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| NTRODUCTI ON

Technol ogi cal change is one of the constants of nodern
warfare. Each rifle has a little nore range or a higher rate of
fire than its predecessor. Each tank, a little nore arnor or
better sensors. New airplanes have nore agility, range, payl oad,
and speed. Modifications to gear constantly update capabilities
whether its a new node on a radar, a decoy system on a ship, or
a better magazine for arifle.

Most technical inprovenents sinply enable the soldier to do
his job better but in about the sanme way he always has. Sone
changes require or, at |east, nmake possible changes in the way
the soldier fights, that is in his tactics. Acquisition of
retarded bonbs allows airnen to use level deliveries staying
close to the ground w thout worrying (so rmuch) about the bonbs
bl owi ng them out of the sky. Equi pnment changes on the other side
also drive tactics. A new SAM may force new penetration
profiles. An inproved eneny mssile may dictate new formation
tactics. These changes occur so often that even the annua
review cycle for US fighter tactics mnuals (MCM 3-1) has
troubl e keepi ng up.

Less frequently, but wth profound inpact, cone technical
i nnovations that change how armes (and navies/air forces)
fight. These innovations change war at the operational |evel and
can be seen in how canpai gns are conducted. The introduction of
the breech |oader strengthened the defensive capabilities of

small units and all owed Von Moltke to adopt a



canpaign style that brought his forces together for the first
time on the battlefield, upsetting the Napol eonic systemto the
dismay of the Austrians and the French in 1866-32870. Three
generations later, the Germans would harness the tank, the
airplane and the radio to create the shattering thrusts of the
blitzkrieg. In that sanme war the creation of |ong-range escort
fighters nmade possible the round-the—elock strategic bonbing
canpai gn agai nst Cermany.

Once in a great while a technology, or nore often a group of
technologies, will enmerge so revolutionary that it changes not
only how the soldier and arny fight but how nations fight. The
transition from sail and tinber navies to steam and iron is a
fair exanple. Perhaps the nost obvious exanple conmes from our
own tinme, where the conbination of nuclear weapons and |ong—
range airpower (mssiles and planes) fundanentally altered the
way nations think about their security.

Starting in 1940, when rudinentary radar stations gave the
RAY warning and direction in the Battle of Britain, one of the
basi ¢ assunptions of warfare has been that approaching aircraft
wll be detected. For half-a-century one group of engineers and
tacticians have tried to overcone the inpact of radar. At the
sane tinme another has constantly inproved radar technology and
applied it to nore and nore uses in the battlefield of the sky.
Five decades of innovation and counters have led to a
battlefield environnent where netted ground and airborne

surveill ance and acquisition radars feed command and control



centers that direct highly sophisticated, radar equipped SAMs,
AAA, and interceptors against intruders. On the other side one
finds support aircraft whose sole mssion is to jam or destroy
radar equipped facilities. Attacking aircraft carry their own
janmming systens and follow extrenely demanding penetration
tactics to mnimze their exposure to radar threats.

As the twentieth century ends, new aircraft technologies are
assaulting the primacy of radar. If successful, these technical
advances w || certainly change how airnen fight. Mor e
inportantly, freed fromthe threat of effective radar detection,
air forces could change how they fight. This technology, the
tactical superiority it spawns, and the operational advantage it
brings may well have strategic inplications for nations
possessing it. Stealth, the conbination of technologies that
reduce the electro—agnetic signatures of aircraft, reenforced
Wi th associated trends in airpower prom ses such a revolutionary
change in warfare.

STEALTH TECHNCLOGY

At the engineering level, the creation of stealth aircraft
is a conplex and demanding job. New materials, new el ectronics,
and new aerodynam c shapes are all involved. Luckily, for the
purposes of this paper, the technology is fairly straight
forward at the conceptual |evel.

There are three basic nethods of reducing an aircraft's
radar cross-section (RCS). An airplane <can be designed

structurally so radar waves are deflected rather than reflected



back toward the threat radar.

Anot her solution is to use materials that do not reflect the
radar energy. The final nethod is to elimnate em ssions from
the aircraft that could be sensed by an eneny.

Low observable (L/O shaping relies on faceting, cavity
control, and snoothing to reduce RCS. Faceting is perhaps the
sinplest to wunderstand. Basically the aircraft structure is
designed so radar energy hitting the plane's surface from one
direction is reflected away in another direction. The result is
a collection of flat, plate—tike sections of fuselage. Faceting
al so contributes to decisions concerning w ngsweep. The nore
swept the wing, the nore radar beans will be reflected away from
the radar source. The tail surfaces provide another challenge
overcome to sonme degree by faceting. Conventional tail design
consists of vertical or near-vertical structures (one for the F-
16, two for the F-15/18) for yaw control and near-horizonal
structures for pitch and, sonetinmes, roll control. By conbining
the functions of these two sets of control and stability
surfaces into a single set of tails canted about 45 degrees from
the vertical, much of the radar energy normally returned by the
tail can be deflected. An even better approach, for stealth
considerations, is doing away with the tail and acconplishing
its functions with control surfaces integral to the fusel age.

Even if all the large surfaces of an aircraft could be

faceted to reduce RCS, the designer would still face the problem



of all the nooks, crannies and protrusions on a nodern aircraft.
These radar "cavities" often collect and reflect radar energy
very efficiently adding inmmensely to the RCS. Wile snall
ai rscoops/dunps, gun ports, and instrument ports/tubes all
contribute to RCS, the challenging big offenders are the engine
inlets, the cockpit, and the radone/radar.

Engine inlets scoop air and feed it to the jets.
Unfortunately the also collect radar energy and feed it to the
engi ne where the whirling conpressor blades reflect it right
back out the intake towards the illumnating radar. If a
designer has the luxury of only having to worry about threats
from below (e.g. ground-based missile systens) he can nount the
intakes on top of the wing and effectively hide them Likew se
if the threat is |ook-down, under-wing inlets my work. For air-
to-air or multi-role fighters the problemis nore difficult as
they face threats from above, below, and all around. In this
case a partial solution is a serpentine inlet that bounces the
radar beans around, shielding the conpressor from direct
illumnation and scattering the returning energy. Used in
conjunction with radar absorbent material (RAM, such inlets can
effectively swall ow radar waves.

