—

F/G 17/4

LESSONS?(U) AIR WAR COLL1AXWELL AFB AL J R DICKSON

MAY 87 AU-RWC-87-853

UNCLRSSIFIED




A —
T .

 EEF]

333 m_mmuuhm

EE

4

a3adg

E—

]

.

DS-1983-A
———— 4 "

BUREAU OF STANDAR

NATIONAL,

MICROCOPY RESOLUTION TEST CHMART




| AIR WAR COLLEUG

RESEARCH REPORT

NoO. AU-AWC-87-053 ONG EILE COBY
ELECTRONIC WARFARE IN VIETNAM:
DID WE LEARN OUR LESSONS?

By COLONEL JOHN R. DICKSON, USA

AIR UNIVERSITY oo o
UNITED STATES AIR FORCE " X
MAXWELL AIR FORCE BASE, ALABAMA




AIR WAR COLLEGE
AIR UNIVERSITY

ELECTRONIC WARFARE IN VIETNAM:

DID WE LEARN OUR LESSONS?

by

John R. Dickson
Colonel, USA

A RESEARCH REFORT SURMITTED TO THE FACULTY

IN

FULLFILLMENT OF THE RESEARCH

REQUIREMENT

Thesis Advisor:
Technical Advisaor:

Doctor

Howard M.Hensel

Colonel William C. Allison

MAXWELL AIR FORCE BASE, ALABAMA

May 1987

Accesion For

NTIS CRA&I %
C

DTIC TAS
Unannoticed

Justificaten
BY oo rerirerneenes
Drt hutioe] ‘
.-—-.-—"-—-‘-"".'*"'-‘.‘.“
Avarabity Codd
O
‘ Avall und; or,
Dist Soecial |




DISCLAIMER-ABSTAINER
This research report represents the views of the
author and does not necessatrily reflect the official opinion
of the Air War College or the Department of the Air Force.
This document is the property of the United States
government and is not to be reproduced in whole or in part

without permission of the Commandant, Air War College,

Maxwell Air Force Base, Alabama.




AIR WAR COLLEGE RESEARCH REFORT ABSTRACT

TITLE: Electronic Warfare in Vietnam: Did We Learn Our
Lessons™?

AUTHOR: ohn R. Dickson, Colonel, USA

The air war over North Vietnam 1is reviewed with
emphasis on the electronic warfare (EW) aspects aof the air
campaign. The North Vietnamese air defense system is
described along with the electronic countermeasures (ECHM)
used by American aircrews to neutralize these weapons. An
analysis of the EW operations reveals that the U.S5. did not
provide adequate electronic protection for its aircra+t, did
not have adequate EW doctrine and tactics, and did not train
their commanders, staff officers and aircrews to use EW as a
combat multiplier. To determine whether these deficiencies
have been corrected, the opinions and perceptions of 33
+ormer commanders and operations officers of flying units
were surveyed. The results of this survey reveal that the
1J.S8. has not provided complete ECM protection for its combat
aircraft. Most +flying units have an extensive set of EW
tactics, which they practice often. Crews are adequately
trained i1n the principles of EW but most commanders feel they
need a realistic threat simulator for routine training and

evaluation of tactics.
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CHAFTER 1
INTRODUCTION

The air war in Southeast Asia (SEA) presented the
first opportunity for American forces to conduct modern
electronic combat (EC). Although the enemy in Vietnam did
not present a credible electronic threat to our ground and
naval forces, the North Vietnamese air defense forces used
radars, guided missiles and radar—-assisted, ground-
controlled interceptors to attack and frustrate our fighters
and bombers operating north of the Demilitarized Zone (DMZ).
Not prepared for this electronic threat, our Air Force, Navy
and Marine pilots soon found themselves in the fast-moving,
deadly environment that electronic weapons bring to war.
Though relatively unsophisticated, the electronic systems
used by North Vietnam took their toll. The U.5. Air Force,
after a thorough analysis of the Vietnam experience,

Concluded that:

The Narth Vietnam detfense system
(antiaircraft guns, surface-to-air missiles, and
high performance interceptors— all radar supported)
was never suppressed to the degree necessary +for
complete freedom of operation. (1:37)

Only the best technical ingenuity and battlefield innovation
allowed our Ffliers to accomplish their mission without

crippling losses.

Future wars will present a more sophisticated

electronic threat and will not permit oaour a&i1rcrews an




opportunity after hostilities begin to develope equipment and
tactics to meet the threat. Our electronic warfare (EW)
cagpability must be ready from the start.

The valuable EW lessons learned in the air over
North Vietnam have never been consolidated and analyzed in
their +ull historical context. Most of these lessons were
reported in various classified and unclassified after-action
reports and personal accounts of the war. The Air University
CORONA HARVEST reporting series contains many of these
lessons. Because some of these reports were recently
declassified, we now have an excellent opportunity to produce
an unclassitied analysis of our EW experience in Vietnam that
can receive widest distribution to the leaders and planners

of all four services.

Furpose

The purpase of this research is to determine whether
the U.S5. armed forces have corrected the EW deficiencies
identified in the Vietnam War. The research will attempt to
answer the following questions:

a. What electronic warfare lessons were learned in
Vietnam? What key deficiencies in EW equipment, tactics and
doctrine were identified?

b. What has been done by the services to correct

Y these deficiencies?

My c. What still needs to be done to ensure that the

U.S. can conduct effective EW in any future conflict®




Methodolo

A search of historical documents and publications
available at the Air War College and at the Headquarters,
USAF Electronic Security Command (ESC), the Air Force
Electronic Warfare Center (AFEWC), and the Joint Electronic
Warfare Center (JEWC) was performed to document the EW
lessons reported from SEA; Telephonic inquiries to military
historical offices in the wasﬁington, D.C., area were made to
ensure that historical lessons from all sources were included
in the study.

To determine if EW deficiencies have been corrected,
a survey was performed to identify perceptions and opinions
of thirty—-three senior officers at the Air War College on the
current status of our EW capaﬁility. Sampled aofficers all
had operational experience in the last four years, serving as
commanders or operations officers of Army, Navy, Marine Corps
and Air Force flying units. They included tactical +fighter
and reconaissance squadrons, strategic bomber squadrons and
attack helicopter units. A sample of the questionaire used
in the survey is at AFFENDIX A. Objective responses wetre
compiled and compared to determine whether a clear consensus
existed on any of the issues. Respondent ‘s comments wete
also compiled to explain their objective response, identify
any subjective consensus that may exist, and identity ideas

+or future EW development. Some respondents wetre personally

interviewed to clarify and amplify their response and to
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discuss classified aspects of their response.
This study is rnot a detailed, technical analysis of

the electronic war in Vietnam or our EW capability today.

o ‘
é? Instead, it 1is an analysis of history and opinions to be
F} used by the non-technical readers - the leaders, seniot

; planners and pilots who need to know the lessons of history
iﬁ and the perceptions of some of our flying leaders today. To '
%; accomplish this, many classified references were deliberately

omitted from the study. Most of these classified docuhents

discuss specific technical aspects of EW that would add
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CHAFTER 11
AIR OFERATIONS AND AIR DEFENSE IN SOUTHEAST ASIA

To understand how the air war in SEA has impacted on
the development of EW capabilities in the past decade, it is
necessary to review the air campaign over North Vietmnam, the
air defense threat presented by the North Vietnamese, and the
EW tactics and hardware used by the U.8. pilots to counter
that threat. It is not within the scope of this study to
provide an extensive and detailed history of the air war in
North Vietnam. Instead, the major aspects of the war that
created the EW lessons of SEA Qill be presented. For a more

axtensive study of the air campaign over North Vietnam, the

reader is referred to numerous personal and official
histories of the war. General Momyer's synopsis of the air
war in Southeast Asia is an excellent source. (2) The CORrONA

HARYEST reports on file with the Albert F. Simpson Historical
Fesearch Center provide specitic, technical details of all
aspects of the air operation and summaries of numerous of

pRtrsonal experiences in SEA.

The Alr Campaiqn

The American air war over North Vietnam lasted over
seven years but can hardly be described as a continuous and
concentrated bombing campaign to bring the North Vietnamese
to their knees. Instead, the air war evolved into a series

o+ short, intensive campaigns, lasting less than a few days

5




to several months and each carefully contrived to accomplish
important military and political goals while avoiding equally
important political bhazards perceived by the American
leadership.

Taken in total, the U. S. air effort was impressive.
From the first raids in August, 1964, until the release of
our prisoners of war in 1973, the United States +flew over
Z00,000 sorties and dropped over 900,000 tons of ordnance on
North Vietnam. (3:267-2832; 4:99) Compared with the 2 million
tons of air ordnance dropped by our aircraftt in kKorea, the
American effort against North Vietnam appears .to be
substantial, considering the small size of North Vietnam and
the unconventional nature of the ground war. American losses
depict a major and costly effort. More than 900 US aircra+tt
were destroyed by North Vietnamese gunners, missiles and
interceptors. (3:19,283) Nearly 300 American airmen were lost
and another SO0 captured after ejecting over enemy

territory. #*

ROLLING THUNDER: 1965-1968

The ai+r war over North Vietnam consisted of at least
62 different operations, each with its own specific mission

and operational restrictions. In the early campaigns, the

* The general figures cited here are from the Cornell
University study on bombing effectiveness, supplemented with
official U.S. Air Force estimates for later air campaigns.
(312672845 4:1673 4:171) :
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restrictions were progressively relaxed to create what :ﬁag
Fresident Jchnson called a ‘"slowly ascending tempo" of ,??;
military action. (6:24) In several instances, the air AN
operations were stopped completely in recognition of holiday g%ﬁ
perinds or to encourage the North Vietnamese to resume peace 133
negotiations. These bombing halts, while lasting no more ﬁ&ﬁ
than a month, gave the North Vietnamese much needed é%i
eoay,
opportunities to rebuild, resupply and improve their air ﬁfﬁ
defense system. Each time our fliers returned, they tound EQH
the opposition more formidible. (J3:39-43; 4:98-99) %%g
The severe constraints placed on our pilots »?P
attacking North Vietnam made them extremely vulnerable to the g;g
North Vietnamese defenses and magnified the importance of ﬁig
protective ECM  and deception. The early ROLLING THUNDER g%if
attacks were carefully controlled from Washington, often e

preventing the attackers from operating in large portions of

North Yietnam. Initially, raids were restricted to targets

south of the 18th or 20th parallel. Later, when the air war o
d "%
§

went further north, a 3F0-mile radius around Hanoi and a hﬁ?
o

10-mile circle around Haiphong, along with a Z0-mile buffer
along the Chinese border, were observed. The Notrth Vietnamese

were quick to recognize these '"safe areas'" and place their

surface-to—-air missiles (5AM) and ground-controlled-intercept
(GCI) centers within them. (7:151) ety

The strong imperative to avoid collateral damage

demanded attacks against small, "point-type" targets such as




barracks, bridges and supply depots. Such small targets
forced the attackers to expose themselves longer to enemy
defenses to ensure that the targets were destroyed. These
restrictions, along with centralized control, the
"gradualism" of the U.S. strategy, and the restrictive
terrain and weather in North Vietnam, gave the the Vietnamese
a distinct defensive advantage. U.S. airmen found themselves
repeatedly attacking the same targets using tactics that were
stereotyped and easily exploited by the enemy. (7:151-152)

On 1 November, 1968, Fresident Johnson stopped all
bombing of North Vietnam in an effort to induce the North
Vietnamese to seriously pursue a peaceful settlement of the
conflict. The next four years were relatively gquiet in the
north, interrupted only by "protective reaction" strikes by
the U.S. In February and May of 1970, particularly large
strikes were flown against SAM sites, anti-aircratt artillery
(AAA) positions and military logistics facilities in the
north. During this lull, the North Vietnamese added to its
MIG-21 inventory and improved its air defense units and

procedures. (4:89,92)

LINEBACHKER I and II: 1972

On 8 May, 1972, Fresident Nixon responded to a North
Vietnamese ground offensive in the south by resuming
full-scale bombing attacks against key targets around Hanoi
and Haiphong, supplemented by a naval blockade and mining of

Haiphong and other ports. When negotiations with the North

8
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Vietnamese showed some promise, Fresident Nixon halted all
attacks north of the 20th parallel. However, atter several
weeks of diplomatic trustration, on 18 December the president
ordered the initiation of an intensive, ll-day bombing
campaign that, for the first time, included massive night
baombing around Hanoi and Haiphong by B-52’'s. This campaign,
that was to be the last of the war, involved almost every
available aircraft in the U.S. inventory. (4:95-99) Using
laser—guided bombs and radar bombing techniques, the
continuous pressure destroyed a major part of North Vietnam's
industrial and transportation capability and virtually
destroyed their extensive air defense system. (23:239-240)
When the North Vietnamese agreed to negotiate, the U. S.
restricted bombing to targets below the 20 parallel. They

ceased all offensive operations against North Vietnam on 1S

January 1973, (4:99)

PO L S AN FR A A L LI, . .. R R A .

The North Vietnamese air defense system that
American airmen faced between 1963 and 1972 has been
described by various authors as "imposing" and “one of the
most formidible air defense systems ever developed." (7:2035;
4:74) Others have given these detenses the ultimate
technical compliment calling it a "fully integrated" system.
(B:276) To the credit of those flyers who daily braved the
MHorth Vietnamese flak, missiles and interceptors, the air

defense system they saw was indeed impressive. However, a

9
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detailed and objective analysis of the defenses through the
war years suggests that, while it was vast and
well-coordinated, it was far from modern and sophisticated,
even in the context of the 19608 and "70s.

