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THE NEW AIRPOWER JOURNAL
A Message from the Chief of Staff

GEN RONALD R. FOGLEMAN

PROUDLY support recent changes in Air-

power Journal's editorial focus to include
strategy and policy issues. In 48 years of
publication, our professional journal has
worked hard to stimulate reading, writing,
and reflection by Air Force professionals.
Airpower Journal is proving to each of us that
the search for excellence is a continuous
process and that the way we do business
must adapt to meet the evolving needs of
the Air Force community.

Gen Larry D. Welch, former chief of staff,
told us why Airpower Journal was born:

Our commitment to excellence and the
unique sense of dedication reflected by mili-
tary service in defense of the nation requires
continued total dedication to professional val-
ues. Along with continued emphasis on our
professional values, there is a need for in-
creased appreciation within the Air Force of
our basic organizational objectives and con-
cepts of aerial warfare.

Since 1987, Airpower Journal has focused on
the war-fighting spirit and application of air-
power in combat. APJ’s format and editorials
have aimed at the level of war known as op-
erational art. This format has served us well
and fulfilled its mission of stimulating the
professional development of the officer
corps. Yet, let me give you a few more
thoughts to consider.

There is a continuing need to nurture
fresh and innovative ideas in our profes-
sional military journals. Introspection, re-
search, and new ideas—subjected to the
crucible of criticism—help us expand our ho-
rizons, broaden our perspectives, and answer
more of our questions. We’re not changing
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our desire to promote the war-fighting spirit.
We need a robust, lively dialogue on the pro-
fession of arms, leadership, and operational
war fighting. But matters of strategy and
policy should not be excluded from Airpower
Journal. As a result, AP is expanding its fo-
cus.

Give us your thoughts on strategy, policy,
operational art, or history as they relate to
the potential of air and space to meet our
nation’s security needs. They will merit the
remarks of your peers, who will judge the
balance of your argument, the preponder-
ance of your evidence, and the power of
your conclusions. If you're ready for the
challenge, Airpower Journal is ready for you.

If we do not think prudently about the fu-
ture, we will not be prepared when it arrives.
That is why we are currently reviewing how
the Air Force conducts long-range strategic
planning. While I do not anticipate chang-
ing our overall focus, we need to institution-
alize a process to ensure that we fully
leverage emerging technologies and capabili-
ties to meet the challenges of the twenty-
first century. Airpower Journal can contribute
to this process. It is an ideal forum to ex-
plore bold—even maverick—ideas on how the
Air Force of today and tomorrow can best
meet our security challenges.

I invite each of you to articulate your
thoughts with the same care for our mission
and professional values. Become part of our
professional dialogue. I look forward to en-
gaging each of you as you nurture ideas in
this marketplace of ideas—our new Airpower
Journal.

Headquarters United States Air Force



Ricochets and Replies

We encourage your comments via letters to the edi-
tor or comment cards. All correspondence should be
addressed to the Editor, Airpower Journal, 401
Chennault Circle, Maxwell AFB AL 36112-6428.
You can also send your comments by E-mail to
Spencer=[ames%AR[%CADRE@Chicago.AFWC.AF.
MIL. We reserve the right to edit the material for
overall length.

OUT OF JOINT

“Air Operations Must Be Joint,” Maj Scott A. Fe-
dorchak’s article in the Spring 1995 issue of Air-
power Journal, is strewn with dinosaur-like ideas
and concepts. First, the phrase joint air operations,
when used by officers of our sister services, is a
code phrase for relegating airpower into a sup-
port role for land and/or maritime component
commanders (LCC and MCC). Major Fedorchak
has no problems with suggesting that the joint
force air component commander (JFACC) should
have staff representation from the other compo-
nent commands. However, nowhere do I see any
suggestion by him that the JFACC or proponents
of the air campaign be represented in the other
component commands. [ don’t think it dawned
on him that the JFACC could be anything but a
supporting commander. It is lost on him that
one of the lessons of Operation Desert Storm is
that the ground scheme of maneuver can support
the air campaign. In that case, it is only natural
that the interests of the supported commander
(the JFACC) be represented in the councils of the
supporting commands (LCC and MCC).

To rationalize the decisive nature of ground
and sea campaigns, Major Fedorchak regurgitates
the first mantra of ground officers: physical con-
trol of territory is the ultimate display of victory.
Although control of territory can be accom-
plished from the air, for sake of argument, I will
acknowledge his point. 1 would also say it’s a
rather uninteresting point. More important than
the question of some poor 18-year-olds standing
atop a hill as a demonstration of victory is the
question of how they got there and how many
died so that they could. The ground officer

would have them slug their way to the top, expos-
ing themselves to fire and death. The air cam-
paigner would allow them to stay in their secured
position to the maximum extent possible while
the defenses were removed from above. It may
take longer, but I'm sure those young people
would prefer walking instead of fighting their
way to the top—as would the American people
who support them.

The second mantra of ground officers is that
decisive battle settles conflicts. Major Fedorchak
even identifies the enemy’s army and navy (no-
tice he leaves out the opposing air force) as “the
strategic center of gravity” (emphasis added). A
more sophisticated analysis of the relationships
between centers of power and the instruments of
power would lead to a different conclusion.
Armed forces are but the expression of the en-
emy'’s will. The source of the enemy’s will lies
elsewhere. I believe Col John A. Warden'’s article
“The Enemy as a System” in the same issue of Air-
power Journal provides powerful arguments why
battle with the opposing force is not strategic in
nature and should probably be avoided.

Finally, Major Fedorchak makes the point a
couple of times that instances existed that dem-
onstrated the JFACC’s subversion of the will of
the joint force commander (JFC) in Desert Storm.
On balance, the campaign General Schwarzkopf
waged reflected his intent. Thankfully for the na-
tion—and all those brave American soldiers—we
had a JFC who had the vision to break through
the boundaries of his training and education. He
recognized the decisive effect airpower can have
in a campaign and used it masterfully. I contend
that the occasions which seem to suggest that his
air campaigners were not following the letter of
his allocation decisions were few and far be-
tween—and more the result of differing interpre-
tations of events.

Lt Col Scott W. Gough, USAF
Tucson, Arizona

continued on page 90
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A COMMENTARY

Gen MicHaer P C. Carns, USAE Retired

HIS IS AN UNUSUAL yet welcome
opportunity for me to discuss
SPACECAST 2020 and its possible
implications for the Air Force and
the nation in the near and longer term. The
Air Force has conducted a substantial in-

quiry. Its purpose has clear focus: how best
to carry out the Air Force’s mission to de-
fend the United States through the control
and exploitation of space. In operational
terms, that should be rephrased as how best
to harness and apply space technologies to

*Commissioned by the Air Force chief of staff in May 1993, Air University’s SPACECAST 2020 project compiled a year’s research into
white papers that represent a huge paradigm shift in the Air Force approach to forming long-range concepts. In these comments to the
National Security Industrial Association (NSIA) symposium, 10 November 1994, Gen Michael P. C. Carns, USAF, Retired, former Air Force
vice-chief of staff, captures the thrust of SPACECAST 2020 and advocates for the Air Force’s future in space.



support the operational war fighter. Let’s
pause on that thought for a moment—sup-
porting the operational war fighter.

Begin with the baseline. The Defense De-
partment’s functional expertise is national
security. Its constitutional responsibility is
providing for the common defense. Its cus-
tomer is its citizenry. The Defense Depart-
ment has delivered on its contract with the
American people.

We—all services—have decisively won this
nation’s wars, hot and cold. And the Ameri-
can public has unstintingly supported its
warriors and provided the necessary re-
sources to do the job—from World War I
right on through Desert Storm. We are now
in the most significant watershed of this cen-
tury. We are moving from the conventional
confrontations of the bipolar world of two
superpowers to the confused and unfocused
world of no identifiable national security
threat with the irritation and unpre-
dictability of ambiguous regional threats. In
such circumstances, one could easily lose fo-
cus and momentum, and in so doing, lose
the wellspring of our support, the American
people.

SPACECAST 2020 has set out to attack this
very problem: to link existing and emerging
space technologies in a coherent way to the
national security mission of the nation. The
Air Force undertook SPACECAST 2020, but it
should not be seen as Air Force-peculiar.
This is a defense undertaking, with defense-
wide implications. With that in mind, what
are the useful observations for the nation
and for this audience?

First, the military needs to appreciate that
space is more and more a dual domain of
military and civilian activity; we are far
from alone in space. It is worth noting that
of the 1,000 or so US space launches since
1959, the ratio of civilian to military
launches has held at a rough 5:4 relation-
ship. Interestingly, the forecast is for diver-
gence of this ratio, favoring the commercial
sector. Projects such as iridium and teledesic
systems will total hundreds of launches
should existing lifters be used.
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My second observation would be that this
increasing commercialization of space is
bringing needed rigor to the economics of
space launch and orbit. For decades, the US
cost to reach space, in constant ‘93 dollars,
has hovered around $8,000 to $12,000 per
pound to orbit, both in low earth orbit
(LEO) and geosynchronous earth orbit
(GEO). US systems own the upper end of the
scale; the French alternative tends to the
lower band of the range. Suffice it to say that
the pressure is clearly on to find cheaper and
better ways to achieve orbit. It takes little
vision to see that the market is clearly there.

A third observation is that despite the du-
ality of space and its increasing commer-
cialization, and despite the increased rigor
and economic attractiveness of the space al-
ternative, the military is seriously lagging in
its operational understanding and apprecia-
tion for exploiting the opportunities of
space to military advantage. This is a regret-
table statement that requires further com-
ment. At least two conditions have brought
about this situation. First, although space
has been the new frontier, it has been devel-
oped and shaped for some three-plus de-
cades by functional specialties, not operators.
For far too long, military space has been the
dominant domain of national-level intelli-
gence, reconnaissance, surveillance, and
warning. These are functional areas well
known for secrecy and compartmentation,
limited oversight, generous funding, re-
stricted access, and narrow application. That
must change and is changing. Second, the
conditions that allowed this narrow develop-
ment of space utilization also created a pro-
tection system—a hard shell-that has
prevailed beyond its time, even beyond the
end of the cold war. It took a war-fighting
event—Desert Storm—to crack the shell and
force open the door. War fighters, suddenly
in charge, were often amazed at what they
discovered behind the door and at what was
available for improved battlefield situational
awareness, for innovative operational ma-
neuver inside the enemy’s decision loop,

| and for vastly improved targeting and dam-
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age assessment tools. In the words of an old | overs. We must stalwartly lock onto and

saying: once they’ve been to the big city, it’s
tough to get them back on the farm. The
operator is not going back!

That brings us to SPACECAST 2020, the
conscious effort to improve the linkage be-
tween space technology and opportunity,
and operational military-mission execution.
What we have heard here for the past day
and a half is the first cut at a very important
redirection for the US Air Force and the mili-
tary departments in general.

It is eminently clear that military exploi-
tation of space desperately needs war-fighter
sponsorship and operational focus. The
functional specialist’s needs in space will
continue to be met, but the driver and
shaper of space must shift to the operator.
So, this is the first task that the USAF must
undertake: operational sponsorship of space,
a formal commitment, not just a dial-in such
as this study but mainstreaming space with
all of its aspects into the line Air Force. In
space thought and doctrine development,
the Air University is the right place. For
space requirements, the Air Staff should
drive them, but with far greater emphasis. As
for space operations, a much more robust
effort is due. More about that later.

The good news is that the operationaliza-
tion of space doesn’t require extensive addi-
tional research and development. As we
heard here, technologies are largely in hand
to undertake leading-edge operational appli-
cations. The Black Horse concept illuminated
by Maj Chris Daehnick and commented
upon by Capt Mitch Clapp is a clear case in
point.

Yet, despite this clear operational focus, one
should harbor concerns about how SPACE-
CAST 2020 will be handled. The study is a
very competent technical review as well as an
operational document. The study’s recom-
mendations in integrated-demand informa-
tion architecture, high-performance com-
puting, multifunctional space-based laser
systems, and materials technology must not
become the major focus. That has too often
been the mode of the past “techie” take-

drive the operational message and vision.
And so, putting this all together—the impor-
tant legacies and influences of space past,
the transitional circumstances of space pres-
ent, and the unique operational opportuni-
ties for space future—we should take away
three thoughts from this session.

First, SPACECAST 2020 is an important
beginning. We are thinking again, thinking
operationally about space. This study pro-
vides focus, vision, and a beginning road
map for sustained action. We have a start on
the problem. We’ve defined the terrain and
identified a number of fruitful paths to pur-
sue. This beginning must now be converted
from a batch task to a streamlined effort.
Work it every day, week, month, and year.
The Air University has an unprecedented op-
portunity to recover its leadership and heri-
tage, recapturing the legacy and leadership
of the Air Corps Tactical School of the 1930s
that developed the concepts of war, which
shaped the air war doctrine of World War II
and the Air Force of today. The challenge is
to shape the USAF space force of tomorrow.

The second foot-stomping message of this
symposium is to get on with operationaliza-
tion of space—NOW! This former exclusive
domain of the specialist must now give way
to operational leadership. The core mission
must assume daily responsibility for space
operations and activity. Unless and until this
genuinely happens—that is, space moves to
main street—we will continue to mark time
and to lose ground. Many are of the mis-
taken belief that we “operationalized” space
when the intercontinental ballistic missile
(ICBM) force was reassigned from Air Com-
bat Command (ACC) to Air Force Space
Command (AFSPACECOM). Wrong. The
ICBM force is not a space force. It does not
operate in space; it only transits space—a
happenstance of ballistics as we fire long-
range weaponry over long distances.

Today, space operations are in the hands
of the research, development, test, and evalu-
ation (RDT&E) communities—military and ci-
vilian (National Aeronautics and Space



Administration—NASA). In the Air Force, Air
Force Materiel Command (AFMC) and con-
tractors do all our space launches—and have
been doing so for decades. Never in the his-
tory of US military operations have we left
such activity in the hands of developers and
testers for so long. The inevitable result is a
testing mind-set in space undertakings—
every launch unique, long pad-prep times,
heavy contractor reliance, extremely long re-
cycle times, and extremely costly charges. As
for NASA, despite an honored heritage of
leading-edge work in aerospace technology
development, it has opted for routine space
operations for two decades. That should be
our domain; NASA should be concentrating
on rolling back aerospace frontiers. Bottom
lines: Transfer space launch and control
promptly over to operations with AFSPACE-
COM in charge—NOW. Routinize and stan-
dardize the function—blue-suit it. Reappraise
shuttle operations. The goal should be to
transfer launch, space operations, and recov-
ery responsibility to the USAF. NASA would
retain responsibility for the shuttle back end
when R&D is the purpose and would also get
on with other R&D such as the space station.
Third, it is time to rethink how we do
specialized functions in space. There is huge
leverage here with great benefits to all par-
ticipants, commercial and military. The
emerging commercialization of space for
specialized tasks is shifting the dominance of
development and innovation to that sector.
The military needs to consider having the
commercial sector to perform every task that
doesn’t require unique military control and
handling. This thought, not likely to be
popular, particularly in military communi-
cations sectors, is an absolute necessity. We
need to force interoperability, standardiza-
tion, and functional transparency into mili-
tary communications and data transfer.
Nothing will move this process faster than a
requirement to conform to civilian stan-
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dards when no compelling military require-
ment can be proven. Today, the Defense
Switching Network (DSN) is the Defense In-
formation System Agency’s (DISA) responsi-
bility but is operated by AT&T under
contract. Why should space communica-
tions be any different conceptually?

Obviously, we need to get the word out to
inform, to build dialogue, and to stimulate
debate. Space needs to be an ongoing issue
in all of its aspects—its vision, its utilization,
its road map, its military value, its opera-
tional uses, its commercial tie-ins, and its
resource share. We all have a role to play
here. Get the SPACECAST message out to
your people. Task Air University to help you.
Gen Jay Kelley tells me he’s prepared to send
teams out, upon request, to brief military
organizations as well as civilian corpora-
tions. Take advantage of this special oppor-
tunity.

In sum, we should be grateful to the Air
University and its 2020 team as well as to
NSIA for this important symposium. This is
only a beginning. The effort must gather
much more momentum and become the
persuasive instrument of change that main-
lines space with operations in charge. Every-
one has a part to play, from Air University to
Headquarters USAF to industry.

The test of success will be whether we
come together in a year or so to assess prog-
ress, revise goals, reset the vision, and set up
a new action plan—-momentum and move-
ment. What is at stake here is nothing short
of sound national policy planning for the
next century. Space is no longer just a place;
it is now the medium for performing core
war-fighting tasks. We must convert this pow-
erful vision into mainstream reality with clar-
ity of focus, determination of purpose, and
commitment of substantial resources.

We are in charge of our destiny. We need
only get on with the task. [J



LEVERAGING THE INFOSPHERE

Surveillance and Reconnaissance in 2020

HE DATE IS 3 December 2020. It
had been five minutes since the tin-
gling sensation in her arm had sum-
moned her from her office. Now she

wus standing alone in the darkened battle-as-
sessment room wondering how she would do in
her first actual conflict as commander in chief
(CINC). “Computer on, terrestrial view,” she
snapped. Silently, a huge, three-dimensional
globe floated in front of her. “Target: Western
Pacific. Display friendly and enemy orders of
battle, unit status, and activity level,” was the
next command. The globe turned into a flat
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battle map showing corps, division, and battal-
ion dispositions. Lifelike images appeared be-
fore her, marking the aircraft bases with
smaller figures showing airborne formations.
Beside each symbol were the unit’s designator,
its manning level, and the plain-text interpreta-
tion of its current activity. The friendly forces
were shown in blue, and the enemy in red. All
the friendlies were in the midst of a recall. The
map showed two squadrons of air-domination
drones, a wing of troop-support drones, and an
airborne command module (ACM) heading to-
ward the formations of enemy forces. Shaded



kill zones encircled each formation. Enemy
forces floated before her, also displaying textual
information. The image displayed enemy units
on the move from their garrisons. Speed,
strength, and combat radii were marked for
each unit. Some enemy units showed—still in
garrison—but with engines running, discovered
by sensitive seismic, tactile, and fume-smelling
sensors. “Manchuria,” came the next com-
mand. The map changed. The CINC was
now in the middle of a holographic display.
Ground superiority vehicles (GSV), identified
by the reliable structural sensory signature sys-
tem (5%,

to the enemy sneak attack and monitored their
progress. The engagement clock showed 10 min-
utes to go before the first blue and red squad-
rons joined in battle.

Aboard the ACM, the aerospace operations
director observed the same battle map the
CINC had just switched off. By touching the
flat screen in front of him, he sent target for-
mations to his dozen controllers. Each control-

ler wore a helmet and face screen that “virtually” |

put him or her just above the drone flight being
maneuvered. The sight, feel, and touch of the
terrain  profile—including trees, buildings,
clouds, and rain—were all there as each
controller pressed to attack the approaching foe.

On the ground, a platoon sergeant nervously
watched his face-shield visual display. From

his position, he could see in three-dimensional

color the hill in front of him and the enemy in-
fantry approaching from the opposite side. If
the agency had had enough time before the
conflict, it could have loaded DNA data on the
opposing commander into the data fusion con-
trol bank (DFCB) so he could positively identify

him, but such was the fog of war. The driving |

rain kept him from seeing 10 feet in front of
him, but his monitor clearly showed the enemy
force splitting and coming around both sides of
the hill. The enemy’s doctrinal patterns indi-
cated that his most likely attack corridor would
be on the eastern side of the hill. Now the en-
emy was splitting his force in hopes of surpris-
ing our forces. The platoon sergeant’s troop

moved below her, and drones flew |
around her. She could see her forces responding
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commander saw the same screen as her troops
did, with the added feature of having her oppo-
nent’s “predicted” movements overlaid with his
actual movements. From her virtual command
post, she arrayed her forces to flank the foe. She
had to be careful not to be fooled by the holo-
graphic deception images put in place by the
enemy—an all too frequent and disastrous oc-
currence in the last conflict. If she was lucky,
surprise would be on her side today.

