did not receive an overriding priority. Work
in this field went ahead, however, despite the difficulty of
finding space for countermeasures devices in compact tac-
tical aircraft and a chronic shortage of funds for research and
development. By 1957, TAC had radar warning receivers
and chaff dispensers available for its most modern fighter-
bomber, the North American F-100D, and for the British-
designed Martin B-57 light bomber. The New McDonnell
RF- 101 reconnaissance plane carried just the warning equip-
ment.

€.) Among the countermeasures devices under consid-
eration in 1957 was a jammi.ng pod to be mounted under the
wings of fighter-bombers instead of inside the already crowded
air frame. The pod could be removed for strikes where radar-
controlled weapons were not anticipated and replaced by an
equal weight of munitions or fuel. This self-protection pod, as
it came to be called, contained only two transmitters, so cov-
erage was limited to a narrow frequency range. Consequently,
to compensate, strike planners had to have precise intelligence
on enemy radar. 27

(l) By the end of 1963, the Air Force was testing a family
of five QRC-160 self-protection pods, one of them designed to
jam Fan Song. Fitted to pylons on the F-100D and the newer Re-
public F-105, the pods weighed 79 to 90 kilograms (175 and 200
pounds, measures 250 centimeters (100 inches) in lengthby 25

.l39lf*r'r
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centimeters (10 inches) in diameter, and contained a propeller-
driven generator to provide electric power. Similar pods were
planned for the RF-101, the McDonnell F-4 and RF-4, and the
General Dynamics fighter-bomber that ultimately became the.n,
F- 111. 28

(U) The most extensively equipped electronic warfare
planes available to TAC in the early 1960rs were modifications
of the Douglas B-66 Destroyer, a twin- jet, shoulder-wing light
bomber developed for the Navy and then manufactured for both
the Navy and the Air Force. One of the two variants was used
principally for electronic reconnaissance and the other ex-
clusively for jamming. 29

(O ttre electronic reconnaissance model was the RB-66C,
created by replacing the camera compartment and photo-flash
bomb bay of a standard RB-66 with a pressurized capsule that
housed four electronic warfare specialists and a variety of gear.
This equipmentr some of it developed for SAC strategic bombers,
included radar receivers, direction finders, pulse analyzers'
chaff dispensers, and jamming transmitters. During the early
1960ts, RB-66C's deployed from Shaw AFB, South Carolina,
to Europe for training that included flights along the perimeter
of the Iron Curtain to ferret out and record transmitting fre-
quencies and location of East German radars. 30

(€) tfre jamming version was an RB-66B, minus its
cameras and related equipment, but retaining its permanently
installed radar warning receiver. It carried a special bomb-
bay pa11et, cal1ed a cradle, that accommodated both counter-
measures transmitters and chaff dispensers. A tail cone con-
taining electronic countermeasures gear replaced the usual gun
turret. An array of.23 jamming devices enabled the aircraftrs
one electronic warfare officer to 1ay down an effective noise
barrage over a wide frequency spectrum. 31

(?l Lit<e the RB-66Crs, those B models fitted out for
electronic warfare flew numerous peacetime training missions,
testing their jammers against American radar. Out of this ex-
perience, a tactical doctrine evolved that called for counter-
rneasures-carrying RB-668rs to accompany bomb-laden B-66rs,
jamming enemy radar throughout the attack. By 1965, however,
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the B-66 was no longer a first-line light bomber, and the prac-
tice was never followed in Southeast Asia. 82

Gl Prior to the Vietnam war, TAC was confident that it
was developing and gradually acquiring countermeasures gear
that would disrupt modern radar-controlred defenses. The
watchword at the time was "quality rather than quantity. " 33
Once the Southeast Asia fighting began, however, North Vietnamrs
defenses improved with stunning speed, and rAC found itsetf
struggling to keep pace.

.qt
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II. THE EB-66 AND STANT-OI'F JAMMING

€t At the time of the first Rolling Thunder attacks in the
Spring of 1965 neither RB-66Cts nor countermeasures-equipped
RB-668rs had arrived in Southeast Asia. Although TAC had
some 65 RB-66rs, "58 of them ready for combat,not all were
modified for electronic warfare. And with this smal1 force,
the command had to futfill cornmitments to U. S. Air Forceg
Europe (USAFE), conduct training, take part in joint exerci6es,
and meet the needs of the Vietnam war. To ease the shortage
of aircraft, and also to obtain scarce parts, TAC turned to the
3 dozen retired B-66's stored at Davis-Monthan AFB, Arizona.

(fl) Despite other demands, the command did send six
EB-66Crs to Southeast Asia. These began flying from Takhli
Air Base, Thailand, in May 1965. This deployrpent exhausted
the pool of C models until September, when TAC was able !g
idcrease the number of EB-66Crs at Takhli to nine, but it rffis
unable to dispatch any B models until October, when five of
them arrived from the United States. Eight more EB-668rs,
made available from USAFE, reached Thailand in May 1966.

€) i|ne planes were grouped according to type. The Crs
served with the 4Lst Tactical Reconnaissance Squadron, rede-
signated the 41st Tactical Electronic Warfare Squadron in
September 1966. The Bts joined the 646Oth Tactical Recon-
naissance Squadron, redesignated the 42d Tactical Electronic

'r'At this time, Air Force statisticians used the designation
RB-66 whether the plane carried cameras, infra-red detec{grs,
or radar detection and jamming equipment. A distinction was
later made between RB-66C's and Brs, though the latter might
perform reconnaissance rather than countermeasures duty. The
RB-66B's remained lumped together until the spring of 1966,
when the prefix E was assigned to all versions of the B-66 en-
gaging in electronic warfare. Henceforth, the E prefix will be
used in this narrative for all electronic warfare variants--
trB-66Brs, C's and after August 1967 -tr8-66r.ts--that served
in Southeast Asia.
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Warfare Squadron in September 1966. Both units became corn-
ponents of the Takhli-based 355th Tactical Fighter Wing in.,,*
August 1967. The maxirnum combined strength of the two
squadrons was 37 aircraft in May 1968. I

g"4y Operations

(91 fne EB-66Crs entered combat in May 1965. Their
pri.ncipal mission was to gather intelligence on enemy radar,
concentrating on Fan Song, whose signal might indicate that
a North Vietnamese SAM site was ready for action. On 23 JuIy,
one o[ these planes intercepted a Fan Song transmission. The
following day, an EB-66C picked up another such signal confirm-
ing the site's_ activity and just seconds later a SAM destroyed
Leopard 02.2

(fl) Since the EB-66Cts focused upon intelligence co11ec-
tion and SAM warning, Marine Corps and Navy planes did most
of the radar jamming until the first EB-66Brs arrived at Takhli
in October 1965. Each of the three aircraft carriers operating
in the Tonkin GuIf during the spring of 1965 carried a 4-plane
electronic warfare detachment. The usual aircraft assigne"$to
these units was the Douglas EA-38 Skywarrior, based on the
same Iight bomber design as the trB-66. Some of the detach-
ments also flew the EA-18, a modified Douglas Sky raider
single-engine, piston-powered attack plane. A few Navy pilots,
and the Marines based at Da Nang in South Vietnam, flew the
Douglas EF-108 Skyknight, a twin-jet fighter first flown in the
Iate 1940rs and later converted for electronic warfare. 3

(3f During the spring and summer of 1965, Marine trF - 108
Skyknightrs usually laid down the jamming barrages for Air
tr.orce strikes against the North. This modified Skyknight had
two spot jamming transmitter,s installed in the fuselage. The
plane could carry an external pod containing a combination of
four noise and deception jammers, the latter designed to de-
ceive enemy radar operators by broadcasting a false return.
The trF-10B also had external fittings to accommodate an ex-
ternal fuel tank and a chaff disnenser.
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(ef Because the Skynight lacked aerial refueling equipment,
those EF-108's supporting air attacks in the Red River delta
had to carry a 300-gallon auxiliary fuel tank in order to spend
even 50 minutes orbiting over the Tonkin Gulf. Despite the
extra tank, Marine fliers sometimes shut down one engine to
conserve fuel while descending from their usual operating alti-
tude of 30, 000 to 35, 000 feet during the return flight to Da Nang.
Furthermore, the u,e ight of the additional fuel, plus the dr-*g
created by the external container, reduced the planets already
marginal performance. So sluggish was the rate of climb of a
ful1y loaded EF- 10B that the planes took off toward the sea to
avoid small-arms fire from Viet Cong guerrillas concealed
along the airfieldrs inland perimeter.

(3) tfre Marines enjoyed some success when three or four
EF-10Brs, orbiting over the Tonkin Gulf, dropped chaff and
transmitted jamming signals over a frequency range broad
enough to embrace Fire Can gun control, early warning, an$
ground control intercept radars. Captain John L. Pycior, USMC,
an EF-1OB pilot, was confident that Skyknights, transmitting
from the comparative safety of the gulf, could disrupt radars
along the coast line, but he conceded that the planes were only
marginally effective against targets more than 16 nautical
miles inland.

(#l Until the SAM threat became inordinate, Skyknights
ventured inland to jam Fire Can and sometimes Fan Song sets.
In order to blanket Fire Can, three or four Etr'- lOBts had to
fly a circular orbit, with the target in the center, and transmit
from an altitude of 20,000 to 25,000 feet. The Marines usually
challenged Fan Song during night interdiction missions. The
electronic warfare officers on board listened for track-while-
scan and guidance signals, radioed SAM warnings to the light
bomber they were escorting, &rd then tried to jam the Fan*q.
Song beam.