When the bombing began, the North Vietnamese
defenses consisted of what one Air Force historian called an
"unorganized array of radars and approximately 1,000 AAA
guns. " (9:356) MWithin a year, tge North Vietnamese doubled
their AAA foarce, acquired more radar-contraolled guns,
developed a country-wide GCI system with various surveillance
radars, and fielded a significant number of the radar-guided

SA-2 missiles. (4:74)

Anti Aircraft Artlillery (AAA)

A vast array of AAA and automatic weapons (AW)
formed the foundation of the North Vietnamese air defense
system. Ranging from radar-controlled 100mm guns to the
shoulder—fired AkK-47, these weapons formed a protective
blanket that covered almost the entire country and posed the
most serious threat to U.S. aircraft over Naorth Vietnam. By
1968 there were about 6000 dedicated AAA weapons of all
caliber in North Vietnam. Half of these were concentrated in
the area around Hanoi and Haiphong, and to the northwest of
Hanoi. At the peak of our air operations, the larger
radar-controlled AAA weapons were fully coordinated with SAMs
and interceptors to improve their effectiveness. (?:56)

Although American efforts to reduce the SAM and interceptor

10



threat were showing significant returns by early 1968, the
ARA  threat continued to grow and improve so that it could
claim credit for 80% of all friendly aircraft downed by then.
(P:6) This performance is particularly impressive when one
notes that all these ARA weapons used technology that emerged
during or just aftter World War II. The 57mm gun, S-60, was
introduced into the Soviet Inventory in 1950. The FIRECAN
radar that guided the S7mm, 8Smm and 100mm gun batteries was
a Soviet copy of a radar built by Westinghouse in the 1940°s
using very unsophisticated electronic concepts and
components. (10:471) Statistics to demonstrate the relative
effectiveness of this radar—-controlled AARA are hard to find.
One study reported that radar—-controlled AAA guns accounted
for 14% of all aircratt losses in the last three months of
1967. (9:75)

The Soviet Union introduced the deadly ZSU 23-4 to
their inventory in 1965. Had the North Vietnamese acquired
this sytem, with its high rate of fire and relatively modern
LUN  DISH radar, hbetore the war in SEA ended, our pilots

would have faced a greater AAA challenge. (11:5.93)

Surface—-to-Air Missiles (SAM)

The North Vietnamese SAM capability received
extensive and perhaps undeserved attention by those who
watched the air war in Southeast Asia. Through the war
vears, SAMS accounted for less than 10% of all U.5. aircraft

losses. But, because we were not prepared to +ight against

11




this weapon system, the SAM "became a major factor in shaping
tactics and equipment requirements" for the USAF. (9:25)

The mainstay of the North Vietnamese SAM force, the

‘ﬁ‘ Soviet—-made SA-2 GUIDELINE, was first introduced into their
W
fb defenses around Hanoi in early 1965. On 23 July 1965, an

American F-4C was the first U.S. aircraft to fall victim to
! the SA-2. By early 1966, the North Vietnamese had at least

! 56 SAM sites and were working hard to integrate these tradar

iy controlled missiles into their array of AAA guns and
i%i fighter—interceptors. (4:74) By 1967 there were about 200
i
%§ SAM sites in North Vietnam, each with 4 to 6 launchers. The
:f heaviest concentrations were around Hanoi, where in 1972
%g there were as many as 100 missile-ready launchers to meet the
%g Christmas offensive that year. (2:123-124) More than 1,000
.ﬁ' SA-2s were launched during that 1li-day campaign, depleting
E§ the North Vietnamese supply of missiles. (4:167)
E% The SA-2 and its associated radars were far from
»3 state—of-the-art for 1968. Introduced into the Soviet Army
o
gﬁ in 1959, the SA-Z was already being replaced in the Soviet
Ay
gg Army by more sophisticated SAM systems with greater range,
-— altitude and tactical mobility along with advanced guidance )
T
%? systems and electronic counter—counter measures(ECCM). Table
l%% 1 shows the seven Soviet SAM systems that were fully 1
ii operational in the Soviet air defense system and had been, in
&
fﬁ some cases, provided to client states by 1972 when the last
{“
!
¥
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System

SA-3

SA-4

54-5

SA-6

‘ (1)

Table
U. SI

compiled
Aarmy FM 100-2-3

Year

Introduced

1959

1961

1967

1967

1970

12469

1968

Guidance

Radar
Command

Radar
Command (1)

Radar
Command (2)

Radar
Command (2)
Radar semi
active

IR Fassive
Homing

IR Passive
Homing

Fossible IR terminal homing.

(2) FPossible terminal homing.

TABLE 1

SOVIET SAM SYSTEMS

Range
(Km)

35-50

25

(11:5.93-5.103).

OFERATIONAL BEFORE 1972

Ma:x Alt

(ft)

28k

25K

29K

29k

12K

. 5K

Sk

from Jane's Weapons Systems(10:97-101)

Mobility

Semi-
Trailer

Fixed
Track
Mounted

Track
Mounted

Track
Mounted

Shoulder
Fired

Amphib
Scout Car

and




U.S. air strikes were flown in Southeast Asia. (11:5.95;

In April, 1972, the enemy introduced the only
modern, ground-based air defense weapon, the SA-7 GRAIL. that
American fliers would see in Southeast Asia. (8:141-14%)
This shoulder-fired, infrared-homing missile had appeared in
the Soviet inventory only three years earlier and for the

remainder of the war it was a valid threat to any low-flying

aircraft. Because it was a portable weapon that passively
homed on an aircraft’'s hot engines, it was virtually
impossible to detect until it was launched. The North

Vietnamese used this weapon to great advantage below the DMZ
against slow-moving helicopters, forward air control
aircratt, and the "trail-busting" AC-130 gunships. The SA-7
pPlayed a major role during the Communist Spring offensive of
1972, especially in the battle of An Loc. (12:231,242-243)
While the 8A-7 may have been deployed as a short range
supplement to their SA-2 and ARA coverage, there is no
indication that the North Vietnamese ever fired this missile
at U.5. aircraft over North Vietnam.

The U.S. was fortunate that the North Vietnamese
did not receive other modern SAM systems from the Soviets.
Had they acquired the SA-4 or SA-S5, with their great range
and 1improved tracking, the SA-6 with its mobility and
improved guidance system, or the SA-9 with its passive
infrared tracking and excellent mobility, the Notth

Vietnamese could have presented a much greater air defense

14




threat to our strike aircraft. Clearly, the 5AM kill-rate

would have been greater.

Air Detense Radars.

The radars associated with the fNorth Vietnamese air
defense gsystem were equally outdated and unsophisticated.
Table 2 shows the radars known to be in the North Vietnhamese
inventaory by 1972, To compensate for their lack of quality,
the North Vietnamese deployed many radars i1in overlapping
coverage. Their early warning and GCI radars formed a
comprehensive network that could detect the approach of
aircratt over all of western and southwestern Laos and the
Gulf of Tonkin. (2:321) The North Vietnamese radars suffered
from their inability to counter jamming and electronic
deception. Yet, the broad diversity of these radars, with
operating frequencies that extended from 70mhz to
T200mhz, presented a complicated electronic countermeasures
(ECM) target that troubled U.5. forces in the early staqes of

the air war. (2:66)

qir Defense Interceptors

Air—-to-air combat over Vietnam never matched the
intensity or magnitude our pilots experienced 15 vears
earlier in HKorea. Our Saberjet pilots in kKorea learned
quickly that the North kKorean and Chinese MIGs could be
expected to attack in  formations as large as 30 to 40

aircratt. The resulting encounters became classic

15




e TABLE 2
oy
“?: NORTH VIETNAMESE AIR DEFENSE RADARS
Sy Svstem Frequency Approx. First Seen Furpose
&pf Band Range(km) In_ USSR
s
[} t,"
ve} EARLY WARNING/GROUND-CONTROLLED-INTERCEFT
- BARLOCK E/F 300 mid 60's  Surveillance
O
. :"0
o ENIFE REST A A 0 early 60°'s Surveillance
'ty
'-‘(
Qf ENIFE REST B/C A 0 early 60's Surveillance
SIDE NET E/F 180 early 60°'s Height Finder
,"‘a6
;&i SFOON REST A A 275 late S0O°'s Surveillance
N
LY
e AAA FIRE CONTROL
SLX_ FIRECAN E 80(1) early 50°'s Associated w/
o 35(2) S7mm, 85Smm and
?*?‘ 100mm Guns.
~'§:’x
el WHIFF E/F 80 1950°s Same as Above.
' 35
[3 ,‘a,
Wt "';'
g SAM FIRE CONTROL
l?.vl’
bji FANSONG E E/F 60— late S0's Detection and
0o 120 quidance for
x"‘?
o FANSONG E G 70- 3 Same as Abave
h 145
X 13
ot
S FANSONG F G 70— (3) Same as above.
_ 145 Fossible opti-
e cal tracker.
g
S
¥ (1) Acquisition Range.

(2) Tracking Range.

N 3) Data classified.

P

g&? Table compiled from Jane's Weapons Systems(10:469-476) and
o U.S. Army FM _100-2-3 (11:5.104),

s 16
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dogfights that demanded the best performance by both pillot
and aircraft to survive. (2:141)

Though their presence was more than a nuisance, the
North Vietnamese intercepters never were capable of a serious
challenge to American air superiority. From the +First
air-to—air engagement, when several MIG-17 ‘s attacked a Navy
strike Force near Thanh Hoa on 2 April 1965, the North
Vietnamese always operated in small formations under strict
GCI control. Though the North Vietnamese fleet of fighter
aircratt was small and relatively old, it took full advantage
of the fact that the Americans would not pursue into China
and often would not attack airfields in North Vietnam.
(132467 1:3-87

Table 3 compares the performance of North Vietnamese
aircraft and selected U.S. fighter/bombers they faced.
Z:cept for the MIG-21's, the North Vietnamese inventory was
no match for their American adversary. MIG-15/17 s were too
slow to be a significant factor, though they were useful at
low altitude where their guns and agility were an advantage.
Thie MIG-19's, which appeared after the bombing halt in 1968,
had improved armament and speed, but were no match in  a
dogfight. The I1L.-28, a subsgonic and obsolete bomber, never
plaved a role in the air war. (2:138-139)

Only the MIG-21 compared favorably with its American

tOBES, Its ability to accelerate and maneuver at various

17




TABLE 3

COMFARISON OF NORTH VIETNAMESE AND U.S.AIRCRAFT

Aircraft Max Speed Combat Year Armament
Hi Alt Sea Level Radius (1)
(Knots) (NM)

NORTH VIETNAMESE FIGHTERS

MIG 15/17 618 978 378 1952 2-23Zmm cannan
1-Z7mm cannon

MIG-19 784 N/A 442 12585 3I-Z0mm cannon
2-ATOLL AAM

MIG-Z21 1203 593 220 1958 2--23mm cannon

2-ATOLL AAM
(2) (3

U.S. AIRCRAFT

F-105D 1390 855 00 1261 1-20mm gun

F—-4E 1500 1464 367 1967 1-20mm gun
4-AIM-7E AAM

A-6E 1006 684 540 1970 No Air to Air
weapons.

A-7E 04 &98 700 1970 1-20mm gun

(1) Year introduced into Soviet inventory.
(2) After May, 1972: 1-23mm Cannon and 4-ATOLL AAM.
(3) May have had SFIN SCAN-A search/track radar.

Table compiled from multiple sources (14,15,16,17,18).
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altitudes and air speeds made it the aircraft our pilots
feared most. (22138-139) North Vietnamese pilots enjoyved
the advantage that a dedicated intercepter aircraft brings.
Because their mission was air defense of North Vietnam, the
MIG s could patrol "clean" of any euxternal ordnance or fuel
tanks. EBut, because the U.S. aircraft usually were armed for
bombing missions and needed heavy external fuel tanks to
reach their targets, they were vulnerable if caught by
surprise and could be rendevred ineffective as bombers when
they Jjettisoned their ordnance to defend themselves. The
F-105 was particularly vulnerable if torced to maneuver at
relatively low speeds. (6:1234)

The clear advantage provided to North Vietnam by the
various bombing halts is shown in Figure 1. The +ive-fold
increase in MIG-21s, the introduction of the MIG-19, and the
s1ght-+old 1ncrease 1n total inventory during the bombing
halt from 1968 to 1972 are particularly dramatic. Throughout
the war the Morth Vietnamese repeatedly demaonstrated their
ability to re-equip, retrain and develope new tactics during
these quiet periods and after they sufttered heavy losses.
(Z:141)

Fron the EW viewpoint, the most important aspect of
the air-to-air battle was the heavy North Vietnamese reliance
orn @ rigld but effective GCI svstem. The literature reveals
o evidence that the North Vietnamese interceptors ever used

airrborneg radars to detect and attack our forces. Instead,

19




AIRCRAFT

NORTH VIETNAMESE AIRCRAFT

240 -
CIMIG 15/17
21041 1L 28
180/ MG 21
B MIG 19
150 4 s
1204 222
90
60 -
30 4
Q T T T T - "‘!"l
A D M D A D )
U £ A E P £ «
G C Y C R C T
4] o) 6 ) 6 & & a] y
4 4 5 S & € 7 7 2 !