A scant five minutes had passed since the

. global surveillance, reconnaissance, and target-

ing (GSRT) system alerted the CINC of unusual
activity on the other side of the border. Multi-
ple sensors, some of which had been dormant
for years and some that had recently been put
in place by special precision guided munitions
(PGM) delivery vehicles, had picked up in-
creased signal activity and detected an unusual
amount of motion, scent, heat, noise, and mo-
tor exhaust in and around enemy bases. Now
GSRT activated two additional CINC satellite
(CINCSAT) low earth orbit (LEO) multisensor
platforms, launched four air-breathing sensor
drones, and fired two “lightsat,” intersystem,
omnisensorial communications satellites into
orbit to bolster the surveillance grid that
watched the globe and space beyond, 24 hours
a day. As the CINC, airborne controller, and
ground-troop commander activated their situ-
ation assessment system (SAS), GSRT identified
them, confirmed their locations, and passed in-
formation required to get them on-line. As
each warrior requested target data, GSRT fused
sensor data, tapped databases, activated re-
sources, and passed templated, neurally col-
lated information to each person in exactly the
format he or she needed to get a clear picture of
the enemy and the unfolding situation. This
was the same GSRT that was also aiding San
Francisco in responding to yesterday’s massive
earthquake. From the president to the city
mayor to the fireman trying to find the best
route through the cluttered and congested
streets, each got the requested real-time infor-
mation in seconds, just as our troops in the
Western Pacific did.

The CINC paused for several moments, won-
dering how battles were ever fought without the
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information systems she now used with prac-
ticed ease, and she was glad they were fighting
an enemy still mired in the visual/electromag-
netic intelligence (ELINT)-oriented maneuver
force of the last war.

Tomorrow’s Challenge
Today

As the United States moves into the
twenty-first century in a world of diverse
dangers and threats marked by the prolifera-
tion of weapons of mass destruction, uncon-
ventional warfare, and sophisticated enemy
countermeasures, surveillance and recon-
naissance are not only critical but essential
for achieving the “high ground” in informa-
tion dominance, conflict management, and
war fighting. As defined by the Joint Chiefs
of Staff (JCS), surveillance is the “systematic
observation of aerospace, surface or subsur-
face areas, places, persons, or things, by vi-
sual, aural, electronic, photographic, or
other means.”! Similarly, reconnaissance re-
fers to “a mission undertaken to obtain, by
visual observation or other detection meth-
ods, information about the activities and re-
sources of an enemy or potential enemy.”?
Both surveillance and reconnaissance are
critical to US security objectives of main-
taining national and regional stability and
preventing unwanted aggression around the
world.

Key to achieving information dominance
will be the gradual evolution of technology
(i.e., sensor development, computation
power, and miniaturization) to provide a
continuous, real-time picture of the battle
space to war fighters and commanders at all
levels. Advances in surveillance and recon-
naissance—particularly real-time “sensor-to-
shooter” capability to support “one shot,
one kill” technology—will be a necessity if
future conflicts are to be supported by a so-
ciety conditioned to “quick wars” with high
operational tempos, minimal casualties, and
low collateral damage.

The rigorous information demands of the
war fighter, commander, and national com-
mand authorities (NCA) in the year 2020
will require a system and architecture to
provide a high-resolution “picture” of ob-
jects in space, in the air, on the surface, and
below the surface—be they concealed, mobile
or stationary, animate or inanimate. The
true challenge is not only to collect informa-
tion on objects with much greater fidelity
than is possible today, but also to process
the information orders of magnitude faster
and disseminate it instantly in the desired
format.

The Key to the Concept:
Structural Sensory Signatures

The critical concept of this article is to de-
velop an omnisensorial capability that in-
cludes all forms of inputs from the sensory
continuum (fig. 1). This new term seeks to
expand our present exploration of the elec-
tromagnetic spectrum to encompass the “ex-
otic” sensing technologies proposed in this
article. This system will collect and fuse
data from all sensory inputs—optical, olfac-
tory, gustatory, infrared (IR), multispectral,
tactile, acoustical, laser radar, millimeter
wave radar, X ray, DNA patterns, human in-
telligence (HUMINT)—to identify objects
(buildings, airborne aircraft, people, and so
forth) by comparing their structural sensory
signatures (SSS) against a preloaded database
in order to identify matches or changes in
structure. The identification aspect has ob-
vious military advantages in the processes of
indications and warning, target identifica-
tion and classification, and combat assess-
ment.

An example of how this technique might
actually develop involves establishing a sen-
sory baseline for certain specific objects and
structures. The system would optically scan
a known source—such as an aircraft or build-
ing full of nuclear or command, control,
communications, computers, and intelli-
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Figure 1. The Concept

gence (C%I) equipment—from all angles and
then smell; listen to; feel; measure density,
IR emissions, light emissions, heat emis-
sions, sound emissions, propulsion emis-
sions, air-displacement patterns in the
atmosphere, and so forth; and synthesize
that information into a sensory signature of
that structure. This map would then be com-
pared to sensory signature patterns of target
subjects such as Scud launchers or even peo-
ple. A simple but effective example of a sen-
sory signature was discovered by the Soviets
during the height of the cold war. They dis-
covered that the neutrons given off by nu-
clear warheads in our weapons-storage areas
interacted with the sodium arc lights sur-
rounding the area, creating a detectable ef-
fect. This simple discovery allowed them to
determine whether a storage area contained
a nuclear warhead.?

Sensory identification could then use the

information to create virtual images (similar
to the way architects and aircraft designers
use three-dimensional computer-aided de-
sign [CAD] software), including the most
likely internal workings of the target build-
ing, aircraft, or person so one could actually
“look” inside and see the inner workings. A
good example is Boeing’s use of computer-
aided three-dimensional interactive applica-
tion (CATIA) for design of its new 777 aircraft.
The “virtual airplane” was the first aircraft
built completely in cyberspace (i.e., the first
built entirely on computer so that engineers
could "look at” it thoroughly before actually
building it).*

This “imaging” could be carried one step
further by techniques such as noninvasive
magnetic source imaging and magnetic reso-

' nance imaging (MRI), which are now used in

neurosurgical applications for creating an
image of the actual internal construction of
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the subject.> In fact, the numerous nonin-
trusive medical procedures now used on the
human body might be extrapolated to ex-
tend to “long-range” sensing. The nuclear
materials for these “structural MRIs” could
be delivered by PGMs or drones and intro-
duced into the ventilation system of a target
building. = The material would circulate
throughout the structure and eventually be
“sensed” remotely to display the internal
workings of the structure.

Another extension of the concept of dis-
tance sensing would be the tracking of mito-
chondrial DNA found in human bones.
DNA technology is currently being used by
the US Army’s Central Identification Labora-
tory for identifying war remains.® If this
technique could be used at a distance, the
tracking of human beings becomes conceiv-
able. By extrapolating such techniques from
medicine, one could generate endless possi-
bilities.

Further, a mass spectrometer that ionizes
samples at ambient pressure using an effi-
cient corona discharge could detect vapors
and effluent liquids associated with many
manufacturing processes.” This technique is
currently found in state-of-the-art environ-
mental monitoring systems. There are also
spectrometers that can analyze chemical
samples through glass vials. Applying this
technology from a distance and collating all
the data will be the follow-on third- and
fourth-order applications of this concept.

Another technology that would aid the
identification of airborne subjects would be
the National Aeronautics and Space Admini-
stration’s (NASA) new airborne in-situ wind-
shear detection algorithm.® Although designed
to detect turbulence, wind shear, and mi-
croburst conditions, this technology could
be extrapolated to detect aircraft flights
through a given area (perhaps by using
some sort of detection net for national or
point defense). This technique, coupled with
observing disturbances in the earth’s mag-
netic field, vortex-detection tracking of COz
vapor trails, and identifying vibration and
noise signatures, would create a sensory sig-

nature that could be compared to a database
for classification (fig. 2).

The overall system would accumulate
sensing data from a variety of sources, such
as drone- or cruise-missile-delivered sensor
darts, structural listening devices, space-
based multispectral sensing, weather bal-
loons, probes, airborne sound buoys,
unmanned aerial vehicles (UAV), platforms
such as airborne warning and control system
(AWACS) and joint surveillance target attack
radar system (JSTARS) aircraft, land radar,
ground sensors, ships, submarines, surface
and subsurface sound-surveillance systems,
human sources, chemical and biological in-
formation, and so forth. The variety of sens-
ing sources would serve several functions.
First, spurious inputs could be “kicked out”
of the system or given a lesser reliability
value, much like the comparison of data
from an aircraft equipped with a triple iner-
tial navigation system when there is a dis-
crepancy among separate inputs. Another
important factor in handling a variety of in-
puts is that the system is harder to defeat
when it does not rely on just a few key in-
puts. Finally, inputs from other nations and
the commercial sector may be used as addi-
tional elements of data. Just as the current
Civil Reserve Air Fleet (CRAF) system re-
quires certain modifications for commercial
aircraft to be used for military purposes in
times of national emergency, so might com-
mercial satellites contain subsystems de-
signed to support the system envisioned
above. In such a redundant system, failure to
receive some data would not have a signifi-
cant debilitating impact on the system as a
whole.

To fuse and compare data, processors
could take advantage of common neural-
training regimens and pattern-recognition
tools to sort data received from sensor plat-
forms. Some of the data-fusion techniques
we envision would require continued ad-
vancement in the world of data processing—a
capability that is growing rapidly, as noted
by Dr Gregory H. Canavan, chief of future
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Figure 2. Wake Turbulence Detection

technology at Los Alamos National Labora-

tory:
Frequent overflights by numerous satellites
add the possibility of integrating the results of
many observations to aid detection. That is
computationally prohibitive today, requiring
about 100 billion operations per second,
which is a factor 10,000 greater than the
compute rate of the Brilliant Pebble and about
a factor of 1,000 greater than that of current
computers. However, for the last three
decades, computer speeds have doubled about
every two years. At that rate, a factor of 1,000
increase in rate would only take about 20
years, so that a capability to detect and track
trucks, tanks, and planes from space could
become available as early as 2015.9

Dr Canavan also suggested that develop-
ment time could be reduced even further by
using techniques such as parallel computing
and external inputs to reduce required com-
putation rates.!® The point is that with con-
servatively forecast advancements in computer
technology, the ability to gather and synthe-
size vast amounts of data will permit signifi-
cant enhancements in remote sensing and
data fusion.

Using Space

As envisioned, this concept would be sup-
ported by systems in all operational media—
sea, ground (both surface and subsurface),
air, and space. However, space will play the

critical role in this conceptual architecture.
Although the system would rely on data
from many sources other than space, using
this medium as a primary source of data for
sensing and fusing has definite advantages.
Space allows prompt, wide-area coverage
without the constraints imposed by terrain,
weather, or political boundaries. It can pro-
vide worldwide or localized support to mili-
tary operations by providing timely
information for such functions as target de-
velopment, mission planning, combat assess-
ment, search and rescue (SAR), and
special-forces operations.

Sensing and Data Fusion

The overall concept can be divided into
three parts: the sensing phase, which uses
ground-, sea-, air-, and space-based sensors;
the data fusion phase, which produces infor-
mation from raw data; and the dissemina-
tion phase, which delivers information to
the user. This article examines the first two
parts.

Sensing

The five human senses are used here as a
metaphor for the concept of sensing de-
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scribed above. Although this representation
is not precise, at least it provides a conve-
nient beginning point for our investigation.
For instance, human sensing capabilities are
often inferior to those of other forms of life
(e.g., the dog'’s sense of smell or the eagle’s
formidable eyesight).

Tremendous strides have been made in
the sensing arena. However, some areas are
more fully developed than others. For exam-
ple, more advances have occurred in optical
or visual sensing than in olfactory sensing.
This article not only examines the more tra-
ditional areas of reconnaissance such as
multispectral technology, but also discusses
interesting developments in some unique ar-
eas. An exciting aspect is the discovery of re-
search being conducted in the commercial
realm, whose specific tasks require specific
technologies and whose techniques have not
yet been fully investigated for military uses.

The sensing areas examined here are (1)
visual (including all forms of imaging, such
as IR, radar, hyperspectral, etc.), (2) acoustic,
(3) olfactory, (4) gustatory, and (5) tactile.
There are two keys to this metaphoric ap-
proach to sensing. First, it unbinds the tradi-
tional electromagnetic orientation to sensing.
Second, it provides a way of showing how all
these sensors will be fused to allow fast, ac-
curate decision making, such as that pro-
vided by the human brain.

Visual Sensing and Beyond. As men-
tioned above, remote irmage sensing has re-
ceived a tremendous amount of attention,
both in military and civilian communities.
The intention here is not to reproduce the
vast amount of information on this subject
but to describe briefly the current state of
the art and to highlight some of the more in-
novative concepts from which we can step
forward into the future. We will not discuss
the imaging capabilities of the United States,
other than to emphasize that they will need
to be replaced or upgraded to meet the
needs of the nation in 2020. The technolo-
gies and applications discussed below pave
the way for these improvements.

Multispectral imaging (MSI) provides spa-
tial and spectral information. It is currently
the most widely used method of imaging
spectrometry. The US-developed LANDSAT,
French SPOT, and Russian Almaz are all ex-
amples of civil/commercial multispectral
satellite systems that operate in multiple
bands, provide ground resolution on the or-
der of 10 meters, and support multiple ap-
plications. Military applications of multispectral
imaging abound. The US Army is busily in-
corporating MSI into its geographic informa-
tion systems for intelligence preparation of
the battlefield or “terrain categorization”
(TERCATS). The Navy and Marines use MSI
for near-shore bathymetry, detection of
water depths of uncharted waterways, sup-
port of amphibious landings, and ship navi-
gation. MSI data can be used to help
determine “go-no-go” and “slow-go” areas
for enemy and friendly ground movements.
By eliminating untrafficable areas, this infor-
mation can be especially useful in tracking
relocatable targets, such as mobile short-
range and intermediate-range ballistic mis-
sile launchers. By using MSI data in the
radar, IR, and optical bands, one can more
quickly discern environmental damage
caused by combat (or natural disasters). For
example, LANDSAT imagery helped deter-
mine the extent of damage caused by oil
fires set by the Iragis in Kuwait during the
Gulf War.l!

Although MSI has a variety of applica-
tions and many advantages, use of this sens-
ing technique results in a decrease of both
bandwidth and resolution from conven-
tional spectrometry. Additionally, multi-
spectral systems cannot produce contiguous
spectral and spatial information. We must
overcome these disadvantages if we are to
meet the surveillance and reconnaissance
needs of the war fighter and commander of
2020.

One promising technology for overcom-
ing these shortfalls is hyperspectral sensing,
which can produce thousands of contiguous
spatial elements of information simulta-
neously. This would allow a greater number



of vector elements to be used for such things
as achieving a higher certainty of space-ob-
ject identification. Although hyperspectral
models do exist, none have been optimized
for missions from space or have been inte-
grated with the current electro-optical, IR,
and radar-imaging technologies.

This same technology can be equally ef-
fective for ground-target identification. Hy-
perspectral sensing can use all portions of
the spectrum to scan a ground target or ob-
ject, collect bits of information from each
band, and fuse the information to develop a
signature of the target or object. Since only
a small amount of information may be avail-
able in various bands of the spectrum (some
bands may not produce any information),
the process of fusing the information and
comparing it to data obtained from other in-
telligence and information sources becomes
crucial.

Several war-fighting needs exist for a sen-
sor that would provide higher fidelity and
increased resolution to support, for example,
US Space Command (USSPACECOM) and its
components’ missions of space control,
space support, and force enhancement. In
addition to the aforementioned examples of
object identification in deep space (either
from the ground or a space platform), identi-
fication of trace atmospheric elements, and
certain target-identification applications, re-
quirements also exist in the following areas:
debris fingerprints, damage assessment, iden-
tification of space-object anomalies (ascer-
taining the condition of deep-space satellites),
spacecraft interaction with ambient environ-
ment, terrestrial topography and condition,
and verification of environmental treaties.

Currently under development are several
technologies that can be integrated into
hyperspectral sensing to further exploit
ground- and space-object identification.
Two promising technologies include remote
ultralow light-level imaging (RULLI) and
fractal image processing. RULLI is an initia-
tive by the Department of Energy to develop
an advanced technology for remote imaging
using illumination as faint as starlight.!2
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This type of imaging encompasses leading-
edge technology that combines high-spatial
resolution with high-fidelity resolution.
Long exposures from moving platforms be-
come possible because high-speed image-
processing techniques can be used to de-blur
the image in software. RULLI systems can be
fielded on surface-based, airborne, or space
platforms, and—when combined with hyper-
spectral sensing—can form contiguous, con-
tinuous processing of spatial images using
only the light from stars. This technology
can be applied to tactical and strategic recon-
naissance, imaging of biological specimens,
detection of low-level radiation sources via
atmospheric fluorescence, astronomical pho-
tography in the X-ray, ultraviolet (UV), and
optical bands, and detection of space debris.
RULLI depends on a new detector—the
crossed-delayed line photon counter—to pro-
vide time and spatial information for each
detected photon. However, by the end of fis-
cal year 1996, all technologies should be suf-
ficiently developed to facilitate the design of
an operational system.

The task of finding mobile surface vehi-
cles requires rapid image processing. Auto-
mated preprocessing of images to identify
potential target areas can drastically reduce
the scope of human processing and provide
the war fighter with more timely target in-
formation. Hyperspectral sensing can aid in
quickly processing a large number of these
images on board the sensing satellite, in
identifying those few regions with a high
probability of containing targets, and in
downlinking data subsets to analysts for vis-
ual processing. Although fractal-like back-
grounds can be defeated by cloud/smoke
cover or camouflage, fractal image process-
ing—if fused with information from other
sensory sources—can help the analyst or the
processing software identify ground-based
signatures.13

Hyperspectral sensing offers a plethora of
opportunities for deep-space and ground-ob-
ject identification and characterization to
support the war fighter's space-control-and-
surveillance mission, remote sensing of at-
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mospheric constituents and trace chemicals,
and enhanced target identification. Collect-
ing and fusing pieces of information from
each band within the spectrum can provide
high-fidelity images of ground or space-
based signatures. Moreover, when combined
with fused data from other sensory and non-
sensory sources, hyperspectral sensing can
provide target identification that no single
surveillance system could ever provide.
Thus, the war fighter has a much improved
picture of the battle space—anywhere, any-
time.

Acoustic Sensing. When matter within the
atmosphere moves, it displaces molecules
and sends out vibrations or waves of air pres-
sure that are often too weak for our skin to
feel. Waves of air pressure detected by the
ears are called sound waves. The brain can
tell what kind of sound has been heard from
the way the hairs in the inner ear vibrate.
Ears convert pressure waves passing through
the air into electrochemical signals which
the brain registers as a sound. This process
is called acoustic sensing.

Electronically based acoustic sensing is
not very old. Beginning with the develop-
ment of radar prior to World War II, applica-
tions for acoustic sensing have continued to
grow and now include underwater acoustic
sensing (i.e., sonar), ground and subterra-
nean-based seismic sensing, and the detec-
tion of communications and electronic
signals from aerospace. Electromagnetic
sensing operates in the lower end of the elec-
tromagneti¢ spectrum and covers a range
from 30 hertz (Hz) to 300 gigahertz. Acous-
tic sensors have been fielded in various me-
diums, including surface, subsurface, air, and
space. Since the advent of radar, most appli-
cations of acoustic sensing have been pio-
neered in the defense sector. Developments
in space-based acoustic sensing in the Rus-
sian defense sector have recently become
public. According to The Soviet Year in Space,
1990,

Whereas photographic reconnaissance satellites
collect strategic and tactical data in the visible

portion of the electromagnetic spectrum,
ELINT satellites concentrate on the longer
wavelengths in the radio and radar regions. . . .
Most Soviet ELINT satellites orbit the earth at
altitudes of 400 to 850 kilometers, patiently
listening to the tell-tale electromagnetic
emanations of ground-based radars and
communications traffic.!4

It is believed that the Russians use this space-
based capability to monitor changes in the
tactical order of battle, strategic defense pos-
ture, and treaty compliance.