Wiile a cockpit covered with a snooth canopy may not | ook
like a cavity to the eye, to a radar |ooking through a Iight and
radar transparent canopy the cockpit is a hole filled wth

highly reflective panels, instrunents, and controls.

One way of preventing this is to apply a thin layer of
gold to the canopy transparency, a technique already



used on the EA6B Prower....This wll have mninal
effect on visibility but will be "seen" by the radar as
being an electrically conductive surface rather than an
tLansParency - virtually an extension of the aircraft's
ski n.

ol d-plated aircraft - defense critics wll go wld! It works
however to solve the problem of the cockpit cavity.

The last major cavity is the radone/radar cavity. Again
| ooks are deceiving. The snooth, aerodynam c nose of a nodern
jet looks nothing like a cavity but to a radar it is a
transparent skin covering a custom nmade radar reflector, the
aircraft's radar antenna. Typically a parabolic dish, the radar
antenna is designed to transmt and receive radar energy for use
by the aircraft's systens. The sane properties needed for its
function make that antenna a great collector and reflector of
radar beans illumnating the aircraft.

Two solutions are being worked. Flat—+faced, phased-array
antennae can be canted one way while highly conputer—dependent,
el ectronic beamsteering technics allow it to | ook another. The
antenna then becones another facet as already described. A
second solution, even nore dependent on mcro—electronics and
conputer processing, is a distributed radar system Using
hundreds of mniature radars netted together, the designer can
do away with a single antenna and its RSC penalty. Careful
pl acenent of these radars can avoid any significant return from
any single aspect.

The final radar cavity producer that a designer nust face is

external stores carriage. Al the mssiles, bonbs, and fuel



tanks that are hung on the underside of the wing, along wth
t heir associ ated pylons and racks, form huge cavities to reflect
radar. The obvious solution is to provide for internal carriage
or at least conformal carriage where stores are partially
subnerged into wells in the fusel age.

The l|ast structural problem faced by a designer is how to
handl e travelling waves; the answer is snoothness. Travelling
waves are el ectro—nagnetic fields set up on a conductive surface
when it is illumnated by radar. Wile nost of the radar energy
is reflected away at an angle equal to the angle of incidence
sone transfers to the travelling wave. This wave noves al ong the
surface until it dissipates or neets a discontinuity. Wen it
hits such a discontinuity, a seam an edge, or a sharp end, the
wave re-transmts its signal back in the direction fromwhich it
canme, back towards the illum nating radar.

Solutions for the travelling wave are conceptually easy but
difficult in practice. The first answer is to get rid of any

di scontinuity. Snooth everything on the aircraft so the wave

doesn't pile up. Easy to say - difficult to produce and
mai ntain. Wrking with such close tolerances wll be difficult
in stealth factories and will only be possible through the use

of advanced production control techniques including conputer
ai ded manufacture. The real challenge will be maintaining those
tight fits on the flight line ten years after the aircraft
| eaves the factory. The other solution to travelling waves is to

aid in their dissipation and for that RAM becones a pl ayer.



For reductions in RCS beyond those achievable through
structural design, materials nust be used that will not reflect
radar energy. These fall in two categories, radar transparent
and radar absorbent.

Radar transparent material would seem to be the easy answer
for stealth. Build the aircraft out of non—eonductive conposites
and radar is no longer a problem Unfortunately, for the stealth
desi gner, transparencies have a problem Just as with the radone
that |ooked like a snmooth surface but to a radar revealed a
highly reflective antenna, radar transparent panels are of
little use if they sinply reveal nore reflective internal parts
of the aircraft. Structural spars, black boxes, and engines are
just a few of the radar reflective liabilities that unthinking

use of transparencies could uncover.

The role played by conposites in reducing RCS is a
nore subtle one. Carbon is a poor conductor of
electricity....As a result, the electrical conductivity
of conposite materials is |low Radar energy arriving
at a conposite panel or structure has a hard job
setting up the electrical and nmagnetic currents which
re—+adi ate the energy and form troubl esone creeping and
st andi ng waves. 2

Radar transparent nmaterial then is best used as a covering to
reduce travelling waves and in areas where reflective innards
are not present. For other areas, materials that gobbl e—dp radar
energy are called for.

Radar absorbent material (RAM is perhaps the |eading edge
of stealth technology. Materials engineers are heavily involved

i n devel oping strong, |ightweight, heat-resistant conposites



that will collect and dissipate radar energy. Wile there are
many materials under developnent, they tend to all conbine

conductive and non-conductive materials in ways that break up

radar waves. In sonme cases, netal fibers are inbedded in a
conposite material. In others, |ayers of conductive, reflective,
and non—onductive materials will be conbined to allow radar

energy in but not out. RAM however is not the last word in

stealth materi al s.

By conbining RAM wth rigid radar-transparent

substances, it is possible to create Radar-Absorbent
Structural (RAS) materials, one of the nobst classified
forms of radar absorber....US press reports have

descri bed how RAS material based on | am nated | ayers of
glass fiber and carbon—eoated plastic are used on the
l'eadi ng and trailing edges of stealth aircraft.?

Using RAS to replace reflective structures and RAM to hide
reflective conponents allows the stealth designer to cover nost
of the problenms not covered by a | ow RCS structural design

A possible finishing touch for reducing the observed
refl ected radar energy is active cancellation. The basic idea
would be to transmt a signal in all ways equal to the reflected
wave but 180° out of phase with it. Thus a radar receiving the
reflected signal and the cancellation signal would sum them and

see not hi ng.

Unfortunately, the technical problens are form dable.
Aircraft—sounted sensors would have to neasure the
frequency, waveform strength and direction of the
signal to be countered. Conplex signal processing
equi pnent...would have to predict how the incom ng wave
would reflect, then create and transmit a suitable
cancel lation signal....Active cancellation systens have
been discussed in technical publications and it 1is
possi bl e that equi pnent of this type is being devel oped
for the B-2 bonber.?



| nnovati ve use of shaping, materials, and el ectronic

cancel ling can be very effective in reducing RCS.®
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In ternms of mlitary utility, RCS matters little if an
aircraft is broadcasting its own signals for the eneny to hear
Airborne radar, navigation, and communications systens put out
energy in the mcro— and radi o-wave bands of the electro—
magneti ¢ spectrum Likewise the engine exhaust, hot engine
parts, and even portions of the aircraft skin heated by air
friction emt at the infra-red end of the spectrum As stealth
designers beconme nore successful at suppressing the reflected
radar signature of an aircraft, mnimzing these aircraft—
produced si gnatures becones ever nore inportant.