Figure 1. North Vietnamese Combat Aircraft Inventory:
1964-1972. (2:143)

the network of ground-based surveillance and height-finding
radars described earlier were linked to GCl1 operators who
showed much talent and ingenuity at the start of the war and
who grew in skill through the Qar years. By war’'s end, these
5C1 operators were able to take full advantage of their radar
system, the extensive SAM and AAA defenses, and stereotyped
U.S. tactics to pick exactly the right moment to strike. As
we will see below, this GCl system became an important target
for UJ.S. electronic countermeasures. (6:2317 2:143-144)

The AAZ ATOLL infrared homing missile was the oniyv
known ait-to-—-air missile used bv the North Vietnamese. This

.
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heat seeking missile, which closely resembles the American
AIM-%B SIDEWINDER, was first used by the North Vietnamese 1n
late 1966. Not surprisingly, the addition of this capability
brought a trend toward increased aggressiveness on the part
ot North Vietnamese pilots. Using high-speed tactics and
working in  with MIG-17's, the North Vietnamese forced
American airmen to revise their tactics and increase reliance
on fighter escorts for their fighter/bombers. 2:144)
Although the MIG-21 also can be armed with a radar gquided
“fdvanced ATOLL", there is no indication that these missiles

were provided by the Soviet Union for use in  the war.
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CHAFTER I1II
ELECTRONIC WARFARE OFERATIONS

The EW challenge of the Vietnam war caught the
United States unprepared, ill-equipped and untrained for this
aspect of air combat. EW was not a new phenomena. The
histories o+t air combat in World War Il describe numerous
successful attempts to neutralize enemy radars and
communications systems. In Europe, bombers were especially
successful  in  countering German GCI and AAA radars with
airbaorne jamming and chaf+. (2:125)

The bomber <force clearly benefitted from this
experience. In the decade prior to 1965, SAC had pursued a
program of development and acquisition to ensure that its
bomber Sfoarce could penetrate and survive the Soviet SAM
system., The Soviet SA-2 was first detected in 1959 and by
1962 the U.S. had developed a bomber self-protection package
to counter this missile and its radars. (F:72)

The +ighter force was never overly concerned with
EW. They were not seriously threatened by enemy electronic
systems in BGermany or Korea, and they were confident that
emall size and agility provided all the protection they
needed. Thus, as the North Vietnamese air defense structure
qrew trapidly 1in the early war years, the fighters found

themselves "scrambling" to stay competitive in an electronic
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The Early War Years

The only factor that prevented disaster for the
American fighter/bombers in the early months of the war was

the relatively small and primitive air defense system the

North Vietnamese possessed when the bombing began.

Fadar'Homing and Warning (RHAW) Equipment

While the North Vietnamese modernized their air
defense force, the U.S. fighter/bombers found ways to operate
without an effective self-protection ECM package. As the SAM
capability grew, pilots learned to rely on their RHAW gear
torr  warning of SAM  radar activation and launch o+ the
missile. The RHAWK gear also provided them a general i1dea of
the direction of attack and the range to the missile so that
thay could take evasive action. (2:127-128) This equipment
proved so etfective that on 16 August 1965, the Alir Force s
~1  Ailr Division submitted an urgent request to increase the
avaitlability of RHAW gear and improve its pertormance.
(G 74)

As  the density of threat radars increased, the
reliability oFf the RHAW qgear decreased. The areat number ot
SaM and AAA radars, usually in defensive concentrations,
tended to saturate the equipment. By Deccember, 1966, the
commander,  Seventh Alr Force wurgently asked Systems Command

for help:

oy




We need new KRHAW equipment. The ambiguity of
present equipment has reduced their effectiveness
significantly. With the number of SAMs being fired,....
the pilot needs to know which specific SAM is a direct
threat to him. With current information, he has so many
lights, it is impaossible to do anything but wait and see
what developes. (9:61)

There is no indication in the literature that the problem was
corrected before 1977, although pilots continued to rely on

their RHAW gear throughout the wat.

Dedicated ECM Aircratt

While the enemy SAM and AAA threat was still
maturing, the Air Force and the Navy relied on a dedicated
ECM aircraft to jam enemy radars and G6CI communications.
The Air Force used the EB-&66C as a penetrating, escort jammer
that accompanied strike aircraft during early attacks. This
technique proved very successful and more than compensated
for the lack of sufficient RHAW gear or on-board jammers for
the fighters. Unfortunately, the EB-66 did not have the
speed, agility, or EW self-protection it needed to survive in
dense SAM or MIG environment. By August 1965, it was forced
to withdraw from the target area to serve as a stand-off
jammer. (9:63)

In Octaober, 1965, an improved ECM aircraft, the
ER-66B  BROWM CANDLE, Joined the EW force. Because the
BE-model was capable of neutralizing all threat radars in the
North Vietnamese inventory, it resumed escort jamming

missions while the C-model monitored the effects of jamming




and served as a gap-filler from its stand-o++ location. The
C-model also provided valuable SAM launch warnings and ELINT
collection to support the EW campaign.

With the steady growth of the MIG and 5AM threat,
Air Force planners attempted to strike a balance between the
tB—-66"s wvulnerability and its great value to the striking
force. By 1967, EB-66s entered the high-threat areas only on
rare misslons, and then with extensive S5AM suppression
airrcratt and a protective escort, or MIGCAF. The results
were worthwhile. One particular raid on 135 November, 1967,
demonstrated that "... the proper orbit orientation, coupled
with the opportunity to get close to the terminal threat, had
arn effect on the defensive system of a magnitude unacceptable
to the enemy." (Z:67%)

The Marine Corps deployed an improved penetrating
ECHM aircraft, the EA-6A, to Da Nang in 1965. During the

firet months of the war, the aging EA-IE Skywariors and
EF-10B  Skvknights had been the only dedicated ECHM aircratt
available to support fleet air operations. The EA-6A was a
maditication af the capable A-&6 Intruder that had entered the
wAar as a fighter/bomber earlier that year. Few details about
EA--a opserations are available in the unclassified
Interature, With 1ts superior speed and agilityv, the EA-4HA

was less vulmerable than the ER-646 and provided many valuenie

amiployment lessons to be used 1n the develorment o+ 1ts  more

snphist i icated successor, the Ea-sB. (13:49,202)
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The ECM Capability Improves

It soon became obvious that the U.S. could not rely
solely on escort jamming and must have effective EwW
self-protection in order for its fighters to succeed. The
growing SAM and ARA threat took its toll on American
fighter/bombers in the winter of 1965/1%96& and American
commanders wete urgent in their pleas ftor a guick solution to
this problem. Al though the reasearch and development
community produced the much-needed protection in less than 18

months—  compatred with 3-5 years for normal procurement- the

response was still too slow.

eCHM S5elft-Frotection Fods

In the early 1960's the USAF began tentative
experiments with detachable self-protection jamming pods for
its fighter aircraft, but sufficient emphasis was never given
the proaect. Betfore micro-electronics, built-in ECM +or
these small aircraft was a difficult problem. Further, many
fighter aircra+t had no space tor an ECM operator +or the
manual svstems that prevailed at this time. Equally
significant was a state of mind amoung t+i1ghter pilots that
they did not need ECM gear as long as they could avoid SAMs
by uwusing speed and maneuver., After the first effective 5SAM
attack in 1965, this opinion changed.

Early efforts toward fighter self-protection
focussed on external ECM pods as a solution to the 1internal
space problem. The +irst ECM pods entered the USAF 1nventory
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1in very limited numbers in early 1564. These QFC-160-1 pods
covered radars 1in frequenciles trom 2,000 to I, oumhz (E-band:
with i1netfective broadband jamming that was riot aimed at any
specific threat radar 1n this frequency range. (F:72)

Although unclassitied accounts of this early ECM pod
are sketchy, 1t seems that a few of these URC-160-1 pods wetre
brought to Yietnam before the first SAM engagements of July,
1965, The RF-101 photeo reconaissance aircraft, that operated
"alone and unarmed”" over North Vietnam, received the pods in
Matrch, 1965, and flew their first combat missions with four
pods per aitcratt in May, 1965. This first experience with
ECM self-protection was not satistactory. The pods
etfectiveness was gquestioned, they suffered +from intlight
vibration, and were suspected of creating aerodynamic
problems +or the RF-101s. (19: 33) After three months of
combat, the pods were returned to CONUS for redesign. (9:732)

On 1465 August 1965, less than a month after the first
atrcrat+t +ell to a SAM attack, the commander of 2Zd Air
Division 1nitiated an urgent request to develope and procure
an BECM selt-protection package for fighters/bombers that would
noutralize  the S5AM and radar controlled AAA force 1n North
Vietnam. fAirr Force Systems Command responded on 19
Soptember with a concerted effort to modi+y and test the
WRL-160-1 pods to effectively counter the FANSONG E  and
FIRELAN radars. (5:72)

The Navy was better prepared for EW self-protection,
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although verv little information on the subject cam be found
in unclassified sources. The Navy was able to provide
self-protection for its strike aircraft while the Air Force
was still relying on dedicated penetrating jammers. (14:1037)
The Navy ALWN-51 deceptive jammming pod was already available
when the Ai1r Force removed unsatisfactory first versions of
the GQRC-160-1 pods from their RF-101s. The ALG-51 proved
effective against the FANSONG E, forcing it into manual-track
mode, thus degrading its accuracy. It alsc worked well
against the conical scanning FIRECAN radar that guided larger
AAA guns. (19:33)

The Air Force received its first improved GQRC-16w
pods, designated the AN/ALR-71, in December, 19466, almost a
vear and a half after the first U.S5. SAM casualty. The new
pods, which saw their +fitrst combat in January, 1967, were the
result of an exhaustive development and testing program
desiqned to quickly get a product to the field that was both
etfective and reliable. Intitially, 203 of the new ALQ-71
pods, along with maintenance and support equipment, were
bought. Not until six months after first delivery were there
enough pods avaitlable to provide sufficient protection for

strikes in the high threat areas around Hanoi and Haiphong.

(P:73)

The ALR-71 soon was recognized as an ‘'"unequivocal
success" that "...constituted a giant step +forward in
countering the 5AM threat."” (9:25) In one petriod shortly




arter the pods were 1ntroduced, AARA was observed only twice
1N 1% missions and these two occassions ware Caszes where the
eonemy used barrage fire or attacked a damaged aircratt whoze
1ammers were not operating. (9:75)

American airmen quickly realized the great value o©f
the ECM pods and developed a new set of tactics to capitalize
on o thie new protection. Formation flying., even by fighters,
took best advantage of the radiation pattern of the Jammers.
It was soon obvious that the minimum flight that could be
adequately protected by the pods was four aircraft, al though

a strite force of sixteen provided excellent ECM protection

and  allowed the formation to break into four aircratt

formations if the larger group was threatened by MIGs or SAM
lavunches (Z2:2127) These tactics were the maijor reason for the

reduced "kill-rate" of the SA-2. (Figure 2) By 1972, the
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North Vietnamese had to shoot 100 missiles to destroy one

aircraft—- a fivefold reduction in SAM effectiveness.

ECM Aircratft

The EB-466 and the EA~é continued to provide valuable
EW support to the strike aircraft operating over North
Vietnam. In 1968, the Navy and Marines fielded a
moditication of the successful EA-6A that greatly enhanced
their ability to protect strike formations. The EA-6F
Frowler took full advantage of its survivability, and added a
sophisticated electronics package that made it the premier
ECM aircraft in the war zone. The crew was expanded from two
to four with a 40-inch extension to the fuselage. This gave
the Frowler two additional ECM operators to coordinate use of
the i1mproved and powerful jammers, an on—-board computer, and
a surveillance radar. The EA-6B proved so etfective as an
escort jammer that, though it has been kept current with the
threat, 1t remains a key element of our airborne ECM
capability today. (1Z3:202-205)

The EB-66s also continued to provide dedicated ECM
support, even though its vulnerability restricted its
missions to a standoff role unless sufficient fighter escort
could accompany them into high threat targets. Throughout
the war, the EB-66s were particularly effective against the
low frequency HNIFE REST and SFOON REST surveillance radars,
though 1ts performance against the improved BARLOCE was less

impressive due to the BARLOCK 's multiple beam operation.
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Natrrow beam, high powered height finders., such as the HI1DE

MNET, were also less vulnerable to ERE-66 jamming. (9:75)=

EW and FReconnaissance Operations

Because reconnaissance units normally operate 1n
very high-threat areas without benefit of armed SAM and ArA
Zuppression, their commanders and pilots are always looking
for better ECM protection. LLittle wonder that the
reconnaissance  force was at the forefront of EW combat
testing and experimentation.