On the ground, the United States used dif-
ferent kinds of acoustic sensors during the
Vietnam War. The first one was derived
from the sonobuoy developed by the US
Navy to detect submarines. The USAF ver-
sion used a battery-operated microphone in-
stead of a hydrophone to detect trucks or
even eavesdrop on conversations between
enemy troops. The air-delivered seismic de-
tection (ADSID) device was the most widely
used sensor. It detected ground vibrations by
trucks, bulldozers, and the occasional tank,
although it could not differentiate with
much accuracy between vibrations made by
a bulldozer and a tank.!’

Numerous examples of applications of
acoustic sensing are found in the civil sector.
In the United States, acoustic sensors that
operate in the 800-900 Hz range are now be-
ing developed to help detect insects. Con-
ceivably, these low-volume acoustic sensors
could be further refined, either to work
hand in hand with other spectral sensors or
by themselves to classify insects and other
animals, based on noise characteristics.6

Sandia National Laboratory in New Mex-
ico has made progress in using acoustic sen-
sors to detect the presence of chemicals in
liquids and solids. In the nonlaboratory
world, these acoustic sensing devices could
be used as real-time environmental monitors
to detect contamination, either in ground
water or soil, and have both civil (e.g., natu-
ral-disaster assessment) and military (e.g.,
combat-assessment) applications.!

An additional development in the area of
acoustic sensing involves seismic tomogra-



phy to “image” surface and subsurface fea-
tures. Seismic energy travels as an elastic
wave that both reflects from and penetrates
through the sea floor and structure be-
neath—as if we could see the skin covering
our faces and the skeletal structure beneath
at the same time. Energy transmitted
through the earth’s crust can also be used to
construct an image.!®

In summary, acoustic sensing offers great
potential for helping the war fighter, com-
mander, and war planner of the twenty-first
century solve the problems of target identifi-
cation and classification, combat assessment,
target development, and mapping. For
acoustic sensing from aerospace, a primary
challenge appears to be in boosting noise
signals through various mediums. Today,
this is accomplished by using bistatic and
multistatic pulse systems. In the year 2020,
assuming continued advances in inter-
ferometry, the attenuation of electromag-
netic “sound” through space should be a
challenge already overcome, thus permitting
very robust integration of acoustic sensing
with other remote-sensing capabilities from
aerospace.

A more serious challenge in defense-re-
lated acoustic sensing may come from en-
emy countermeasures. As operations and
communications security improve, space-
based acoustic sensing will become increas-
ingly more difficult. Containing emissions
within a shielded cable or—better yet—a fi-
ber-optic cable makes passive listening virtu-
ally impossible. The challenge for countries
involved with space-based acoustic programs
is to develop improved countermeasures to
overcome these technological advancements.
In the year 2020, remote acoustic sensing
from space and elsewhere will be a critical
element for developing accurate structural
signatures as well as for assessing activity
levels within a target. New methodologies
for passive and active sensing need to be de-
veloped and should be coupled with other
types of remote sensing.

Olfactory Sensing. Although this sense is
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somewhat “exotic” today, since the mid-
1980s there has been a resurgence of re-
search into the sense of smell. Both military
as well as civilian scientists have aimed their
efforts at first identifying how the brain de-
termines smell and determining how science
can replicate the process synthetically. The
results of these efforts are impressive. An
electronic “sniffer” for analyzing odors
needs two things: (1) the equivalent of a
nose to do the smelling and (2) the equiva-
lent of a brain to interpret what the nose
smelled. A British team employed arrays of
gas sensors made of conductive polymers
working at room temperature. An electrical
current passes through each sensor. When
odor emissions collide with the sensors, the
current changes and responds uniquely to
different gases. The next step entailed syn-
thesizing the various currents into a mean-
ingful pattern. A neural net (a group of
interlined interconnected microprocessors
that simulate some basic functions of the
brain) identified the patterns. The neural
net was able to learn from experience and
did not need to know the exact chemistry of
what it was smelling. It could recognize
changing patterns, giving it a unique ability
to detect new or removed substances.!?

Swedish scientists took this a major step
further. Their development of a light-
scanned, seam-conductor sensor shows great
promise in the area of long-range sensing.
This sensor is coated with three different
metals: platinum, palladium, and iridium,
which are heated at one end to create a tem-
perature gradient. This process allows the
sensor to respond differently to gases at
every point along its surface. The sensor is
read with a beam of light that generates an
electrical current across the surface. When
fed into a computer, the current produces a
unique image of each smell, which is then
compared to a database to determine the ori-
gin of the smell.20

Despite these impressive findings, present
technology requires the gases to come in
contact with the sensor. The next step is to
fuse the sensory capabilities into a sort of
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particle beam that—when it comes into con-
tact with the odors—would react in a measur-
able way. Similar to the way radar works,
beam segments would return to the process-
ing source, and the object from which the
odors emanated would be identified. This
process could be initiated from space, air, or
land and would be fused with other remote-
sensing capabilities to build a more com-
plete picture. Studies on laser reflection
demonstrate the ability to correct for errors
induced by moving from the atmosphere to
space. There is every reason to believe that
the next couple of decades will produce
similar capabilities for particle beams. The
ability to fuse odors sensors within these
beams and receive the reactions for process-
ing may also be feasible in the prescribed
time frame.

Gustatory Sensing. Another area that has
not received a tremendous degree of atten-
tion is the sense of taste. In many ways,
ideas concerning the sense of taste may
sound more like those concerning the sense
of smell. The distinction is that the sample
tasted is part of (or attached to) a surface of
some sort. The sense of smell relies on air-
borne particles to find their way to receptors
in the nose. The study of taste makes fre-
quent reference to smell—probably due to
similar mechanisms whereby the molecules
in question come in contact with the recep-
tor (be they smell or taste receptors).

Taste, in and of itself, will probably not be
a prime means of identification. It can,
however, be one of the discriminating bits of
information that can aid in identifying am-
biguous targets identified by other systems.
It also provides another characteristic that
must be masked or spoofed to truly camou-
flage a target. Taste could be used to detect
silver paint that appears to be aluminum air-
craft skin on a decoy. It could be used to
“lick” the surface of the ocean to track small,
polluting craft. It could even be used to
taste vehicles for radioactive fallout or

. chemical/biological surface agents. We could
detect contamination before sending ground
troops into an area. By putting a particular
flavor on our vehicles, we may be able to de-
velop a taste version of identification friend
or foe (IFF).

The sense of taste provides the human
brain with information on characteristics of
sweetness, bitterness, saltiness, and sour-
ness. The exact physiological mechanism for
determining these characteristics is not yet
completely understood. Theory has it that
sweet and bitter are determined when mole-
cules of the substance present on the tongue
become attached to “matching” receptors.
The manner in which the molecules match
the receptors is believed to be a physical in-
terlocking of similar shapes—much the same
way that pieces of a jigsaw puzzle fit to-
gether. Once the interlocking takes place, an
electrical impulse is sent to the taste center
in the brain. It is not known whether there
are thousands of unique taste receptors
(each sending a unique signal) or if there are
only a few types of receptors (resulting in
many unique combinations of signals). Ex-
perts think that saltiness and sourness are
determined in a different manner. Rather
than attaching themselves to the receptors,
these tastes “flow” by the tips of the taste
buds, exciting them directly through the
open ion channels in the tips.?

To make a true bitter/sweet taste sensor in
space would require technology permitting
the transmission of an actual particle of
the object in question. This ability appears
to be outside the realm of possibility in the
year 2020. An alternative would be to scan
the object in question with sufficient
“granularity” to determine the shape of the
individual molecules and then compare this
scanned shape with a catalog of known
shapes and their associated sweet or bitter

~ taste. Such technology is currently available
| in the form of various types of scanning/
tunneling electron microscopes. The short-
coming of these systems is that they require
highly controlled atmospheres and enclosed
environments to permit accurate beam steer-



ing and data collection. The jump to a “re-
mote electron microscope” also may not be
possible by 2020.

An alternate means of determining sur-
face structure remotely involves increasing
the distance from which computerized axial
tomography (CAT) scans or nuclear mag-
netic resonance (NMR)# are conducted. Al-
though current technology requires rather
close examination (on the order of several
inches), at least a portion of the “beam”
transmission takes place in the normal at-
mosphere. Extrapolation of this capability
seems to offer the possibility of scanning
from increased distances.

To perform a taste scan from space to de-
termine the sweetness/bitterness of an ob-
ject will require continued research and a
truly great increase in technology. Taste re-
search must continue, and the mechanics of
taste must be fully understood. The product
of this research would be a database that
catalogs the appropriate characteristics of
molecules related to taste. Without under-
standing how taste works, we could not pro-
duce a properly designed scanner.

Remote scanning is a great challenge that
involves getting the beam to the targeted ob-
ject and capturing the reflected beam pat-
tern to determine the surface shape at the
molecular level. Getting the beam to the
target entails the generation, aiming, and
power of the beam.

The scanning beam (of whatever type
provides the desired granularity) must be
generated with sufficient power to reach the
target with enough energy to reflect a de-
tectable and measurable pattern for collec-
tion and subsequent analysis. Both beam
generators and collectors would be located
(not necessarily co-located) in space (most
likely in low earth orbit—the generators, at
least). Maximum distance from generator to
target is probably on the order of 1,000 to
1,500 miles or the slant range from a 300-to-
400-mile LEO to the line-of-sight horizon.
Target-to-collector distances would be, at a
minimum, the same as those from generator
to target (if collection is accomplished in

|

LEVERAGING THE INFOSPHERE 19
LEO), to a maximum of 25,000 miles (if col-
lection occurs in geosynchronous orbit).

To ensure the gathering of proper data, we
must aim and focus the beam exactly at the
desired target. Aiming will require compen-
sation for atmospheric inconsistencies. Spe-
cifically, we would fire a laser into the
atmosphere to detect anomalies along the
general path of the actual beam and com-
pensate accordingly. Refined focusing on the
targeted areas should be on the order of no
more than one or two square feet.

We must also consider what might hap-
pen when the beam (of whatever type) hits
the target area. Will its power be so great
that the target would be burned or damaged?
Further, will adversaries be able to detect
scanning in the target area? These are some
of the challenges we must overcome in order
to bring the taste sensor to reality.

Capturing the reflected beam also poses a
significant challenge. The general technique
for analyzing objects with scanning methods
calls for a beam from a known location and
of known power to “illuminate” the targeted
object. Since the surface of the object is ir-
regular, the beam reflects in various direc-
tions. Thus, the object must be surrounded
by collectors to ensure the collection of all
reflected energy. By noting the collector
and the portion of the beam collected, we
can reconstruct the surface that reflects the
beam.

Since it is impossible to surround the
earth completely with a single collecting sur-
face, a large number of platforms must serve
as collectors. All platforms would focus their
collectors on the targeted area and compen-
sate in a manner similar to aiming compen-
sation for the beam generator (see above).
Any platform with line of sight directly to
the target would be suitable for collection.
Platforms “below” the horizon but able to
capture reflected energy in a manner similar
to the over-the-horizon backscatter (OTHB)
radar system would also be acceptable. With
appropriate algorithms and beam selection,
the entire sensor constellation could con-
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ceivably be available for collection all the
time.

Fusing of the reflected data from a single
“taste” would take place on a central plat-
form, probably in geosynchronous orbit. In-
formation about the taste measurement
would include scanning-beam composition,
pulse-coding data, firing time, location of
beam generator, aiming compensation data,
focusing data, location of targeted area, col-
lector position, collector compensation data,
and actual collected data including time. Be-
cause we are collecting only a fraction of the
“reflected energy” from scanning beams, we
need all this information in order to know
which part of the “taste signature” we have
put together.

Tactile Sensing. Potential exists for the
development of an earth-surveillance system
using a tactile sensor for mapping and object
determination. Rather than viewing and
tracking items of interest optically, objects
could be identified, classified, and tracked
via tactile stimulation-and-response analysis.
This method of surveillance has advantages
over optical viewing in that it is unaffected
by foul weather, camouflage, or other obscu-
ration techniques.

Tactile sense provides humans awareness
of contact with an object. Through this
sense, we learn the shape and hardness of
objects, and—by using our cutaneous sen-
sors—we receive indications of pressure,
warmth, cold, and pain. A man-made tactile
sensor ermnulates this human sense by using
densely arrayed elementary force sensors (or
taxels), which are capable of image sensing
through the simultaneous determination of
an object’s force distribution and position
measurements.?3

Recent advances in tactile sensor applica-
tions have appeared in the areas of robotics,
cybernetics, and virtual reality. These sim-
ple applications attempted to replicate the
tactile characteristics of the human hand.
One project, the Rutgers Dexterous Hand

Master, combines a mechanical glove with a
virtual-reality scenario to allow an operator
to “feel” virtual-reality images. This re-
search has advanced the studies of remote-
controlled robots that could be used in such
ventures as construction of a space station
or cleaning up a waste site.24

The challenge lies in developing tactile
sensors that are capable of remotely “touch-
ing” an object to determine its charac-
teristics. This challenge elicits visions of a
large, gloved hand reaching out from space
to squeeze an object to determine if it is
alive. We can develop this analogy by ex-
panding the practical concept of radar.

Radar is a radio system used to transmit,
receive, and analyze energy waves to detect
objects of interest or “targets.” In addition,
it can determine target range, speed, head-
ing, and relative size. One possible way to
identify tactile characteristics of an interro-
gated target is to analyze the radar returns
and compare them to known values. When
a radio wave strikes an object, a certain
amount of its energy reflects back toward
the transmitter. The intensity of the re-
turned energy depends upon the distance to
the target, the transmission medium, and the
composition of the target. For example, en-
ergy reflected off a tree exhibits charac-
teristics different from those of energy
reflected off a building (because a tree ab-
sorbs more energy). By analyzing the en-
ergy returns, we could conceivably determine
target characteristics of shape, temperature,
and hardness by comparing the returns to
known values. By using virtual reality, we
could then transform the tactile charac-
teristics of various objects interrogated in an
area of surveillance into a three-dimensional
graphical representation.

The significant value of tactile sensor
technology lies not in the development of a
replacement for current surveillance sensors
but in the prospect for gaining unique infor-
mation. A typical surveillance radar pro-
vides the “when, where, and how” for a
particular target, but a tactile sensor adds the
“what” and, potentially, the “who.”



Countermeasures to Sensing. Once an
adversary perceives a threat to his structure
and system, he usually develops and em-
ploys countermeasures. The concepts for
sensing presented here, albeit rooted in lead-
ing-edge technology, are not exempt from
enemy countermeasures. Potential enemy
countermeasures in the year 2020 include
killer antisatellites (ASAT), jamming, and
ground-station attacks. Target-protection
countermeasures include  concealment,
camouflage, and deception (CC&D) and op-
erations security (OPSEC). Technical experts
must address these threats and provide coun-
termeasures early in the design phase of this
sensing system.

Active and passive systems can overcome
jamming, ground-station attack, and enemy
OPSEC. Frequency hopping and “hardening”
of space links are both effective in counter-
ing jamming. If hopping rates—which cur-
rently exceed 3,000 hops per second—
continue to increase exponentially, many
forms of jamming will become minor irri-
tants. We can overcome ground-station at-
tack by improving physical security and
replicating critical nodes. Such redundancy
can be expensive, but if we incorporate it
early in the design phase, it can be efficient
and cost-effective. But the best way to
counter enemy OPSEC is through passive
measures such as security training, HU-
MINT, and reduction of the number of peo-
ple who “need to know” and through active
measures such as HUMINT and exploitation
of the omnisensorial capability of this sys-
tem.

Killer ASAT and CC&D capabilities are
much more difficult and costly to counter.
Decoy satellites and redundant space-based
systems can be effective. However, we must
pursue some cost-effective means of harden-
ing in order to ensure the survivability of
our space systems.

Data Fusion

Fusion of all the information collected from
the various sensors mentioned above is the
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key to making this data useful to the war
fighter (fig. 3). Without the appropriate fu-
sion process, the war fighter will be the vic-
tim of information overload, a condition
that is not much better—and is sometimes
worse—than no information at all. The goal
of this initiative is to fuse vast amounts of
data from multiple sources in real time and
make it available to the war fighter on de-
mand.

Today, we are able to collect data from a
variety of sensor platforms (e.g., satellites, as
well as air-breathing and HUMINT sources,
etc.). What we are not able to do, however,
is fuse large amounts of data from multiple
sources in near real time. We have what
amounts to “stovepipe” data—that is, data
strearns that are processed independently.
As we discovered in Operation Desert Storm,
deficiencies exist in sharing and relating in-
telligence from different sources. Conse-
quently, the war fighter is not able to see the
whole picture—just bits and pieces.

Today, sensor data is capable of drowning
us. The sheer volume of this data can crip-
ple an intelligence system:

Over 500,000 photographs were processed
during Operation Desert Storm. Over its
14-year lifetime, the Pioneer Venus orbiter sent
back 10 terabits (10 trillion bits) of data. Had
it performed as designed, the Hubble Space
Telescope was expected to produce a
continuous data flow of 86 billion bits a day
or more than 30 terabits a year. By the year
2000, satellites will be sending 8 terabits of
raw data to earth each day. (Emphasis in
original)2s

As staggering as these figures are, the
computing power on the horizon may be
able to digest this much data. The Advanced
Research Projects Agency (ARPA) is sponsor-
ing the development of a massive, parallel
computer capable of operating at a rate of 1
trillion floating-point operations per second
(1 tera FLOPS). Parallel processing employs
multiple processors used to execute several
instruction streams concurrently and signifi-
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Figure 3. Omnisensorial Fusion

cantly reduces the amount of time required
to process information.

Once the data is processed into usable in-
formation or intelligence, the next require-
ment becomes a means of storing and
retrieving a huge database or library. “Ad-
vances in storage technology in such media
as holography and optical storage will doubt-
lessly expand these capacities.”?¢ An optical
tape recorder capable of recording and stor-
ing more than a terabyte of data on a single
reel is under development.

Vertical block line (VBL) technology of-
fers the possibility of storing data in non-
volatile, high-density, solid-state chips. This
magnetic technology offers inherent radia-
tion hardness, data erasability and security,
and cost-effectiveness. Compared to mag-

netic bubble devices, VBL offers higher stor-
age density and higher data rates at reduced
power. VBL chips could achieve (volumetric)
storage densities ranging from one gigabit to
one terabit per cubic centimeter. Chip data
rates, a function of chip architecture, can
range from one megabit per second to 100
megabits per second. Produced in volume,
chips are expected to cost less than one dol-
lar per megaby'te.
If we are to provide the user real-time,
multisource data in a usable format, leaps in
. data-fusion technologies must occur. A new
technology—the photonic processor—could
increase computational speeds exponen-
tially. The processing capabilities and power
requirements of current fielded and planned
' electronic processors are determined almost



solely by the low-speed and energy-ineffi-
cient electrical interconnections in elec-
tronic boards, modules, or processing
systems.  Processing speeds of electronic
chips and modules can exceed hundreds of
megahertz, whereas electrical interconnec-
tions run at tens of megahertz due to limita-
tions in standard transmission lines. More
significantly, the majority of power con-
sumed by the processor system is used by
the interconnection itself. Optical intercon-
nections, whether in the form of free-space,
board-to-board busses or computer-to-com-
puter fiber-optic networks, consume signifi-
cantly less electric power, are inherently
robust with regard to electromagnetic im-
pulses (EMI) and electromagnetic pulses
(EMP), and can provide large numbers of in-
terconnection channels in a small, low-
weight, rugged subsystem. These characteristics
are critically important in space-based appli-
cations.?’

This technology of integrating electronics
and optics reduces power requirements,
builds in EMI/EMP immunity, and increases
processing speeds. Though immature, the
technology has great potential. If it were
possible to incorporate photonic-processing
technologies into a parallel computing envi-
ronment, increases of several orders of mag-
nitude in processing speeds might occur.