(r1) Because it lacked the jamming power of even an
EB-66C and the speed and maneuverability of a fighter-bomber
the EF-108 was a poor risk over SAM-infested areas of North
Vietnam. By late 1965, the proliferation of missile sites and
the increased skill of SAM crews had forced the Skyknights to



22

orbit too far from most inland targets for effective radar w
jamming. From April until October, however, the Marine
plane had been an acceptable stand-in for the Air Force
EB-668. 4

The EB-66 Enters the Lists

(€l The EB-668 and EB-66C enjoyed several advantages
over the Marine EF-108 Skyknight. The Air Force planes
could refuel from suitably equipped aerial tankers. They
carried more jamming equipment--nine transmitters in the
c model and as many as 23 electronic devices and chaff dis-
pensers in the EB-668--compared to the skyknight's six less
powerful jammers and single chaff dispenser. The sk.yknight,
moreover, did not have the extensive inteiligence gatrrlrinff
equipment found in the EB-60C. 5

(5f The EB-66C's based at Takhli took part in the retal-
iatory attacks that followed the destruction of Leopard O2
and in other strikes against the North. on a typical mission,
a pair of EB-66cts took off from Takhli topped off their fuel
tanks from a Boei.ng KC-135 stratotanker, and rendezvoused
with the strike force. The two aircraft accompanied the
fighter-bombers to the vicinity of the target, then entered an
elliptical orbit at 25,000 to 30,000 feet, beyond reach of
3?-mm or 57-mm antiaircraft guns. The electronic w"rfaff
officers jammed Fire Can radars, while listening for Fan
Song signals. If the crew picked up the doubling of the Fan
Song pulse repetition frequency or the SAM guidance signal,
the chief eLectronic warfare officer alerted the strike force
by radio and joined the other countermeasures operators in
jamming the Fan Song tracking beam. 6

(5lThe EB-66Bts made their combat debut in October
1965 and soon demonstrated that the very jamming power that
enabled them to close with the target could also be a defensive
liability, for the electronic noise emanating from the plane 

€
interfered with its radar warning equipment. As a result, the
EB-668 and c had to work together. The broader and stronger
jamming barrage laid down by the B's afforded better protection
against the SAMts, allowing the c models to remain well beyond

CE0flEF"a
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the 1?-nautical-mi1e range of the Guideline missile. In practice,
therefore, while one or two B models orbited within 15 nautical
miles of the target, an EB-66C remained safely beyond missile
range, providing SAM warning and ensuring that the jamming 9
barrage blanketed those frequencies the enemy was using. 7

(#7 Those officers who planned EB-66 jamming missions
had to take into account the fact that electronic noise did not
radiate from the fixed antennas in a uniform, concentric pat-
te.cq. Indeed, antenna location caused the jamming coverage
to resemble a sort of Rorschach butterfly, the plane at its
center and the strongest signals radiating perpendicular to the
flight path. For this reason, planners tried to assign the planes
in pairs, arranging the orbit so that one of them was always "t
broadside to the hostile radar. B

EB-66 JAMMING RADIATION PATTERN

AGAINST FAN SONG

Figure5(S)
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Action and Reaction, lgg6 _ 1g68

(dD Throughout the Rolling Thunder campaign, EB-66
jamming involved compromise between effective coverage andaircraft survival. Although the effectiveness of electronicjammers decreased as distance to the target radar increased, %
distance protected the pranes from hostile iire. Furthermore,
the noise barrage gave the best protection when the attacking
fighter-bombers were between jamming orbit and target, but
the enemy could shift his we+pons to prevent the EB-66rs from
assuming this ideal station. Y

(c) As late as February 1966, the planes were reasonably
safe if they flew too high for light antiaircraft guns and avoided
the missile defenses that ringed Hanoi, Haiphong, and other
nearby targets. To support strikes in this heavily defended
region, they flew orbits over the Tonkin Gulf and inland above
the mountains northwest of the Red River delta. Together,
these two stations provided excellent coverage, for they bra-
cketed the area where the North vietnamese had concentrated
their radar-controlled defenses.

Fisure6(5)
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(-| For Air Force fighter-bomber pilots based in Thailand,
the inland orbit was the more valuable. In order to find con-
cealment from enemy radar, they hugged a ridge line that poin-
ted southeastward from the barren highlands toward the Hanoi-
Haiphong area. This geographic feature was Thud Ridge, so
named by the F-105D pilots, who referred to their Thunderchiefs
as Thuds. When the Thailand-based aircraft began attacking the
delta, EB-66rs manned an orbit from which they could transmit
directly along Thud Ridge, keeping the strike force between
jamming source and target throughout approach and withdrawal. 10

(31 ffre freedom of operation enjoyed by the EB-66ts
(except over the Red River delta) came to an abrupt end in
February 1966, when a SAM downed an EB-66C near the town
of Vinh, some 140 nautical miles south of Hanoi. The action
began when the aircraft crew picked up a weak Fan Song signal
and promptly commenced jamming. Next came the pre-launch
surge in the Fan Song pulse repetition frequency, which persisted
despite continued jamming and an evasive turn. The tellta1e
guidance signal alerted the Americans that a missile was on its
way, but before they could maneuver to safety, the warhead ex-
ploded, crippling the plane. The crew parachuted into the Gulf
of Tonkin, where Navv helicopters rescued aI1 but one of the six
persons on board. 1 1 

"

lD The destruction of this aircraft marked the beginning of a
southward and westward extension of North Vietnamrs SAM de-
fenses. The appearance of new missile sites forced the EB-66's
to retreat, though on rare occasions the planes did challenge SAM
batteries. In October 1966, for example, an EB-66C spent a
quarter of an hour cruising above an area defended by the missiles,
trying unsuccessfully to lure the enemy into using a Fan Song
transmitter, so that an I'- 105 cruising nearby could attack with
anti-radiation weapons. 12

P) SAM|s first appeared in northwestern North Vietnam in
mid-1966. This shift forced the EB-66rs to move south and west
from the original Thud Ridge orbit, increasing both the distance
to Hanoi-Haiphong and the angle formed by the jamming source,
the target area, and the course generally flown by Thailand-based
fighter-bombers. Since the EB-66ts had apparently moved to
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safer skies, seventh Air Force withdrew fighter cover from 
.sAr

the inland orbit. The enemy, taking advantage of this decision,
sent MIG interceptors to harass the countermeasures aircraft.
Pressure from these enemy interceptors and frorn SAMrs
forced the EB-66rs, by Juiy 196?, to retreat to new orbits in
the vicinity of the 20th para11e1, so far to the southwest that
noise jamming was ineffectual against Fire Can and Fan Song
radars in the Red River delta area.

IIORT]| VIETIIAt|

DEMILITARIZED
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9) Fortunately, the introduction late in 1966 of jamming
pods for individual fighter-bombers and reconnaissance planes
offset the effect of withdrawing the EB-66rs from Thud Ridge.
Strike forces came to rely,on the pods to frustratg gunlaying and
missile-control radars guarding vital installations in the delta.
This permitted the EB-66's to concentrate on early warning,
ground control intercept, and acquisition radars that could be
jammed from a more southerly orbit. 13

f? For roughly 5 months, the combination of MIGts and
SAM's kept the EB-66's tied to the 20th para1le1. Then the in-
stallation of new radios, designed to ensure reception of MIG
warnings even though the jammers were functioning, enabled
the EB-66ts to advance their inl-and orbit northward of th6f
21st paral1e1. This adjustment, in October 1967, coincided
with a contraction of the SAM defenses as the enemy reinforced
the Red River delta against intensified air attack. Taking ad-
vantage of this North Vietnamese redeployment, the Seventh
Air Force in November permitted the EB-66ts to orbit above
the northwestern extremity of Thud Ridge, but only with fighter
cover.

(S) on the second day that escorted EB-66rs manned the
Thud Ridge station, North Vietnamese MIG's appeared nearby.
Seventh Air Force yielded before this *r ow of force by shifting
the inland orbit south of the 2Lst paralle1. This move had little
impact on Rolling Thunder since a position over Thud Ridge was
not essential for the kind of jamming the EB-66rs now performed.
Unfortunately, this retreat did not placate the enemy wholG MIG|s
shot down an EB-66C on 14 January 1968. Three members of the
crew were rescued, but the other four remained prisoners of the
North Vietnamese until March 1973.