The intitial experiments with protective ECM pods
tor reconaissance aircra+t+t have been described earlier. The
RF-101 continued for some time to use the ALO-51 deception
jammers borrowed from the Navy when the early GRC-140-1 pods
failed to perform. When the RF-40C joined the reconnaissance
torce, thevy brought with them an imptroved Jjammer, the
RS- 107, that used noise jamming to fill the enemy radar
SOORES. fAs a result of this difference, whenever the RF-101
and  RF-4C flew together over the same target area, the SAH
operatnrs  fired more oftten at the RF-101. In June, 1967,
FF-1G1s  were the target of 72 percent of all SAMs fired.
Feconnalssance aircraft must fly a steady, straight course in
order  to take useable imagery. Missions flown by RF-101s

were often wunsatisfactory because the aircrat+t frequently

* (Other models of the EB-&6& saw service 1n Vietnam. “
detailed analysis of their performance can be found in three
sources, (200, (210, and (22).




would “"jink" to avoid a SAM ar AAA battery. The resulting
imagery would not provide complete coverage of the target
area. This problem, along with the tendency of the RF-101
to "draw" SAM fire, resulted eventually in a decision to only
use RF-101s in low threat environments. (19: 33

The EB-46 and the EA~-6 were frequently used to
provide escort jamming for reconnaissance aircratt when the
mission was to photograph high-value, high-threat targets.
As early as January, 1967, Seventh Air Force began planning
missions to ensure that the reconnaissance aircraft was 1in
the target area while the jammer aircraft were there
providing strike force protection. When the inability of the
EB~66 to survive in high threat areas forced it into a
stand-off jamming role, the effectivenss of the jamming
decreased and the reconnaissance aircraft were forced to
rely on self protection. (19:24)

Formation flying, with two reconnaissance aircraft
in a team, was used to optimize jammer performance, provide

MIG and SAM overwatch, and collect a second set of imagery to

make up for any portion of the target lost to "jinking."
This tactic, which was in contrast with traditional,
"lone-wol+f" tactics most reconnaissance pilots espouse,
caused considerable debate in reconnalssance circles
throughout the war. (2:2324)

Reconnaissance uwnits also led the way in the

emplovment of chaff to screen their location on enemy tadars,
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Chat+ had been shown to be effective in World War IT when

allied bombers dropped millions of the metallic strips to

torm “corridors”  on the enemy radars through which the
tormation  could safely pass undetected. Throughout the

ROLLING  THUNDER campaign, U.8. airmen suffered from an
inability to +ully use this simple ECM technique.

Inmitially, only the ER-66 could dispense
conventional chaff, and the operational limitations placed on
Ehis ailrcratt have heen described. Lacking a true cha+tf
dispenser, RF-4C pilots found they could effect limited radar
disruption by opening their speed brake, thus releasing
hundles of chaff that had been stowed there before takeotf.
Later, the 43% Tactical Reconnaissance Wing used explosive

chatf cartridges, similar to their night flash cartridges. to

dispense a very effective cha+t+ cloud. This technigue
rasul ted in several documented "breal locks® ftrom both SAM
anc ARG radars. (19:325) Mot until the air strikes of 1972

wowld the .5, fully capitalize on the value of chaf+.

EW in LINMERACEER I and 11

The lull in the air war that +ollowed the cease-tirse
o+ 19863 gave both sides an extended opportunity to improve
their capabillities, develops better tftactics, and imptrove
teaining  for the nest campaign. When full-scale attacks
resumed 1n Mav, 1972, both sides were teadv .

The Horth Vietnamese had rebuilt their aiwr defense

syutem, adding to 1ts zi1ze and improving the coordination
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hetween guns, missiles and interceptors. In the north, no
new ground-based air detense weapons were introduced, but the
enemy did make several key adjustments to improve
ettectiveness. An I-band variant to the guidance signal for
the FANSONG radar was introduced that presented a new ECM
challenge. Many FANSONG Gs, with an electro-optic guidance
aystem, were introduced to reduce the effects of jamming.
Although the acquisition of the infrared seeking 5A-7 GRAIL
in 1972 was a significant improvement, it seems they were
never employed north of the DMZ.

The North Vietnamese interceptor force doubled in
size from its April 1967 peak of 97 aircraft, with the bulk
o+ the increase the addition of 81 MIG-Z21ls and 33 MIG-19s, as
shown in Figure 1. Many of the MIG-21s were improved
versions with four air-to-air ATOLL missiles. (B:141; 2:1473)

Improvements to the U.S. forces during this period
were more in quality than quantity. Ry 1972, precision-
gquided munitions were in full use, changing many of the
tactics used by the fighter bombers. SAM suppression tactics
were refined and WILD WEASEL operations had become a routine
patt of each strike plan. Significant improvements were

made to the ECM equipment carried by all U.S. aircraft.s

* Very little unclassified information on these later EW

o

measures are availlable. The declassified Froject CORONA
HARVEST reports covered the details of the air war only up to
the cease—fire of 19686. Because much ot the EW equipment

fielded near the end of the war is still used i1n the force
today, many of the details of EW in this last campaign of the
war have not been declassified.
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The F-4E Fhantom II gave the Americans an  1mproved SAM
hunting capability. New ECM pods on the F-4E and other
strike aircratt were able to "attack" the diverse +frequencies
of the North Vietnamese radars. Improved chaftf dispensers
were available on a variety of aircratt to capitalize on this

simple but etfective couhter to GCI and SAM radars. (23:84;

The unique nature of this phase of the war along
with the improved capability on both sides, created a new and
ditferent EW challenge. For the +irst time, the +full
might of Strategic Air Command’'s B-32s was brought to bear
against North Vietnam in massive night raids against Hano:
and Haiphong. To protect these large +ormations, a complete
and sophisticated pachkage of ECM and SAM suppression aircratt
was carefully coordinated. Before each wave of EBE-5Zs, a wide
corridor of chatf was created by F-4s with new dispensers.
EBE~-&a4s and Efd-—bs jammed North Vietnamese GCI radars to
prevent the entire air defense system from getting early
warning of the attack. F-111s, newly returned to SEA atter
major improvements, along with F-105s, F-4= and NMNavy and
Marine A-7s attacked SAM and AARA positions along the bomber
route. (5:9)

The results of this coordinated effort were
impressive. The bombing had a sigmificant political and

military impact on the North Vietnamese while only about =%

nf the attacking force was lost, in spite of a massive North
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Vietnamese detensive eftort. (S5:2) As many as 1,000 5A-Zs
were launched in the eleven days of LINEBACKER I1I. Only 1S
aircraftt  were destroyed. So effective was the jamming of
the GCI radars that on one occassion, a B-52 crew observed a
MIG~-Z1 that was apparently "escorting" the bomber formation
providing heading, altitude and airspeed information to the
contused detenders on the ground. (5:84)

By 1972, ECM self-protection had improved to the
point that most aircraftt, including the B-S3Zs enjoyved some
degree of on—-board jamming. The B-52's size permitted the
lurury ot a sophisticated ECM suite, including an on—-board EW
otficer to control the system and provide SAM threat warnings
to the pilot. Even with this individual aircraft protection,
the bomber force realized that ECM protection was greatly
enhanced by formation flying. (5:47) The value of the ECM
equipment became apparent when it was found that the E-52Gs.
with an extensively improved ECM capability, were
2xperiencing fewer losses and less damage than the same model
aircraftt that had not received the hetter EW gear. (5:87)

The SA-7 gave a new aspect to the electronic battle
for the slow-moving forward air controller (FAC) aircratft,
close air  support fighters, helicopters and fixed-wing
gunships opetrating in the south. The first SA-7 launch was
detected in April, 1972, when a FAC reported "funny little
black mizsiles +following some of the fast movers off the

target."” (8:142) In the next few months the SA-7 took its
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toll. Effective to an altitude of 10,000 feet, the
gqreatly 1inhibited full use o+ the +fixed-wing gqunships whose
wa2apons has signiticantly less range. (B:195)

To counter the 5A—~7, gunships used their built--in
illuminator +lare dispensers to provide a '"distracting” heat
source +or the heat seeker. When a crew reported a launch. a
decoy flare would be released at the critical moment when 1t
was apparent that the deception would be eftective. (B: 1429
Although this technique worked occassionally, the gunshie
ne=ded better protection. In September, 1572, improved
wing-mounted flare dispensers were installed in C-1Z0A and
C-1Z0E gunships. In the meantime. the research and
development community was urgently seeking other solution to
the S5A-7 problem, including some form of launch detector, Ik
decovs, and heat suppressing paint surtaces. Helicopters

tested heat diftusers to reduce the concentrations around

igqine exnhausts that attracted IR seeking missiles. (12:3246)




CHAFTER IV

EW LESSONS FROM VIETNAM

Froject CORONA HARVEST Reports

The CORONA HARVEST reports for U.S. air operations
from January, 1265, to March, 1968, are an impressive
compilation of the wvarious experiences of units and
individuals who conducted the operations. Thousands of thece
operational reports were cansolidated by the Ailr University
in 1972 and 1973 into & series of topical reports that
evaluated the USAF performance in such disciplines as flight
operations, reconaissance, command and control, intelligence,
research and development (R%D), and personnel, amoung others.
Each report included a summary of that aspect of the war and
described specific lessons learned along with recommendations
to the Air Force that would correct the deficiency.

A careful review of the CORONA HARVEST summaries
revealed 24 recomendationg specifically related to EW
systems, doctrine, training, intelligence and R&D. Each
CORONA  HARVEST recomendation is supported by a detailed
Fistory and rationale along with a bibliography of supporting

documents uzed to prepare the summary. Most CUORONA HARVEST

reports have heen declassitied under the automatic
downgrading  and declassification program. EBecause the
8




di1rterent reports were 1ndependently prepared, they ot+ten
oguplicate and, 1N some i1nstances, contradict one another.
sppendls B oas a list of the 24 EW recommendations showing the
zource document for each.

The CURONA  HARVEST summary reports thorougtly
describe the air operations up to March Z1, 1948, when
Fresident Johnson declared the bombing nalt. Sadlv, 1t
appears tnat an equally thorough and detailled analysis ot air
operations since March, 1268, is not availlable. One short
zummary of air operations up to December, 1969, was produced
bBct it 12 brief and conteains little of value for EW

lessons. (1) There 1s no indication that CORONG  HARVEST

n

reports on EW during the LINERACKER campalgns were prepared,
altnough several open source accounts of these operations are

aLa1lable.

Electronic Wanrnfare Lessons

An analysis af these documents and other sources
prayvinausly cited in this study reveal the following EW

lezsons from the ai1r war in Southeast Asis.

Aircratt Self-Frotection

The U.%. must provide reliable, etfective ECM
squipment for  all fighting aircratt, including fiahters,
bombers, reconaissance aircraft, and helicopters. This EW

equipment, which includes jammers, RHAW geatr, and dispensers
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for chaftf and flares, should be designed as an integral part
of the aircratt so that the ECM protection can be provided
without et+tecting the ability of the aircraft to pertorm 1its
M1sSS10n. The equipment should be able to opetrate against any
potential threat 1in an environment that is saturated with
varinus tradar signals.

To compliment this self-protection capability, a an
escart jammer aircraftt 15 needed to provide dedicated ECHM
protection for the strike force. This aircraft must be able
to match the performance of the formation and must be able to
survive 10 a high-threat 5AM, AAA, and interceptor battle
area. It must have sophisticated ECM gear that exceeds the

capability and effectiveness of self—-protection packages and

can be updated to meet an improved or unexpected threat.

Doctrine and Tactics

The Vietnam War clearly showed that all services
need to include EW 1n their warfighting doctrine. EBecause EW
operations rarely involve a single service, this doctrine
must have toundations at the joint level to ensure that the
EW aspects of the campaign are properly conducted and
muttually supportive.

All services need to develope a sound and effective
set of tactics that takes full advantagqe of their EW

capability and protective squipment. These tactice should be

practiced and proven i1n  realistic training environments.




They should be continually refined to meet nmew threat svstems

and tactics.

Training
Gur pilots and aircrews must be able to train 1n a realistaic
electronic threat environment to be ready for the next war.
They must <+requently practice their tactics for using ECM
equipment and they must be able to evaluate the pertformance
ot their crews, equapment and tactics 1n that threat
environment. We must ensure that all officers, whether

commanders or staff officers, are aware of the importance ot

W and the role it plays in modern warfare.

Effective EW, like all other aspects of war,
roquaares timely, accurate intelligence to be effective. ne

i gue character of EW intelligence requirements demand, 1N
mary cases, dedicated collection assets that report directly
ey the bkey decision makers and EW  planners. Specitic
rechnical intaormation about an electronic threat system is
“ritical to ensure that our forces are properly equipped and
trained to neutralize that threat. At the same time, we need
an accurate measure of the effectiveness of our ECM that will

1ddentity geaps 1nm our effort and allow us to gqet full  value

iy

it

froom our EW asset

.
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esearch and Development

EW R%¥D 1s a continuous process that cannot be

i iy ignotred so long as the enemy is developing improved weapons
g systems. The R4¥D agencies of all services should be aware ot
the latest threat developments and search {for better and
I cheaper svstems to counter this new equipment. New EW
P ) svstems must be tested in realistic threat environments and
should be carefully evaulated for etfectivness, reliabilaity

e and supportability before fielding. Due to the unpredictable
Yo nature of EW development, our EW R&D community must be able
to respond quickly to wartime improvements and new threat

o svstems that appear in the battle area.
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CHAFTER WV
ARE THE DREFICIENCIES S7T1i.L THERE S

~ complete, accurate assessment of our ailrbaorns
zlactronic war+are capabililty for all four services would be
dif+acult, even with unlaimited resources and time. However,
ore 1nevpensive neasure of our EW posture is available at the
Fie War Colleqe. Thirty—-three students in the class of 1987
were  assigned to flying units 1n the the past four years,
s1thetr as commander o+ operations ofticer. The perceptions
Aand  opainions of these otfilicers will provide a valuable
SEnE1ng a5¢ the condition of the EW capability of ouwr +lvaing
oy b,

The prittalls of this methodology are obvious. The
warnp e 15 z2mall and opinitons can be misleading 1+ thev ars
N masad  on tacts, Mone the less, the perceptions  ana
Tt itudes of theze ssnior afficers toward EW can gi1ve us some

wmmpazment  of  the EW syvstem that 1s useftul in  the correat

Tomtes f,

Survey Results

The consolidated results of the survev are shown 1n

AEFENDTXY 2, Weighted averages +tor each set of responses were

veed o 1dentids a congEencsus. An ambivelent aopinion waes

AT aned ¥ the mean response fell between 2004 and  I.oo.