The fusing of omnisensorial data will re-
quire processing speeds equal to or greater
than those mentioned above. Onboard com-
puter (OBC) architectures will use at least
three computers that perform parallel pro-
cessing; they will also feature a voting pro-
cess to ensure that at least two of the three
OBCs agree. The integration of neural net-
works in OBC systems will provide higher re-
liability and will enhance process-control
techniques.

Change detection and pattern recognition
as well as chaos modeling techniques will in-
Crease processing speeds and reduce the
amount of data to be fused. Multiple sen-
sors, processing their own data, can increase
processing speeds and share data between
platforms through cross-queuing techniques.
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Optical data-transmission techniques should
permit high data throughputs to the fusion
centers in space, on the ground, and/or in
the air.

The National Information Display Labora-
tory is investigating technologies that would
aid in the registration and deconfliction of
omnisensorial data, data fusion, and image
mosaicking (the ability to consolidate many
different images into one). “Information-
rich” environments made accessible by the
projected sensing capabilities of the year
2020 will drive the increasing need for
georeferenced autoregistration of multi-
source data prior to automated fusion, target
recognition/identification, and situation as-
sessment. Image mosaicking will enhance
the usability of wide-area, imagery-based
products. Signals, multiresolution imagery,
acoustical data, analyzed sample data (from
tactile/gustatory sensing), atmospheric/exo-
atmospheric weather data, voice, video, text,
and graphics can be fused in an “infobase”
that provides content- and context-based ac-
cess, selective visualization of information,
local image extraction, and playback of his-
torical activity.?8

Near-term Technologies
and Operational
Exploitation Opportunities

Pursuit of nonmilitary omnisensorial ap-
plications in the early stages of development
could provide a host of interested partners,
significantly reduce costs, and increase the
likelihood of congressional acceptance.
These applications include government uses,
consumer uses, and general commercial
uses.

Government uses of this capability could
include law enforcement, environmental
monitoring, precise mapping of remote ar-
eas, drug interdiction, and assistance to
friendly nations. The capability to see inside
a structure could prevent incidents such as
the one that occurred at the Branch Davidian
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compound in Waco, Texas, in 1993. Drug
smuggling could be detected by clandes-
tinely subjecting suspects to remote sensing.
Friendly governments could receive real-
time, detailed intelligence of all insur-
gency/terrorist operations in their countries.
Finally, just as we presently track the migra-
tory patterns of birds by using LANDSAT
multispectral imagery, so might we track the
spread of disease to allow early identification
of infected areas.

Consumer uses could range from provid-
ing home security to monitoring food and
air quality. Home detection systems would
be cheaper and more capable. Not only
would they be able to sense smoke and
break-ins, but also gas leaks and seismic
tremors. They could also provide advance
warning of flash floods and other imminent
natural disasters. Further, sensors could
identify spoiled food and test the air for
harmful particles.

Commercial uses could include enhanced
airport security, major advances in medicine,
and a follow-on to the air traffic control sys-
tem. Everyone from farmers to miners
would benefit from remote sensors by no
longer having to rely on trial and error. For
example, aircraft scans prior to takeoff
would provide new levels of safety. Further,
scans of patients would effectively eliminate
exploratory surgery because doctors would
be able to view internal problems on com-
puter screens. Eventually, doctors may be
able to treat patients largely on the basis of
information obtained from computer imag-
ing.

A good example of a commercial applica-
tion is the development of an aerospace traf-
fic location and sensing (ATLAS) system
analogous to the current air traffic control
system. Space is a hazardous environment
because of the accumulation of satellites, de-
bris, and so forth, and will be even more
hazardous by 2020. Flying in space without
an “approved” flight plan, particularly in
LEO, is especially risky. The space shuttle,
for instance, occasionally makes unplanned
course corrections in order to avoid damage

|

from debris. Similarly, as the boundaries be-
tween space and atmospheric travel become
less distinct (witness the existence of transat-
mospheric vehicles), this system could con-
ceivably integrate all airborne and space-
transiting assets into a seamless, global, inte-
grated system.

This system envisions that some of the
same satellites used as part of the integrated
structural sensory signature system would
also be used for ATLAS. It would require
only a small constellation of space-surveil-
lance satellites (fewer than 20) orbiting the
globe. ATLAS satellites would carry the same
omnisensorial packages capable of tracking
any object in space larger than two centime-
ters. All satellites deployed in the future
would be required to participate in the AT-
LAS infrastructure and would carry internal
navigation and housekeeping packages, per-
form routine station-keeping maneuvers on
their own, and constantly report their posi-
tion to ATLAS satellites. Only anomalous
conditions (e.g., health and status problems,
collision threats, etc.) would be reported to
small, satellite-specific ground crews. ATLAS
ground stations (primary and backup) would
be responsible for handling anomalous situ-
ations, coordinating collision-avoidance ma-
neuvers with satellite owners, authorizing
corrective maneuvers, and coordinating
space-object  identification  (particularly
threat identification). The satellite constella-
tion would be integrated via cross-links, al-
lowing all ATLAS-capable satellites to share
information. The aerospace traffic control
system of the future would eliminate or
downsize most of the current satellite-con-
trol ground stations as well as the current
ground-based space-surveillance system.

Elements of the ATLAS system will include
improved sensors for tracking space objects
(including debris and maneuvering targets),
software to automatically generate and de-
conflict tracks and update catalogs, and an
analysis-and-reporting “back end” that will
provide surveillance and intelligence func-
tions as needed. Air and space operators
would have a system that would allow them



to enter a flight plan and automatically re-
ceive preliminary, deconflicted clearance. In
addition, ongoing, in-flight deconfliction
and object avoidance would also be available
without operator manipulation. The system
could integrate information from even more
sophisticated sensors of the future, such as
electromagnetic, chemical, visible, and om-
nispectral devices. “Handoffs” from one
sector to another would occur, but only in
the onboard ATLAS brain, which would be
transparent to the operator. ATLAS provides
a vision of a future-generation smart system
that integrates volumes of sensory informa-
tion and fuses it into a format that gives op-
erators just what they need to know, when
they need to know it.

The ATLAS system is just one small com-
mercial application of the comprehensive
structural sensory signature concept that
fuses data from a variety of sophisticated
sensors of all types to provide the war
fighter of tomorrow with the right tools to
get the job done.
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PROFESSIONAL MILITARY
EDUCATION IN 2020

The effective employment of air and space power has to do not so much with airplanes and missiles and
engineering as with thinking and attitude and imagination.

—Gen Merrill A. McPeak

The new military needs soldiers who use their brains, can deal with a diversity of people and cultures, who
can tolerate ambiguity, take initiative, and ask questions, even to the point of questioning authority. . . .
The willingness to ask and think may be more prevalent in the US armed forces than in many businesses.
- - « As in the civilian economy, fewer people with intelligent technology can accomplish more than a lot
of people with the brute-force tools of the past.

—Alvin Toffler
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ROFESSIONAL Military Education

(PME) 2020 will become a residency

program unlike any that exists today.

It will be a new concept of profes-
sional military education derived from today’s
distance learning, multimedia, virtual reality,
and telepresence concepts. This article
describes why the present PME system must
change and what the new system should look
like. After we’'ve discussed the new PME
system, we’ll examine some of the objections
that have been raised in response to these
proposed changes. However, before we
examine the PME system and suggest
changes, we need to highlight potential
technologies that can be exploited for use in
PME 2020.

Emerging Technologies

Overall, technology is one of two factors
necessary to meet the capability requirements
of PME 2020. In general, current trends in
technology indicate that the technological
fields of the future will be tremendously
fertile and highly affordable. For instance,
comparing the 64K random access memory
(RAM) computers of the early 1980s with the
top-of-the-line desktop computers of today,
we’ve seen a 1,000-fold increase in computer
memory. The military can roughly predict
that its desktop computers in 2020 will have
about 16,000 times the power of today’s
computers,! a conservative estimate by many
industry experts. Some experts predict the
computers of the next century may have
billions of times more power because of
coming revolutionary replacements for the
transistor. These new devices will squeeze
even more power onto whatever replaces the
computer chip. In other words, industry
experts agree that the military will have
plenty of power for whatever it may dream
up. Project 2851, a new standard for digital
terrain, is already facilitating automatic
transformation of satellite information into
3-D virtual landscapes.? Extensive telecom-
munications, virtual reality, and computer
simulation for PME 2020 are assured.

But what of the costs associated with this
development? Again, analysis of today’s
technology cost trends predicts future cost.
Currently the price of computing capability
is reported as declining between 30 and 68
percent per year. ABC Evening News cited a
50 percent reduction in cost every 18 months.
Using this conservative rate, if the military
wants to determine what capability it will be
able to buy for each office or classroom for
$5,000 (94 dollars) in 2020, it should look at
the capability that $655,360,0003 could buy
today. Imagine the technology we could pur-
chase in this price range for each classroom
or each individual. Being able to use current
technology in this price range would mean a
significant difference in the office, home, and
school. It will give each student’s computer
greater simulation capability than the latest
simulators now used by the airlines or mili-
tary, including surround picture and close-to-
reality simulation. The technologies needed
for PME 2020 will definitely be affordable.

Today's existing technologies also provide
some specific examples and insight of what
is possible in 2020. These potential tech-
nologies will solve the information, people,
fiscal, and environmental problems of PME
2020. For example, potential technology
exists today to solve the information overload
problems of tomorrow. Human-computer
interaction devices will also aid the war
fighter in this area of information
management. In addition, both virtual reality
and worldwide instant access are assured.

Many current military personnel already
belong to wide-area networks such as Internet
and bulletin board services such as Compu-
Serve. These connectivity providers are
currently developing the next generation of
network technologies. This includes
automated aids used to find information and
people over the networks. These automated
aids are the beginnings of personally tailored
automatic assistants. Edify Corporation has
announced its “Information Agent,” which
gives users the ability to train computer
networks to automatically gather and analyze
data based on user demands.? Professor
Nicholas P. Negroponte, founder of MIT’s



Media Laboratory, stated, “We will soon have
personalized ‘newspapers’ coming over the
computer networks, with not only the news,
but also the ads, aimed at the individual.”®
Automated assistants with even greater
capabilities will ensure that each individual
in 2020 receives the most current and
relevant information—tailored to his or her
needs and background.

Many systems are now on-line to assure
instant access with other people and systems
around the globe. New Jersey Bell plans on
having all of New Jersey completely
fiber-cabled by 2010.6 Other companies in
the US and in most industrialized nations are
planning on doing the same, or in some way
providing the same level of connectivity.” For
those areas, however remote, that will not be
interlinked with cable, space will provide the
same functional connection through satellite
links. Commercial enterprises will send into
orbit a constellation of satellites that will
enable instant contact anywhere on the
globe, “a cellular system with very tall towers
called satellites.”8

All this information will be difficult to
assimilate. Virtual reality itself is being used
now as one solution to the information
overload. One method of employing virtual
reality as a “database navigating and mining
tool” is used on Wall Street for managing
stock portfolios. It uses a virtual world in
which stocks and groups of stocks are
represented by symbols of different color,
shape, position, motion, and other charac-
teristics. This enables a stock portfolio
manager to use the computer to generate
patterns and color changes that summarize at
a glance the health and trends of many more
stocks than could be managed as well by
flipping through files or complex computer
screens with tables of numbers.? It is easy to
see how this type of application could be used
to summarize much of the data that threatens
to overwhelm the military person.

Another emerging technology comes in
_the area of enhanced human-computer
Interactions. In 1993 these interactions
already included full-body suits for gesture
and other motion detection,!© computers

PME 2020 29

embedded in clothing,!! and experiments in
controlling computers by thought. Regarding

' the latter, the Alternative Control Technology

Laboratory at Wright-Patterson AFB, Ohio, is
making significant advances in mental
(hands-off) control of flight simulators. Grant
McMillan, director of the lab, stated:

All control is brain-actuated control, as far as
we know. All we're doing is measuring the
output at a different point. ... Twenty or thirty
years from now, we might be saying, “Gee, I'd
never want a pilot to control the stick with his
hands when he can do it so much better by
manipulating his brain activity.”!?

Manuel De Landa discusses many of the
military’s developments in hardware, soft-
ware, and even “wetware” [the implant of
technology directly into the body} in his book
War in the Age of the Intelligent Machine.!3 The
military services are actively developing
artificial intelligence and expert systems to
help humans to digest information and act on
it. For example, expert systems have been
developed for analyzing radar signatures,
labeling automatically generated maps,
analyzing battlefield situations and air-to-air
encounters (from command level down to
helping an outnumbered pilot survive an
engagement), planning for contingencies,
diagnosing maintenance problems on air-
craft, playing the role of intelligent opponent
in war games, developing attack strategies for
complex targets, helping to detect and
counter C3 countermeasures, providing
advice on allocation decisions, assisting
launch and recovery on carriers, and even
predicting likely locations and times of
outbreaks of violence.!4

By far, however, the most exciting concept
on our horizon is virtual reality. By 2020,
virtual reality, or whatever its follow-on is
called, will be ubiquitous. Military personnel
will be used to the technology and to the
capability it provides, a capability that will be
a natural part of their lives. Nintendo is
already reaching into the home with
first-person virtual reality games. Already
available are virtual reality eyeglasses with
built-in stereo sound systems, similar in
appearance to regular sunglasses.!> Also



30 AIRPOWER JOURNAL  SUMMER 1995

available is software for less than $1,500 to
build individualized virtual reality worlds, or
one may get a head start by buying prebuilt
worlds for $90 to $400 each. Although these
inexpensive hardware and software systems
don’t currently match the movie studio
multimillion-dollar systems, “they’re
sparking creative breakthroughs . . . and
they’re helping to drive the development of
an industry, a communication tool, and the
ultimate multimedium.”16

Joseph Henderson of Dartmouth Medical
School, looks at virtual reality in more
practical ways as he describes virtual
workplaces with virtual colleagues whose
“physical counterpart may exist in any of the
far-flung problem-solving teams deployed
anywhere in the world.” These virtual
coworkers will meet and work in virtual
hallways, virtual conference rooms, and
virtual laboratories.

One can as easily imagine a virtual high school,
technical school, or university, which provides
access to information and expertise that is
anywhere in the world. Even difficult concepts,
skills, and attitudes might be taught using
vivid, three-dimensional and tactile
representations of real world objects and issues.
This kind of learning environment could be
embedded in the work environment (even a
non-virtual one) much as today’s new
performance support systems provide on-line
training and reference on the assembly line.
The worker need not leave his or her workplace
to be trained; organizations need not establish
and support fixed training facilities and travel
costs can be reduced. Learning done in direct
context with work is likely to be more efficient
and effective.!”

The military has already laid the foun-
dation for the virtual reality world of the
future. For example, Navy, Marine, and Army
hospitals worldwide already use an
interactive video, text, sound, and graphics
system for training medical personnel in
preventive medicine and the treatment of
combat trauma in combat zones.!8

Virtual realities are a multimedia environment
that gives users the sense of participating in
realities different from their ordinary ones. . ..
Such simulations, when done well, should

provide to a user a sense of having a life-
experience: learning occurs at an essential level,
a fundamental change in attitudes and
behavior results.!?

Virtual reality, or “synthetic environ-
ments,” was listed in 1992 as one of the
Department of Defense’s (DOD) seven main
technology thrusts.?® Victor Reis, DOD
director of defense research and engineering,
stated, “The demands of fighting on those
battlefields [of the future], will be radically
different from today’s.” He also stated that
“synthetic environments represent a techno-
logy to let us learn how to use technology
better. It's that feedback loop that does it.”
Reis had recently testified, “Network simula-
tion is a technology that elevates and
strengthens the collective problem-solving
abilities of . . . design teams, manufacturing
teams, education teams, training teams,
acquisition teams, or war fighting teams.”
Finally, he pointed out that “another benefit”
of the synthetic environments is “cost
reduction.”2! Thus, by 2020, for cost and effi-
ciency reasons, military personnel will have
virtual reality experience and expectations—
expectations that will depreciate or reduce
effectiveness of any military education that
fails to use the learning interface to which the
students are used to.

We cannot overemphasize the importance
of and the many advantages of using virtual
reality and other interactive technology in
education. First and foremost, interactive
technology takes advantage of the strengths
of experiential learning. It also provides
flexibility. Well-constructed, interactive
technology lessons allow for tailoring lessons
to the individual, the individual’s learning
style, schedule, and the job at hand. Its also
timely. Updated information can easily be
dropped into the lesson and, if using a direct
mode of delivery, is instantly available with-
out waiting to deplete last year’s printing.
And finally, it's very student-centered. It can
be self-paced and take advantage of the
student’s existing knowledge—teaching in the
gaps. It can also provide personalized
immediate feedback for everything the
student does or asks.



Why Must the Present PME
System Change?

Now that we understand the technological
advances which are on the horizon, it’s easier
to see why the present PME system must
change. PME must respond to changes
surrounding three current and future issues:
the exploding technological and informa-
tional environment we’ve discussed,
evolving military personnel characteristics,
and continued fiscal constraints.

Challenges of Technological Environment

Obviously, the technological environment
surrounding military members will be very
different than the one today.??2 Even
assuming no revolutionary breakthroughs,
unlikely though that is, and only the
maturation of existing technologies, the
technology environment of 2020 will be a
rich one. It will include commonplace use of
artificial intelligence, intense miniaturiza-
tion, expert systems, virtual and artificial
realities, and automated “computer
assistants.” PME 2020 must harness this
technology to better educate the entire
military force.

Since the rate of change in technology and
the rate of growth in available information
increase every day, all the technological
advances mean that by 2020 information
needs will grow exponentially and the
amount of new information will be
astronomical. Without careful planning and
information-handling skills, the decision
makers of the future will be susceptible to
“analysis paralysis.”?3 There are estimates that
new information will double every few weeks
(or days) due to quantum leaps in technology
and the number of people using it. Instant
access to the information superhighway, the
Library of Congress, and numerous other
sources worldwide will create an information
overload almost unimaginable today. As the
American military increasingly depends on
technology and information to both deter
and win war, the military member must
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understand technology and information and
use them as the force multipliers upon which
the nation has come to depend.

Space, another critical element in any
future vision of the US military, provides
many examples of this current and coming
information explosion. One system of satel-
lites alone, set to launch in the 1998-2013
time frame, will generate more than 10
quadrillion bytes of information about the
Earth, “equal to about 10 billion books
(Library of Congress holds a mere 27 mil-
lion).”?* The “Clementine” mission, now
under way, is sending back 10,000 times the
imagery of its predecessor.?> “But sending
data-collecting satellites spaceward is only
half the task. Storing, analyzing, and rapidly
disseminating the information once it is sent
back will prove equally difficult.”2¢ “The
helical scan storage technology NASA
currently utilizes stores 45 terabytes [equal to
500 million pages of information] on top of
a desk.”?” Improvements in sensors make
more information potentially useful but also
make searching for it a much greater task.
How will future military analysts quickly
determine and locate the critical information
which can mean life or death and success or
failure in the combat environments of 2020?
The military education system must help
analysts and operational units by deter-
mining which methods and technologies will
be needed. PME 2020 needs to prepare the
future war fighter for these informational and
technological explosions because informa-
tion itself could be the next battlefield.

Personnel Attributes

Just as the informational and technological
environment will differ by the year 2020, the
characteristics of military members also will
be significantly different than they are today.
First, there will be fewer military personnel of
all ranks in 2020. Accordingly, the impact on
the unit of attending PME in residence will be
greater because there will be fewer people to
fill in for anyone going TDY or PCS to school.
Second, personnel will be located at
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geographically scattered stations in the US
and abroad, locations which may be very
different from those today. Third, there will
be fewer personnel of senior rank, officer and
enlisted, at any one location. This means both
a higher cost incurred for those who must
leave the unit for education or training and
also less chance of finding enough people of
a given rank to constitute a face-to-face,
on-location seminar. PME 2020 must be able
to accommodate this smaller, geographically
separated military force that may not be able
to afford the opportunity to attend lengthy
and costly resident PME. “In addition . . . in
2020, students will be more familiar and
comfortable with technology. For example,
they will have grown up with virtual reality
in the home and school. Personnel will also
be familiar with the blurring between work,
education, and home life and with the
multiple careers and diverse demands on
workers of 2020."28

Fiscal Constraints Increase

Another reason the PME system must change
is to respond to future fiscal constraints.
Military budgets, as a percentage of real gross
national product (GNP), will continue to get
smaller in the future. In particular, fiscal
constraints will continue to impact the
number of military members who will attend
or enroll in PME.?? Since there will be less
money to spend on travel, we can infer that
there will be fewer TDYs and PCSs to attend
PME and other specialized training and less
money for many kinds of equipment and
infrastructure. As the military appropriation
tracks downward, costs for technological
capability (desktop, especially) are falling
between 30 and 68 percent per year (and
appear to be able to do so indefinitely). There-
fore, fiscal constraints will mean increased
use of technology to cover for personnel who
are traveling or whose jobs have been
automated or eliminated. PME 2020 has to be
able to better educate more people with fewer
dollars.