Radar serves as an extension of the pilot's eyes in nost
nodern war pl anes. Airborne navigation radars identify |andmarks
upto two hundred mles away. Air-to—air radars search for and
track nultiple targets in vast quantities of airspace. Oher
radars provide high resolution imges of ground targets for
attack, illumnate targets for sem-active air-to-air mssiles,
and provide terrain clearance allowing all-weather flight close
to the ground, day or night. Wile nost of these radars have
counter—amm ng nodes, the overriding design requirenent has
been how well they can see with little regard to how easily they
are seen. Wth their w de search paths, high power output, and
frequent revisit tinmes, traditional radars would |ook like a

fl ashi ng beacon on a stealth aircraft.
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Stealth aircraft will rely on quieter, passive sensors, off—
board senors, and |ow probability of intercept (LPI) radars to
replace traditional radars. For target acquisition and attack
passive infra—+ed (IR) systens are in use and under devel opnent.

The Fal con Eye system currently being tested on the F—6 is
a good exanple. A small turret nounted IR canmera on the nose of
the aircraft transmts inages that are projected on the pilot's
vi sor. Cockpit sensors calibrate novenent of the turret to match
the pilot's head novenment so wherever he | ooks the appropriate
IR picture is before him According to pilots who have flown the
system it is as close to turning night into day as yet
avai lable. Wth its magnification capability, the system can
al so extend the pilot's vision day or night against ground or
air targets.

Anot her qui eter although not conpletely passive system this
for terrain avoidance and navigation, is the Digital Terrain
System An application of cruise mssile technology, DTS works
by conparing the output of a |ow power, narrow beam downward
| ooking radar altineter with stored digital terrain informtion.
By matching the sensed and stored data DIS can very accurately
provide location and a depiction of terrain ahead of the
aircraft allowing the pilot to safely fly at mninmal altitudes.
DTS could replace the terrain following radars on current deep
strike aircraft such as the F-111 and Tor nado.

Another solution is to nove the sensors off the aircraft

I ncreased reliance on standoff platfornms such as AWACS, Joi nt

12



STARS, and unmanned air vehicles wll enable stealthy aircraft
to know the air and ground situation in near-real tinme wthout
activating their own sensors. At the other end of the engagenent
process, active sensors can be put on the weapons enployed by
stealth aircraft. The AIM 120 AVMRAAM is a fully active radar
mssile that once |aunched uses its own radar rather than the
parent aircraft's to guide on the target. Miunitions with IR and
mllinmeter-wave seekers are al so under devel opnment for attack of
ground targets.

Despite these advances stealth aircraft may still need
onboard radar to be fully functional in a high paced conbat
environment. Consequently radar designers are working on radars
that can see without being seen. LPI radars wll probably have
hi gher duty cycles with broader frequency spread and | ower power
level than traditional radars. Min beam sharpening and side
| obe control will Iimt unwanted em ssions. Tinme management wl |

al so be inportant.

The chances of main beam detection wll be reduced
largely by transmitting only in short bursts, retaining
the radar "snapshot” between transm ssions, and

updating target tracks by dead reckoning.?®

As these technical advances reduce the radar's signature,
em ssions from other navigation and comuni cations systens wl|
beconme nore threatening. As with the radar both reliance on off-
board systems and nuffling of onboard systens promises a
solution. The d obal Positioning System provides em ssion free

navi gation data. The Joint Tactical Information D stribution
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Systens (JTIDS) will provide a data link capability nuch harder
to identify than current radios and with a nuch nore rapid
transfer of data than traditional voi ce  conmuni cati ons.
Directional antennas, adaptive power output, and digitized burst
transm ssions will make necessary voice transm ssions harder to
i ntercept.

Havi ng suppressed em ssion from the radar and radio, the
stealth designer nust turn to the engines and their signature in
the IR spectrum The first step is to get an engine that creates
| ess heat. The worst heat offenders are afterburners. Creating
very high thrust engines that don't require afterburners is a
stealth priority. Another solution is to mx cool air with the
conmbusti on products before releasing themin the airstream This
is a typical function of high-bypass turbo—fan engines. The
exhaust nozzles can al so be shaped and hidden to reduce and nask
their IR signature.

But what is the effect of stealth on the battlefield? The
perception that stealth will be "invisible" is wong. Reduced
RCS neans reduced detection range, not no detection. Stealth can
however reduce radar detection range to a mlitarily significant

| evel .

Low observable technology is revolutionary. Radar
systens for detecting, follow ng, and attacking air and
surface vehicles are relatively cheap and enornously
effective — except when the vehicles incorporate
Stealth. Mlitary vehicles that incorporate enough | ow
observable technology make existing radars rather
ineffective. Replacing those radars with systens that
can detect, track, and attack stealthy vehicles 1is
technically difficult, expensive, and tinme—onunm ng
(the nore so since |ow observable technology is still
evol ving) .’

14



The reductions in detection range possible by the application of

| ow- observabl e (VLO techniques are shown bel ow. ®
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COUNTERS TO STEALTH

Debates continue to rage on whether effective counters to
stealth can be found. The nobst vocal nay-sayers have been the
proponents  of ot her syst ens, not abl y European aircraft

designers. The Air Force has itself studied the problem

The capability of Soviet research and devel opnent
to nmake near—term inprovenents or t echnol ogi cal
breakt hroughs in countering stealth technol ogy appears
to be highly renote, according to a USAF "Red Teant
that has studied nore than 40 counterstealth concepts
since being fornmed in 1981. The Team has stated that
it found no "Achille's heel"” that would negate the
val ue of stealth technology in the foreseeable future.®

Whatever the case, the premse of this paper wll be that
stealth will work as advertised and that any necessary counter—
counter mneasures wll not be so onerous that they negate

stealth's basic val ue.

Stealth Applications

Having reviewed the technology of |ow observables its tine
to look at the aircraft programs using them The US has
announced plans for five stealth aircraft over the next 15
years. These planes range from currently operational to still in
the concept developnent stage. Additionally there are two
variations for cross—service use planned.