(G) Seventh Air Force reacted to this loss by forbidding EB-
66's to fly over North Vietnam and by maintaining a barrier patrol of
F-4 fighters to screen them from air attack. These policies
remained in effect until bombing in the Red River delta ended on
1 April 1968. 14

€) ne-66 jamming tactics changed very little while the 1

April bombing restrictions were in effect. Until 31 October 1968,

27
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when President Johnson halted the bombing of North Vietqgp,
the electronic warfare aircraft supported attacks on targets
south of the 20th para11el, using orbits over Laos and the
Tonkin Gulf. During one typical mission, an EB-66E circled
above Laos while another over the gutf jammed radars, and
F-105Dts attacked targets in North Vietnamts panhandle' On

this occasion electronic intelligence indicated that the EB-66Ers,
improved versions of the EB-66B!s, had been so effective that
the enemy received no radar warning until the attacking aircraJt
were within 10 to 30 nautical miles of their assigned targ5:fs. "

Problems and Improvements

(fl| rrre EB-66 had certain inherent weaknesses, most of
which stemmed from the fact that the plane was not originally
designed for the job it was now required to do. The aircraft
engineers who modified the basic RB-66 for electronic warfare
had increased its weight with no corresponding increase in power.
As a result, the plane performed sluggishly and in Thailandrs
hot and humid clirnate clung tenaciously to the runway during
takeoff. In order to reduce the long run needed to coax ful1y
loaded EB-66rs into the air, the planes took off with fuel tanks
partially full and topped off from aerial tankers' Even so*
commented EB-66 veteran Col. Ian D. Rothwell, the failure of
one engine during takeoff meant that "a crash was inevitable, "
unless the landing gear was retracted and the indicated airspeed
was at least 180 knots. 16

(e) rrre overworked Allison engines lapped up fuel at a dis-
turbing rate. Luckily, the EB-66's seul.d refuel in fJ-ight, using
the probe-and-drogue method, inserting the planets fuel intake
into a funnel-shaped receiver at the end of a hose trailing from
the tanker. The Air Force F-4rs and F-105' s flying from
Thailand employed the fllying boom method, however, in Ja#ich
an operator on be rd the tanker maneuvered the fuel-carrying
pipe into a receptacle in the fuselage of the p1ane. Most of the
tankers stationed over Laos, therefore, mounted the flying
boorn for their main job of refueling the strike forces, and
sometirnes an EB-66 on the inland orbitrunable to find a

tanker in an emergency., had to cut short its mission' BUL:'

since many Navy planes used the probe and drogu€, 3l EB-66
running out of fuel over the Tonkin Gulf usually could find a
compatible tanker. 17
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(3) ffre Air Force tried to improve jamming effectivenesq
by converting EB-66Bts to E models, the first of which reached
Thailand in August 196?. Although this latest variant had 21
jamming devices, two fewer than the B version, its transmitters
were tuneable, enabling the electronic warfare officer to change
frequency during flight and jam different types of radar. In
contrast, the EB-668 carried only one adjustable transmitter,
which limited choice to three predetermined frequencies. 1B

(f) 1y1i""'on planners soon devised jamming packages--.
instructions telling electronic warfare officers what frequencies
to jam, when to transmit, and when to release chaff. These
provided adequate countermeasures for the kind of mission the
EB-66's were supporting. To obtain the best possible coverage
from the package, the aircraft flew a standardized orbit desigfed
for a particular task, such as protection of reconnaissance drones
or B-52 bombers. Although individual electronic warfare officers
might argue that this standardization told the enemy what sort of
mission to expect, the Air Force Electronic Warfare Center
rnaintained that the practice "provided considerable flexibi.lity,
while simplifying mission planning and coordination. . " l9

(f|f An important aircraft modification was the installation
of steerable antennas in the EB-66Cts. This change, begun in the
spring of 1968, enabled electronic warfare officers to focus a
planets jamming energy against a specific radar transmitter.
The E model never carried this device, probably because the
modification would have required the further installation of
direction finding equipment to tell the operators whe re to aim
the new antenna. 20

'llhe Effectiveness of the EB-66

(tf Co1. Arthur D. Thomas, who served in Southeast Asia
with the 460th Tactical Reconnaissance Wing, reported in
October 1966 that the EB-66 was doing "an outstanding job of
stand-off jamrning. " 21 Like most other aspects of the elec-
tronic warfare effort, however, the effectiveness of this plane
could not be evaluated in terms of missions flown and fighter-
bornbers 1ost. Despite the absence of valid supporting statis-
tics, the colonelrs judgment is important. He was there' saw
the plane in action, and he concluded that it was performing
weII.

?o
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(l) Nevertheless, by 1968 during the latter months of 'it
Rolling Thunder the EB-66 did only what the enemy allowed
it to do. In late 1966 when Colonel Thomas retlrned from
Southeast Asia, the North Vietnamese were already exerting
the pressure that forced the planes into orbits from which
they could not jam the Fan Song and Fire Can radars guarding
the most heavily defended targets in the Red River delta.
Fortunately, the arrival of the self-protection pod offered an
alternate means of jamming so that the inadequacy of the
EB-66 was not critical, and the aircraft could disregard n|t

Fan Song and Fire Can and concentrate on early warning,
ground control intercept, and target acquisition radars that
Iay within its jamming range.

(*7 ffre inability of the EB-66 to survive in daylight
skies over North Vietnam doomed a plan to use the plane in
support of the F-4rs protecting American strike forces
from MIG interceptors. The EB-66's tried during 1967 to
jam the MIG identification equipment relied upon by North
Vietnamrs ground controllers, but the closest orbit was some
?5 nautical miles from the aerial battlefield, too far for an
effectual jamming signal. Once again enemy defenses had
frustrated the EB- 66. 22 3{
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III. WILD WEASEL BARES ITS FANGS

(D President Johnson, kept tight rein on the air waragainst the North, but he nevertheiess agreed toIoss of Leopard 02. c"";;";;llv, on 27 Jurv rgis]l'flo".11";t*46 F-105 Thunderchiefs, eslorted by 12 F-4crs and B LockheedF-104 starfighters, attacked two sAM sites and rerated barrackssome 25 nauticar miles west of Hanoi. Three of the handful ofEB-66c's then in southeast Asia supported these strikes, pro-viding sAM warning. They arso joined six Marine EF-108's injamming enemy radar. Tiris oay's combat forcefuty demon-strated the difficulty in l0cating and destroying a sAM complex.
(? tat<'ng advantage of the sA-2'is inability to engage 10w-{flying aircraft, the th,noerchiefs attacked at Jrtituoes between50 and 100 feet, only to be scourged by fire from automatic wea-pons' Enemy gunners shot down four F-105Drs, and only oneof the pil0ts was rescued. oree Thunderchief sustained flakdamage that forced the pil0t to break off the action and limptoward home, escorted by another F_105D. After crossingthe Thailand border, the pil0t of the crippled plane asked hisescort to come alongside to determine the extent of the battledamage' As the other aircraft drew near, the battered rhunder_dr ief suddenly pitched upward, colriding with the second prane.only one of the pilots succeeded in ejecting from the flamingwreckage and his parachute failed to open, so both menperished.

G| tni.s attempt to punish the enemy for downing Leopard02' with its two-man crew' cost six aircraft destroyed and fivemen kilred or captured, victims not of SAM's but of light anti-aircraft guns little different from those used in worrd war II.A:ttl-l photographs taken after the strike showed that one of themissile sites might have been a decoy built to lure the fighterbornbers within range of the automatic *u"porr". 
-f-

o wittrin 2 weeks of this fruitless counter thrust, the sAMstruck again. on the night of 11-12 August 196b, the pilots oftwo Navy McDonnet Dougras A-4E skyhlwks, on nighttimearmed reconnaissance about 50 nautical miles south of Hanoi,
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saw 2 tights rising toward them through the cl0uds. soonrealizing the glow was burning SAM propellant, they attemp_ted to escape, but before they could oive to safety both war-heads exploded, downing 1 of the planes anO punciiing some ry50 holes in the scorched underside of the survivor.
(9 Navy carrier pilots reacted to the destruction ofthe skyhawk with the same low-altitude tactics that AirForce fliers had recently used, and with equally disastrousresults' The Navy squadrons not only failed to l0cate evenone SA-2 launcher but lost two pilots and five planes toNorth Vietnamese antiaircraft fire. "It was, i"*rote vic"Adm. Malcolm W. Cagle, "truly a black Friday the 13thfor TF- 77. " 2

3) trarly in August, Air Force units in Thailand began 'rd'
keeping a few fighter-bombers on alert, fueled and armedto attack newly discovered sAM sites. Reaction time wastoo slow, however, for the force depended upon photo recon-naissance to pinpoint any sAM launcher that miglt reveal itsgeneral l0cation by firing upon an American formation. Toprocess the film,^internret the pictures, and dispatch astrike took from 6 to B hours. buring this time, the missileunit could move to some previously prepared site, perhapsleaving behind several of the automatic weapons (that hadalready proved so deadly against 1ow_flying aircraft) togreet the strikers. As a resurt, the alert fo""" was dis-banded after a few frustrating weeks. S - - -

5) Air Force planners next tried to use radio controlled &drones to trick enemy radars into transmitting so thatRB-66cts or EA-BB's could locate the Fan soig radars andthe sAM battarions they served. The first atteirpt to use thistechnique failed to trigger enemy radar. Then, on g1.A"g";;
1965, a modified Lockheed c-130 transport raunched asecond pair of drones over the Gulf of ronkin, off Da Nang.North Vietnamese radar reacted as the pilotless craftapproached Hanoi, and three fixes were obtained, each accu- *drate to within 2 nauticar miles. An area near the town ofPiu Tho, about 40 nautical miles northwest of Hanoi seemedworth attacking, but the 4 F-105Drs dispatched there failed tofind any trace of a SAM site. When fuel ran low, the planes
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attacked an alternate target, a
planes was lost to antiaircraft
rescued. 4

wooden bridge. One of the
fire, though the pilot was

({|) ffre use of drones did decrease reaction time, but
not enough to make a significant difference. The fighter-
bombers could now thunder down the runway just 3 hours
after a Fan Song site was located, rather than waiting 6 to
B hours for photo reconnaissance data. The drone6, how-
ever, were less precise than aerial photography, so the
attackers, after arriving at an indicated position, had to
search an area 4 nautical miles in diameter to pinpoint
the exact site. Moreover, this dangerous search for a
camouflaged and heavily defended missile complex might
well be fruitless, since even 3 hours was sufficient time
for a SAM battalion to pack up and thread its way over
narrow roads to a new location. 5