What Should PME 2020
Look Like?

If we should have to fight, we should be prepared
to do so from the neck up instead of from the neck
down.

—Jimmy Doolittle

As a result of responding to these three
issues—the technological explosion,
changing personnel requirements, and the
increased fiscal restraints—PME 2020 will
need to have an entirely new look, feel, and
responsibility. Let’s look at areas of emphasis
for the new PME system, for while the present
PME system may be adequate today, it will
not be adequate in the future without these
significant changes.

First, PME 2020 must respond to the
information and technology explosion. One of
the first of these responses is that PME 2020
must teach the war fighter how to navigate
the information highways. Information
navigation (searching) skills will be critical
for all who expect to navigate the rapidly
increasing sea of information. PME 2020
problem-solving techniques will emphasize
the skills required to narrow the search for
critical information in the aircraft, ship, or
tank. The PME system will have to be much
more adaptive, enabling it to respond to this
ever-increasing and changing world of
information. PME 2020’s theme is capsulized
in the statement “Knowing the knowledge
terrain will be as important for third-wave
armies as knowing the geography and
topology of the battlefield was in the past.”

In addition, the new PME system must
maximize the technological environment
by keeping every military member “con-
nected.” “Virtual residency” is the linking of
telecommunications and computers in PME
2020. All 2020 military personnel will be
“connected” to databases through wide area
networks such as Internet. By the middle of
1993, Internet alone was already intercon-
nected with over 15,000 other networks and
over 20 million primary users.3? Internet’s
membership is currently growing more than
20 percent per month.3! Regardless of unit



location, military personnel will have access
to worldwide information networks capable
of two-way data, image, and simulation
transmission. “What telecommunications
does is to remarkably expand the quantity
and quality of information resources that can
be in a classroom,” says Linda Roberts, a
senior associate in the science, education, and
transportation program at the US Congress’s
Office of Technology Assessment. This
manifests itself in “the ability to work with
other classrooms, to expand the community
of learners, and to have real access to people
who know something.”32

The telecommunications aspect of PME
2020 will also have a positive impact on the
faculty. Edward Mabry, a communication
researcher at the University of Wisconsin,
noted that the strength of an academic
department today “depends on the extent
to which each faculty member is intercon-
nected with other professionals—worldwide—
pursuing similar interests.”33 Future tech-
nology will make for more of this than is
allowed by current technology and fiscally
constrained faculty travel opportunities.

Finally, PME 2020 needs to incorporate the
new technology in order to broaden its
horizons by becoming an open system that
educates everyone and provides a curriculum
that is continuously updated and distributed
using enhanced distance learning methods
known as virtual residency in PME 2020. Thus
PME 2020 should be an open education and
training program, a two-way gathering and
sharing between students and faculty who
simultaneously build an infrastructure on
the expectations and experiences from per-
sonnel at all levels. To efficiently use military
resources, information should be shared with
other military services and with civilian
institutions, especially in research and
curriculum development. For example,
history lessons might be developed by PME
academies or civilian institutions and then
shared among institutions. Current
commercial CD-ROMs already include disks
on almost every major war in US history as
well as information on the space system and
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military organizations may find that their
methodologies, information, and courseware
have commercial value.3*

These telecommunications and open
system aspects of PME 2020 could then
contribute to increased understanding and
support for the military, giving PME 2020 the
capability to reach larger audiences such as
the media, Congress, and the public at large.
A public better informed on military
capabilities, competence, and needs will be
beneficial for America, improving the
chances of continued public support for the
military. As Alvin Toffler observed, “Smart
generals understand all too well that wars can
be won on the world'’s television screens as
well as on the battlefield. . . . Media policy,
therefore, along with policies for communi-
cation and education, will together comprise
the main distribution components of any
overall knowledge strategy.”35 But respond-
ing to all of these technological issues is just
the first step for PME 2020.

Second, in responding to personnel challenges,
PME will have to make several more changes.
PME 2020 must tailor its education to
individual needs. It will have to become a
self-modifying educational system that
responds to the learning modes (such as
“visual” or “aural”) of each student and is
able to adjust its instruction as the data
changes from day-to-day. Faculty are then
free to concentrate on instructing at higher
levels of learning and developing courses for
entirely new areas of instruction instead of
chasing down items such as name changes of
countries, organizations, or weapon systems.
This tailoring of education to individual
needs can be accomplished by using the same
technology in PME 2020 that can be used for
on-the-job training and education (OJTE),
technology that transfers specialized or
general OJTE directly to the war fighter by
“beaming” it into aircraft, tanks, or ships.

Additionally, to meet the future personnel
challenges, PME must also take advantage of
the increased technological aptitudes of its
people. The pre-adult environment of 2020
military recruits will have habituated them to

military aircraft. Military schools and other | technology and to more readily accept
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technological changes; however, in 2020, war
fighters raised in this technologically rich
environment may or may not have all the
necessary skills to use all this information.
The current college generation is charac-
terized as “victims of declining educational
standards. . . . Three quarters of college pro-
fessors say students are ‘seriously
unprepared’ in basic skills.”3¢ PME 2020 must
be able to respond to the education and
training needs of these individuals. A system
that provides access to all resources at all
levels to all students is the best method to
counter any problems with basic skills.

PME 2020 will be a truly up-to-date
curriculum. First, since courses will be
available on demand, military members will
be able to learn skills and find information
when needed. Second, by establishing
expiration dates on courses with time-
sensitive material, PME 2020 will ensure that
currency is maintained and that graduates of
those courses are cued to their need for
refresher courses or repetition of the original
courses.

Another way the system responds to
personnel challenges is to contribute to the
recruiting and retention of the best-qualified
personnel. A policy letter from the secretary
of the Air Force cited concern with shrinking
forces and budgets and noted that “the
increasing frequency and duration of
deployments will eventually make retention
of high quality personnel more difficult.”37
The virtual reality, computer simulations,
and telecommunications technology
associated with PME 2020 could attract those
interested in state-of-the-art technology.’®
Research results indicate the environment
and opportunities of PME 2020 should be
conducive to retaining technologically
oriented individuals.3? In addition, the level
of technology represented in PME 2020 and
the ability for personnel to be in contact with
virtual seminars and research groups and to
continue instruction even while on deploy-
ment to remote regions could aid retention.

PME 2020 should also take advantage of a
changing work environment. Increasing
numbers of challenges such as new warfare

forms, combined with the technical environ-
ment, will mean that our people will have to
be "more comprehensively trained, less
specialized” and will have to cycle back
through school often during their careers.
They will need a “broader range of skills” in
order to be “more flexible.”¥ Virtual
residency will provide the means for military
members to accomplish those ends. But part
of the building of the PME 2020 system
should include implementing a change in the
workday/workweek paradigm to include
scheduling sacrosanct times (similar to the
“Minuteman Education Program”) for
individuals to attend PME 2020 courses.
Commanders must make the commitment to
education and training to ensure time is set
aside. PME 2020 must be as easy to schedule
and attend as a staff meeting, including
coordinating times for "virtual” seminars
with members at geographically separated
locations.

PME 2020 must also strive to continually
educate and involve every military member.
As Tom Peters states in his book Thriving on
Chaos, we must (1) invest in human capital as
much as in hardware; (2) train entry-level
people and then retrain them as necessary; (3)
train everyone in problem-solving
techniques to contribute to quality
improvement; (4) train extensively following
promotion to the first managerial job, then
train managers every time they advance; and
(5) use training as a vehicle for instilling a
strategic thrust.! This need to have a better
educated and trained force requires that all
military personnel receive their education
and training through a quality PME system.
The PME 2020 system will continue the
“seminar” experience through “on-line”
seminars and virtual residency. This
telecommunication aspect of PME 2020 will
provide PME continuing connectivity to
every military member, allowing individuals
to broaden their expertise and become
educated in areas outside of their primary
career fields. Additionally, there is a potential
for unique combinations of backgrounds and
interests working within the system on the
same project.



This concept of “continual” education will
use the above connectivity to achieve two
other key aspects of PME 2020: lifelong
learning and two-way involvement.
Individuals will no longer have long periods
of day-to-day jobs punctuated every five to
ten years with a formal school. Instead, PME
2020 will offer the richness of continually
updated courses of varying length on almost
any subject, including those vital to
improving day-to-day operations. Addi-
tionally, the opportunities for research (from
simple questions to complex issues) and
contacts with others will both increase the
expertise of and enrich the lives of military
members. Individuals with special skills or
interest would not have to stop their
involvement even with retirement. Also,
combining these opportunities with the
open-enrollment aspect of most PME 2020
courses greatly increases the chances for
cross-pollination between varied career fields
and individual backgrounds. This would help
the future military member to cope with
frequent career and job changes, and, accord-
ing to Alvin Toffler, it should improve the
strategic vision of future possibilities.*?

Finally, a third change for PME 2020 concerns
future fiscal constraints. PME 2020 must thrive
within fiscal constraints by improving results
while reducing costs in money and time. PME
2020’s potential accomplishments are
limitless; however, dollars required to
educate and train war fighters are finite. Due
to fiscal constraints, there will be fewer
high-priced weapon systems developed and
more frequent, incremental, technological
upgrades to existing systems. Often we’ll
have to rethink systems’ use and retrain
users—i.e., the war fighters and their support
personnel. For this situation, the virtual
reality learning environment is ideal. The
simulate-before- you-build principle explores
the problems, benefits, and trade-offs of
training people to use the new system,
educating leaders in employing the systems,
and experimenting with possible
countermeasures and limiting factors.43

In addition, PME 2020’s use of interactive
technologies for delivery of instruction can
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reduce costs and improve results. Some
studies demonstrate as much as 50 percent or
more reduction in time needed to learn
compared to conventional delivery.4 Digital
Equipment Corporation reported saving 40
percent of training time by using multimedia
instead of traditional classroom teaching. The
International Business Machines (IBM)
marketing education division reported time
savings of 40 percent.*’ Federal Express saved
60 percent of training time.%6

IBM is a prime example of how the inter-
active technologies might reduce military
costs and provide better results. IBM reported
an overall savings of more than $150 million
per year, with much of the savings coming
from 300,000 employees not traveling to
receive their instruction.4’” The military could
see similar dramatic savings by eliminating
much, if not all, of the physical residency
requirement for courses—and thus eliminate
much of the TDY, moving, dislocation, per
diem, and other costs of students attending
resident courses lasting from several days to
10", months. Virtual residency has the
potential to train more military members,
more effectively, for less.

Virtual residency, with a core curriculum
and consolidated resources, is in fact the most
important aspect of PME 2020. It allows PME
2020 to have a core curriculum integrating
land, sea, air, space, nonlethal, and informa-
tion warfare. And it allows the resources of
PME 2020 institutions to consolidate where
practical and to integrate the newest techno-
logical advances within the courses. Finally,
virtual residency is the main means of
educational distribution.

Obijections

I think the main failure of culture is the failure of
imagination. It's very hard to think outside the
boxes—cultural box, institutional box, political
box, religious box—that we are all, everyone of us,
imprisoned in.

—Alvin Toffler

As in all new ideas and changes from
long-held beliefs and ways of doing things,
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there will be hurdles to overcome before we
can successfully implement a new PME 2020
system. The first hurdle is resistance to
change from current training methods to an
interactive technology.

What are the most common reasons given
for not using interactive technology or for
resisting its inclusion in educational pro-
grams? According to a study*® by the Business
Research Group of Newton, Massachusetts,
the following were the obstacles to
implementing multimedia applications:

Obstacle F Percent
Cost s
Equipment T 19 4
e I
Lack of expertise | 13
Training | 11
Lack of industry standards s ‘ 8
[ Managemept resistance 7 J 7 —j
| Time | 6 4
Inadequate applications . ;
| No obstacles 9
! Other 4

As previously discussed, the equipment
will be affordable. As the equipment becomes
more user-friendly, lack of expertise and
training will be less significant. Industry is
currently developing the standards. There-
fore, management resistance seems to be the
most significant factor. Promoting the
advantages and applications of this techno-
logy is the only way to overcome the mind-
set. For example, a survey of national business
leaders and trainers regarding what methods
best improved 41 key business skills revealed
that 32 of the skills were best taught using
experiential exercises and/or simulations.
Lecturing was judged best for one skill—
listening reflectively. The remaining eight
skills were judged best taught using case
studies (which also could be done very easily

in the virtual seminar environment). The
business leaders also rated the skills in impor-
tance. The four top-rated skills—to adapt to
new tasks, to make decisions, to organize, and
to assess a situation quickly—were all con-
sidered best taught by simulations.4® But even
with demonstrated strengths of the
methodology and technology, there will still
likely be resistance on at least some level.

Del Wood, IBM design specialist, stated
that among the Fortune 500 companies in
which he has helped implement multimedia,
he has frequently encountered two types of
resistance. One type resulted from intoler-
ance of delayed gratification when the users
must wait for the payback on investment
until after development of lessons and
schedules. The other type of resistance was
the result of “a fundamental human aversion
to change” caused by multimedia lessons
requiring a different set of skills, orientation,
and commitment.

Mr Wood pointed out that the diverse
skills and resources needed for good interac-
tive courseware require “multiple champions
and visionaries to implement a change.”0
This need for champions is one the military
must address. By fostering a continual,
though gradual, conversion of methodolo-
gies as the military education system marches
toward 2020, the system will grow the
champions as the interactive system grows.

The move toward this process has already
begun in the military. For example, the Air
Force Institute of Technology (AFIT) began its
nationwide distance education course in
systems planning and management last year.
Serving over 7,200 students, it should have a
cost benefit of $20 million over six years.>!
Also, AFIT has an ongoing professional
continuing education program, making use
of satellite links throughout the Air Force.
This type of distance learning, in addition to
being more cost-efficient, will be more
effective in accomplishing joint education
and training. The services are looking more
and more at sharing education tasks and
resources to achieve those cost benefits,
especially with distance education.®? In 1992,
Maj Gen Larry Day, deputy chief of staff for



technical training in what was then Air
Training Command, stated,

In the next decade, more and more training will
occur away from traditional training sites. . . .
The concept [distance education] will save on
travel and per diem costs and should be a
routine training technique for all the services
within a decade. . . . The effort [to share training
across services] is led by a little-known group
called the Interservice Training Review
Organization.33

Another concern over PME 2020 is the
belief that distance learning takes away from
personal contact, the key value of PME.
However, even without the existence of the
virtual reality of 2020, current connectivity
has already demonstrated that interactive
communication through electronic means
may lead to even greater openness and under-
standing than face-to-face communication.
This is due to the entirely egalitarian nature
of the interaction, which eliminates many of
the intimidating and inhibiting factors of
face-to-face communication in the same
room. For example, in 1993 one of the top
“head hunter” executive recruiting firms, as
a cost-cutting measure, began providing
videoconferencing technology for client
companies to use for interviewing top-level
candidates, a situation where “every nuance
of face-to-face communications is crucial.”
The vice-president of the recruiting company
was surprised at the results: “Initially we
thought they would interview candidates and
then fly in the final candidate, but in many
cases candidates have accepted the job right
over the ConferView. They were more
comfortable than we thought they would
be.”3% Interpersonal skills apparently can be
communicated over the electronic medium.
Coincidentally, the above firm estimates it
will save clients $135 million this year in
reduced travel costs.

Second, by 2020, virtual reality will pro-
vide the stimulus of co-location. MIT already
is working on computers that will read
subtleties of facial expression and voice and
duplicate them on computer-generated
representations of individuals involved. MIT
researchers are even teaching the computer to
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recognize the difference between a genuine
and a fake smile.33

Third, the virtual classroom may be
supplemented, at least at first, by a physical
meeting of the participants. This meeting will
likely be of a short-orientation nature. For
example, designated virtual seminar mates,
spanning services and nations, may meet for
two weeks of orientation at the beginning
(and perhaps annually) of a three-year virtual
seminar course. This physical meeting should
enhance and personalize the computer repre-
sentations of each of the seminar members.
Even today’s virtual reality simulators already
allow participants to quickly dismiss any lin-
gering artificialities. Bruce Sterling reported
on Army tank crews and their virtual reality
experiences:

Group by group, the dead tank crews filed into
the classroom and gazed upon the battlefield
from a heavenly perspective. Slouching in their
seats and perching their forage caps on their
knees, they began to talk. They weren’t talking
about pixels, polygons, baud-rates, Ethernet
lines, or network architectures. If they’d felt any
gosh-wow respect for these high-tech aspects of
their experience, those perceptions had clearly
vanished early on. They were talking
exclusively about fields of fire, and fall-back
positions, and radio traffic and indirect artillery
strikes. They weren’t discussing “virtual
reality” or anything akin to it. These soldiers
were talking war.>¢

A third concern about distance learning (or
for our purposes, virtual residency) is that it
reduces student interaction with the faculty.
In this case, however, the facts argue that
increased connectivity will mean even greater
interaction with faculty, with more efficient
use of student and faculty time, by using
on-line multiparty interactive or virtual
conversations. In addition, there will be
increased access to experts not on the
“resident” faculty but merely available to
answer questions in their particular area. This
is a critical aspect of PME 2020 when one
considers future reductions in the numbers of
military experts and in the funds for hiring
full-time civilian (including retired military)
experts. Will PME schools and courses be able
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to afford full-time subject matter experts for
each particular weapon system, culture, or
strategy? The virtual residency, expert
systems, and telecommunications aspects of
PME 2020 guarantee these experts, or at least
their knowledge, will be available on demand
for the future war fighter.

Additionally, students can use virtual
reality to talk with Caesar and Napoléon.5’
These “virtual” leaders will be programmed
with all the anecdotes, paintings, photos (if
available), film, video, and books about
them. MIT and other labs are working on
programs to create “virtual” people that seem
alive in virtual reality environments. At MIT,
the research project is appropriately named
ALIVE.®8 Children’s games are already using
the beginnings of this technology to
introduce students to historical figures. To
reduce artificiality, computer software
makers in Japan are now producing inter-
active computer programs in which the
characters’ lips are in synch with the words
they speak.>°

Looking toward the Future

Victory smiles upon those who anticipate the
changes in the character of war, not upon those
who wait to adapt themselves after the changes
occur.

—Giulio Douhet

PME must begin changing now to ensure
that it maintains capability and relevance to
positively impact the future war fighters and
guarantee their ability to contribute to
national security. A successful PME 2020
system depends upon taking advantage of
existing or emerging technology and
operational exploitation opportunities. The
military must now begin planning for PME
2020. First, an office of primary responsibility
(OPR) must be appointed to oversee and
implement the changes. This OPR will also be
a liaison between the PME system and civilian
education systems and emphasize usability
and commonalities to both worlds. The
military needs to immediately establish at
least a temporary home for a central

repository of military and civilian research
and proposed solutions regarding questions
raised in this paper about potential
technologies. Air University (AU) could be
that initial repository, and it could establish
an on-line list of people and organizations
now researching PME-related areas. AU could
then develop this central repository and
on-line capability with current technology,
needing only computers, large storage
devices, and on-line connectivity for
incoming and outgoing information and
questions. As the military builds toward PME
2020, there will be a continual need to know
what the most promising upcoming potential
technologies are and how best to apply them.
To avoid being placed in a reactive catch-up
mode, military educational institutions must
take steps now to become proactive—leading
the way, instead of being dragged, into the
next century.