The F—3217 N ght Hawk entered service in 1983, under very
tight security, and the buy of 59 aircraft is now conplete.
Designed as a precision, deep—strike aircraft, the subsonic
F-117 relies on many of the technologies already described to

penetrate and attack high-value eneny facilities.
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The F-117A's designers...relied on the concept of

faceting to give the aircraft its mnimal r adar
signature....Mich of the aircraft's external surface is
made of conposite radar—absorbent materials....The

engi ne intakes and exhaust nozzles are above the w ng
and rear fuselage, respectively, to shield them from
infrared seekers below ....Navigation is believed to be
by high-precision INS and GPS, wth FLIR and DLIR
(domnmardigooking i nfrared) radar housed in a stearable
turret...

Wil e F—217 pilot have shunned the "Wbbly Goblin" noni ker first
hung on their aircraft, the 22,000 |bs. of thrust provided by
its two non-afterburning engines is hardly enough to give this
F-15 sized aircraft the sustained maneuverability of a fighter
aircraft. Indeed action by the House Arned Services Committee to
include nonies for upgrading the F-117's engine in the FY 1992
budget tends to confirmlimted-thrust runors''. Payload size may
be another limtation for the F-117 that is not shared by the
second US stealth aircraft.

The B-2A is the application of stealth technology to the
intercontinental strategic bonmbing mssion. Wth its high sub-
soni c speed, high or low altitude penetration capability, and an
unrefuel ed range exceeding 6000 miles, the B-2 can deliver upto
20 nuclear weapons or 80 conventional 500 |b bonbs, cluster
bonbs, or "a precision-guided munition wth classified
capabilities"? deep within enemy territory from distant bases.
The tailless flying—w ng configuration, snmooth rounded body, and
hi dden engine exhausts speak to the B-2's stealthiness,

Currently in Iimted-production while final
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testing is conpleted the B-2 is scheduled to enter operational
service in the md-1990's. A production run of 75 aircraft is
currently planned. 3

At the other end of the spectrum the Advanced Tacti cal
Fighter (ATF), the F-22 Lightning Il, is to be the stealthy air-
superiority fighter for the USAF. Currently entering full-scale
devel opnent, the F—=22 is slated to enter service just after the
turn of the century replacing the F-15 as Anerica' s premer air—
to-air nmachine. Conbining stealth, advanced avionics, and
supercruise (the ability to reach and fly at supersonic speeds
w thout afterburner) wth increased maneuverability, the F-22
prom ses to be an intimdating aerial opponent. A naval version
of the ATF is to follow the USAF version by three to four years
to provide a carrier based replacenent for the F-14.

The conpanion in devel opnent to the ATF was to have been the
Advanced Tactical Aircraft (ATA). Cancelled during devel opnent
due to program cost and schedule overruns the Navy's A-12
Avenger |1 was to replace the A-6 for the Navy while a follow on
Air Force version wuld replace the F-ill. The requirenents for

the A—12 were rigorous.

Conmpared to the Navy A-6E that it is designed to
replace, the A-12 is to have a forty percent |arger

payl oad and a sixty percent |arger conbat radius, plus

a turn rate better than that of the F/A-18 and one—
fifth of the Hornet's vulnerability.

The future of the ATA requirenent is currently in doubt with the

Navy intensely studying alternatives for an A-X. One of the

18



nost promsing alternatives is to capitalize on the ground
attack capabiltiy enbedded in the F-22 and nake the naval
version dual—+ole nmuch like the F-15E. The cost savings in
devel opnent and operations due to a high degree of commnality
woul d be significant. Lack of a new tactical bonber |eaves a big
gap in the line of new stealth aircraft.

The final stealth aircraft wunder discussion, a multi—+ole
fighter to replace the F-16 and, possibly, the F/A-18, wll not
enter concept definition until 1992. Current proposals range
from an entirely new aircraft to a nodified F-16 retrofitted

wi th ATF technol ogy.

OSD officials are telling the Air Force a new
multi —+ole fighter could be developed in five years and
produced in seven or less, for only a 10% to 20% cost
increase over the F-16....The biggest feature of the
new nulti-role fighter would be it new stealthier w ng.
It probably would weigh no nore than 30,000 | bs, have a
single engine (likely the ATF engine), include all the
internal workings and sane internal structure of the
exi sting F-16 and possibly include a portion of the ATF
avi oni cs. *°

Despite OSD s predictions, in the current budget environnent and
with the alnost inevitable delays in developnent, it seens
unlikely that a stealth nulti-role fighter wll be operational
before 2005 at the earliest.

SUPPCORTI NG TECHNOLOGY

Three trends in technology will greatly effect how stealth
is used on the battlefield. The mturation of affordable,
flexible precision guided nunitions (PGw) has markedly

increased the lethality of air attack. Targets that required
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hundreds of sorties in Wrld War 11 or dozens in Viet Nam can
now be attacked by a single aircraft with a high probability of
success.

As inportant are the inprovenents in aircraft reliability
and maintainability made over the |ast decade. While rmuch of the
i nprovenent in operational ready rates can be attributed to
adequate stockage of spare parts credit nust also be given to
the efforts to design reliability into new aircraft and weapons.
The USAF's RIM 2000 program has led this effort and is paying
dividends. Its Utra-Reliable Radar (URR) forns the basis for
t he ATF radar.

Technicians canme up with a practical way to produce a
radar with 2,000 individual transmt/receive antenna
nodul es. ..which boasts nuch-inproved range conpared to
current radars. It is also far nore reliable — the
expected nean tinme between failures for the entire
array cones to 2,000 hours, and for each T/R nodule an
ast oundi ng 8, 000 hours. ®

What ever the reason, the increase in reliability can not be
denied. In the early eighties, Ar Force units were having
difficulty keeping two-thirds of their aircraft fully mssion
capable in peacetinme. According to after action reports fromthe
@ulf War, fighter units were reporting above 90% ready-rates
after forty days of war.?

The nost pervasive technological change effecting the
environnment in which stealth aircraft will operate will be the
revolution in information gathering and handling made possible
by mcro—electronics. Space—based sensors, navigation systens,

and comuni cations channel s provide new dinensions in C3l both
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for conmmanders planning a canpaign and aircrews fighting it.
standoff sensor platforns |ike AWACS and Joint STARS add to the
currency, accuracy, and conpleteness of the airman's picture of
the battlefield. Conputer-aided intelligence fusion cells can
collect, analyze, and display mnulti-source intelligence in
easi |y understandable graphics and feed directly into digital
m ssion planning systens so crews can plan nore quickly and

ef fectively.