(fl) Wfrat was needed was an airplane that could lead a
flight of fighter-bombers into North Vietnam, detect and
locate Fan Song transmitters, then direct attacks against
the SAM battalions. The Navy already had a few such planes
--Grumman A-6ts and those McDonnell Douglas A-4C?s and
A-4Ets with radar warning and direction finding gear. On
3L October 1965, one of the specially equipped A-48 Sky-
hawks took off from Takhli to lead eight Air Force Thunder-
chiefs on an armed reconnaissance of probable North
Vietnamese missile sites. The Navy plane located a Fan
Song radar, dropped bombs to mark it, and summoned the
F-105Drs, which blasted the launchers and fire control equip-
ment. Ironically, the Skyhawk responsible for this destruc-
tive strike fell victim to antiaircraft fire, and attempts to
rescue the pilot failed. 6

Toward a Hunter-Killer Team

15) tn the United States, meanwhile, both the Navy and
Air Force were seeking ways to defeat the SAM. Air Force
participation had begun in August 1965, when Gen. John p.
McConnell, the Chief of Staff, directed'that the threat from
both SAMIs and antiaircraft guns be analyzed and counter-
measures recommended. By early autumn, the Air Force
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effort was showing results. One type of countermeasure,Wild Weasel I, was undergoing tests at Eglin AFB, Florida.This ferociously named aircraft was an F-100F, the two__seat trainer version of the North American super sabertactical fighter especiary modified to hunt sAitl sites. wildWeaselrs crew consisted of a pilot and, seated behind him,an electronic warfare officer with radar homing and warningequipment to locate Fan Song and other transmi"tters.

(O WitO Weasel prototypes v/ere equipped with a pan_oramic scan receiver and a vector homing and warning setto detect and l0cate enemy radars. Both devices obtained abearing to the transmitter by comparing the strength of radarsignals picked up by antennas installed at various places onthe aircraft. These signals appeared as lines of right on view-ing scopes mounted in the rear-cockpit, and the electronicwarfare officer interpreted their characterist ics to determinedirection to the transmitter and its purse repetition frequency.A scope located on the pilotrs instr.ument panel dupricated theinformation available to thb erectronic warfare officer.
(C ffre vector scope picture, plus a flashing light and achirping noise in the headsets, told the crew that hostileradar was tracking their plane. Another radar receiverpicked up the SAM guidance signal and used lights (later suple_mented by a buzzing tone in the headset) to sig"nai that a raunchwas imminent. The pilot could then look for ihe approachingmissile and maneuver to elude it. 7

(f) Between 11 october a'd 1B November 1965, fourWild Weasel I prototypes flew test missions against AirForce radars similar to Fan Song. During these experi_ments, the electronic warfare officer .t"r"11y made his firstcontact by means of the panoramic scan receiver, at a rangethat varied according to the planers artitude and the angre for-med by the flight, path, radar site, and tracking beam. Thecrews discovered that their equipment functioned best whenflying at medium altitude, folrowlng the beam directry towardthe transmitter. on one such occasion, the panoramic scanreceiver picked up the tracking signal 10? nautical milesaway' The poorest results occurred at 10w altitudes on a
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course generally paralle1 to the radar beam, as one of the F- 100Fts
was doing when it passed some 13 nautical miles from the set be-
fore detecting its transmission. B

S The Eglin tests demonstrated that Wild Weasel I could
detect Fan Song signals beyond the 17-nautical-mile effective
range of the Guideline missile, but detection was only the begin-
ning. Next the crew had to locate the radar and its missile
launchers. The panoramic scan receiver provided an initial
azimuth which the aircraft followed until the signal was strong
enough for the shorter range vector homing and warning set.
For a time, the electronic warfare officer could compare the
data on the two scopes to ensure that his plane was on the proper
heading. As the Wild Weasel closed with the transmitter and
came within SAM range, however, he had to rely upon the vector
homing equipment, with its launch warning feature, which gave
a general azimuth and very rough approximation of range to the
antenna. As a result, the pilot then had to search visually for
the SAM site before he could attack. 9

€) On November 1965, Maj. Gary A. Willard, Jr., a veteran
of the Eglin tests, arrived at Korat Air Base, Thailand, with a
Wild Wease1 Task Force consisting of the four modified F-100Frs
and their crews. His organLzation came under the operational
control of the 2d Air Division's 6234th Tactical Fighter Squadron,
whose F- 105Drs would join the Wild Weasels on Iron Hand mis-
sions, as the hunter-kilIer attacks against North Vietnamese
SAM sites already were known. The task force was to submit
reports of these strikes to the Tactical Air Warfare Center at
Eglin. 10

te) gaa weather delayed the combat debut of the task force.
Seven missions were cancelled before the skies cleared enough
to permit WiId Weasel I to challenge the defenses of North Viet-
nam. Fina11y, on L9 December, two F-100Fts, piloted by
Major Willard and Capt. Leslie J. Lindemuth, led flights of
F-105Drs into the North, but neither of the Wild WeaseI electronic
warfare officers, Capt. Truman "Walt, -Lifsey and Capt Robert
D. Trier, detected F.an Song signals. 11

5J On the following day, 20 December, the task force
suffered its first combat loss. Antiaircraft fire downed a
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wild weasel as it was leading an unsuccessful attack on a
sAM battery it had located about 5 nautical miles southeast
of Kep airfield. An F-105D pilot reported seeing one para_
chute open before the plane knifed into low-h".rgi.rg clouds.
The survi.vor was capt John J. pitchford, the wild weaselpilot, who remained a prisoner of war until his repatriation
in February 1973. His erectronic warfare officer, cantain
Trier, died in the crash. 12

20 DECEfitBER r96s
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l& Major Willardts men avenged this loss just two
days after Pitchford and rrier went down, when one of thewild weasels pinpointed a missile site and set it up for thekill. On 22 December, Capt. John E. Donovan, an elec_tronic warfare officer, picked up a distant Fan song signal
as his Thailand-based prane crossed the North vietnameseborder. Ttrrning toward the radiation source, the pilot,
Capt. Allen T. Lamb, nosed his F-100F downward until
the signal disappeared, climbed until the strobe reappeared
on Donovanrs scope, ord continued porpoising in this fash_ion until he reached the mountain chain that formed the south-
western flank of the Red River valley.

p) "In the mountains, " Lamb reported, "there were aseries of four or five valleys that were generally perpendic-
ular to the direction we wanted to go, so I would pull up overa ridge' roll the wings leve1, and as soon as the EWo called
a bearing to the signal I would roll on over using a halfbarrel roll descending into the next varley, turning sometimes
up the vaIley and sometimes down the vaiey. r' 13

€) The wild weaser swung around a final hil and climbe$tto an altitude of 4500 feet as the pilot began searching for thesAM site. He saw the radar van 'lsitting I., about the center ofwhat I had.thought was a village'and then spotted three Guide-lines but "on1y the front part l--the long white tips --.becausethe missiles appeared to be partially covered by a semi-circul5?
thatched hut. "

3\ Lamb radioed the tr'-105D's, marked the target withrockets, and watche'd as the fighter-bombers made theiroasses. Explosions rocked the site, and smoke and dust rose
300 to 400 feet into the air. At this point, Donovan detected
a Fan Song signal originating nearby and already in the highpulse repetition frequency. The Iron Hand formation immedi-ately headed back to Thailand, remaining at low altitude untilit reached the mountains, which screened the planes from
enemy radar. Although the modified F-100F'; contributed tothe destruction of just this one sAM site during their combat {revaluation' the success.fur attack demonstrated the potential
value of Wild Weasel. 14
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(31Iron Hand flights used three basic formations during *rf
the Southeast Asia tests. One formation consisted of a Wild
WeaseI hunter and three killer F-105Drs. In both the others,
the F-100F located targets for four Thunderchiefs.

||) tf three F-105D's accompanied the F-100F, one of
the Thunderchief pilots served as wingman for the Wild-Weasel,
first positioning himself 200 to 1000 feet to the right rear of
the formation leader, crossing the leaderts wake, to assume s*
position the same distance to the left rear, then recrossing in
a mirrored letter S flight path. The other two F-105Drs formed
a separate element 2000 to 4000 feet to the left rear of the
first Thunder:chief, then veered back and forth behind the forma-
tion leader, keeping on the opposite flank from his wingman.
The Thunderchiefs adopted this weaving maneuver in order to
maintain formation behind the slower moving F-100F.