Second, working groups must be formed to
recommend changes to the PME infra-
structure. The first requirement for initiating
infrastructure changes is continuing to
research the educational and technological
environment and to determine which
structures will lend themselves best to rapid
adaptability to technology. PME working
groups made up of various career fields,
having a variety of skills and interests can
serve as the initial catalyst for the forming of
PME 2020 to recommend what funds are
required to purchase technology and develop
points of contact at military and civilian
institutions.®°

Third, emerging technologies need to be
monitored constantly for developments that
might aid PME programs to teach military
members how to effectively and efficiently
manage the coming flood of raw data. Con-
tinual connections and computers respond-
ing to thoughts (although limited at this
time)®! are only two examples of emerging,
evolutionary technologies that are allowing
knowledge-level information to become
largely the responsibility of computers rather
than the responsibility of individuals. Regard-
ing continual human-computer connectiop,
“nearly every major computer company 1s



currently developing wearable hardware. . . .
The Tender Loving Care PC for paramedics
features a screen embedded in a pair of high-
tech glasses and a hand-held sensor to measure
the patient’s vital signs.”®2 These devices may
not have an immediate application for the
PME system, but they nevertheless will have
an impact on it.

Finally, the path to a successful PME 2020
will depend upon the quality improvement
process to generate better ways to perform
the education mission. In fact, some
organizations have already started to shift
direction to take advantage of the near-term
technologies and the operational exploita-
tion opportunities they afford. The Air War
College Organizational Plan includes
initiatives for a teleconferencing capability
and for an interactive simulation link
between the senior service schools. However,
money is still needed to implement these
initiatives. Also, the scope of these actions
needs to be extended. The justification for the
interactive, linked capability applies to
personnel other than just the senior officers,
and to subject matter other than just war
gaming:

Given the mandated decline of precious
resources and personnel, it is in the best interest
of our nation to provide our officers with every
opportunity to practice in peacetime the
combat decision-making they must employ in
time of war. As war fighting continues to
become more complex, senior leaders need
experience translating national level decisions
into operational action. This exercise of
operational art requires not only development
of plans and campaigns, but more importantly
the opportunity to manage and execute those
plans and campaigns. Educational wargaming
provides this vitally important opportunity,
and because it is process oriented, it improves
war fighting, combat decision-making metho-
dology. Compared to costly field training
exercises, wargaming can provide a low-cost
and certainly more efficient environment
wherein officers can practice in peacetime the
skills they will need in combat 63
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Conclusion

Our military forces will be much smaller
in 2020, yet the world will still be a dangerous
place. In addition, space joins land, sea, and
air as a conflict medium as competition
among nations in space increases. This
environment, coupled with the information
explosion, the changing characteristics of
military personnel, fiscal constraints, and
significant technological advances, will
require a much more educated and trained
force if America is to remain a military
superpower in the twenty-first century.

To meet this requirement, we will have to
change policies and processes. While
technology developments will determine the
possible ways of delivering education,
educational policies and processes will
determine (1) who is educated (everyone or a
select few), (2) when military members are
educated (at specific times for all, or at
appropriate times throughout each
individual’s career), and (3) where military
members are educated (in-residence or
through virtual residency).

The primary method of ensuring PME
2020 can meet the above needs and is
relevant to the war fighter is through the
efficient and effective use of leading-edge
technology. As Col John A. Warden III,
commandant of the Air Command and
Staff College, stated: “PME must be on the
cutting edge of technology if it is to survive
as an institution in the future.” Let us not be
like the University of California professor 100
years ago who, in an issue of Popular Science,
retracted his 1888 statement that self-
propelled flying machines were “impossible”
by saying that “while possible, the
engineering difficulties are enormous and
possibly insurmountable.” Nine years later
he was proven short-sighted at Kitty Hawk.54
If we fail to take steps now to prepare for what
technologies and processes must be
developed for future education and training
programs, we too will be viewed in future
years as short-sighted. []
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SPACE LIFT

Suborbital,
Earth to Orbit,
and on Orbit

VISION FOR THE FUTURE: In 2020,
aerospace forces will be a reality. A
notional composite aerospace wing,
based in the continental United

States (CONUS), would include a squadron
of rocket-powered transatmospheric vehicles
(TAV). These Black Horse! vehicles, derived
from the Question Mark 22 X vehicle (fig. 1)
and described later in this article, will be
fighter-sized airframes capable of placing an
approximately §5,000-pound payload in any
low earth orbit (LEO) or delivering a slightly
larger payload on a suborbital trajectory to
any point in the world. Black Horse vehicles
could accomplish either task within one
hour of completion of mission planning, as-
suming that the payload was available at the
base and the vehicles were on alert. When
operating in support of a war-fighting com-
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mander in chief (CINC), the aerospace wing
will thus have the capability to put mission-
specific payloads on orbit (mission-tailored
satellites) or on target literally within a few
hours of identification of a need. Most mis-
sions—except some suborbital operational
and ferry/deployment missions—will require
aerial propellant transfer from modified KC-
XX aircraft. These aerospace craft will use
noncryogenic propellants—standard jet fuel
and hydrogen peroxide—and will be de-
signed for maximum logistics compatibility
with the rest of the wing.

Maintenance and ground operations for
the TAV will require no greater specialized
skills than those for any other aircraft in the
wing. TAVs returning from a mission would
normally be serviced and returned to ready-
for-flight status in less than a day and could
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Figure 1. The First Black Horse TAV: “The Question Mark 2" X Vehicle (Planform Comparison
with F-16C) (From a conceptual study done by W. J. Schafer and Associates and Conceptual
Research Corporation for Phillips Laboratory, January 1994)

be surged to fly multiple missions per day if
necessary. If tankers were prepositioned in-
theater, TAVs could also fly high-priority,
global, cargo-delivery missions.

To fully exploit the TAV'’s capabilities, de-
signers will adopt a new approach to satellite
design—one that maximizes use of advances
in miniaturization and modularity. Most
space systems’ designers thus will take ad-
vantage of the vastly lower cost-per-pound to
orbit (less than $1,000 per pound) that the
TAV concept provides. Orbital payloads that
are too large to fit in a single TAV can be de-
signed as modules, launched in pieces, and
assembled on orbit.3 Some high-value satel-
lites will be serviced, repaired, and modern-
ized in space by space tugs, which will move
payloads launched on the TAVs to the mis-
sion orbit. With space launch and opera-
tions made routine by the TAV, multiple new
uses for space systems will emerge, and the
design cycle for new systems will be greatly
reduced. Such systems will be less expen-
sive, simpler, and quicker to make; they will
also cause less concern if one does fail and

will allow more rapid inclusion of emerging
commercial technologies.

The ability to orbit, upgrade, or even re-
trieve dedicated, special-purpose, space-sup-
port capabilities quickly and (relatively)
inexpensively will dramatically change space

operations. Satellites will perform naviga-
tion and most housekeeping functions
autonomously. Central ground sites will

monitor, update software, and assist these
satellites in identifying repair requirements.
Theater forces will task the mission payloads
on these satellites directly by using deploy-
able ground systems that require less lift
into theater than 1990s communica-
tions/data-display terminals. The result will
be an array of space systems and operations
that are fully integrated into global opera-
tions.

This description is not science fiction. It
is an entirely plausible outcome of the devel-
opment program described in this article.
The initial reaction of many readers to these
assertions and to the Black Horse TAV con-
cept in general is that it is too good to be
true and that the claims are reminiscent of
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shuttle or national aerospace plane (NASP)
promises. In fact, Black Horse is substan-
tially different in concept from either of
those systems, and the numbers and asser-
tions presented here are based on a prelimi-
nary but iterated design (i.e., several steps
beyond a point design) performed by techni-
cally credible engineers. Following a brief
discussion of the current lift problem, the ar-
ticle explains the steps needed to produce
operationally effective TAVs and associated
capabilities.

Problems with Space Lift

The United States must have assured and
affordable access to space to expand or even
sustain space operations. This means being
able to place useful payloads in all relevant
earth orbits with high probability of launch
success and operation on orbit within hours
instead of months or years. It also means
the ability to operate flexibly in and through
space to accomplish both manned and un-
manned missions in support of US national
and military objectives.* By almost any
measure, the current US space-lift (earth to
orbit) capability is not sufficiently robust.
Worse, it is not improving. Suborbital (op-
erations through space) and orbital maneu-
vering capabilities are almost nonexistent. If
the United States is to make full use of space
in the next century, military planners must
address these shortfalls.

This article proceeds from the assumption
that assured access to space is crucial for
many reasons: to enable future innovative
ways of supporting combat forces, to
counter threats from unfriendly space-faring
nations, and to create the conditions for a
commercial market that may ultimately sup-
port and drive rapidly evolving space tech-
nologies. Numerous studies’® are available to
support this assumption. Ultimately, ex-
panded military, civil, and commercial use
of space depends on assured and affordable
access to space.

A review of the limitations of current

launch systems suggests several specific
problematic areas:

1. Current systems have severely limited
abort capability because of such things as
their predominantly intercontinental ballis-
tic missile (ICBM) heritage and the use of
solid rocket boosters.

2. Use of disposable hardware, man-
power-intensive operations, and the design
of US lift systems in general result in large,
recurring launch costs.

3. There is little or no standardization of
launch vehicles, their interfaces, spacecraft
buses, or payload interfaces.6

4. Tailoring rockets to fit payloads is
costly, wasteful, and unnecessary.’

S. Solid rockets and disposable hardware
are generally not environmentally friendly.

6. The current huge and highly special-
ized launch infrastructure (ranges, launch-
pads, personnel, etc.) causes expensive,
lengthy, and unresponsive launch schedules.
Unless an alternative is discovered, this
launch infrastructure will be archaic well be-
fore 2020.

7. Space-launch and operations proce-
dures are overly complex and nonstandard,
requiring “white-coat” specialists instead of
“blue-suit” operators.

8. Launch operations are “serial” events.
One payload and one (dedicated) launch ve-
hicle are readied interdependently and step-
by-step, a process that does not allow
parallel preparation of spacecraft and launch
systems for flexible launch scheduling.

9. The US does not have a flexible, opera-
tionally responsive space-launch system or
the capability to reconstitute even a limited
capability on orbit in response to a crisis or
loss (deliberate or accidental) of any US
space system.

This article does not propose a new na-
tional space policy, a new space-lift policy,
or a “silver bullet” solution that provides un-
limited or unconstrained lift. Rather, it pro-
poses an alternative architecture of space lift
and suborbital and on-orbit vehicle capabili-
ties that will enable the country to perform



new missions in space, provide a responsive
and resilient space-lift/operations capability
that is increasingly acknowledged as militar-
ily essential,® permit an escape from the
current vicious cycle of cost-weight-size-
complexity-risk-delay that frustrates US gov-
ernment space systems, and offer the
potential for future commercial exploitation
that not only would result in vast new com-
mercial opportunities, but also would logi-
cally drive development of even better
space-system capabilities.

This article proposes a space-lift system
that can put usable payloads on orbit afford-
ably, has extremely high operational utility,
is responsive, requires little or no specialized
infrastructure, operates like an airplane, and
has the potential to change the approach to
space as surely as the DC-3 changed air
travel. It also addresses potential suborbital
missions that such a system would allow;
discusses different ways of deploying, servic-
ing, and redeploying space assets once they
are on orbit; and explains why this is desir-
able in some (but not all) cases.

If our nation has no desire for expansion
in the use of space (either militarily, scien-
tifically, or commercially), it can no doubt
continue tinkering with existing launch
systerns and gradually refine procedures to
gain small, incremental improvements in
efficiency. This would commit the United
States to an ultimately self-defeating cycle:
the continuation of increasingly large and
complex space systems—technologically ob-
solescent as soon as they become operational—
and ever fewer yet higher-performance
launch systems to put them on orbit. The
great risk, cost, and difficulty of replacement
associated with failure of one payload dur-
ing launch or while on orbit demand increas-
ingly burdensome and unwieldy oversight
focused on ensuring that nothing can possi-
bly go wrong. In other words, not only will
a policy of business as usual not enable a
breakthrough in the use of space, it may ulti-
mately cause some existing uses of space to
become unaffordable and unattractive.

The SPACECAST lift team recommends
that the Department of Defense (DOD) pro-
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ceed with a modified space-development
program that emphasizes the lift and on-or-
bit operations technologies highlighted in
this article. This program must emphasize,
above all else, increased operational flexibil-
ity and a concomitant reduction in special-
ized infrastructure. The top priority should
be an X program to demonstrate the validity
of the Black Horse TAV concept. The entire
cost of such a program would be less than
$150 million (by comparison, a single Titan
IV launch costs $325 million).? This type of
system, although not capable of meeting all
lift requirements, offers great potential for a
breakthrough in making space operations
routine and introduces multimission capa-
bility. It stands above all other space-lift
ideas that have been evaluated.

Missions

The TAV, like the airplane before it, has
the capability to perform many different
types of missions. The TAV concept is not in-
tended to be all things to all people; in fact,
SPACECAST explicitly recognizes that one
system is unlikely to fully satisfy mission
needs in every area. However, the TAV can
perform a subset of missions across several
mission areas. In this sense, it is like the C-
130 aircraft—basically a transport airframe
but with AC-, EC-, KC-, MC-, and other ver-
sions. SPACECAST believes that the TAV can
improve on this by using modular, inter-
changeable mission modules (satellite or
weapons dispensers, for example) so that the
same airframe—flying very similar mission
profiles—provides a flexible, responsive, mul-
timission capability. This capability provides
tremendous leverage in achieving global
reach—global power and contributes to the
overall SPACECAST concept of “global view.”

The core of the proposed space-lift and
transportation architecture is an innovative
space-access capability that can operate like
an air-transportation system. The US space-
transportation capability of the future
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should include systems for moving payloads
around, within, or through space (suborbi-
tal, orbital, or return from orbit). SPACE-
CAST 2020 proposes pursuing a space-lift
development strategy that provides solutions
to the country’s most pressing problems,
while encouraging (but not assuming) fu-
ture quantum improvements in space-trans-
portation technology.

Space Lift

If launch of a satellite becomes a less com-
plex, less time-consuming, and less costly
task, engineers can design spacecraft for
shorter lifetimes with ease of upgrade or re-
placement. Shorter lifetimes would reduce
fuel requirements, much of the onboard re-
dundancy, and other elements related to de-
sign life. Designers could avoid much of the
current cost redundancy and complexity,
creating smaller, less expensive, and more
technologically up-to-date systems. Evolving
toward such systems would make replace-
ments easier to produce and launch, and the
consequences of an on-orbit failure could be
remedied as soon as a satellite was available.
Satellites that must be large (e.g., optics—
such as the Hubble telescope—that do not use
interferometry) could be designed modu-
larly and assembled on orbit. To take full
advantage of this capability, the US would
have to revisit most of its basic assumptions
about space operations, starting with the
type of space-lift system.°

It is important to note that a single sys-
tem will not satisfy all needs, just as variants
of a single airframe do not perform all air
missions. For example, a Black Horse TAV
will probably never launch a military strate-
gic and tactical relay satellite (MILSTAR).
Also, transitional measures may be necessary
to preserve operational capabilities until
new technology systems come on-line. This
will undoubtedly include expendable launch
vehicles in the near term. SPACECAST be-
lieves that the approach outlined below,
while not addressing all space-lift problems,

provides the maximum potential payoff for
2020 and beyond.

Any proposed lift system must address the
operational concerns and problems high-
lighted earlier. Specifically, to be militarily
useful, a future lift system must be respon-
sive (capable of launch on demand), highly
reliable, able to abort a launch without de-
stroying the vehicle (soft abort), resilient,
flexible, logistically supportable, and easily
operated. An overriding concern for all us-
ers—military, civilian, or commercial—is that
the system be affordable. These factors can
be difficult to translate into specific num-
bers, so—rather than setting quantitative
goals—this article seeks a system that offers a
recognizable, qualitative improvement in the
launching of payloads into space. Numbers
relating to the initial design of the Black
Horse TAV are mentioned here, but they
show the capabilities of an X vehicle de-
signed with current technologies and should
not be interpreted as the upper limit of the
vehicle’s capabilities.

Force Application

A version of the TAV contributes to our na-
tional military strategy by allowing the
United States to rapidly respond worldwide
to future threats with overwhelming offen-
sive firepower. It provides the national com-
mand authorities (NCA) and the CINC the
ability to accomplish strategic-level effects in
about an hour without using weapons of
mass destruction. Rapid vehicle recovery, re-
arming, and relaunch on subsequent mis-
sions allow the CINC to continue the
offensive through decisive follow-on attacks,
thereby reducing the effectiveness of enemy
interference with reconstitution and recov-
ery attempts. Such a vehicle has the poten-
tial to escalate the pace of war fighting
beyond SPACECAST'’s projection of future
threat capabilities. The system capitalizes on
three specific offensive advantages.

Speed and Surprise. The greatest single
advantage of this weapon is surprise. Strate-



gic surprise results from the ability to strike
enemy targets at any depth with little or no
warning. Because kinetic energy multiplies
the effect of weapons delivered from a sub-
orbital trajectory, the weapons themselves
can be small (e.g., brilliant micromuni-
tions); therefore, a single vehicle could si-
multaneously strike a large number of
targets. Operational surprise results from
the rapidity of the completed attack, which
may be timed to catch an adversary in the
process of deployment or employment of in-
adequately prepared forces. Tactical surprise
results from a variety of suborbital profiles
that these vehicles can use to exploit gaps in
an enemy'’s defense. The speed of the sys-
tem—the ability to put force on target any-
where in the world in a matter of
minutes—also converts the global reach of
the system into a form of “presence” that
does not require constant forward deploy-
ment of forces.

Mass, Economy of Force, and Persistence.
This concept can rapidly complete a strategic
attack on multiple (perhaps even mul-
tithousand) aiming points with a small fleet
of appropriately armed TAVs. The exact
number will depend on vehicle payload ca-
pacity, final weapons designs, and cost.
Rapid revisit times allow continued pressure
on the enemy. The concept also contributes
to solving the current concern of handling a
number of major regional contingencies,
since the surge rate of the weapon system
should allow destruction of at least two
widely dispersed regional opponents’ key
centers of gravity within several days. Fi-
nally, the simultaneous presentation of
thousands of small reentry vehicles to a sur-
prised and defensively helpless adversary will
likely overwhelm him, thus ensuring the
success of our nation’s objectives.

Synergy. The vehicle’s ability to employ a
variety of weapons allows tailored effects to
prepare the battlefield for other weapon sys-
tems or to act as a force multiplier, allowing
ground, air, and sea forces unimpeded access
to the battlefield to accomplish follow-on
missions. Results can also provide synergis-
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tic effects for other national instruments of
power.

On-Orbit Operations

Putting things on orbit (into LEO, in par-
ticular) does not always satisfy operational
demands. Some satellites must be lifted to
higher orbits, and some key space assets may
require redeployment from one operation to
the next (altering orbits). Missions to re-
trieve high-value assets for repair or upgrade
(remotely on orbit, at a space station, or
back on earth); to resupply space platforms
with things like fuel, food, or weapons; or
even to collect space debris and “dead” satel-
lites from highly populated orbits are also
possible.

As a result, the US may need a system of
transportation between LEO and other or-
bits. This is essentially an extension of con-
cepts already studied by the National
Aeronautics and Space Administration
(NASA) and DOD. The SPACECAST team be-
lieves that these types of systems comple-
ment any lift concept, permitting either
larger payloads for a given booster or the
launching of a given payload on a smaller
system. For the TAV concept, postulation of a
separate on-orbit transportation system
opens up additional missions, but it is not a
requirement for the TAV's performance of
the basic missions described here.

The Vehicle

Design of a vehicle to accomplish multi-
ple missions is seldom easy. The history of
the F-111 aircraft serves as a strong warning,
as do our nation’s unsuccessful efforts (thus
far) to accommodate all space users’ launch
requirements on a single vehicle.