Al menn Fesponse  outside  that  range was  conzioerced A

CLUEY ST T too that ci1de o+ the opinion spechrum, Subhiective
47




ity
P E"q
vt
e
N
- -
(I
LR
;Q responses  and comments were consolidated by category of
;':‘0
! respondent. In the description of the survey results,
question numbers that are the basis for each observation are
R
Wes shown 1n brackets, i1.e. [221.
‘I
o
r{f,g; ) o )
! Aircraft Self-Frotection
%g Regarding ECM self-protection for ailrcraft, the
Nl
DAY
%ﬁv responses of those surveved revealed the ftollowing:
RS
i,
Only one of 33 respondents indicated that his
L . . Soa
1 aircratt did not have an ECM capability. The one exception
o
&3‘ was the commander of an F-4 unit with an i1nterceptor mission
l:;:.!
f;' 1in Europe. (3]
a
e
ﬁﬁ _ Eighty-five percent said their ailrcratt had
K
1'_.' H
qg flare and chaff dispensers.[4]
¢ N
St
v Only 61 percent reported that their ECM
2?* equipment was interchangeable or could be adjusted to meet
AN
't:n'i : -
R changes in threat parameters.[10]
i
okl
) _ A signiticant number of respondents considered
Y their ECM and RHAW gear to be reliable.[6,7]
Y .
i : . )
:q’ ___ However, the population was ambivalent about
3 ';,',
’ whether their ECM gear was adequate to meet the expected
ot
,*Q threat., Reconaissance pilots were particularly doubtful that
ted ) ..
:@ﬂt their ECM gear was adequate.[9]
M
. Doctrine
My TS S m———
¥ 3
Y - .
ey Fesponses to questions concerning EW doctrine
a ~
i . .
ﬂm‘ revealed a curinous contradiction:
"1" o
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I
14 i
o
e
)y
AR

AT B S W AT AT
RAURRAAN n‘,‘!‘,‘..,l.’, D



o e N ol -

[
DX

-

-
T . e

o) -
-

)

A

-
-

Pioe, &

.
3
i
£
8

-

Fespondents professed a moderate familiaritly

T

with service EW doctrine.l 23]

A o simlilar  response was made  concerning niow

well the officers understood details of EW. While only & +ew

P cndentes ¥ declared a "very limited krowledge" of EW.
ar equal number felt their knowledqge o+t EwW WaS
"tharougbh. "L LER]

. Curiously, a strong consensus  felt that,

although their knowledge of EW was limited, they knew enough
to ef+ectively command,. D191

_____ Army, Navy and Marine Corps officers responded
dit+erently than their USAF peers to these threes gquestions.

ML Ay, Mavy and Marine Corps officers professed a greater

Tl

i

rage  tamiliarity with EW doctrine and a better

urderstarding of the details of EW.L18,19,2

Foespondaents wers ambivalent about the valus of

FiW dootrine 1n plannine and executing combat operations. 4]

M oconsensus of respondents indicated that

thae ot mad  extensive tactics  to counter  the enems
kI o I rtheeal  or  enhance protective ECM. Only two

Dt Cer s, botn 1nterceptor pllots, indicated that their unat
past o el tachkios., Army helicopter epirlots unanimousl:.

thdioated Lhao they had extensive EW tactics, while the MNa.y
At Fiar e Corps plrlofts showad a good  consensue i tmar

T e R I N
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A majority reported that these tactics were

standardized or a mixture of standardized and self-developed
tactics, with the bomber pilots showing the strongest degree
of standardization.. Only 12 percent said their tactics were
entirely self-developed. L13]

A solid consensus of all pilots who had EW
tactics reported that they practiced these tactics often.l12]

A good consensus felt that their EW tactics
nswally worked, although reconaissance pilots showed less
contidence. 18]

__ Respondents were ambivalent when asked whether
their tactics had been tested 1in a realistic threat
2nvironmant. Better than hal+ the fighter pilocts had tested
their tactics against a valid threat simulation, but the
bombeir, reconalissance and Army helicopter pilots tended
toward the "unrealistic" end of the spectrum.l17]

e Bnly 27 percent of the pilots reported that
their units relied on a penetrating ECM aircraft to accompany
the =trike formation.l[14]1 As a result, only a few practiced
these tactices often, Ninety-one percent reported that they
had very rarely or never practiced the use of a penetrating
jammer. O+ those who relied on this tactic, two-thirds

carely practiced it. Only the Navy and Marine Corps seemed

to use and practice this technique.l15]

Ty arning

One: of the most consistent opinions revealed by the
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surwvey related to EW training. While most priots telt  thear
atrcrews were adequately traineag in EW prainciples and tastic

mAany respondentes reportea that the laock Ot realisto

w

SEer1ouE

training in a wvalid threat environment was

deficiency.[321] Sisty—one percent of those resFonoina did

of=Ta| EW 1t

b}

not +eel thelr service had adequately 1ntegr
their officer professional  sducation erogram so that ot

producsas knowledgeable commanders and aircreows who can uss L

artectively. .

Intzlligence

b

nly & small percentage of the respondents  shov 2d
ary  contidonce that the ntelligence svsetem waould procsias
them  accurate  and  timely intelligence to  conduct  their
operations arnd, specifically, to conduct the EW campairgn.llsa

anc Esh Almost three-quarters of those surveved 1indicatad

Fhiar @ SER P small reampse bl e thelr mttilocers held =i

The I respondents  were clearly ambivalent
corezerning the overall EW capability of thewir units. 0000
bz peecent expracesed some degree 0Ff conridence trnat
Lhetr B capabhiiity would allow them to per+orm their missoon
Wtk e ser o limitations. Thirty percent showod zome
dinent anoot thais capability. Aralvsis of the the responzes

-

shcwed] mo s lear patiarn amoung sub-—-populations. Frahter and

-
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bombher pilots were equally ambivalent, although the
reconalssance  and Army helicopter pilots showed a slightly

greater tendency toward doubt.

Deticiencies From Vietnam

A similar ambivalency was {found in responses to
those questions on whether the deticiencies from Yietrnam had
been corrected.l[Z8a,b,cl Combined responses to all three
questions reveal that 22 percent felt we have corrected the
defeciencies while 42 percent did not. Army helicopter
rilots and USAF reconaissance pilots tended to lean toward
the uncorrected end of the spectrum, while bomber pilots

showed a tendency in the opposite direction, particularly in

the area of training.

Piscussion of Results

Although the survey did reveal some interesting and
useful ogpinions about our EW capability, it also showed a
high degree of ambivalence concerning some key issues. Those
surveyed could not agree that the EW systems and tactics
their units used would allow them to perform their missions
without serious limitation. Similarly, they could not agtee
ort whether the errors of Vietnam had been corrected. While
there are many possible “planations for these variead
opinions, three factors cannot be overlooked. The diverse
collection of aircratt, on-board EW systems and unit missions

clearly influenced pilot responses. Ofticers who based their

48




(B - g
ﬂ’ o

|

»
v

wa

e b
L

QpiInions on  experliences in an F-16 or F-13 unmit  obviousiy
perceive  a behbttec EW capability tham an ot+yicer in an  F-10g
or  early F—4 unit. The variation of opinion between tne

di1frarent satvices also appeared important to the nature of

the responss. Marine Corps and Navy pilaots tended to report
a better EW situeation 1n their wurits than in the other
services, perhaps as a result of service emphasis. Ofticers

frrom USAF interceptor and reconaissnce unit tended towstrda the
negative end of the response scale, retlecting possible lack

o+ emphasis on EW by these units. Lastly, one cannot ignore
’

the possibility that many pilots develop? a fondness for

their alrcraft that leads to a false sense of confidence in

its ability to perform  against any  threat, inciuding

elaectronic Weapcns.

ractors Not Addressed by the Survey

One of the inherent limitations of the survey was the fact
that recent +lying unit experience would not bring an officer
into contacht with certain aspects of EW and., thus, he would

ricat kEnow whather detficiencies in that part of EW  have been

ted. EWw FED is just such an aspect of the subiect that

couwld not be as by the questionaire.

The lessons in W RED that Vietnam taught are alil

realated Lo the very difficult problem of keeping ahead of

Ehreat Eechnoloay. Thers 1 some 1ndication Iin the  oFen
moaroes Literaburs that, although great strides bhave been mads

Ly amprocve Rell, we are still unable to develope and field up-
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to-date technologies as Juickly as new threat systems are
+1elded. EW systems are a perfect example of the qreat
problam  that frustrates all efforts in military R&D. The
acquisition process is far too long to ensure that the new
system will not be obsolete before it i1s fielded. The
Alrborne Sel+-Frotection Jammer (ASFJ) was approved in
August, 1980, to be the next built-in ECM protection package
for  our  main—-force fighter aircraft, the Navy and Marine
Lorps’  EA-&B, A-&6E, F-14, AND F-18°'5, along with the Air
Force's F-16. (25:22) Seven years later it is still far from
fielding and in  trouble with Congress because of costs,
technology delays, and coordination between the services.
(246241 In those same seven vears, the Soviet Union has
tielded at least I new 5AM systems, the SA-12 GLADIATOR, the
SA-17 GOFHER, and the un—named SA-14. (27:1346; 11:5.95,

New aircratt conmtinue to come on  line without
adequate EIIM protection. The E-1 bomber joined the SAC +fleest
1in 1986 without the protection of the AN/ALU-161 ECM  package

that was intended to countet some of the newer Goviet air

detfense systems. Early tests showed a fatal tendency to jam
its own antennas. At least two years will pass betftore the
E~1 will have adequate self-protection to fulfill its

intended mission. (28:1,13)
There are positive aspects of the EW R&D program
that should be mentioned. All services, to varying deagreos,

have developed an 1mproved approach to RYD programming thet

S0




wi1ill reap benefits for future EW systems. The Department of

Netense (DODy Electronic Combat (EC) Master Flan

direction and coordination to the development of all DOD Ew
systems of the future. 29:48) A similar document. the
Army s Intelligence and Electronic Warfare (IEW!) Master Flan
will build a "single, coherent plan" that describes tne
Army s present EW capebility, describes the electronic theeat
ot  the future, and developes a long—ranqge (Z0O-year) £
"architecture”. (20, A similar Alr Force EC Master Flan 13
? being developed. (I1:48)
A new atmosphere of interservice cooperation 1n ki
planning i1s apparent when ane hears officers of the Army and

Ry o

b B A b

i

t:

H]

i,
i

e  discuss the subjiect. The main intent of their
wiork is to develope a cohesive package of EW initiatives that

will convince Congress that our EW RED effort makes oertimal

wze of limited resources faor the good of all four services.
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CHAFTER VI
CONCLUSIONS

The analvsis nf unclassitied

documents

opan-source literature, along with the results of a survey of

former  flving unit commanders and operations

aoftficers,

reveals the following conclusions concerning EW in

Vietnam,

the lessons we learned ftrom that aspect of the war,

present condition of our EW capabilitys

The War Euxperience

The North Vietnamese air defense system

during the war was extensive and well-coordinated

ferom modern.

The .5. strategy of gradualism,

combined

2 xtreme operational restrictions on our aircraft

their vulnerability to air defenses ana
tmportance ot EW. .

The U.S5. EW capability was not

increased

magnified

beginning of the Vietnam war but, over a period of almost

Jsears, was able to develope a credible

counter

unsophisticatad North Vietnamese electronic threat.

From the war the U.S. learned that it must have an

EW rcapability to be able to operate effectively

modern alr detense system.

£y
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The Fresent EW Capabilitv

Grrcratt Self-Frotection

The U.%. has not provided all {fighting aircratt in
cur  inventory EOM self-protection that does nnt impair the
abhility ot the aircraft to perform its mission.

Although the U.S. has equiped its aircraft with

limited., pod-mounted ECM, our pilots are confident that this

qeatr will give them adequate protection to accomplish  their

mission.

Doctrine
All services have included EW into their
operational doctrine, although it 1s unclear how wllY

middle—grade leaders and operators use this doctrine.

ABircrews  from  all services have a set of +Fflying
tactice they use to optimize the ettects ot ECM
self-protection.

Alrcrews regularly practice these tactics and theyv
are slowly hbeina standardized throughout the +torce.

Crews are confident that the tactics will work, but
are oconcerned that thev do not have enough opportunities to

teast them 1n a realistic environment.

Training

Gurs £lving crews in all services are trainped in the

]




general principals of EW but do not reqularly practice their

techniques 1n & realistic threat environment.

The +orce rarely practices EW procedures with other
flving units and, 1n particular, with dedicated ECM aircratt

B such as the EF-111 or the EA-6F.