STEALTH S | MPACT ON TACTI CS

In order to counter the radar—based Integrated Air Defense
Systens (1 ADS) expected on a nodern battlefield aircrews devised
tactics to mnimze exposure to radar threats. As those threats
multiplied to provide overlapping and redundant coverage,
tactics shifted from individual flight tactics to strike
packages conplete with support aircraft dedicated to engaging
the radar threat. A few words about these tactics are inportant
before | ooki ng at the changes made possi ble by stealth.

The sinplest way to defeat radar threats is to fly where

they can't see you. By flying very close to the ground, aircrews

could take advantage of intervening terrain or even the
curvature of the earth to shield them from radars. Until the
advent of doppler radars nost radars still had problens tracking

targets at very low altitudes. As a result US crews trained down
to 100" above the ground in high speed tactical aircraft.
The price for low altitude tactics is high. The denser air

at low | evel reduces maxi num speed and range. In an F4 for
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exanpl e, fuel consunption at sea level is about twice that for
the same speed at cruising altitude around 30,000 feet.
Maneuverability is limted because the first nove has to be up
and there is no opportunity to trade altitude for airspeed as
woul d be the case at higher altitude.

The crew workload at very low altitude is also extrenely
tasking. The worst threat is the ground itself; radar systens
may be good but the Pk of the ground is real close to 100% At
600 knots and 100'up a pilot who drops the nose a nere 20 wl|
die in less than three seconds. Proximty to the ground also
taxes the crews navigation and target acquisition skills.
Landmarks and targets are nore difficult to find. Onboard radars
and other sensors have limted range being effected by the sane
terrain a the threat radars.

Weapons and their delivery are also effected by |ow
altitude. Shallow inpact angles can cause the bonb to break up
before exploding or even broach in which case it bounces rather
than functioning. Low altitude deliveries can make dispersion of
subnunition from cluster-bonbs sub-optinmal. For hardened targets
the inpact angle may not allow penetration prior to explosion
To overcone the acquisition and weapons probl ens associated with
very low altitude deliveries, aircrews use "pop to dive" tactics
requiring a rapid clinb fromthe sanctuary of |ow | evel followed
by a shallow diving delivery. The obvious problem is the
increased threat exposure tine during the delivery. Another

problemw th low |level is the increased
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threat of nunmerous unsophisticated threats such as optically
tracked AAA and small arnms fire. At very low level, an aircraft
is in the "real tinme zone” of guns where the distances from gun
to plane are so short that very little lead is required on the
part of the gunner. Al in all, low level can be a very
unfriendly place.

In instances where the radar threat was just too dense or
the AAA and small arms threat to great, aircrews were forced to
leave low altitude and operate in fully supported attack
packages at higher altitudes. Support for air packages had to
cover all the expected threats. Janmng aircraft such as the
EF-111 and EA-6B would attenpt to degrade eneny early warning
and ground-control |l ed—+ntercept (GCl) radars forcing surface—+to—
air mssile (SAM systens into less effective autononous
operations. The SAM batteries then were attacked or intimdated
into shutdown by SAM hunting WId Wasel F-4Gs wusing anti-
radiation mssiles and often operating in hunter-killer teans
with conventionally armed fighter-bonbers. To counter the
increased threat from interceptors, Conbat Air Patrol (CAP)
fighters had to sweep in front of the package and in nmany cases
escort it through eneny defenses.

The problenms with package tactics are nunerous. Planning,
coordination and control of such a large group of aircraft is
conpl ex, cumber sone, and ti m—eonsum ng. Much of t he
flexibility inherent in airpower is Jlost. The overhead of

support aircraft for a few attackers is trenendous. In Viet
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Nam the support aircraft often equalled the attackers in
nunber. For the 1986 raid on Libya alnpst 100 aircraft were
| aunched to put less than two dozen over the targets. Finally,
package tactics do not offer immnity to radar threats. Sone
SAMs still get fired and sone interceptors still get through.
Wrse yet, the high-value support aircraft thenselves are
subjected to the threats as they escort the attackers throughout
the mission. A hybrid tactic for dense threat zones is to have
t he support team concentrate on a single area to blast a hole in
t he defenses through which the attackers can penetrate the worst
of the defense and then rely on low level individual flight
tactics to get to, acquire, and attack a target. Wile better
than unsupported penetration, this tactic still |eaves the

attack pilot to grapple with nost of the problens of |ow |evel

flight. 1t also nmakes penetrator sonewhat predictable by
flagging the area through which they will enter and allow ng an
eneny to mass nmobile systens to fill the gap.

By greatly reducing the radar-based threat, stealth wll
give the airman the freedom to operate outside of the |ow
altitude structure wthout the shackles of package tactics.
Route selection choices are also expanded as penetration can
occur outside of support aircraft-cleared corridors and areas
too hot to enter for conventional aircraft can be transited
safely.

As a result nore effective nmedium altitude deliveries froma

wi der choi ce of approach paths can optim ze weapons delivery and
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take full advantage of the potential Ilethality of precision
weapons. Aided by the standoff sensors already discussed and
free to loiter at altitudes from which target acquisition is
possi bl e over a wi der area, arned reconnai ssance agai n becones a
viabl e tactic against nobile targets.

By freeing attackers from package tactics stealth will also
regain for the pilot the flexibility of single-ship or sinple
flight (2 or 4 ship) mssions. This will enable nore targets to
be struck sinmultaneously and the precision bonbing capability
wi | ensure a high degree of destruction. Per haps nost
inmportantly, stealth wll give the attacker an elenent of
surprise that has long been mssing from air attack m ssions.
Denying the eneny the tinme to either enploy his defenses or
protect his assets would pay big dividends.