(|l If four F-105Dts were serving as killers, they had to
weave because of the F-100Frs slower speed, but they could do
so either as individual aircraft, separated frorn one another by
2000 to 3000 feet, or in pairs, with 2000 to 4000 feet separating
the two plane elements. 15
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GAfter the evaluation ended on26 January 1966, the
F-100Frs continued to lead Iron Hand flights against SAM
sites, but by the end of March they no longer tried to pene-
trate heavily defended areas in the North. The loss of a
second plane to antiaircraft fire apparently had convinced
the Second Air Division (which became the Seventh Air Force
on l Aprii) that the F-100F Super Sabres were too old and too
slow to survive in the hostile skies above the Red River delta.
Beginning in May, an improved wild weasel arrived in south-
east Asia, relieving the converted super sabres of their day-
time role, though they continued for several months to fly
single-p1ane night missions from Korat. 16

Cf Meanwhile, back in October Lg6b, while Wild Weasel I
was undergoing evaluation at Egli.n, the Air proving Ground
center and ractical Air warfare center began collaborating on
Project wild weasel IA, in order to "determine the capabilities
of an F-105D aircraft employing radar homing and warning
equipment similar to that employed in the wild weasel I air-
craft. " should the experiment prove successful, all rnembers
of the Iron Hand team would be flying the same airplane, and
the killers would no longer have to weave back and forth to avoid
outrunning the hunter. unfortunately, the test merely reinforced
a lesson already learned--simultaneously flying the ai.rplane,
operating the electronic gear, &rd searching visually for sAM
sites were too much for one man. 77

{ID since the F-105D was not suited to the witd weasel role,
the two-place F-105F became the logical replacement for the
aging F-100F. A modified F-t0bF, called Wild Weasel II,
appeared with new homing and warning equipment mounted in pods
on the planers wing tips rather than stowed within the fuselage.
Because the heavy pods eaused dangerous vibration, however,
the wings of wild weasel II had to be strengthened and its indica-
ted air speed kept below 300 knots. This performanee restric-
tion, plus the cost of renovation, eliminated the plane from ser-
ious consideration as a replacement for Wild Weasel I. 1B

C) Wild Weasel IItr, however, a two-place F-10bF with essen-
tially the same internally housed homing and warning equipment
as Major Willard's F-100Fts" passed its test at Eglin, reached
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Thailand in May 1966, and
The first contingent of five
Wing at Korat. Six others
4 July had entered combat
Fighier Wing. 19

entered combat the following month.
planes joined the 3BBth Tacticaitighter
reached Takhli late in June and bY
in support of the 355th Tactical

(} ttre arrival of these F-105Frs, which had the same
basic performance as the D model, marked the end of those
Iron Hand formations designed to compensate for the difference
in speed between the Thunder chief and the I'-100F- Hunter-
killer flights came to consist of two two-plane elements, at least
one of which was led by a Wild Weasel. They generally ap-
proached the target in the same loose fingertip formation as
a flisht of strike aircraft, then separated to cover a broader

^t"u-. 
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ffPlans also called for the deployment to Southeast A"Sia

of WiId Weasel IV, a modified f'-4C. This project fell behind
schedule because of the difficulty in finding space inside the
fuselage for the necessary homing and warning gear. Conse-
quently none of these planes saw action during Rolling Thunder.2l

(-) wild weasel IV was on hand in time for the Linebacker
operations of 19?2, howev€fr &s was the F-105G, which was a

modified wild weasel III. The G model featured an improved
radar warning receiver and a jamming transmitter mounted in
a blister beneath the fuselage. work on the first of F-105Grs
began late in 1969" 22

Radar SuDDresslon

flDur'ng the operational testing of Wild Weasel I in
Southeast Asia, Major Willardts crews first homed on enemy
radar signals, then tried to pinpoint the SAM site, using
rockets to mark it for the kill. As the loss of two F-100Frs
attested, finding a camouflaged missile battery was dangerous
as well as difficult, for the wild weasel crews had to brave
antiaircraft fire, fighter attack, and the threat of SAM's
throughout the painstaking search. The U. S. Navy, however,
had a missile that promised to simplify the hunt for SAM units.

{
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(O This weapon was the AGM-45 Shrike, a solid-propellant
missile weighing 180 kilograms (400 pounds) that could home on
a radar transmitter from a distance of more than 17 nautical
miles, the maximum effective range of the Guideline missile.
The weaponrs sensor head reacted to signals over a specified
frequency band and could home on any radar that functioned-r,
within this band. A proximrty fuze detonated the 63- kilogrirn
(140-pound) warhead. The pilot launching a Shrike had to fly
directly toward the radiation source and loft the missile so
that its ballistic track would bring it close enough to the target
for the homing system to take over. Some L0 seconds after
launch, the rocket motor burned out and guidance ceased, but
if released precisely the weapon could strike within 20 feet of
the radar antenna against which it was directed. 23

C fne Wild Weasel I detachment was the first Air Force
unit to launch a Shrike in combat. This initial target, attat?led
on 1B April 1966, was a tr'ire Can radar located 5 nautical miles
northwest of Dong Hoi in the panhandle of North Vietnam. The
pilots of the three F- 105Dts that formed the killer component
of a four-plane Iron Hand teamtried to follow the missile in
order to bomb the transmitter and gun positions, but the Shelke
vanished in the haze. The electronic warfare officer in the"Eack
seat of the F- 100F saw the radar signal disappear from his
scope. S ince the transmitter remained mute for the remainder
of the mission, he concluded that the Shrike might have destroyed
or badly damaged it. 24

fl Despite the introduction of Shrike casualties remained
high among Wild-Weasel crews, whose tactics left them vulner-
able to MIGrs and antiaircraft fire. Iron Hand teams preceded
the main strike force by 5 minutes, which deprived them olpro-
tection from the F-4's that defended the main formation irdHl
fighter attack. In addition, while the strike aircraft thundered
toward the target, dropped their bombs, and withdrew, the Wild
Weasels kept searching for SAM sites, sometimes remaining for
as long as 35 minutes over an area bristling with antiaircraft
9uns. 25
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(Cf So heavy were the losses that by mid-August 1966 onlfl
4 Wild Weasels remained flyabLe of the 11 converted F-105Frs
dispatched to Thailand earlier that summer. Although the
3BBth Tactical Fighter Wing had lost only one of its five Wild
Weasels, the enemy had shot down four of the six planes assign-
ed to the 355th Tactical Fighter Wing and damaged the other
two beyond repair. In October, six replacements arrived and
were divided between the wings so that each had five aircraft.
Almost immediately, the North Vietnamese downed an F-105F
from the 38Bth Tactical Fighter Wing, flown by the WiId Weasel
detachment commander. For the remainder of Rolting Thunder
the number of Wild Weasels serving with each wing varied from
as few as 4 to as many as 12. 26

ry
(? Despite the losses suffered by the units that launched it,

Shrike did not destroy many radars. In fact, other types of
ordnance carried by the Wild Weasels proved more deadly,
once the crews had loeated the target. From 18 April through
15 July 1966, F-100F's and F-105Fts launched 107 of the mis-
siles but scored only 1 confirmed and 38 probably hits. Various
factors contributed to this unimpressive record, among them
the sma1l explosive charge which required that Shrike score a
direct hit to inflict mortal damage. The principal reason for
the scarcity of hits, however, was the fashion in which the mis-
sile had to be launched.

$) Because the electronic gear on board the Wild Weasel
could not determine the precise range to target, the crew hadt
to use some other method of getting the Shrike within homing
distance of the enemy radar. A typical launch maneuver con-
sisted of diving toward the transmitter until the missilets radi-
ation seeker had locked onto the proper azimuth and elevation,
then pulling up and lofting the Shrike toward its target. A re-
ference table told the crew what loft angle to use for a given
speed, dive angler ard altitude. This aiming system had two
built-in weaknesses. First, the Wild Weasel was hurtling
through the air as the crew made these calculations and was
closing with the radar transmitter. Second, the table being
consulted was based, for eas e of computation, on the assump-
tion that the target lay at sea level; therefore, if the radar was
transmitting from a hilltop or ridge line, the loft angle would
be incorrect. 27
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(Ci ln using the launch table, the crew flew directly towaq^fl,
the intended target, thereby alerting the radar operators to the
imminent danger. Fan Song crews soon realized that they could
frustrate the Shrike by shutting down and depriving it of a radi-
ation source upon which to home. In this fashion, the enemy
further reduced the number of Shrike hits, but in consequence
also diminshed the accuracy of his own SAMIs. Since the
radars could not cease transmitting whenever an aircraft dived
toward them, North Vietnamese operators had to devise a tac-
tical compromise that enabled them to engage the attacking
Americans while offering only a fleeting target to the anti-rad-
iation missile. 28

G tfre enemy found that an acceptable way of countering
Shrike was to reduce transmission time by relying on acqui- *r
sition radars or ground observers to supply the course and
speed approaching American formations. Instead of trans-
mitting for 10 or 12 minutes, Fire Can and tr'an Song could re-
main on the air for 3 minutes or less. The North Vietnamese
also learned to recognize hunter-killer teams--usually four
planes--in contrast to the larger strike formations, and to
avoid using gun-laying or missile control sets while Iron Hand
was nearby. Radar operators shut down as soon as they de-
tected a Shrike launch, which could be seen on the scope or re-
ported by observers posted in the vicinity, thus depriving the
homing device of a target. 29