!
o lnteliigence

W Although great progress has been made 1n  1mprowving
oL intelligence collection capability, +lving unit
Lty commanders are not confident they will have the intelligence
qu they need 1n order to fight in an electronic environment.
ix all services need to concentrate further on
K f inproving the intelligence support to tactical commanders to
b‘ carrect this lack of confidence.
The intelligence system should develope progtrams to
give pilots necessary technical details of the electronic

ik threat and enemy air defense tactics.

it Our EW Capability

”Q‘ Althowgh all EW deficiencies, such as those
St oy identifised in Vietnam, mav never be totally eliminated, the

; war experience has clearly convinced all services that EW 1is
‘Jﬁf now a critical part of battle that cannot be ignored, eilther

U 1 peacetime or in wae
(e n peacetime o .
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CHAFTER VII
FUTURE DIRECTIDN FOR EW
The problem O{, electronic selfr-protection ior
combat  aircraft will continue to challenge our planners  and
developers 1n the {future. While micro-electronics  are

helping with the problem of size for bullt-in EW svstems, the

drversity of the threat will continue to grow and create even

i

greater space demands for the ECM package and 1tz  antennasz.

Already, the ASFJ program is in jeopardy because ot 1S

i

p

inability  to keep up with the threat while holding cost and
wolume to reasonable levels:. e A result, there 13 a2 growing
body of opinion in EW circle that on-board self-protection
mayv not be possible against multiple threats of the future

A1 detense system. Instead., they suggest that expendavcie

decoss. remotely piloted vehicles and dedicsted ECM asi1rcract

ate the only solution. (E9:70-7 In the near term, A1pl.ana
Fattle doctrine demands that we provide eftective ELM tor &
growing numbar of aircratt, including the Army = helicopters.
Lhat  must  operate within the enemy’'s air defense svstem.
THis doctrine also makes interservice cooperation in the
development of EW equipment and tactics a necessitv.

With all the effort and dollarsz spent to acquire

mexdern BEOM equipment, we cannot atford to  ianore  the

tmportance of  training our aircrews in a realistic  threaat

E1T 1 P RNmen . W muet pursue the development of EW simulactors




that

prezent a current and thoroughly realistic air detense
threat to ouwr aitrmen so that thev can develope and evaluate
their 1ndividual and unit tactics against this thereat. These
zimulators must be available in sufficient numbers to allow
crews to freguently use them. The occassional or rare
oprortunity  at an expensive training cernter such as REDFLALG

or the Natioral Training Center is not sufficient.,

The EW R¥D community must continually probe the .

,..
-
3
=
o
i

o+ techrnology to recognize threat trends and develoee
wavE  to counter them before a conflict begins. Farticular
attention should be paid to emerging threats that operate
hevord  thes radio and tadar portion of the electro-magnetic
BEer teum. clectro-optic and laser air defense acquisition
and tracking svstems, that present an entirely new set of ECH
problems, mav already be under development. Destructive
countarmeasures that use all portions of the electro-magnetic

spectrum may also be the future for aircra+t self-protection.
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NAME

EOx NUMBER

FORMER UMIT

ITRSTRUCT TINS:

1. Fleazse complete the following gquestionaire providing
IMPreEsslons or Oplinloans based on your recent experience 1n an
aperational unit.

2. Do not include classified information. I+ your response

15 classitied we can discuss it later.

. Remember, in most cases I am looking for opinions and
impressions  you formed as a commander or operations officer i
in the past four years. I am not overly concerned with

specific facts or documented cases.

~ormal responses are not necessary. Clear,
lanatory notes will suffice.

5 Tou may want to review the entire questionaire before
yOuU begin writing vour responses.

&, When vou have completed the questionaire, pass it to me
or place it in Rox 53, I1'11 get with you later if we need to

meet bto tall over your input.

7. I need vour response NLT 9 December to keep on schedule.

Thanks,




EliymErt:

cont wuse chatt tlare dizspenser:

W NS W LU0 UTEY WPV U G WY W ST v aeY W

QUEST TEIN& TRE

1. Wrat arrcratrt did vour unit fly?
e Wwhat was vour unit 3 combat mission? In what theater”
. What arotective ECM did yvour aircratt have?

I+ so, what kind?®

all aircraft eawipped with the same ELOM gear

Describe any varisations.

hoal ol tal Sad _al




- hagheadbdh adbed haabdhbie th bk

. How woulag wvou rate the reliability of SO ECh
2qulpament ©

Feliable tnreliable
S 4 ! 2 i
T How reliable was vour RWR gear?
Feliable Unreliable
5 4 I 2 1

e Did vour unit ever use this EW equipment 1in a erealistic
anvironment™ I+ so. describe the situation.
T Was wvour EW gear adequate to meet the expected air
defense and counter air threat?™
fideguate Inadegquate
5 4 3 2 1

1or. Waz vour equipment adiustable or inter—-changeable to
maet changes in the threat environment s

&)




TACT 1

A
it
prrbec

1.

-t
€

o

How would you
to  counter
1v(=. I'l 1:"

describ

the enem

Extensive

Tactics

for]

How o+ten did

Often
S
Ware these
standardized
Farce™ 1+

Did wour unit

the formation?

How otten did
airoratt

VAU ALPCRews pract

tactics
for units
they weare

rely on

=)
v

=

any specltic tactics
elsctronic

.imited
Tactics

owldom

selt-developed or

of this
standardiz

dedicated
what aircratt ™

I+ so0,.

vowr wntt

! “Q’*’!

n‘w
i

practice using

5 | o oam
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16, In general., did vour EW tactics work?

Usually Seldom Never
3 4 3 Z 1

Was a realistic electronic threat environment used to
test these tactics™

—
“d

Realistic Unrealistic

5 4 %] 2 1

TRAINING AND DOCTRINE:

ig. When you took command, how thoroughly did you understand
the details of electronic warfare as they applied to the
combat operations of your unit™

Thorough Limited Very Limited
Enowledge Knowledge Knowledge
5 4 3 2 1
19 At this point, you knew enough about EW to effectively
command.
Agree Disagree
5 4 a z 1

20. Your aircrews were adequately trained in EW princieles
and tactics.

Agqree Disagree

£
o}
r3
-

=
wt

2. What EW training shortfalls have vou observed?

62
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22. The USA/USN/USMC/USAF has fully integrated EW into 1ts
FME program to produce tactical commanders and aircrews who
understand how to use EW as a combat multiplier.
Agree Disagree
5 4 3 2 i
2Z.  Are you familiar with the USA/USN/USMC/USAF doctrine
g concarning EWT
t -
o, Very Familiar Barely Never Read It
S 4 = 2 1
. 24. This doctrine was helpful in planning and xecuting
g combat operations in vour unit.
B
E
«yg Agree Disagree
’-’.:s".'
i 5 4 = z 1
l‘;‘i‘o'
B )
My A
ﬂ% INTELLIGENCE SUFFORT TO EW OFERATIONS:
e'q.'-
W
2 £3.  How many of your officers had SCI access?
B
ﬁqy All Few None
.;E‘g'
Jﬁ 5 4 it 2 1
ﬁ~ Lo, How confident are you that the current intelligence
,f‘ svstem will:
eib;,
[ . . . P
"t caesapProvide vou the timely, all-source intelligence
) vou need?
D
o Confident Doubtful
":f:';)
0y 5 4 bt 2 Y
Y
e nnaProvide vou accurate, timely intelligence ta
vow superoart the Electronic Warfare campaign®
LR
A Confident Doubt ful
.:‘;’
[ ." . . - .
s b 4 R 2 1
R
Nyt .
;7":.: oS
iy
10"
4 "ll
-
n
A‘ ’A‘
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SGENEFAL:

Z7. Are vou confident that the EW capability of vour uwunit
will permit vou to perform vour mission without serious
limitations?®

Confident Doubt+ul
S 4 3 2 i
26 Has the USAF corrected the EW deficiencies 1dentified in
the Vietnam war? See cover letter for details of

deficiencies.

Deficiency Corrected remains

E Inadeguate EW protection 5 4 a
far aircra+tt.

l
8}

b Inadequate EW doctrine 5 4 = 2 1
and tactics.
. Ingutficient EW training. S 4 = 2 1

Use the space below to explain your responses aor make further
comments:
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CORONA HARVEST RECOMMENDATIONS
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e
Qﬁi Recommendation Sounrce
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3 ELECTRONIC WARFARE SYSTEMS:

b4

A ) - B} - .
?ﬁ - La Llevelope EW systems for tactical aircrart (G0
ﬁw that will allow single aircraft sel+s-
jﬁﬁ; protection and +tull performance
-fm using 1nterchangeable electronics.

N . Design passive EW svystems (RHAW, (Frbol-a)
€ty - . — - . . .
ﬁ% SHRIKE Sensors, RIVET TOF) for high
@& density radar environment.
.'.S ’
Aedg - =
Lt T Develop a high performance aircraft (T2 &30
wa . . .
) for penetration ECM missions as an
e interim until full self protection
:3@ is avellable.
i
;mﬁ 4. Develop etfective ECM protection +or (P 64-65
] the B-5I.
g A Study/test best types ot chaff for (52250
:hr recce.
‘t
w ' . et protective ECM to allow recce (Fe A2
U to +ly strailght, level missions.
;ﬁf 7 evelope an etrfective self protection £EW (G686
.q;:.o‘ pacrage +or the WILD WEASEL.
e

£
i‘g
a:'.
R, DOTRINE:
AN R M evelope jJjoint tactical EW doctrine, (Pl éee)
4$%‘ tarmitics and equipment.
il
:::1:: Y. Test setudy/develop joint jamming and (192 74)
fﬁb recce tactics to optimize recoe.
A L', Revise AFM I-1 to give doctrinal LG5S
@ recognition to EW consi1deratons.
u‘ 3
1
{%, [ Frasvigse AFM Z-1 to include special et
o ol -
ot migs1on arrcratt,
* Y

o
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INTELL IGENCE :

12. Get a tactical intelligence capability

that provides timely. accurate intelligence

to support the EW operation.

15, Develope a capability to evaluate ELINT
and translate it into useful EW
intormation.

14. HRetain the capability to evaluate EW
operations and assign skilled people
to the job.

15. Develope a capability to get all-source
intelliqence to commanders in a timelyv

mannear,

1. Develope a capability to anticipate
changes in thteat.

17. Get timely EW effectiveness evaluations
to commanders.

RESEARCH AND DEVELOFMENT:

15. Test EW equipment for reliability,
supportability and effectiveness
petore fielding.

19. Vigoursly pursue EW R&D to ensure that
our capabilites match the nenxt
generation air detense threat.

20. Retain the capability to conduct
expedited EW development programs.

21. Make survivability, including EW,
& major consideration in initial
aircratt desian.

i Test and develope EW systems in a realistic

threat environment.

I Faetsain Lthe QFRL procedures used during
SEA air operations to develope EW
svestems.

bHb6

(P: 31322

(P:46)

(Fe70-71)

(9:75)

(£3:44)

(23:50)

Al w ot

£y

01
Q,
i
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(251 69)




TRaINING:

2
in
N

N 24. Dive EW considerations greater (2
» attention i1n FME schools, as well as in
Gty planning and operations at all levels.

- SSEARE
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o
e
[ 30
(]
S
;{
o EQUIFMENT:

LS

- 1. What aircraft did your unit f1y7
\.‘ "
i . -
¥ REGFONSES:
5
¢
§§| Fighter Aircratt: Army Helicopters:
Y "‘ )

i F-4E - 5 AH-15

i F-4J/5- 1 OH-58C X2
. F-15 - 3 UH-1H
. F-14 =~ 1

g F-18 - 1 UH-&60

K : F-106 ~ 1 UH—-1

A-6E -1 CH-47 31

Q{ A-7E -1 OH-59
R
ey A-10 =3
8

2 Eombers: Reconaissance:
i
5 BE-52G/H -8 RF-4C - 2
wa FE-111 -2
¢ ¥
o
"’." ‘v
ol
?"o
i
t -
&5 2. What was vour unit’'s combat mission? In what theater?™
)
J

! RESFONSES:
it
Qk ~ighters: Army Helicopters:
iy
[Fa }
My Air-to-air -7 Attack - 2

Air-to-ground - 7 Assault -1

w0 - Multi-role - 4
Ny ='
i Bombers:. Reconaissance - 2
i
o .
. Strategic - 8

3 Deep Interdict- 2
KO
o‘l‘
ati
.»::‘.

L)
e
O &9
R

X% o \ . , .
A LN T AT T AT Ty W 8% W Vg U W BLOR LU U LY (AN
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-r

What protective ECM did your aircratt have®

RESFONSES: This question drew varied answers that

LA

indicated in some cases a lack of familiarity with the ECM

equipment.

. 984 indicated that their aircratt had ECM
equipment.

_ DOnly 2% indicated that they did not have
ECM equipment.

Did you use chaff/flare dispensers” If so, what kind?
RESFONSES: YES - a85% with various types.
NO - 15%

Were all aircraft equipped with the same ECM gear?
Describe any variations.

RESFONSES: YES NO
Fighters 17 1
Bombers =] 2
Recce 2 O
Army Helo (%) s
Total = 2 é
g1% 197%
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19
RESPONSES ¢

RESPONSES 8

ECM

How would you rate the reliabilitv of vour
equipment™
Reliable Unireli1able
b 4 x 2 1
I=1.88

16~

" QUESTION 6

12 TOTAL RESPONSE

L .