In the air-to-air environnent the stealth and speed of the
F-22 will greatly broaden the tactics available to the fighter
pilot. The nultitude of advantages offered by "seeing" the
eneny before he sees you have becone axiomatic in aerial
warfare. The "first-look, first-kill" capability gained fromits
superiority in the radar detection arena will nake the F=22 an
over powering opponent in aerial engagenents. Supercruise wll
allow it to range the battlefield nmore quickly and broadly. In
many cases it Wil | have a speed and nmaneuverability
sanctuary where adversaries can not operate. Perhaps nore
inportantly, stealth wll give the F-22 the ability to approach
an opponent undetected and attack with surprise from a position

of sustained advantage. The effect could be crushing.
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Stealth will also op en, or nore precisely re-open, a group
of tactical options long denied by the existence of radar based
| ADS. Due to the presence of numerous SAMs and AAA, often wth
over |l appi ng coverage, nost air-to—air tactics have preceded from
a defensive posture. Fighter pilots fly CAP on the friendly side
of the lines either protecting specific high-value targets or
orbiting in areas picked to enable swift response to eneny
penetrations. The relative immnity to ground threats afforded
by stealth will let the fighters out of this defensive posture
to seek out and destroy eneny aircraft wherever they can be
f ound.

Sweep and escort (probably detached escort) tactics can once
again be practiced to support strike packages. Deep offensive
flights can attack high-value platfornms and disrupt all air
traffic well behind eneny lines. Air denial mssions could trap
eneny aircraft on their fields knowi ng that on takeoff—oll an

AMRAAM coul d be on its way. Devel opnent of tactics to fully tap

the potential of the F-22 will probably have to await its entry
into service but the possibilities will keep tacticians busy for
sone tinme.

In ternms of flight and package tactics, the conbination of
stealth and non-stealth aircraft could provide an eneny wth
difficult dilemmas. In a ground attack scenario, a mssile site
guarding an airfield would have a no-win decision to make if an
attack package possibly including stealth were approaching. |If

he boosts his power and gains to attenpt to find the stealth, he
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opens hinself to jamm ng and |ethal suppression by the package
support aircraft. On the other hand, if he concentrates only on
what he can see, a just the wong nonent he may be suppressed by
a surprise stealth attack. By shutting down the threat at the
nmonment the attacks begins, the stealth aircraft ensures nmuch
hi gher destruction levels and |ower |osses. Likewse, the
presence of the conventional aircraft nmakes it inpossible for

the defenders to concentrate on the elusive stealth threat.

Summ ng up, at the tactical level stealth will lead to nore
flexible, and lethal operations. Aircraft wll be freed from
reliance on low level flight and will not necessarily be tied to
cunbersone attack packaging. Individual aircraft and flights
will be able to operate independently denying an eneny fore-
war ni ng  of pot enti al targets. Co-ordinated tactics wth

conventional aircraft can synergistically inprove the mssion
effectiveness of both. Stealth will increase the offensive bent
of air tactics and provide surprise at the fighting |evel.

STEALTH AT THE OPERATI ONAL LEVEL

In testinmony on Defense Policy before the House Arned
Services Commttee in April of 1991, forner Undersecretary of
Def ense (Research | Engineering) Don Hi cks told Rep. Aspin "The
conbination of stealth and PGM..[has led to]...success in the
@ulf and fundanental changes in how the arnmed forces do
business.” He went on to say, "The F-117, flying 1—2% of the
sorties,... [inflicted]...half the damage to strategic targets."

Subsequent Central Command reports show that in the first
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critical hours of the war the stealthy 2% of the force took out
30% of the targets destroyed and was the only force to attack
"downt own Bagdad" during the war. Wile the increased efficiency
and access of stealth and PGvws is inportant, it is only part of
the story.

Tradi tional air canpai gns consi st of five, usual l'y

sequential, phases:

Bui l dup — forces nove to the area of conflict; secure, and
i nprove operating bases and supply lines. Defend against
eneny attacks.

Gaining air superiority — secure freedom of action for
ground, naval, and subsequent air operations by denying an
eneny use of airpower to attack friendly forces or to
interfere wth their operations. Counter-air m ssi ons
including CAP, airfield attack, Suppression of Eneny Air
Def enses (SEAD), and counter-C3l m ssion predom nate.

Strategic offense - attack key eneny centers—ef—gravity to
reduce abilTity and willingness to wage war. Targets include
key political and economc power centers and mlitary
targets above the theater level or ones with strategic
potenti al .

| sol ation and preparation of the battlefield - reduce eneny
surface commander’s options by cutting off resupply,
rei nforcenents, and reduci ng conbat capability of his force.

Support of surface operations — provide support to surface
commanders through direct support and focused coordinated
attack m ssions.

While these stages may not all be necessary or possible in a
particular canpaign, they provide a logical framewrk for
exam ning the inpact of stealth. One should also renmenber that
the stages may well overlap and the distinctions between them
are artificially distinct; many targets would be appropriate for

nore than one stage of the canpaign.
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Stealth will have inpacts on each of these stages. Mire
inmportantly stealth will allow for the acceleration of the
process and add flexibility to canpai gn planning.

During the buildup of forces the effect of stealth aircraft
range from rudinmentary to quite significant. The increased
reliability of the aircraft will reduce the anount of airlift
required to nove a squadron into position. The use of precision
weapons wi |l reduce the amount of nunitions necessary to disable
any given target set. The ability to operate without the entire
overhead of support aircraft nmeans fewer of them need to be in
theater prior to the initiation of offensive operations ained at
securing the base of operations.

In defending the air over a buildup the F-22 wll have
obvi ous advantages already discussed. Its ability to seek out
and destroy eneny air and to disrupt eneny attack packages as
they form adds a new di nension. The availability of the Navy ATF
will provide much of the sane capability in power projection
scenarios particularly if the need for fleet defense can be
m nimzed. However neither version of the ATF will be available
in the next decade so what about the nean tine?

Protection of the buildup area is a mssion to which the
F-117 and B-2 can significantly contribute. Cosing airfields,
cutting high-speed |ines of approach, disrupting eneny C3l could
all be mssions acconplished by Stealth attack aircraft based
outside the range of eneny actions yet requiring mniml support

to strike the eneny. It is in this area that the lack of a
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program for the ATA requirenment is perhaps nost keenly felt. The
potential powerful carrier punch would be sorely m ssed.