The critical factor in designing an aero-
space vehicle is ensuring that the mission
profile (range, maneuverability, type of pay-
load, etc.) and the performance requirements
(speed and amount of payload, among oth-
ers) of the proposed multimission vehicle
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are compatible. If they are, increased opera-
tional flexibility and cost savings through
common logistics and operational proce-
dures become possible. The SPACECAST
teamn believes that this is the case with Black
Horse vehicles for both the launch of space-
craft and the suborbital delivery of weapons
or cargo. As mentioned earlier, the C-130 is a
good analogy in terms of design philosophy:
simple and as rugged as possible, not neces-
sarily the highest-performance system, but
inherently capable of multiple missions.

Space-lift Options

The size of the payload put into orbit by a
launch vehicle should not drive the launch-
systemn design. In fact, small spacecraft have
many potential advantages, mentioned ear-
lier. Cost-per-pound to orbit should be a key
measure, and if the cost is low enough, al-
most any mission payload can be repackaged
to fit a smaller launch envelope or accom-
modated on several launches, if need be.
Those payloads that absolutely must have a
launch vehicle of a specific size will prob-
ably never be affordable, although overrid-
ing national security concerns may still
require their launch.

The strategy advocated here—reducing
payload size for a system that produces low
operating costs—rests on four assumptions.
First, the technology that drives space pay-
loads (sensors, electronics, software, etc.) is
advancing rapidly—even accelerating. This
makes large, complex satellites (because of
their lengthy cycles of design and construc-
tion) more vulnerable to obsolescence on or-
bit and favors an approach that regularly
places more up-to-date systems on orbit.
Second, these same technological advances
increasingly allow more capability to come
in smaller packages.  Modularity, inter-
ferometry, bistatic radar techniques, and
other technologies may even allow things
traditionally believed to require large, mono-
lithic platforms to be put in space incremen-
tally and either assembled on orbit or
operated as a distributed system. Third,

economies of scale have proved elusive in
space systems. Large boosters are not appre-
ciably (an order of magnitude) more cost-ef-
fective (dollars-per-pound on orbit) than
small boosters, and no projected demand or
incremental improvements will significantly
(again, by an order of magnitude or more)
reduce the cost of current boosters. Finally,
military space operations will be increas-
ingly subject to fiscal constraints because
many national security requirements may no
longer justify performance at any cost.

Despite these assumptions, several possi-
ble alternative systems exist, most of which
are familiar. They include Pegasus; Taurus;
other light, expendable launch vehicles; con-
verted sea-launched ballistic missiles; hybrid
(mixed solid-liquid propellant) rockets (also
expendable); a variety of reusable vehicles
from NASP-derived systems to DC-X-derived
single stage to orbits (SSTO); carrier-orbiter
concepts such as the German Sidnger and
Boeing's reusable aerospace vehicle (actually
a trolley-launched systern); and even cannon
or rail-gun launch (table 1).

Which System Is Best?

Most alternative systems actually do not of-
fer a qualitative difference in the launching
of satellites. Pegasus, Taurus, other expend-
ables, and hybrid rockets fall into this cate-
gory. A qualitative difference is important
because even the most ambitious recom-
mendations for improved conventional (ex-
pendable) boosters do not offer more than a
50 percent reduction in cost-per-pound to
orbit!! and in most cases still rely on anti-
quated range-support systems and—to a
lesser extent—launch procedures. Small ex-
pendables, though more flexible and more
operationally effective than large boosters,
typically cost even more per pound to orbit.
In making a system-acquisition decision,
planners must carefully compare the life-cy-
cle costs of reusable systems with those of
mass-produced expendables—a comparison
that is beyond the scope of this article. It is
worth mentioning, however, that one of the

' hidden costs of expendable rockets—particu-
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System DC-X Black Sea Gun
Capability SSTO Horse Pegasus Taurus Launch Launch
Respon- Good-
sivegess Good Excellent Excellent Poor-Good | Poor-Good | Excellent
Flexibility Good Excellent Fair Poor Fair Poor
Soft abort Fair-Good Excellent None None None None
Resilency Fair Good Fair Fair Fair Good
Logistics Fair Good Fair Fair Fair Poor
Reliability Unknown Unknown Fair Fair Fair Unknown
Ease of _ - _ _

operations Good Excellent Fair Fair Fair Fair
Environ- Good- Fair-
mental Excellent Excellent Poor Poor Poor Excellent
Cost (Ibsto | Good- Good-

orbit) Excellent Excellent Poor Poor Poor Excellent

larly those using solid propellants—is envi-
ronmental. Although difficult to assess, ad-
verse environmental impact may be an
overwhelmingly negative factor in the mass
use of small, expendable launch vehicles.

Cannon/rail-gun systems may be attrac-
tive in terms of cost-per-pound to orbit but
have some severe limitations. Payloads must
withstand accelerations of 1,000 Gs or
greater (this does not facilitate building less
costly satellites with fewer constraints on the
use of commercial parts), and the US would
become more—not less—dependent on spe-
cialized infrastructure. Barring a revolution-
ary advance in propulsion technology
(which is as unlikely in the next 20 years as
it is unforeseeable), the SPACECAST team be-
lieves that fully reusable lift systems inte-
grated with mainstream aerospace
operations offer the best hope for qualitative
change in space lift.

|
|

Problems with Reusables and
General Design Goals

From basic intuition through the justifica-
tion for the space shuttle to the most recent
studies,'? fully reusable systems offer the
greatest operational flexibility and potential
cut in launch costs. Three problems con-
tinually recur: (1) how to build a system
that is completely reusable and has accept-
able performance; (2) how to justify the
nonrecurring costs (infrastructure invest-
ment as well as hardware development) to
get the eventual benefits of lower recurring
costs; and (3) how to reduce recurring costs
to the point that one can expect an eventual
payback. The space shuttle’s problems in
these areas and others have disillusioned
people, but a radically different design may
finally vindicate the notion of a reusable
launch system.

Problems with fully reusable launch vehi-
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cles may stem from misplaced attachment to
old paradigms of space systems (e.g., at least
20,000 pounds of lift capacity are needed to
place useful payloads in orbit). The reason
for this is twofold: first, it reflects assump-
tions about satellite design that do not ac-
count for advances in miniaturization and
modularity (i.e., what has become possible)
and second, it assumes that payload size is
the primary determinant of a launch sys-
tem’s utility (as opposed to, say, cost-per-
pound of payload in orbit or the ability to
launch on extremely short notice). This
mind-set drives performance to the edge of
the envelope, creates tremendous develop-
ment costs and dependence on immature
technologies, usually fails to address opera-
tional implications sufficiently, and pro-
duces huge specialized infrastructure
requirements that further drive up recurring
and nonrecurring costs. These crippling
problems can be overcome if designers chal-
lenge the old assumptions about space lift.

Space authorities have now acknowledged
the negative relationship between trying to
get the maximum number of pounds of pay-
load onto a given rocket and optimizing
cost/reliability.!3 Further, as discussed above,
the vicious cycle of large satellite design and
the opportunities provided by miniaturiza-
tion and other advancing technologies argue
in favor of smaller, standardized satellite de-
signs.! Finally, authorities on military space
have expressed frustration with the “custom
rocket” approach that comes from attempt-
ing to squeeze every last ounce of lift out of
a given booster.’3 The time is ripe to design
an operationally sound launch vehicle—one
that utilizes existing, common infrastruc-
ture; one that can be maintained by well-
trained high school graduates; and one that
can be operated by well-trained college
graduates without scientific expertise. One
can then build payloads to fit it.

Development costs and dependence on
immature technologies are linked to the per-
formance issue. Because performance re-
quirements are so high, only exotic fuels,
engines, or design concepts can possibly
meet them. As a result, billions of dollars in

research and development are required to
validate (and sometimes invent) the enabling
technologies. All too often, the success or
failure of a given approach cannot be deter-
mined until the system is actually built, and
even a prototype incorporating many ad-
vanced technologies may be prohibitively ex-
pensive. As an alternative, the SPACECAST
team proposes an affordable X-vehicle devel-
opment program that has clear, near-term
military relevance and traceability to an op-
erational system.

Failure to take into account the opera-
tional implications of a launch system—not
just the launch crew but the support infra-
structure for such things as fueling, mainte-
nance, logistics, or basing—has been
crippling in terms of cost and the eventual
utility of systems. NASP-derived and two-
stage (carrier vehicle and space plane) con-
cepts seem particularly vulnerable to this
shortcoming, although they still represent
an improvement over the huge, archaic, ex-
pensive, inflexible, and manpower-intensive
procedures required for current lift sys-
tems.!® From the start, operational and in-
frastructure considerations must have top
priority. Space operations must become as
routine and nonexotic as air operations.

Black Horse TAVs

To address these concerns, we can assume
that maximum performance (in terms of
specific impulse for rockets) is not necessary
or even desirable. This assumption permits
consideration of noncryogenic propellants,
which offer several advantages. If these pro-
pellants are sufficiently dense, a workable
lift system can be designed. The British did
so with the Black Arrow and Black Knight
programs, using 1950s technology, because
factors such as a reduction in tankage vol-
ume, a decrease in engine complexity, and
an improved engine thrust-to-weight ratio
make up for much of the (propellant) per-
formance loss (fig. 2). Interestingly, one of
the most attractive combinations of non-



cryogenic propellants is jet fuel (nominally
JP-5) and hydrogen peroxide."

The real attraction of this propellant com-
bination is in the operational arena. The
propellants are easily available (hydrogen
peroxide is commonly sold for industrial
uses at 70 percent purity; vendors could pro-
vide higher purities, or the commercial
product could be refined on-site), storable,
and pose no significant logistics problems.
Rocket engines using these propellants also
have excellent reliability histories, both on
the Black Arrow and Black Knight programs
and on the NF-104D research aircraft. The
NF-104D program started such an engine
(using JP-4 and H20?) at least two times on
every flight, experienced no rocket-engine-
related emergencies during 11 years of opera-
tion, and was serviced and maintained with
“essentially conventional maintenance pro-
cedures and normally trained personnel.”!8
Storage and handling of high-purity H20: is
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not inherently dangerous and requires pri-
marily discipline—not extensive safety equip-
ment.!® The Black Arrow and NF-104D
programs routinely used 85-90 percent pure
hydrogen peroxide; there are no known
chemical reasons why operations with
higher purities would be any more difficult.
Finally, servicing a vehicle that uses cryo-
genic propellants requires many more steps
(and is thus much slower) than servicing a
noncryogenic-fueled (such as JP-5 and H203)
vehicle. Even on the DC-X SSTO demonstra-
tor, which had ease of operations as a design
goal, fully 80 percent of the preflight check-
list items were cryogenics-related.?0

If readily available and easily stored pro-
pellants are used, the only reasons why a re-
usable vehicle could not operate from any
location would be specialized requirements
for assembly/loading, launch, and landing.
Although a vertical takeoff and landing sys-
tem has advantages in terms of empty
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Figure 2. Noti’onal Vehicle Cross Sections for Different Fuels (From Bill Sweetman, Aurora:
The Pentagon’s Secret Spy Plane (Osceola, Wis.: Motorbooks International Publishers and

Wholesalers, 1993)



52  AIRPOWER JOURNAL SUMMER 1995

weight and choice of launch/landing sites
(theoretically it needs only a small pad), the
SPACECAST lift team believes that a horizon-
tal takeoff and landing system is a better
near-term approach.

A horizontal takeoff and landing space-
launch system has many advantages. First,
sufficient airfields are available for any con-
ceivable mission. Second, fuel supplies and
logistics infrastructure (crew equipment, ad-
ministrative support, ground transportation,
and maintenance and other ground person-
nel) are already located at airfields. Finally, a
horizontal takeoff and landing vehicle would
almost certainly be more robust. Its advan-
tages include a larger abort envelope, the
ability to land with all engines out, and
greater cross-range on reentry. Although
there is a performance penalty associated
with this approach (hence, the DC-X design),
there is also an ingenious way to compensate
for it—aerial propellant transfer.?!

True SSTO vehicles must lift all the pro-
pellant they need to reach orbit from the
ground. This in turn drives the gross takeoff
weight of the vehicle (including the wing
and landing gear for horizontal takeoff
and/or landing), as well as the vehicle’s size
and the engine and structural margins
needed for safe takeoff or launch abort.
Much of this structure is deadweight long
before the vehicle leaves the atmosphere
(hence, staged designs). To date, two design
approaches have attempted to eliminate this
problem for SSTOs: NASP, which is an air
breather for much of its flight, and the car-
rier vehicle/space plane two-stage concept.
Both approaches have numerous draw-
backs.?2  However, if the TAV can be
launched with minimum propellants and
then rendezvous with an aerial refueler to
load the remainder of the propellants, a dif-
ferent, more flexible design is possible. The
choice of noncryogenic propellants is essen-
tial here, and the properties of a JP-5 hydro-
gen peroxide engine (H202 is almost twice
as dense as jet fuel, and the engine operates
at a 1:7 fuel-to-oxidizer mix by weight) make
it attractive for transferring the bulk of the
oxidizer after takeoff.

|

At least initially, designers have conceived
the Black Horse TAV as a manned system.
Without addressing whether or not a crew is
or always will be necessary, designers have
planned for a crew for these reasons: A crew
is essential for the initial X-vehicle develop-
ment program, although that same program
could test technologies that would enable
later unmanned versions (unmanned aerial
refueling, for example); a crew is desirable
for several of the suborbital missions de-
scribed below; and a crew may be desirable
for some operations in space. If the vehicle
has an austere (U-2-like) cockpit and is not
designed for long-duration orbital missions
(as will almost certainly be true for the X ve-
hicles), the effects of loss of payload weight
will be minimized. The issue of whether
manning the system causes unacceptable
costs is not a valid concern since this system
is not a piece of long-range artillery (e.g., an
ICBM) converted for transport use. It is, es-
sentially, a fast, high-flying aircraft with no
greater risks to crewmembers than any other
developmental system.?

In summary, the Black Horse TAV is a new
concept of aerospace vehicle. It is not a new
version of the space shuttle or NASP and ex-
plicitly contains design choices in terms of
size, performance, and mission profile to en-
sure that experiences with those vehicles will
not be repeated. Specifically, Black Horse is a
small vehicle with low weight when empty
and low weight on orbit, factors that histori-
cally correspond to cost. Black Horse—at
least the initial X-vehicle concept as de-
scribed below—is designed around existing
technologies for full reusability (unlike the
space shuttle) and ruggedness at the expense
of the highest possible performance. Any
comparison to NASP is particularly inappro-
priate: aside from horizontal takeoff and
landing, no similarity exists. Because of the
air-breathing engine, the low-density fuel,
and the requirement to fly hypersonically in
relatively dense air, NASP required multiple
technological breakthroughs in propulsion
and materials. By comparison, the thermal
and structural requirements of Black Horse
are much less stringent.



The structure of the Black Horse was de-
signed according to standard aircraft prac-
tice. That is, given the factors of maximum
propellant off-load from a KC-135 tanker; es-
timated structural weight (from the volume
required to enclose fuel, crew, payload, etc.);
and assumed weights for payload, crew, ther-
mal protection, and other subsystems, engi-
neers designed a wing to provide sufficient
lift throughout the flight envelope. This de-
sign was then iterated to ensure internal con-
sistency. The resulting design has a relatively
low structural-mass fraction when compared
to that of other orbital vehicles. This is true
for two reasons. First, the propellants are
substantially denser than “traditional”
rocket fuels; thus, the enclosed volume of
the vehicle (hence, the structural weight) is
low. Second, by transferring the bulk of the
propellant, the designers avoid the penalty
of sizing the wing, landing gear, and sup-
porting structure for a fully loaded takeoff.
This technique results in a savings of 4,200
pounds for the landing gear alone,?* and es-
sentially makes the concept possible. Critics
of the concept have expressed doubts about
the numbers, but others—including Burt Ru-
tan of Scaled Composites—have no doubts
about the technical feasibility of the struc-
ture. Indeed, Rutan believes that the struc-
ture could be made even lighter using
composites instead of aluminum, as the de-
signers assumed.?

Other structural issues include the design
of the payload bay and the thermal protec-
tion system. Although the payload bay was
not designed in detail, additional structure
was assumed, based on aircraft requirements
for internal cargo or weapons carriage. A
thermal protection system of blanket-insu-
lating material and carbon-silica carbide (for
the nose and leading edges) with a weight of
1.1 pounds per square foot was included in
the design.

The baseline design is for a vehicle weigh-
ing 48,450 pounds at takeoff (and 187,000
pounds after aerial refueling), powered by
seven rocket engines. Two engines suffice
for takeoff and the full refueling profile and
are optimized for performance in lower alti-
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tudes; the remaining five provide the addi-
tional thrust necessary for global reach or
orbital insertion.?®

The performance of the engines and fuel
(JP-5 and hydrogen peroxide) was estimated
using NASA standard codes and incorporat-
ing losses from geometry, finite-rate chemis-
try, viscous drag, and energy-release
efficiency. This results in a specific impulse
of 323 seconds for the low-altitude engines
and 335 for the orbital-insertion engines.?
In terms of thrust-to-weight ratio for the en-
gine itself, the performance is no higher
than what the British obtained from the
Gamma engines (using kerosene and hydro-
gen peroxide) designed and built in the
1960s. The designers believe that this is a
conservative estimate of potential perform-
ance.

The final element of the design is the pay-
load deliverable on orbit. This depends on
several factors, but—as a figure of merit—the
designers chose a 1,000-pound payload in a
35-degree-inclined, 100-nautical-mile circu-
lar orbit (due-east launch from Edwards AFB,
California, from a refueling track at 40,000
feet and .85 Mach). This assumes, of course,
that the TAV also goes to orbit; flying a sub-
orbital trajectory allows a significantly
greater payload (6,600 pounds) to be placed
in orbit, even after the weight of an upper
stage (a 4,765-pound STAR 48V) is sub-
tracted. If weapons or cargo delivery is the
goal, 5,000 to 10,000 pounds could be deliv-
ered on a suborbital trajectory to almost any
point on the globe, using the baseline de-
sign.?® The designers believe that all these
numbers can be improved through better
engines, lighter dry weight, potential fuel
additives, and a bigger vehicle (if so desired
for an eventual operational system).

Design Requirements for
Weapons Delivery

There are several alternatives for delivering
weapons, including the TAV described pre-
viously, ICBMs, satellite basing, and inter-
continental cannons. The SPACECAST lift
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team believes that operational flexibility
greatly favors the TAV approach.

An appropriately configured version of
the TAV can perform both ground- and
space-force application missions with near-
term technologies. Some key characteristics
of the air-refuelable, rocket-powered TAV
that are particularly relevant are the ability
to operate as flexibly and responsively as an
aircraft (with similar operations, mainte-
nance, and logistics infrastructures), an in-
herently low-observable nature from most
aspects (no inlets, blended surfaces), and the
ability to conduct manned missions. The ve-
hicle can also exploit the advantages of space
basing (low reaction times and high energy
states) with far greater operational flexibility
and additional defensive capabilities to sur-
vive future threats. Although the ideas pre-
sented here were conceived independently,
this concept is not new. Several other stud-
ies recommend similar vehicles.?

The system must have specific charac-
teristics to accomplish the force-application
mission. First, it must be able to launch
from a quick-reaction alert status. This abil-
ity enables the short response times critical
to the success of any future weapon system.
The Black Horse TAV is capable of fulfilling
this requirement in large part because of its
use of noncryogenic fuels.

Second, the vehicle must be designed to
incorporate modular weapon systems sized
to fit the payload bay of the TAV. This con-
cept allows use of the vehicle for a variety of
military missions, from force enhancement
through ‘force application, thereby increas-
ing cost-effectiveness. The TAV should be
hard-wired to provide necessary infrastruc-
ture requirements (for example, basic power
and communication links) to the module
while the module reports fault/degradation
information to the operator or controlling
computer on the TAV. Note that these inter-
faces would not be significantly different
from those required to launch a satellite.
The largest part of the necessary weapons-
delivery infrastructure should be designed,
as much as possible, into the clip-in module
rather than the carrier vehicle.