9) as these enemy tactics evolved, Wild Weasel crews 
'r:''

found they could no longer cruise about and locate radars with
their own detection gear. They had to rely upon intelligence
reports in positioning their aircraft to engage suspected trans-
rnitters. Also, because the radar signals were so brief, the
pilot and his electronic warfare officer sornetimes could not
use the standard table to calculate a loft angle and had to esti-
mate how sharply to pull up. If the enemy had already launehed
a SAM, the Wild Weasel crew could only make "a best guess at
range" and fire a Shrike "in the hope that the firing would cause
the operators to shut down the radar causing the SAM to go
ballistic and miss its tarset. tr 30
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€) Despite the limitations imposed on Shrike by the
absence of Wild Weasel ranging equipment, crews did
make effective use of the antiradiation missile. Since
the enemy radar operators would reduce their transmis-
sions in order to minimize the danger from Shrike, Iron
Hand flights used the threat of this missile to deter the
North Vietnamese from tracking accurately the strike for-
mations. To make this menace credible, the Wild Weasels
would feint toward suspected radars, or sometimes actually
bomb them, and promptly attack any Fan Song or Fire Can
bold enough to begin transmitting. Occasionally, the lron
Hand teams disguised themselves by flying close to the
strike force, hoping to be mistaken for part of it, i.n order
to lull the enemy into going on the air long enough to provide
a target for the Shrike. 31

9l Between the summer of 1966 and the spring of 1967,
the Wild Weasel mission underwent subtle change. At first,
emphasis was upon hunter-killer attacks to search out and
destroy missile positions, but radar suppression gradually
took precedence over destruction, although Wild WeaseI ,fi
crews continued to attack with bombs, rockets, or 20-mm
cannon whenever they sighted a SAM battery. Aircraft di-
verted because of bad weather from Fan Song suppression
flights over the Red River delta carried out a secondary
hunter-killer against SAM sites in North Vietnamrs panhandle.32

(U) Among the more celebrated Wild Weasel missions was
the one 1ed by Capt. Merlyn H. Dethlefsen against the radar-con-
trolled defenses of the Thai Nguyen steel works, some 40 nau-
tical miles north of Hanoi. When he took off on 10 March 1967,
he carried a pair of Shrikes, plus bombs, and the 20-mm cannon
built into his F- 105F. He had "questioned the amount of damage
that an AGM-45 [Shrike] would do by itself" and hoped that he
could "actually accornplish something" with bombs and gunfire.

{ U) Fiying well ahead of the strike force, Dethlefsen urr- 
*

countered antiaircraft fire so dense that he lost sight of the other
iron Hand aircraft among the clouds of srnoke from bursting shells.
"Th" sky was just b1ack, " hu said later. "It was just horrible....
Ycu know yourre not bullet proof...when explosions are rocking
your wings and you can hear metal hitting rnetal. " 33
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(U) Capt. Kevin Gilroy, the electronic warfare officer,
located a tr'an song transmitter, but just as Dethlefsen raunchL!
a Shrike toward it, a pair of MIG-21's jumped the Wild Weasel
from behind' ore of the interceptors launched a heat-seeking
missile, forcing Dethlefsen to dive through a carpet of flak to
avoid it. Despite the danger from fighters and antiaircraft guns,
he stayed in the vicinity of rhai Nguyen as long as fuel remained
in an attempt to maintain radar suppression. When Gilroy de-
tected another Fan song, Dethlefsen used his second shrike to
silence it. He then spotted a radar van parked at a third SA-2
site and attacked with bombs and cannon fire. 34

(U) Attfrough Gilroy cannot recall the incident Dethlefsen
has said that when the two men landed at Takhli, the fighter
pitots based there were "having a big celebration because theyrs
shot some MIGrs and at any rate we were largely ignored. " [sic].The
accomplishments of the wild weasel crew did not remain unn,o-
ticed, however. Early in 1968, Dethlefsen received the Meddlt
of Honor for his part in the attack on Thai Nguyen, and Gilroy
got the Air Force Cross. 35

€) tfre Iron Hand tactics used in the 10 March 1967 raid
were standard for the time. Dethlefsenrs F-105F was 1 of 2
which, with a pair of F-105D's, preceded the strike force by
about 5 to 7 minutes (30 to 45 nautical miles) in order to check
the weather and suppress the Fan song or Fire can radars that
helped defend the steel mil1. The Iron Hand team was in a vul-
nerable position. separated from the larger formation and its
F-4 fighter escort, Dethlefsonrs group risked attack by hostile
interceptors, and both antiaircraft barrages and optically aimed
fire awaited the pilot who ventured within range. Unless the
radar suppression team remained in the area, as Dethlefsen did,
enemy operators could wait until Iron Hand had passed, then re-
sume transrnitting in time to direct missiles and gunfire at the
f ighter -bombers.

(fl) By mid-1968, however,
these tactics. The main strike
behind the Iron Hand flight that
Hand team usually accompanied
the rear of the formation or on

Seventh Air Force had revised
force now followed just 1 minute
led the attack, and a second Iron
the fighter-bombers, flying near

the flank where radar-controlled
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weapons posed the greater threat. The two flights could cover
a larger area than one, suppressing several radars simultan-
eously and ensuring continuous coverage throughout approach,
attack, and withdrawal. One team, moreover, could serve as
a decoy, tricking the enemy into using radar after it had
passed, so that the second would have a target for its Shrikes.
tespite these changes in tactics, Iron Hand crews still had to
run a gantlet of antiaircraft fire during bombing or strafing
runs.36

Ar lgp"ot"rg"rJ over Shrike

'(IDAs early as the fal] of 1966, according to Co1. Arthur
t. Thomas of the 46Oth Tactical Reconnaissance Wing, Wild
Weasel was giving American Strike forces "some freedom of
action in the SAM defended areas, " even though the enemyts
skilled use of camouflage and Wild Weasel countermeasures"
would require the "immediate development of improved Weasel
equipment and weapons. r' 37 Among the major improvements
was a new antiradiation missile, the AGM-78, also called the
Standard ARM. A product of Air Force-Navy collaboration,
the new weapon made its combat debut late in March 1968, too
late to have much effect on Rolling Thunder, which ended with-
in B months.

9) The Standard ARM had a longer range than Shrike,
greater destructive power, and better homing ability. In
theory, a pilot could engage a target 60 to 70 nautical miles
distant, but he would need luck to obtain a fix on a radar that
far away. A1so, to attain this range, he would have to release
the missile from an altitude of 40,000 feet, while in actual prac-
tice the Wild Weasels usually launched the AGM-78 from 10,000
to 24,000 feet. The Standard ARM boasted a warhead weighing
99 kilograms (219 pounds), almost half again the weight of Shrike's
explosive charge. The improved homing system, which enabled
the pilot to avoid ftying directly at the target, contained a memory
circuit that kept the missile on course even though the enemy radar
had ceased transmitting a few seconds before the time of intended
impact. On the debit side, the 610-kilograph (1350-pound) AGM-78
was more than twice as heavy as Shrike and, in the limited numbers
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manufactured by the spring of 1968, was roughly 10 times f;}
expensive, with each of the new missiles costing $200,000. 38

(? From 1 Apri1, when President Johnson halted the air
war north of the 2Oth parallel, until Rolling Thunder ended com-
pletely on 1 November, Wild Weasels used both Shrikes and
Standard ARM missiles in missions against southern North
Vietnam. For sorties near the demilitarized zone or along the
seacoast, Shrikes proved preferable to Standard ARMIs because
the longer range missile might endanger friendly forces.
During this same period, Wild Weasel crews revived the prac-
tice of trolling, flying near suspected SAM sites to entice Fan
Song operators into transmitting. When a radar came on t€air,
a Shrike or AGM-78 promptly homed on it. Should the SAM
battery succeed in launching a missile, the Wild Weasels could
dodge it, look for a cloud of dust raised when the first stage
ignited and bomb and strafe the site. 39

Wild Weasel and Radar
nva"ts naia"rs atO

-

Eo^bltgt
BASS

S Witd Weasel crews and aircraft took part in two radar
bombing programs, one successful, the other a failure. The
successful venture originated with Gen. John D. Ryan, USAF'
who assumed command of Pacific Air Forces in February 1967
and almost immediately began searching for some means of
continuing Rolling Thunder attacks during darkness and bad
weather. His initiative resulted in the modification of several
F-LO5Fts to fly either night bombardment or conventional Wild
Weasel. missions. Because of the generalts role in setting up
the project, the men who carried out the night strikes called
themselves "Ryan's Raiders. " 40

cf
pf On the night of 6 April, Ryanrs Raiciers struck for the

first time, bombing a ferry and rail yard deep inside North
Vietnam. Raids continued throughout the remainder of Rolling
Thunder, but the night operation remained essentially a form
of harrassment. Too few planes were available for a systematic
offensive, and those actually used could not attain pinpoint accur-
acy, since they relied upon a radar bombing system originally
designed for nuclear weapons rather than 340-kilogram (750-
poundbombs.4l
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O When Ryanrs Raiders made their first night strike,
eight F-105F's modified at Yokota Air Base, Japan, was able
to perform either night attack or normal WiId Weasel opera-
tions. Two of these planes were lost in May, but the 388thftl
Tactical Fighter Wing managed to replace them with a pair of
F-105tr'Is modified at Korat. Seven dual-purpose Thunder-
chiefs survived beyond the yearrs end, to be joined in February
by the first of six F-105F's equipped exclusively for nighttime
radar bombing. The dual-purpose aircraft reverted to Wild
Weasel duties, though they remained available to Ryanrs
Raiders as replacements for planes being repaired. 42

|l) At the outset, Ryanrs Raidersr air crews consisted of
two qualified pilots. Since both officers had flown the single-
seat Thunderchief, they were familiar with the radar bombing
equipment common to the D and F models. The detachment had
been in action less than a month, however, when Lt. Gen.
Joseph H. Moore, Vice Commander of Pacific Air Forces, de-
cided that two pilots were a luxury and proposed training Wild
Weasel crews, made up of pilot and electronic warfare officers,
for night attack. His plan benefitted from a pool of the SAC-
trained electronic warfare officers, actually countermeasulr*
specialists, who mastered the F- 105F radar navigation and
bombardment equipment within a few weeks. Beginning in July
1967, four Wild Weasel crews alternated between dayiight radar
suppression and night bombing. Following the appearance early
in 1968 of the F-105Frs equipped solely for radar bombardment,
the Wild Weasel crews were relieved of night bombing duties,
but they had demonstrated such skitl in night operations that
Pacific Air Forces did not revive the original requirement for
two=pilot crews. 43