As BGen Buster d osson, the chief air planner for the Qulf
War, was quoted in the previously nentioned Congressional
Defense Policy hearings, "Long range bonbers nmay offer the only
way to shut down eneny aircraft during the buildup.” The CGulf
War proved again the viability of long range support of theater
warfare with B-52s flying mssions fromas far afield as Spain,
the UK, and the continental US. The enhanced survivability of
the B-2 and the reduced perception of a Soviet nuclear threat
would indicate a greater l|ikelihood of the B2 being rel eased
from its strategic nuclear retaliatory role for theater
purposes. To nake this potential a reality, the services wll
need to develop procedures to enhance the responsiveness and
flexibility of these | ong-range assets.

Stealth would have a great inpact on the air superiority
portion of a canpaign. In sone way stealth provides its own
degree of air superiority. To the extent that stealth operations
are free from interference by radar—dependent [|ADS, the air
commander al ready has the freedom of action which is the goal of
gaining air superiority. The goal of the canpaign then becones
obtaining that sanme freedom of action for conventional aircraft
and denying the eneny the ability to interfere wth friendly

surface operations.
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Stealth fundanentally changes the counter-air phase by
increasing its rapidity and shock. Traditionally, air would
attenpt to find a weakness in the defenses, use support and
attack aircraft to clear a corridor, and push through an attack
package to hit airfield conplexes while providing SEAD and
counter-C3l mssions. Repeating this method would eventually
roll up an eneny air force and the cunulative effects of the
SEAD canpai gn woul d reduce the SAM t hreat.

Wth stealth, the counter-air canpaign can begin with a
massive blow to the center of the eneny's |ADS, shattering its
cohesion, and providing the opportunity for conventional attack
packages to deliver a decisive blow w thout the hindrance of
coordi nated opposition. F-117s could sinultaneously attack | arge
nunbers of the nost critical C3l nodes and |ong-range sensor
sites. B-2s could shutdown airfields and SAM sites, trapping
aircraft on the ground, defenseless to attack by conventional
aircraft. F-22s and their Navy cousins could cripple high-value
ai rborne sensor platforns, blinding the eneny, and then sweep
the sky of unsupported defenders. Wile the | ADS was paralyzed
by this onslaught, conventional aircraft would be free to
deliver crippling body punches to the remmining air defense
assets. Al this with a quickness and decisiveness that would
likely shock the defender. Wth air superiority won, the truly

of fensive, war-w nning stages of the air canpaign could begin.
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The listing the strategic phase after the air superiority
phase should not be taken to nean a stringent sequential
relationship, particularly wth the advent of stealth and
precision. Strategic attacks are decided upon based on the
potential benefits and risks, both mlitary and political. The
conbination of stealth and precision increases the forner and
decreases the later resulting in a higher |ikelihood of an early
start and |l ower cost for a strategic phase.

F-117s and B-2s could strike deeply and effectively fromthe
very outset of hostilities. National |eadership, command and
control nodes, comunication centers, power production and
di stribution systens, and key economc assets could be
vul nerable to destruction w th non-nuclear precision nunitions.
Furthernore the ability to do so at any time during the conflict
w thout first investing in achieving air superiority over those
strategic targets, both saves counter—air expenditures and
provides a continuing threat of escalation w thout undue cost or
reliance on nuclear weapons. This fact alone nay provide
deterrence at the regional conflict level nmuch as strategic
nucl ear power has anongst the superpowers for the last four
decades.

| ndeed one of the nore intriguing questions is the extent to
whi ch precision guided conventional weapons on stealth aircraft
could replace nuclear weapons in a counter—force role. CNN
showed graphically the ability of single stealth sorties to

conpl etely denolish nodern, hardened, underground bunkers. One
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must wonder how much nore difficult hardened underground mssile
silos would be. While a force of 60 F-117s and 75 B—2s coul d not
be considered a "first strike" threat to the Soviet Union's
nucl ear forces, it would pose a significant threat to nost other
nucl ear powers. Such an ability to elimnate an eneny's weapons
of mass destruction w thout crossing the nuclear threshold may
become increasingly inportant in regional conflict as nuclear
proliferation proceeds apace.

Stealth's role in isolating and preparing the battlefield
will involve less of a change than in previously discussed
stages of the canpaign. Stealth wll be able to cut critical
lines of comunications earlier in the canpaign and at |ower
cost than was previously possible. The @l f War showed clearly
the F-117s bridge busting capability and that of other precision
bonmbers once air superiority had been gai ned.

A limted nunber of stealth aircraft would also nmake the
concentration of conbat assets a risky alternative thus forcing
an opponent to follow stringent dispersion policies. This |oss
of ability to mass forces for attacks of counter—attack would
severely limt an opponents freedom of action. The necessity to
di sperse air defense assets with the forces would dilute their
effectiveness and place significant stress on the comand and
control network.

As the nunber of stealth platfornms increases wth the
eventual introduction of an ATA and multi-role fighter, the

advant ages of stealth will be felt nore keenly in this stage.
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I munity from nost sophisticated defenses would increase the
flexibility and tenpo of the operation allowing nore focused
efforts and nore tinely shifting of effort to suit changing
needs of the joint conmander. For the near future the bul k of
this effort will remin with the nore nunerous conventional
aircraft enjoying the assistance of stealth platforns.

Currently programmed stealth platfornms wll al so have
l[imted but not insignificant inpact on the support of surface
operations. Their limted nunbers and mssion specific design
will ill suit the first stealth platforns to traditional C ose
Air Support (CAS) roles. Properly used they can, however,
contribute greatly to the ground conmander's m ssion success. In
instances where massive firepower, precisely applied at a
specific time and place would be inportant, the assuredness of
stealth attacks may allow nore reliance than before on an assi st
from the air arm Using this potential wll require higher
| evel s of understanding and coordination than has been required
bef ore between air and ground pl anners.

As has been shown, stealth in conbination with precision
weapons will inpact the planning and execution of every stage in
an air canpaign. In sone cases the change is fundanental; in
others nore marginal. Enmerging from the experience of the Gulf
there is, however, a line of thought that would basically change
the focus and structure of the air canpaign based largely on the
capabilities of stealth and precision. Not yet blessed or even

published, it would apply the theory of "maneuver warfare" to
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the air canpaign. Enter Hyperwar!