""E§§§S>; NN

:*;
r2
)

| _

1
RELINDLE UNRELIABLE
14L 5
12k |
10F :
- |
6 % |
- :
b AN n Vo Ezgg [l ragm |
J ! 1 | | |

5 ‘ 3 2 1

RELINGLE UNRELIABLE

FIGHTERS DONDERS B RECCE [ ATK NELOS
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LR 4

¥

e

LI
"‘*‘.

V. How reli1able was your RWR gear?
| Reliable Unreliable
5 4 o 2 1
o8
f$
Yo
o n=3.84
".1‘-"?
iy - QUESTION 7
N 12~ TOTAL RESPOMSE
TS
v*g
RESPONSES 8- 7,
6 b

¢ ‘ y
o r , ;
bt

Ky e ]
5 ' 3 2 1
ix RELINBLE UNRELIRDLE

Wy 14k
o 12
-

i RESPONSES 8| : ‘

hd -

i"h

::'t: s

J = &_‘ﬂ_%cl_ml %Lr—x
i )| ] ] 1
3 4 3

2 !
o RELIOSLE - UNRELIABLE
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8. Did your unit ever use this EW equipment in a realistic
environment? If so, describe the situation.
RESFONSES : YES NO

Fighters 15 2

Bombers 8 2

Recce 0 2

Army Helos A O

Total = 26 b6
7% 21%

E__lr_nflg_e_:_-
REDFLAG GREENFLAG
MAFLEFLAG Eglin EW Range
COFFERFLAG korean DMZ

BERIGHT STAR 895

Maval Strike Wartare
Center, Fallon NV

TEAM SFIRIT

OO OO OO00 OUOOQOUCU O ) \ CAGAGA0
e ‘.‘s.:'\‘ “-‘.h." ‘.';‘.ﬁl'«‘-'.’r.‘ ":‘.,‘u‘,_‘t‘.‘.)‘,'t' LRALR ‘"-“‘ P " ' ;'-‘(- A ;‘l:-ig'}

Sea of Japan Ops
China Lake Ranges
COFE THUNDER
Nicaraguan Border

2

'y b ¥ 000X
XD D




F. Was vyour EW gear adequate to meet the expected
defense and counter air threat:”

Ade jwate Inadequate
‘) 4 ) @ 1
N=3.89
i
ol QUESTION 9
9F TOTAL RESPONSE
s
RESONSES g._ ﬂ ?
s //1
gi' 7777 7 % Vd V777
i |
5 3 2 1
CONFIDENT DOURTEYL
- i
lgr ‘
i |
RESPONSES g!: ' !
i |
M A |
2 N\Y \\ ;
i O @WNn0 7ASs 7%
5 ] 3 2 1
CONFIDENT 00yaTFY!

FIGUTERS DONOERS B RECCE (O ATK MELOS
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W 1o, Was vyour equipment adjiustable or inter—-changeable to
! meet changes in the threat environment™

WY .
-y -~
o) &

2
o ot &1% =0
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o TATTICS:
s {l?
11. How would vou describe any specific tactics used by vour
;.,.;ﬂ; unit to counter the enemy electronic threat or to enhance
V‘“‘;‘f protective ECMT
l‘@é
e et B
sﬁ“sb Extensive Limited Non—-existent
S8 Tactics Tactics
\‘il 5] 4 s & 1
,‘,‘:‘0
’5&3(\,‘
e
£,
161 p— i
W QUESTION 11 |
e 14 :’/71 !
e 12 7 TOTAL RESPONSE |
ot i9 oy
b | WA
o RESPUNSES 9 7 [ |
e i s S
= 7 D o |
:Tﬂ ;f' ’ /%A r,;//fy E;%Z |
(X .
b ‘
o = L 1 L |
o 5 4 3 2 1
EXTENSIVE LINITED NO
ol TACTICS TACTICS TACTICS
‘et
o
;::e;: 16+~
A
N 4
B 12- '
.:t:;'é 18
oy RESPONSES g
KR
K] 6
1"‘,». 4-
“ ‘(
Ty
2=
o- Z
. L j

E2 FIGHTERS BONBERS B RECCE (] ATK HELOS
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% 1. How often 4id your aircrews practice theze tactioz?
Ofben Seldom MNever

1

3

8 5 4

: ) 16"
o 14
“ I 10F

RESPCNSES g

QUESTION 12
TOTAL RESPONSE

&7

7% v
1

3

OFTEN SELDON NEVER

6
4r
w 2+ b
..F

16
14

& 12
é% 10
y RESPONSES g

KN 6

LI L

4
N 2
e

i FIGHTERS DONBERS BB RECCE [T ATK MELOS




13, Were thece tactics self-developed or wera they
standardized for units of this type throughout the Ailie

Force™ I¥f they were standardized, cite sources.
;l
Y RESFONSES: YES NO  EARTIALLY
t
N Fighters 1 8 7
) Fombers O 8 z
: Recce 1 1 O
: Army Helos 2 1 0 .
; Total= 4 i8 4
g 12% S55% 27%

L

;,

. i4. Did your unit rely on dedicated ECM aircraft to protect

& the formation®™ I+ so, what aircratt?

)

Vi

. REAFONSES: YES NO

) Fighters 7 11

.2 Bombers 1 g

! Recce 1 1

o Army Helos Q 3

t

%

' Total= 9 24

A 27% 73%

&" .
‘I

.

1 .
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T e At ekt A ae b e e |

yu’ 15, How often i1d your wunit practice using & dedicat=d ECH
< ailricratt”

Sty Of en Seldom Never

A N=1.82

QUESTION 15
TOTAL RESPONSE
E

- RESPONSES

\
3
N

—
-

-

e S 4 3 2
nt,; OFTEN SELDON NEVER

e RESPONSES

=
o
25
-
S e Sts Pt s PoD

AN NGO AP S OO D

TTTTTITTTOIT

.’i ’?6 ] ] !

:.&.g:.‘ 5 4 3

mma“%@ii
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* . - -
g e, Ir general. did vouwr EW tactics wark™
‘,,"'
iK)

Ustially Seldom Never

Fas

- . ’
-t s

Q.‘ Lj

QUESTION 16
TOTAL RESPONSE

. P
a0 & OO aE N Moo

T T TTT T T TV

RESPONSES

>§ USURLLY SELDON NEVER

b RESPONSES 18

TTTTTT TV U

[ J B 8- -

N = Y D — o

b—

m
1 |
2

g
N
-
[ >}

. FIBNTERS DONBERS BB RECCE [ ATK HELOS
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L 7. Was a rea!ri1stic electronic threat envicvornment sed
test these tactice™
Fealistic Urirealistic
3 4 = z 1
=3.27
A |
e 7 QUESTION 17
m_ F% TOTAL RESPONSE
RESPONSES 8- V
6F /
‘- 77 ,///' 7/
i 77/ R/ R/ R/ ) }
j | ] 1 ]
3 4 3 2 i
REALISTIC UNREALISTIC
14~

12k
10+
RESPONSES 8}

7

|

7 A
i N O N G o
3

4

3 2 1

FIGUTERS DONDERS BB RECCE [ ATK HELOS
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TRATNING AND DOCTRINE:

1i8. When vou took command, how thoroughly did you understand
the details of electronic warfare as they applied to the
combat operations of your unit?®

Thot ugh Limited Verv Laimited
Frhowledge Enowledae tnowledqge
g 4 3 ps 1

N=3.36
|
16~ !
“‘_ QUESTION 18
12- TOTAL RESPONSE
10
RESPONSES - g |
6 |
‘- 7z |
7 7/
- = ! L 1
3 3 2 1

THOROUGH LINITED VERY LINITED

KNOVLEDSE KNOVLEDGE KNOVLEDGE
16~
14~

1=
s

0

12F !
19
RESPONSES g Eﬁ

7
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() . . .. .
. !;: Lt i+t thas poont, you knew enough about EW to eftectivelw
;'f::n command.

,'.t. g ee M =agree

a',;: = 4 2 2 1

GUESTION 19
TOTAL RESPONSE

® ro = o~
TTra
W [

RESPONSES

.i.' 8- ~
5 it 77 £z

NN

N

77 B2
{
3 i
AGREE DISAGREE

N
*F§

~

»
.“
WAV IMWED "V IMIFO
o

oy FIGUTERS BOMBERS B RECCE [J ATK HELOS
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20, Your airoresws were adequately

and tactics.

trained 1n EW principles

Agree DMisagree
o] iq i = 1
N=3.64
-~ ! -
:;: | QUESTION 20
oo TOTAL RESPONSE
RESPONSES 8- %
6-7 7/ ‘
2 07
-.F 7 7 /A 7% Z772
1 _1 1 1 Nl
5 4 3 2 1
AGREE DISAGREE

14&
12

10k
RESPONSES 8f
61
4
TN
1% ,
1
5

i

I
Bl o
] 1
2 i
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21. wWhat EW training shaortfalls have you observed™

Flahters:

"Lack of available ranges where full-spectrum
EW can be used."

"Lack of feedback on effectiveness of
tactics/equipment during daily training.®

"Flare plant burned down limiting training
tlares; ALE-40 deficiencies."

“Very little available on the interaction of
the various EW platforms.”

"Really haven’'t addressed how to use EW in a
detensive, ailr—-to—-air environment."

"Training assets limited- i.e. targets.’
"Not enough realistic training."

“"Coordinated tactics with oather K1t wenai
sspexially ground wunits. "
i

"Not enough realistic threat emitters.

"ECM could not be used because it would
compraimise ite capability."”

"Not enough EW ranges to train on."

"Insufficiernt number of aircrews trained in EW
to be instructors or experts at the squadtron and wing level."

"Exposure ta more up to date threats."
"Moo chaff/flare dispensers. "

"More knowledge about the threat would have
allowed newly azsigned pilots to be more effective."

"eoeewe need to cycle all tactical air force
crews through REDFLAG periodically ...."

“".oaawe need updated threat simulators to
portray realisitc combat environments from the Facific and
European regiong.”




Y. FEEDBACE ! There are so few ranges that
c—an grade tactics and pod pert+armance that pilots oniyv qet to
see them once every year o+ nore often, every two vears."

“"The T-37 ECM capable aircratt to provide
realistic trairning to air defense forces have been scrapped.
Today there 1s no capability to realistically train
F-10&6/F-15/F-4 air defense crews to counter ECM,*"

Bombers:

"Training ranges had old, outdated and
inadequate gear to simulate all threats we could be subjected
to during real-world missions.

"New ECM equipment installed in our aircraft
could not be used in practice because of the non—-availability
ot training equipment.”

"We need more field-deployable simulators.”

"Fractice shortfall due to FAA problems."

"E-32 crew has little appreciation +for the
EWO’'s dab."

"Realistic training."”

"No realistic training with EW assets."

"Realistic ranges and reliable, wup to date
equipment.”

Army Helicopters:

"Aircrews do not have the equipment to train
with, therefore do not fully appreciate its (EW) value in the
offense and its threat when used by the enemy."

"Not enough training devices for aircrews to
train with. You cannot train without a threat. To me this
is the most serious deficiency we currently face."

"1 Understanding the threat. (2) Under-—
standing the use of organic ECM gear. (3) KEnowledge ot our
ECM limitations. (4) Training to correct the above."
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RESPONSES

RESPONSES

BAESERESREERES
N
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Loer THLNZUSME, USalT has +ully integratea EW

how to use il a a combat multipiier.,
Hgee Misagree

) 4 A 2 1

N=2.42
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QUESTION 22
TOTAL RESPONSE

hY

rTTTTITTITI 0

FW %

b—

L ]

ﬁGREE

DISAGREE

AN
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m
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. R O ramiliar with trie  USHAUSNAUSMO/UGAE doctrine
concerring EWT

Veary amilaiar Barely Mever Reed Lt
, 4 z by 1
H=3.56
I
16 =
14 QUESTION 23 f ]
12F TOTAL RESPONSE ‘
18- 7 | .
RESPONSES g~ ‘
1a / |
27‘ 7777 7 |
YL 25 7 wm em
i ) | 1 | It
b) 4 3 2 |
VERY FANILIAR BARELY NEVER RERD 'T
16~ ‘
14~ ' }
12— !
10~ |
RESPONSES g1~ |
6- |
4 \ \
V |
L | 4 1 1
3 4 3 2 {
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<d. Thiz dostrine wes helpful in plannina and  eseculting
combat orerations in your unit.