5) tn addition to providing the volunteer night bombing
crews, Wild Weasel units sometimes performed nighttime f$ar
suppression as Ryan's Raiders flew low-altitude, nighttime pene-
trations deep into North Vietnam. Fitted with an auxiliary fuel
tank and just one Shrike missile, a Wild Weasel circled at high
altitude beyond range of SAM batteries, while an F--105F from
Ryants Raiders challenged the radar-controlted defenses as it
hurtled through the darkness. At first, the lone Wild Weasel
may have diverted attention from the attacking aircraft, and even
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though radar opeators soon realized that the appearance of one
plane high in the sky heralded the approach of a second at low alti-
tude, they seemed reluctant to transmit at the risk of attracting a
Shrike.44

(*7 fne radar bombing scheme that failed bore the nickname
BASS, an acronym for Bistatic Aided Strike System, and emplaled
a specially equipped Lockheed EC- 121K, called Rivet Top, to
direct modified Wild Weasel against North Vietnamese radar. In-
side Rivet Top's cramped fuselage, a controller first pinpointed
an enemy radar, then watched for the signal from a transponder
mounted on the Wild Weasel which had been triggered by the hostile
transmission. The controller tried to coach the Wild Weasel on
the transmitter, telling the pilot what headings to follow and when
to attack. turing 10 combat tests conducted in Septernber 196B,
however, the WiId Weaselrs transponder failed to register on the
controllerts scope, and he could not guide the plane to its target.45

An Aplraisal of W4g Wgegg

94""""sing the effectiveness of radar suppression was a
problem from the outset. The first Shrike launched over North
Vietnam had vanished into a ground haze, Ieaving no clue to its
effectiveness except the fact that the radar set ceased trans-
mitting. Although individual crcwmen felt otherwise, intelligence
analysts could confirm only one hit by the first 107 Shrikes
launched against North Vietnamese radars Yet, several of these
transmitters were destroyed or damaged by WiId Weasel crews
who spotted them and attacked with bornbs, rockets, or gunfire.
As enemy radar operators became more skillful in limiting trans-
mission time, the Wild Weasels found it increasingiy difficult to
pinpoint targets electronically and sometimes launched against
brief bursts of radiation from sources invisible to them. Once
the crews had seen the target, however, these radar techniques
were useless against the more conventional munitions.46

€l The fact that a radar attacked by a Shrike or Standard
ARM might then be bombed by the very aircraft that had launched
the missile complicated the problem of judging the effectiveness
of the antiradlation weapons, for no one could declare with cer-
tainty what type of ordnance had destroyed a target. Also, because
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of the speed with which the enemy could replace a radar
knocked out by aerial attack, intelligence analysts sometimes
found it difficult to determine whether the Wild Weasel had
actually scored a hit. 

,.i{,

(ffffne Air Force Security Service, the agency responsible
for determining the impact of electronic countermeasures, had

access to radar intercepts that gave insight into Wild WeaseI
effectiveness. For example, the 35 Shrikes launched in southern
North Vietnam from ApriI through June 1968 caused no discer-
ible damage but they did force the enemy to transmit brieflly
and at irregular intervals, undercutting his ability to burn
through American jamming. The 45 Shrikes launched during
the last 90 days of Rolling Thunder similarly disrupted radar
coverage, even though only three of the missiles actually dam-
aged North Vietnamese radar vans. Wild Weasel did therefore
suppress enerny radars despite the small number of hits scored
with antiradiation missiles; it sometimes accomplished its
purpose by showing its fangs rather than drawing blood with
them. 47 '.:,,..l
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IV. ''THE MOST SIGNIFICANT DEVELOPMENT''

€) CoI. Robin OIds, commander of the Thailand-based
Bth Tactical Fighter Wing from September 1966 to December
1967, declared that "the most significant development in the
air war over North Vietnam during my tour was the introduc-
tion of the . ECM ; eiectronic countermeasuresl pod and
with it a return to mass forrnation tactics reminiscent of
fighter operations in World War II and Korea. "1

p) Brig. Gen. William S. Chairsell, commander of the
3BBth Tactical Fighter Wing from August 1966 to August 1967,
made a similar evaluation. "Prior to the ECM pod, " he
wrote, "our aircraft were required to ingress and egress to
and from the target using terrain masking for protection and
employ the rpop-up' maneuver over the target, " tactics that
brought the planes "well within range of the majority of AW
I automatic weapons] and AAA I antiaircraft artilleryl " and made
them "extremely vulnerable to SA-2 firings and AAA at the
peak of their pop-up." Thanks to the self-protection pod, Gen-
eral Chairsell continued, "our aircraft could now roll into the
target from medium altitude--12,000 to 15,000 feet, " a
change that reduced losses and improved bombing r""r.r"y. 2

gyjlg.-r"g ESIU Dis appoi ntme nt

F) The first pod used in Southeast Asia, the QRC-160-1,
gave no indication that its successors would earn such tributes.
Although, the Air Force had been working on the idea since
1959, the eariy device was a failure. The internal construction
could not withstand the stresses created by the high-speeds of
the RF-101rs that carried it, and the external shape generated
aerodynamic forces that twisted the planets wing tips. Conse-
quently, after a brief trial in the spring of 1965, the pod was
withdrawn from service. 3

F) Not all of the early self-protection equipment proved
disappointing, however, Navy airmen jammed Fan Song using
the ALQ-51, a deception device which transmitted a faise posi-
tion when triggered by radar waves. Instead of being enclosed
in a detachable pod Iike the QRC-160-1, the ALQ-51 was built
into the underside of the fuselage of Grumman A-6ts and late-
model McDonnell Douglas A-4rs. On 16 September 1965, an
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A-4E pilot reported success in jamming a Fan Song beam that
had been tracking hirn. Four days later, a flight of A-6's used r
their deception jammers in escaping a half-dozen SAMIs launched
against them. +

(El tfre Air Force U-2 also carried a deception jammer, which
was successful against Fan Song during flights over the North.
U-2rs were few in number, however, and suited only for high alti-
tude reconnaissance, so the failure of the QRC- 160- 1 placed the
burden for Air Force countermeasures on the EB-66. But the
EB-66 unfortunately was incapable of accompanying strike forces
into heavily defended areas and therefore could not effectively
assume countermeasures responsibilities. In the words of CoI.
Arthur t. Thomas, what the Air Force needed was rra penetration
aid that would defeat SAM and radar systems throughout the mission. "
As a result, correcting the defects in the QRC-160-1 received a
high priority. 5

I tn January 1966, the Air Proving Ground Center at Eglin
AFB began testing the QRC-160A-1. This modified pod, though
structurally stronger and somewhat heavier than the original, had
undergone no radical change. Like its predecessor, it was a
self-contained, barrage noise jammer with four 75-watt rnagnetron
transmitters (soon replaced by 100-watt models). These com-
ponents fitted inside an aerodynamic pod measuring 230 centimeters
(7.5 feet) in length by 25 centimeters (10 inches) in diameter. .r,
Total weight was 90 kilograms (200 pounds). Except for a 2B volt
status light in the cockpit, all electrical power came from an in-
tegral ram-air turbine.

(€i Litce the older model, the improved self-protection pod
was simple to operate. Prior to takeoff, ground crewmen adjusted
the controls on the outside of the pod to establish the center fre-
quency and band width that would jam particuiar kinds of radar.
The pilot needed onlv to turn the transmitters on and off. 6

(fh) Preliminary evaluations indicated as early as the end
of January 1966, that the QRC-1604.-1 would prove mgged enough
for combat and was effective against Fan Song or Fire Can. By
mid-year, the test results convinced Gen. William W. Momyer,
who had recently assumed command of the Seventh Air Force,

*l
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that the new self-protection pod offered a means of reduc-
ing losses over North Vietnam. He therefore requested a com-
bat evaluation, and 25 of the pods, with technicians to maintain
them, were sent to Thailand. In September, the test team and xl
its equipment reached the 355th Tactical Fighter Wing at Takhli,
which immediately launched Project Vampyrus to determine the
value of the pods against radar-controlled weapons. 7

Projegt V"-.U.ISB

S From 26 September through B October 1966, F-10S'Dts
of the 355th Tactical Fighter Wing, commanded by CoI. Robert
R. Scott, flew 19 four..plane missions, sometimes as many as
three a day, to test the pods against targets defended by SAMf s
and radar controlled antiaircraft guns. Maj. Douglas D.
Brenner, of the wingrs 333d Tactical Fighter Sqrra-d"on, served t
as operations officer for Vampyrus, Capt. Karl G. Berroth
supervised maintenance, and troubleshooter for electronic pro-
blems was Capt. David S. Zook, who had served as project of-
ficer during the Eglin testing.