The basic premse of hyperwar is that with stealth and
precision an eneny can be overwhel med and paralyzed with shock
as his nost inportant power centers are sinultaneously destroyed
by surprise attacks. By rapidly shifting the focus of such an
air canpaign, planners would keep an eneny off balance and make
wor k- arounds usel ess before they could be instituted. A ned at
what ever provided that eneny's strength, hyperwar would unhinge
his decision nmking process leaving additional centers of
gravity vul nerable. The part played by stealth is central.

According to Col John  Warden, Deputy Director for
Warfighting, Hg USAF, and the man credited by CNN comment ator
retired Maj. Gen. Perry Smith with providing the theoretical

basis for the Gulf air canpaign,

Stealth returns genuine tactical and operational
surprise to warfare, and precision enabled us to
destroy virtually every critical strategic node [in
Irag] with only a few sorties....The offense has been
returned to a primary place in mlitary operations, and
that revolution has occurred in a conceptual way as
much as a technol ogi cal one.*°

As stealth continues to enter the inventory and the risks of
decisive offensive actions decrease, the acceptability and
utility of hyperwar as a nodel for air canpaigns wll continue
to grow. The Ilimting factor may well be the nunber of
airframes available to acconplish the sinmultaneous onslaught so
central to overwhelmng an eneny. Again the lack of an ATA is
apparent. The ability to use conventional aircraft in

conjunction with stealth to provide the required mass will be
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central .

STEALTH AT THE STRATEGQ C LEVEL

At the highest level, the protection of the United States
from massive therno-nuclear attack, stealth will contribute but
not significantly alter, the concept of deterrence through
nucl ear sufficiency that is the bedrock of American defense
strategy. The assured penetration capability of the B-2 wll
enhance the retaliatory capability of the nation in spite of any
foreseeabl e defenses. The F-22 with its inproved speed and radar
capability would also inprove strategic defense agai nst bonbers
and cruise mssiles. These capabilities, inportant as they are
do not significantly change how the nation conducts her security
affairs.

One area that may well be effected is the relationship with
friends abroad and their needs for nodern mlitary aircraft.
Caught in a squeeze between the need to fund stealth devel opnent
for all the reasons previously discussed and the budget drive
force cuts, the USAF has cancelled all fighter buys beyond 1993
and is undertaking no new major devel opment projects on existing
designs. The resulting gap in front line fighters for export

worries many.

There's no way the US could offer planes |ike the ATF
or A-12 for sale abroad until after they're fully
depl oyed with our services. That neans 2005 to 2010..

There's a growi ng disconnect between the nmarketability

of our current fleet, the arrival of these new
aircraft, and what can be sold on the internationa

market. If we fail to keep pace by nodernizing the
F45, F-16, and F-18, we have a real dilemm, because
the other ones [ATF, A-12, etc.] are still nowhere in
sight. —Denni s Kl oske, Undersecretary of Commerce?
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Foreign sales? It certainly does worry ne. There's a
possibility with ATF, but nothing else: that's the only

thing we'll have in production. Nothing until the ATF
can be exported after the turn of the century. Does it
bot her nme? Hell, yes! There not going to be a foreign
sal es base for new aircraft until the first half of the
next decade....[and]...You won't see any dollars for a

multirole aircraft until the last half of the 90's.
- John J. Welch, Asst. SecAF (Acquisition)?

Aside from the comrercial effects, balance of paynents, and
i ndustrial base concerns from potentially loosing a traditiona
foreign market, there are sonme significant mlitary and
political cost involved in this situation. Foreign mlitary
sales provide the US with both access to and |everage over
foreign governnents and nmilitaries. There is also am el enent of
national prestige at stake that should neither be overstated or
di sm ssed. Finally, Loss of sal es coul d i mpact t he
interoperability we enjoy wth our allies at a time when
operating effectively with them in regional crises is becom ng
increasingly inportant. It is a problemthat needs addressing.

Stealth's biggest inpact at the strategic level is on the

utility of mlitary forces as instrunments of national power. The

political acceptability of mlitary action will be increased by
the attributes of stealth and precision; high |ikelihood of
success, low risk of Jlosses, and l|limted collateral danmage.

Uility is further enhanced by the increase in the feasibility
of wusing forces with a snmaller support requirenent. At the
|arger level the greater |ikelihood of a quick, |ow cost
victory, may entice sone to use the mlitary instrument nore

freely.
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The increase in the utility of airpower nay also reinforce
the Anerican aversion to the commtnent of ground forces. To the
extent that airpower as the mlitary's main effort can achieve
the desired outcone, political |eaders will undoubtedly shy away
fromthe nore difficult and entangling conm tnent on the ground.

While those pursuing parochial service interests may
overplay the point, in terms of Anericans put at risk versus
damage inflicted, air forces are hard to beat. The point has not
been missed that in the Persian Gulf only 10% of the force was
USAF and of that 50,000 certainly less than 5% were crew nenbers
flying conbat mssions. Adding the pilots from the other
services, perhaps as nuch as 1% of the total force flew conbat.
Fully recognizing the «critical part played by the other
services, the fact that such decisive results could be achieved
at such small risk of lives is astounding. And the results that

1% achi eved were critical.

Desert Storm marks a true turning point....the Persian
@ul f War denonstrates that airpower has finally come of
age after 7 years of overprom sing because stealth and
precision have enabled air forces to apply force
decisively in | arge—scal e conventi onal wars.
-Edward Luttwak, Center for Strategic and
| nt ernational Studies??

CONCLUSI ON

Stealth technology, applied to mlitary aircraft, wll have
the ability to change how airnen fight. By shrinking the threat
of radar based systens, stealth will provide a broader choice of

tactics increasing the effectiveness and survivability of
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aircraft. In conjunction with associated technol ogies, prinmary
anmong them precision guided nunitions, stealth will change each
of the stages of the air canpaign enphasizing shock and
deci siveness at the operational level. A nmng at an eneny's
deci si on-maki ng capability, stealth-based hyperwar will aim to
shock and paral yze an opponent while he is struck decisively. At
the strategic level stealth wll increase the utility of the
mlitary instrument by providing the nation's political |eaders
with a high probability of success for a relatively |ow risk.
Stealth is then one of the truly significant technol ogical
changes that inpact all Ilevels of war. The inportance of
anticipating and preparing for those changes can not be over-

esti nat ed.

Victory smles upon those who anticipate the changes in the
character of war, not upon those who wait to adapt thenselves
after the changes occur. - Gulio Douhet, Command of the Air
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