Agree Disagree
3 4 z = 1
N:3.13
I
”t QUESTION 24 |
8o /) TWTRLRESPONSE |
8 i
6oL | |
RESPONSES 3.8~ é / V/}/]/
ik 722 % o U
2.0~ 77 77 % 7 “IA
A 7/ /R /R V|
! | { { '
5 [ 3 2 i
AGREE DISABREF
9.8
i «
7.0
6.0
RESPONSES 5.8
i
i 3
aio}-w% 1 7}%
5 !
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AD-A186 626 ELECTRONIC WARFARE TN VIETNAM- DID WE LEARN OUR
LESSONS?{U) AIR WAR COLL MAXWELL AFB AL J R DICKSON
MAY 87 AU-RWC-87-853
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INTELLIGENCE SUPFORT TO EW OFERATIONS:

FIONIERS DONBERS B3 RECCE [ ATK MELOS

90

25. How many of your officers had SCI access?
All Few None
3 4 3 2 1
N=2.09
_ |
14}- MVESTION 25
12 TOTAL RESPONSE
-
RESPONSES 8-
6
- . Y /7,
' . v/ 1
Tl % W)
: ! L . 1 \
5 [ 3 2 !
ALL FEN NONE
- !
124
10} % l
RESPONSES 8! : :
6L |
s o z
2 ’=- %
” N_ 2 [ |
L 1 i A1 1
3 4 3 2 1




6. How confident are you that the current intelligence
svstem wills
..... provide you the timely, all-source intelliqance
vou need™
Confident '. foubt+ul
5 q = 2 1
N=2.64
| l
19} QUESTION 26a
3T TOTAL RESPONSE
7
RESPONSES g
1
y = ' /
1 W7 7
] A 1 A
] 4 2 i
CONFIDENT DOUDTFUL
|
lit
9
8
7
RESPONSES §
3
4 I
SE !
2 i
lF N &
' N N ]
3

~ -
[ ___J

d
4 3
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..... provi-le you accurate, timely aintelligence
support th= Electronic Warfare campaign™

Confident Doubtful
) 4 z 2 i
N:2.48
l .
QUESTION 26b i
TOTAL RESPONSE

RESPONSES

y ,,j %

. Sy, oty
[ TITTTTrTYTITIT T

1 L L i L
S ‘¢ 3 2 1
CONFIDENT DOUDTFUL

!
{
!

!
TR
e b G b
3 2

RESPORSES

ARl el ST SO s>

[T vrerTry s

4
|
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GENERAL :

)
~N
.

Are

RESPONSES

will perm:t you t3 perform
limitatione™

vou iconfident that the EW capability of vour uwunit

your mission withour serious

Contident Doubtful
] | 4 z 2 1
N=3,09
l 1
- QUESTION 27
,E TOTAL RESPONSE
i
g s ;
iE 5 /:,4 |
I 22
{ L
S ‘
CONFIDENT oomm
!
i

T Y1 T I TV oioreIg

é
i

K
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28a  Has the USA/USN/ULMC/USAF corrected the EW deficiencies
identified in the Vietnam war?

A, Inadequate EW protection for aircraft.

N:2.74
|
QESTION 202
2o TOTAL RESPONSE
R |
o= .
mmstsi.gq- %
%:SE 7 2 b %
Wf Z ¢—M o
5 4 3 2 1
RENMINS COPRELTFY
9.0 l
8.0F
7.0F |
6.0 ’
RESPONSES 5.0}
4.0k ‘ i
N RN /-
Srs AN N %‘v g 1
' . L ; o 1 X
3 ' 3 2 1
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identified in the Vietnam war?

. Inadequate EW doctrine and tactics.

28b Has the USA/USN/USMC/USAF corrected the EW deficiencies

(B 297
" nu:smu 280 !
9r TOTAL RESPONSE |
» 8— :
1+ I
RESPONSES § - !
- I
2C '/:1:
—
mmm RENAINS
- "
9
= |
‘- |
RESPONSES €~ !
a |
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JBr Has the USA/USN/USMC/USAF corrected the EW defi-iencies
toentitied 1n kthe Yietr.am war?

z. Insufficient €W traininc.

n=2.91
r ' b
10 QUESTION 26c :
g. TOTAL RESPONSE ‘
! F |
RESPONSES $T |
s !
3C 7 !
1 F , |
. 1 1 { | 1 '
S 4 3 2 1
CORRECTED RENRINS

1

|
RESPONSES g
i
‘

TYIyrrrirngeg

e

L 1 L

3 2 1

A /I
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I LA L LA A,

"l believe we need to work more on self-protection. Wo
are using limited assets to protect our EW assets."

"The primary USN/USMC problems involve lack of realistic
training and the slaow turnover of modern ECM euqipment to
meet the ever changing threat."

"Am not overly hung-up on a big effort to reinvent the
EW doctrine wheel. Doctrine should be kept simple, i.e. Use
ECM to defeat enemy’'s electronic threat, thereby promoting
successful completion of mission.’ Tactics must be developed
and validated at operational level- not dictated by HG
staffsa, Training and tactics is where the emphasis is
needed. ”

"The ECM equipment we work with is totally inadequate.
While better than nothing, the pilots have little confidence
in the pod. Fart of this is due to lack of training
facilities. The rest is a total lack of feedback. You don't
know whether the pod is working at all, even in combat! I
suppose you come back alive after having seen missiles miss
you, you assume that the pod was working Ok. But it might
have been bad missiles systems! Conversely, there is a great
deal of confidence in the ALE—-40 system because it is used
daily and the aircrew can observe it operating. The same is
true for the RHAW gear."

"Soviet doctrine is heavy into chaff, ECM, and our
capability tno train against that threat is almost

non-existent."

"SAC does a fairly good job of addressing the ECHM

environment. The only problem I ran into was a substantiail
lack of realistic "in-flight" training. This was primarily
due to poor range equipment (budget constraints). Simulator

training was very good, especially in the WST. However, new
training gear was very slow catching up to modification
already on our aircraft."”

"Farts problem was improving as I departed FCS- but
there will be enormous shortfall if hostilities occur. Even
WRM ztockpiles can’'t pick up the slack."

"Frotection: FMS quantum improvement over sinqgle
ALF—-20A and "manual" jamming. Training: We need more field
deployable simulators."”

"In SAC there is a basic lack of understanding of ECM
except amoung the EWDs. The pilots understand that if the
EWD =ave he has a threat on his scope, that is serious. How
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he got it and what equipment was used is not very well
understood. "

"Az of 1984 when I left crew duty, the Strategic Air
Command ECM tactics appeared bogged down in the same rut they
had been for 5 years. ECM appeared to be at the bottom of
the development ladder."

“The best ECM training and tactics training I
participated in was the Integrated Weapons System Trainers.
The whole crew acted as they would with a mission and a

threat. Computerized threats were successfully or
unsuccessfully countered and all actions recorded for post
mission critique at ground speed zero. ECM maintenance

support was supurb in SEA, but in the ‘States there seemed to
be more problems with reliability and patts.”

"FEDFLAG and the scenario missions conducted at Eaglin
and against the STR sites have helped generate interest in

ECM and tactics. Wings are getting tactics branches with
access to results of aircraft when flown against various
threat simulators. SAC depends upon mutual support jamming

during EWJ, but seldom has an opportunity to practice the
technique."”

"With respect to EW., Army aviation still has two major
shortcomings:

1) Inadequate ECM equipment on aircraft, i.e.
self-protection equipment.
2) No rotary wing ECM aircraft for offensive

operations (i.e. those equipped with radar jammers, etc.)"

"Using today's threat, we are not in good shape at all.
Training is not in bad shape. Equipment 1is the major
deficiency and training devices which work in conjunction
with the equipment are required."

"Outdated gear! Delays in development to deployment of
new svstems, " :

"Equipment. Spareparts'”

98




LIST OF REFERENCES

1. "USAF Activaities 1in Southeast fAsia, 1 Aprald 1 Sayin -
21  December 19&492," Froiect CORON& HARVEST (CH 05eSi] s,
Maxwell AFE, Al.: The Air University, May 1972,

= Momyer, William W. Air Fower 1in _Three Wars, edited b
M. J. C. lLavalle and James C. Gaston. washington, [\ :

Department of the Air Force, 1978,

. Cornell University. Air War Study Group. The Air War

in___lndochina. edited by Richard Littaur and Norman Uphot+t.
Boston, MA: Beacon Fress, 1272,

4. United States Air Force. Oftice of Alr Force Historwv.
The United States Air Force in Southeast Asia, 1961-1973:  an
Iilustrated Account. Washington, DC: us Government
Frinting Office, 1977.

5. McCarthy, EBrigadier General James K. and Lieutenant
Colonel George B, Allison. LLINEEBACHEFR 11: View from lne
Rock, U.S.A1r Force Monograph Series., Volume VI, Monograpn 3,

adited by Colamnel Robert E. Rayfield. Mazwell, AFRB, AL: The
Air War College, 1277.

& Futrell, Fank R., et. al. Acges and fAerial Yictories -
The Lnited States Air Farce in southeast HS 1 a-
192651973, inited States Air Force Albert F. GSimpson
Historical Fesearch Dftfice and Office of ~Hir Foroe
Hizstbtory. Washington, D.C.: US Government Franting
Ditice, 1976,

Ve A _Buarter Century of Alr  Fower: Studies 11n the
Emplayment of Air Fower 1947-1972, edited by John H,
Sorivner.  Maxwell AFB, AL: The Air Unversity, 1977,

3. Air _ War-Vietnam, with introduction by Drew Miadleton.
Indianapolis/ New Yorlk. The Bobbs—Merrill Co, Inc., 1978&.

5. "Out-Country Alr Operations, Southeast Asia, 1 January
1965~3%1 March 19%9468," Froject CORONA HARVEST(CH o0S465008) .,
Maxwell AFB, Al The Air University, July, 1277,

1G. Jane's Weapons Systems, 1985 Edition. New York: Jarne s
Fublishing, Inc, 19835,

1t. The Soviet Army: Troops, Organizations, and Egquipment,.

UeSa _Frmy Field Manuwal 100-2-7%. Washington, DC: Department
af the Army, 1984,




12. Eallard, Jack 8. The U.S. Air Force in Southeast Asia:
Development of Fixed—-Wing Gunships, 19621972, Washington,
L.C.: United States Air Force, 1982,

1%, Mersky, Peter B. and Norman Folmar. The Naval Air War
in Vietnam. Annapolis, MD: The Nautical and Aviation
Fublishing Company of America, 1981.

14. Jane's All _the World's Aircraft, 1985-1986 Edition. New
York: Jane s Fublishing, Inec, 1985.

o 15. The Fresidio Concise Guide to Military Aircraft of the -
W World, edited by Chris Chart. Novato, CA: Fresidio Fress,

o 1981.

N q

16,  Swanpborough, Gordon. United States Navy Alrcratt since
1211, 2d Edition. Annapolis, MD: HNaval Institute Fress,
* 1976.

5 i7. Gunston., Bill. Aircratt of the Soviet HUnion:  The
Y Encyclopedia of Soviet Aircraft Since 1917. London: Ospreyv,
. 19673, ’
By
;% 18. Swanborough, Gordon. U. S. Militatry Aircratt Since 19209,
Ry 1st American Edition. New York: Futnam, 1963,
o
f’ 19. "USAF Reconaissance Activities in Support of Operations
1n  Southeast Asia, 1 January 1965-31 March 1968,°" Froject
Wl CURONA HARVEST (CHOS65009) , Maxwell AFE, AL: The Air
; : Uriversity, January, 1973.
) '
@i 20, Air Force Special Communications Center. COMFY BROY
RN Report 13-72, Augqust, 1972, (Classitied SECRET NOFORN: No
) intrormatiaon included in this report.)
ﬂ% 21.  Air Farce Electronic Wartfare Center. "EW Worth
jﬁ Aszsessment., EB 1778," December, 1978. (Classified SECRET
ﬂp NOFORMNs No in+tormation included in this report.)
"
A
22. USAF Security Service Message AFEWC-EWO, Sub ject:
" Electronic Warfare Analysis Report EC 3-81, DTG 1181437 March 4
?f 21. (Classified SECRET NOFORN; No information included in
I this report.) '
5 )
' %, Corum. Colonel Delbert, et.al. The  Tale oaf Two
Bridges. WSAF Southeast Asia Monograph Series Yolume I,
- Monograph 1. edited by Colonel Dewev Wad -1 and Major floem
oy vwnoad.,  Washington, DC: Government Frinting Jdtfice, 1%76.

100




'~ e T T

P N T )

e o

-
It

#y

-
=
-

h e e mm
Wt .
L e

R s

e

24, "Command and Contraol of Southeast Asia Alr  Operations.
I January 1965~ 31 March 1968,°" Froject CORCNA HARVEST
{(CHOS65002). Maxwell AFB, AlL: The Air University, Januastry,

1977,

25,0 Guinn, Thomas F. and Forter, John M. "EW  oand  CF
Countermeasures: The Orficial View." Jowrnal of Electronic
Dafense, November/December., 1980, pp. 18-26.

2k, "Electronic FPrograms Feel Budget Fressure.” Detense
Electronics, December, 1986, pp.40-355.

27, Coghlan. Jim. "Air Reconaissance Gathers OSpeed For
Sirland Battle." Defense Electronics, September, 1986, ep.

131—-140,

8. Martabedian, Ralph. "Radar Deficiercies Make E-1I
Vuinerable.Y Los Angeles Times, 9 January, 1787, pp. 1,13.

2. DBGoodman., Glenn W., Jr. "Air Force and Mavy EW Frograms
Jammed, But Countermeasures Are In  Sight." Armed Forces
Journal International, Febrauvary, 1987, pp.b6-73.

S0, "The Army Intelligence/ Electronic Warfare Master Flan.”
Headquarters, Department of the Army Assistant Chief of
Staftf, Intelligence briefing, February, 1987.

1. Canan, James W. "The Issues That Count." Air  Force
azine, UOctober, 1986, pp.44-50.

PRI ol e .

101




END
DATE

FlL.MED

/788