S) The project moved forward with EB-66C's measuring
the effectiveness of the pods. The electronic warfare officers
on board first verified the number, location, type, and transmis-
sion characteristics of radars protecting the targets, then ob-
served how these transmitters reacted to the pod-carrying *.
Thunderchiefs. When necessary, the EB-66Crs jammed radars
outside the frequency range covered by the self-protection pods.

$) Besides testing the mechanics of the pods, the Vam-
pyrus task force experimented with formations, trying to lay
down the densest possible noise barrage with the least sacri-
fice of maneuverability. At first, the leader flew at altitudes tt
varying from 6000 to 16,000 feet, with others echeloned down-
ward, each pilot remaining 1000 feet below and 1500 feet be-
hind the plane ahead. This formation proved awkward however.
The fliers complained that they found it hard to locate naviga-
tional checkpoints and bombing targets because they had to look
up so frequently to maintain station. To avoid this distraction
they decided to form an echelon extending up and back from the
leader. And, to improve further the chance of picking up the
target, the leader sometimes maintained an altitude of 4500
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feet, the lowest he could f1y without running suicidal risks from
light antiaircraft guns.

3l tfre most spectacular Vampyrus mission occurred on
B October 1966 when three four-plane flights of F-105Drs made
coordinated strikes against the Nguyen Khe oi1 storage facility
south of Hanoi. A pod-carrying Thunderchief of one of these
flights--Taksan flight--had mechanical trouble and was replaced
by a plane that had no jamming equiprnent. Prior to entering
the target area at an altitude of 4500 feet, this flight divided into
two elements, and almost immediately the two pods carried by ,,,1a

Taksan 01 ceased functioning. The other plane, Taksan 02'
was the last-minute replacement and had no countermeasures
protection at all.

(? Within seconds, the pilot of Taksan 01 found himself
in mortal peril. A MIG-21 dived toward him, and as he eluded
it, three B5-mm shells burst close enough to punch holes in the
skin of his F-105D. He jettisoned his bombs to gain speed and
maneuverability, but his engine suddenly quit. No sooner had
he restarted the balky turbine than a SAM came streaking toward
him. He quickly nosed over in a diving turn that brought him {
within 2500 feet of the ground. Antiaircraft shells burst around
him until he climbed out of ranse.

$) Taksan 02, also without countermeasures protection,
encountered comparably intensive fire from radar controlled
antiaircraft guns but luckily escaped damage. The other two
planes in the flight, however, Taksan 03 and 04, turned on
their self-protection pods and experienced only light to moder- 

!*eq,
ate fire.

5) For the second Vampyrus flight, Drill' the approach
to the target was more dangerous than the actual bombing. The
four planes thundered toward their goal at 2000 feet, boring
through planned barrages from machine guns and tight antiair-
craft. Since this fire was not controlled by radar, the pods
did not affect its accuracy. Jamming became critical after the
F-105Dts climbed to 12,000 feet, just minutes from the target,
and exposed themselves to weapons directed by Fan Song and
Fire Can. The formation, however, encountered no opposition
from SAM's or antiaircraft guns as it dive bombed the oil
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storage tanks and returned at medium altitude to Thailand.

(C tfre four pod-carrying F-105D's of Steel, the third
Vampyrus flight, led by Major Brenner, now arrived on the
scene. Staggered between 12,000 and 16,000 feet, they took no
evasive action but headed straight for the storage area, dropped \
their bombs, climbed 4000 feet, and set a course for Takhli.
None of the pilots saw either SAM's or bursting she1ls.

€i tfre Vampyrus project proved to the satisfaction of
the participants that pod-carrying Thunderchiefs, flying in
loose formation at medium altitude, could successfully defy
radar-controlled weapons. Pilots flying below 4000 feet con-
tinued to face danger from barrage fire by antiaircraft guns and
light automatic weapons, as the experience of Dril1 flight had
shown.

S) ffre tests also indicated that the QRC-160,4.-1, soon
to be redesignated ALQ-71, was sufficiently reliable for employ-
ment in combat operations. Maintenance had been a problem, s
however, with the ram-air turbine a recurring source of trouble.
The next step was to acquire enough of the pods to equip all the
fighter-bombers and tactical reconnaissance planes routinely
testing the defenses of the North.

1\Lajor Advantages and Minor Problems

(€1""rr*,'ng these noise jamming pods on each of four
aircraft which fly a rather precise, widely spaced formation {
presents . . a large, spatially dispersed source of noise" and
denies range and good direction information to the radars, "
according to William R. Rambo, director of Stanford Universityts
electronic laboratory. Mr. Rambo cited some impressive statis-
tics concerning pod effectiveness, telling the Air Force Scientific
Advisory Board that before Vampyrus the North Vietnamese were
averaging one kil1 for every 35 SAMrs launched, but that afterwar*
the ratio was ohe plane downed per 60 launchings. I

5) A fighter-bomber pilot confirmed these statistics.
"When I got my orders in 19SJ,'t ssid Lt. CoI (then Maj. )Robert
Belli, USAF, "the sortie rate until you could expect to get shot
down was 66 missions for a'105'pilot. " But, he discovered, "we
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had very few shot down the whole time I was there, in a year may-
be seven or eight fellows went down. " To Be1li, it seemed that
"electronic warfare just turned the attrition rate upside down, fron
being pessimistic to optimistic. " 10

!|i Despite its impact upon the loss rate, the self-protection
pod did not confer absolute immunity. During leve1 flight, two pods
protected an aircraft to within B-10 nautical miles of the SAM site.
At this point, "burn through" occurred, as the Fan Song beam over-
powered the jamming signal, enabling the controller to locate a r*
target for his missiles. Also, because of the aircraftts antenna
propagation pattern, jamming coverage decreased markedly during
maneuvers, especially in steeply banked turns when the strongest
signal might not blanket every radar-controlled weapon that could
track the target and open fire. As a result, pods might blind one
radar, while at the same time leaving holes in the jamrning pattern
through which another set could lock onto the aircraft and destroy it
with SAMrs or gunfire. 11 rt

(5) tfre ALQ-71 had a few design shortcomings which escaped
notice untit the pods became standard equipment early in 1967. One
such problem was the location of the control box. This was installed
to the I'-105D pilotts right rear, where it was difficult for him to
see the light that indicated failure of the jamming device. The pod
therefore might quit functioning without his realizing it. Main-
tenance men in Thailand resolved the di.fficulty by moving the con-
trol box.

(ff) at the same time, they corrected another failing, " *"ti&of mutual interference, by rewiring the box. Before this modifica-
tion the same jamming signal that disrupted enemy radar also pre-
vented the pilot from using his homing and warning gear. The change
in wiring enabled him to interrupt the jamming for a few seconds,
long enough for the homing and warning gear to react. 72

(5) Iron Hand teams had to exercise caution when using both
jamming pods and antiradiation missiles because the ALQ-71 re-
duced the accuracy of the Shrike homing device and created clutter
on the radar homing and warning scope in the Wild Weasel hunter arl
aircraft. Iron Hand crews therefore tried to avoid turning on the
pods until after receiving SAM warning and launching the antira-
diation missile. 13

SECRTI



?t By January 1967, the Seventh Air Force had
enough ALQ-71rs and mounting brackets to begin equippingF-4 Phantoms as well as the F-losn's. unlike the Thunder-chiefs, which had wiring for two pods, the F-4rs courd carryonly one, and this single jamming device was at best margin-aIly effective. with only half the number of pods carried byThunderchiefs, a four-plane flight of F-4rs sacrificed so muchjamming coverage during steeply banked turns that the noisebarrage scarcely inconveni"n""o skilted radarmen. By mid-year' however' electronics technicians had modified the phan-
toms to carry two pods and jam as effectiveLy as the F-105ts. 14

€f Although the RF-101 voodoo had introduced the un-successful Qnc-160-1 pod to southeast Asia, this reconnaissanceplane did not at first carry the improved ALe-?1. since the .eq
voodoo usually flew alone, refusing to jam unless actuallytracked by hostile radar, it seemed ioeatiy suited to a differentself-protection jammer, the ALe_51. Th; ALe_b1, when trig_gered automatically by enemy signals, broadcast a farse radarreturn to deceive enemy radar operators. The North vietnamese,however, blazed away so furiously at the farse targets presentedthem by the ALQ-5l that damage to the aircraft seemed inevitable,
and Seventh Air Force had to substitute the ALe_?1. 15

(e1'rn November 7967, sAMrs scored eight kils withinjust 4 days, despite the self-protection pod. An investigationteam flew to southeast Asia and discovered that a combinationof faulty radar bombing technique and the cunning of North vietnamf sdefenders had been responsibre for the startlinglosses. someFan song radars were transmitting on a siightly lower frequency,thus escaping the jamming barrage. Also, ai, po""e planes
tended to bunch up in order to obtain a more compact bomb patternduring missions controlled by ground-based radar, and in doing sothey simplified the task of tracking and aiming at the jammingsource. Instructions immediately went out to open ,rp for-"tfons
and to adjust the center frequencies of noise barrages directedagainst Fan Song. 16 i

G) Tracking the jamming source (also ca[ed passive tracking)
enabLed the enemy to diminish the effect of self-protection pods. In-stead of relying on the radar return, which the noise barrage hadobliterated' the enemy followed the source of this noise on his radar
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