The idea of weapon modules serves sev-
eral purposes. With this approach, the vehi-
cle is able to accomplish force-enhancement
missions until it is needed for weapons de-
livery; in other words, it is rapidly recon-
figurable for different missions. In addition,
the weapons modules can be preloaded with
“wooden rounds,” stored until needed, and
then quickly loaded on the vehicle. Mainte-
nance or upgrades can be performed on the
ground-based weapons, ensuring maximum
reliability and capability. Finally, the mod-
ule concept offers quick reloads, which fa-
cilitate rapid turn-times and sustainability.
By analogy with current dispensing systems,
the deliverable payload should be approxi-
mately 75 percent of the vehicle’s total pay-
load capacity.3°

Third, for survivability and maximum of-
fensive potential, the vehicle must have
global reach from a suborbital flight path.
Global reach provides operational flexibility
while allowing the vehicle to launch and re-
cover from secure areas. The suborbital re-
quirement contributes to self-protection
tactics. Additionally, since the suborbital
flight path requires less propellant than does
orbital insertion, greater weapon loads than
those for orbital payloads should be possible.
Since weapons will generally be denser than
spacecraft, this should mean that an effi-
cient, multipurpose, payload-bay design is
possible. Again, the Black Horse TAV satisfies
this requirement.

Fourth, the TAV must allow rapid turn-
around to follow-on missions. This main-
tains the initiative and offensive advantage
for the CINC and allows rapid follow-on tar-
geting. It is unrealistic to assume that the
military will have enough vehicles to engage
all possible target sets with a single mass
launch. Actual requirements for turnaround
times will depend on the number of vehi-
cles, the payload capacity for each, the num-
ber of aiming points, and the threat. Any
attemnpt to fix a hard number in relation to
these requirements requires some detailed
operations analysis, but a 12-hour cycle rate
seems a reasonable minimum. The TAV and



associated aircrew-to-airframe ratios should
meet this requirement.

Fifth, the system should maximize the use
of existing military infrastructure. This re-
quirement is levied to allow launch and re-
covery from the widest possible number of
bases, which—in turn—provides some meas-
ure of survivability through dispersion and
mobility. The TAV provides a limited solu-
tion to this requirement and is restricted
only by airfield length/capacity and refuel-
ing support.

Sixth, the issue of designing this vehicle
for humans is important only in the near
term. Technology has not progressed to the
state whereby a computer can replace hu-
mans in all operations—specifically, those in
unpredictable environments or in degraded
equipment modes. The SPACECAST lift
team recommends designing early vehicles
for human operators. Although such a de-
sign will result in higher weight and lower G
capability (the latter is probably not an issue
for typical mission profiles), a human opera-
tor allows for rapid, autonomous (in accord-
ance with the commander’s intent) decision
making when confronting the technologi-
cally advanced threat of the twenty-first cen-
tury. When the database is developed and
hardware and software technologies are suf-
ficiently proven, human operators theoreti-
cally could be removed from the vehicle.
Virtual reality is not a solution in the in-
terim. Communications links are vulnerable
to an advanced enemy, who could jam or ex-
ploit them. Taken together, all these reasons
argue that human pilots and human systems
operators will continue to provide signifi-
cant advantages—at least in the near term.

Finally, payload size may be a limiting
factor in some specific employment scenar-
i0s. SPACECAST believes that the Black Horse
TAV concept offers sufficient payload poten-
tial to perform a number of militarily useful
missions. As mentioned earlier, a TAV capa-
ble of putting itself and 1,000 pounds of
payload on orbit can deliver significantly
more payload on a suborbital trajectory; fur-
ther, the significant growth potential in the
basic design (sizing the vehicle around the
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fuel off-load from a tanker larger than the
KC-135, for example) could lead to larger de-
liverable payloads.

Weapons Options

Three classes of weapons are appropriate for
this vehicle: kinetic-energy, high-explosive,
and directed-energy. In general, all weapons
should be palletized or containerized to en-
sure maximum flexibility in switching mis-
sions and to allow incremental upgrades and
maintenance while the weapons are in stor-
age.

In summary, a TAV capable of employing
modular military payloads would provide
the United States a sustained counterforce
capability for use against a wide variety of
targets defended by increasingly capable
threats.

On-Orbit Operations Vehicles

As mentioned earlier, the ability to maneu-
ver payloads on orbit provides enhance-
ments to any lift system. This section
addresses some general issues but does not
assume the use of any specific vehicle design
(for example, the STV of NASA’'s Marshall
Space Flight Center) or associated operations
concepts. In other words, SPACECAST is not
advocating that on-orbit operations vehicles
be tied to any specific satellite architecture.
However, the lift team does recognize that
trade-offs will be an integral part of any de-
cision to pursue on-orbit operations vehicles
(i.e., Is it better to repair/service/upgrade a
particular satellite or replace it?).

Two key issues are important to this con-
cept: the utility of reusable on-orbit trans-
portation systems and the utility of on-orbit
satellite servicing and repair. With regard to
transportation systems, a study by the Di-
rectorate of Aerospace Studies (DAS) of Air
Force Systems Command (now Air Force Ma-
teriel Command) in 1989 identified two ba-
sic vehicle configurations or capabilities: an
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orbit transfer vehicle (OTV) for moving
things from LEO to higher orbits and an or-
bital maneuvering vehicle (OMV) for mov-
ing things around within a designated orbit
and docking with and servicing satellites.
This architecture is superior to the current
approach (expendable upper stages and/or
propulsion systems integral to the spacecraft
bus) for several reasons. Expendable upper
stages are, by definition and design, thrown
away after use and become “space junk.”
More importantly, however, although unit
costs of expendable systems are less than
those of reusable vehicles, reusable systems
are “generally less expensive on a per mis-
sion basis” over their lifetime.3!

The DAS study also addressed the issue of
whether or not it is more advantageous to
use an on-orbit transportation capability to
service and/or repair satellites or to continue
fielding expendable satellites. As expected,
there is no clear answer. On the one hand,
the authors of the study conclude that “it is
reasonable to believe that there will be fu-
ture circumstances which offer cost advan-
tages to repairable satellites.”32 On the other
hand, the analysis was sensitive enough to
the estimated characteristics of future satel-
lites (e.g., mission duration, mass, cost, sub-
systemn reliability, and launch costs) that the
results were not conclusive for all satellites
in all orbits. In general, satellite repair be-
comes more attractive as constellation size
and satellite mass, cost, and mission dura-
tion increase and as launch costs and satel-
lite reliability decrease. It is much more
attractive' from a cost standpoint if satellites
use modular, standardized/common subsys-
tems.

The utility of reusable on-orbit transpor-
tation systems for satellite servicing and re-
pair in 2020 depends heavily on the types
and quantities of satellites in orbit at that
time, as well as on the capabilities and costs
of US launch systems. Given our assump-
tions of increasingly capable small packages
and the ability to put them responsively on
orbit, it is not at all clear that either repair or
resupply of existing satellites is an attractive
mission. On the other hand, if smaller but

more cost-effective launch vehicles make on-
orbit assembly and fueling of larger satellites
desirable, many of the technologies dis-
cussed below will be needed. Ironically, the
present large-satellite paradigm and its asso-
ciated high cost-per-pound to orbit prevent
testing the on-orbit repair concept.

Operations Concept

The TAV would be readied for flight at an
aerospace base differing from an air base
only by the H20; storage and first-level
maintenance equipment, all of which could
be deployed. It would be fueled with 100
percent of its JP-5 and approximately 7 per-
cent of its H202 capacity. It would then be
loaded with its payload, taxi and take off,
rendezvous with a tanker and load the entire
tanker’s capacity of H,O2, turn to the correct
heading, and depart for orbit. The time
from push-back to orbit would be less than
an hour.

After completing its orbital mission, the
TAV would deorbit and return to its own or
any other suitable base—again, a very short
process. A suborbital mission would be
similar, and there would probably be no
need to refuel before returning to base.
Turnaround time is somewhat speculative at
this point (the X-vehicle program would pro-
vide an answer), but a preliminary look at
the technologies (rocket engine, thermal
protection, etc.) suggests it will be a matter
of hours or—at worst—no more than days.
Unlike the space shuttle, the TAV would be
designed so as not to require extensive refur-
bishment between flights.

Two technical areas are key to the ability
to “turn” the TAV quickly: thermal protec-
tion and engines. For the former, the combi-
nation of the aerothermal environment (less
stressful than that for the space shuttle, due
to Black Horse’s low wing loading and decel-
eration high in the atmosphere) and ad-
vances in materials since the space shuttle
was designed should make a fully reusable
system possible. For the engines, the AR-2
used on the NF-104D provides a baseline: it



routinely operated with two hours of firing
time (and numerous restarts) between over-
hauls33; the Black Horse designers believe
that an improved design could do better. Al- |
though one of the purposes of an X program
would be to test the limits of reusability of a
TAV, the SPACECAST team does not believe
there are any showstoppers here.

This concept will provide vastly increased
flexibility and responsiveness in launching
spacecraft and performing suborbital mis-
sions, tremendously reduced operations and |
logistics infrastructure compared to other
lift concepts, increased reliability, suitability
for manned flight, and significantly reduced
cost of space launch. It also builds on aerial
refueling—currently an operational strength
of military aviation, performed hundreds of
times a day—versus airborne separation of
large manned vehicles, performed only a few
hundred times in history in the develop-
ment of new space-launch capability. A
squadren of eight Black Horse vehicles, each
flying only once per week, would provide
access to space hundreds of times per year,
making space operations truly routine.

A Threat-based System

Future threats to the United States would
have a far greater effect on offensive opera-
tions than would current threats. Several
types of threats are possible: hostile satel-
lites, ground- and space-based directed-en-
ergy weapons, ICBMs, third world nuclear
weapons, and other weapons of mass de-
struction. An armed TAV could negate fu-
ture threats through a combination of
countermeasures, tactics, and survivable bas-
ing.

First, the construction of the vehicle
should include as many low-observable tech-
niques as possible. Although today’s low-ob-
servable technologies will gradually lose
their utility, they will force adversaries to
confine defensive systems to particular (and
therefore predictable) techniques. They have
the further benefit of reducing the detection |
envelope of enemy acquisition systems and
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therefore making the adversary’s targeting
problem more difficult.

Second, this system permits the use of on-
board, active defensive systems. By using a
suborbital trajectory during the attack pro-
file, a TAV may use such disposables as chaff,
flares, towed decoys, and active defensive
munitions to defeat weapon systems without
creating hazardous space junk. The design
of the operational TAV could also accommo-
date modular electronic countermeasures
(ECM) systems—weight and power budgets
permitting.

Third, the TAV concept permits surprise.
Even if an adversary has spies operating in
the vicinity of airfields or if commercia! me-
dia satellites detect operations in progress or
if the enemy detects unusual launch activity,
the specific aiming points, axes of attack,
and timing of attack are less easily predict-
able. Launch to a single, suborbital weap-
ons-delivery pass followed by reentry and
landing compresses the time the adversary
has to respond—especially an adversary with
neither space-surveillance capability nor in-
tercontinental-launch detection. The enemy
has minutes to observe the mission, assess
intentions, make the appropriate decision,
get the defensive capabilities in place, and
complete the intercept. Multiple, simulta-
neous, inbound trajectories compound sur-
prise.

Fourth, the inherent flexibility of a TAV
enhances unpredictability. Again, the single
suborbital pass serves as an example. Since
the vehicle starts from ground alert, the en-
emy cannot predict the mission’s time over
target. The vehicle’s ability to establish a va-
riety of suborbital trajectories, as well as ap-
proach the target from differing orbital
planes, also confounds the adversary’s pre-
dictive ability and may negate many of his
defensive systems.

Fifth, a squadron of TAVs translates into
mass. The United States will more than
likely have a small fleet of these reusable ve-
hicles. The ability to mass several vehicles
from single suborbital passes at the time and
place chosen by the CINC allows the com-
mander to overwhelm the enemy’s defensive
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systems as well as concentrate the appropri-
ate amount of firepower to achieve required
effects. In the absence of great numbers of
vehicles, the same mass effect is maintained
through the ability of each vehicle to deliver
a large number of weapons.

Sixth, assuming the existence of an ap-
propriate family of weapons with sufficient
crosstrack (to the sides of the delivery vehi-
cle’s trajectory), the TAV will have standoff
capability. Thus, the vehicle can release its
payload outside the range of many possible
threat systems.

Seventh, several vehicles working in con-
cert can use advanced countermeasures as
well as suppress threats for each other. The
clip-in module for one vehicle, for example,
might be a countermeasures suite, while the
clip-in modules for other vehicles in the
flight would be weapons.

Finally, TAV bases can easily be dispersed.
Although threat systems surely will have the
ability to find and target aiming points in
the United States by the year 2020, their ca-
pabilities can be reduced through dispersion
of the TAVs to a wide number of bases,
through mobile operations, and through
good deception plans. (An enemy’s problem
would be compounded if a large number of
commercial TAVs also exists.) Any attempt to
force this system to consolidate operations at
a single, fixed location would be unneces-
sary and should be resisted because it obvi-
ously provides the adversary a fixed,
high-value target. Logistics concerns can be
adequately addressed by designing a vehicle
that shares existing aircraft infrastructure to
the maximum extent possible.

In summary, the ability of the TAV to ac-
complish its weapons-delivery mission from
a single suborbital pass, while using both
passive and active countermeasures, com-
presses the adversary’s decision loop and re-
sults in increased survivability. The addition
of low-profile basing complicates the threat’s
targeting problem and ensures that fewer as-
sets are placed at risk during enemy attack.
This combination results in a survivable sys-
temn able to fight in the high-threat environ-
ment of the twenty-first century.
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On-Orbit Operations

To a large extent, the types of operations
performed on orbit will be determined by
the capabilities that new vehicles provide,
whether OTV, OMV, or TAV. Orbit-transfer
vehicles could reduce the need for upper
stages on launch systems and increase the
amount of payload delivered to orbit. Ma-
neuvering vehicles could provide some repo-
sitioning or on-orbit shuttle capabilities, a
function that would help make orbital oper-
ating bases (space stations) functional. Both
of these vehicles will facilitate on-orbit
maintenance and upgrades to extend satellite
lifetimes and combat technological obsoles-
cence.

Even the TAV has implications for orbital
operations. Besides capturing satellites and
returning them to earth, the TAV may be the
best means of changing a satellite’s inclina-
tion. Assuming it is not easier to launch a
new satellite to the relevant orbit, the TAV
could go to orbit without cargo (to conserve
fuel), capture a satellite, reenter, perform an
aerodynamic maneuver to align itself with
the new orbit (perhaps in extreme cases,
even refueling again), and then return the
satellite to space. Although the Black Horse
studies to date have not included calcula-
tions of the fuel required for on-orbit ren-
dezvous, this is a potential mission if the
vehicle does not go to orbit fully loaded; un-
like shuttle operations, launching an empty
vehicle would not be a cost-prohibitive op-
eration.

Links to Other
SPACECAST Areas

The concept of the TAV connects many
SPACECAST proposals. The logistics of
space lift with a militarily capable TAV are
now linked to the proposal on global view.
This combination uses the proposed archi-
tecture to identify and pass coordinates of
critical targets to the TAV prior to its weap-
ons-release point, cutting to an absolute
minimum the time from initial target detec-



tion to destruction. This ensures that the
TAV uses the most effective targeting intelli-
gence to gain the greatest possible strategic
effects.

SPACECAST's proposals for force applica-
tion address various weapons and their suit-
ability. The TAV offers a platform for their
use with significant military advantages over
other techniques, such as satellite basing.
System architectures are compatible with the
weapons-delivery vehicle. Finally, proposals
for offensive counterspace benefit from a
TAV-based weapon system that could use di-
rected-energy weapons without our build-
ing, deploying, operating, and defending an
orbiting “battlestar.”

Other linkages include the ability of the
vehicles described here to support the
“motherboard” satellite concept described in
SPACECAST’s space modular systems pro-
posal, as well as the utility of a space traffic
control system in accommodating both the
TAVs and increased on-orbit activity. Finally,
many of the concepts in SPACECAST depend
heavily on improving and reducing the cost
of access to space—the heart of the concept
of the Black Horse TAV.

Potential Technologies

Although a working TAV in the form of an
X vehicle can be built with existing tech-
nologies, improved technologies and/or
supporting capabilities will enhance perfor-
mance in several areas.

Structures

The initial study on the feasibility of an aer-
ial-refueled space plane3* concluded that an
F-16-sized X-vehicle TAV built according to
standard fighter-aircraft design criteria and
incorporating aluminum structures could
place itself, a crew, and 1,000 pounds of pay-

load into orbit. However, further analysis of
structural requirements and application of |

modern design techniques and materials
could significantly reduce structural weight.
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As mentioned earlier, Burt Rutan of Scaled
Composites believes that this possibility is
within current design and fabrication capa-
bilities. Since Black Horse is a single-stage-
to-orbit vehicle, every pound of dry weight
saved is an extra pound of payload.

Engines

The same study baselined an engine no
more sophisticated or efficient than the one
used by the Black Arrow/Black Knight pro-
gram (1950s technology).3> A modest devel-
opment program could certainly improve
this level of performance (efficiency and
thrust-to-weight ratio) while improving reli-
ability and maintainability. Further, a hy-
brid engine such as a ducted rocket
(admittedly a separate development pro-
gram) could offer both increased perfor-
mance and reduced noise—both potentially
critical factors for widespread commercial
use of TAVs.

Propellants

Although the intent of the program is to stay
away from exotic or hazardous materials,
certain options increase specific impulse
without sacrificing operability. Some possi-
bilities are fuel additives such as quadricy-
clene, denser hydrocarbons (JP-8 or -10
instead of JP-5), or—in the far term—high-en-
ergy-density substances such as metastable
fuels. As long as the fuel continues to meet
operability and logistics concerns, this area
has tremendous potential payoff. An in-
crease of one second in specific impulse
would increase payload on orbit by 128
pounds for the initial Black Horse design.3’

Thermal Protection System

The feasibility study mentioned above
baselined durable tailored advanced blanket
insulation (DuraTABI) material, which
weighs 1.1 pounds per square foot, for area
(“acreage”) coverage and carbon-silica car-
bide (C/SiC) for the nose, wing, strake, and
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rudder leading edges. Detailed aerother-
modynamic reentry calculations may indi-
cate a less stringent requirement for thermal
protection than was assumed in the initial
design, possibly even allowing an all-metal
skin (Rene 41 or Iconel 617). On the other
hand, retaining excess thermal protection—
perhaps by applying more advanced thermal
protection systems—could give the vehicle a
larger reentry envelope and even more op-
erational flexibility.

Refueling Vehicle

Designers sized the TAV around the maxi-
mum amount of propellant that a single KC-
135Q could transfer. These aircraft are in
the inventory and already have separate air-
craft fuel tanks and off-loadable propellant
tanks. Thus, they would require minimum
modification. The availability of a modified
KC-10 or large commercial aircraft derivative
to off-load H202 would greatly increase the
potential size and payload of the TAV with-
out significantly changing (except perhaps
to reduce) the cost-per-pound to orbit. Al-
though this is more a programmatic than a
technical issue, there are potential areas for
investment in higher-capacity pumps and
perhaps a dual-tube boom refueling system
to transfer both fuel and oxidizer at once.

On-Orbit Operations Vehicles

As mentioned earlier, on-orbit operations ve-
hicles complement most lift concepts. These
vehicles have distinct technology develop-
ment, demonstration, and validation needs.
Technologies required to implement on-
orbit operations architecture include high-
efficiency, reusable, space-propulsion systems.
Cost, performance, and operational-utility
analyses are needed to select from among
the various potential technologies. Candi-
dates include conventional chemical, elec-
tric, nuclear, and solar-thermal propulsion
systems. Issues to be addressed would in-
clude power sources for electric propulsion
concepts; radiation shielding, high-tempera-

ture materials, launch safety, and waste dis-
posal for nuclear-propulsion concepts; solar
concentrator fabrication and high-tempera-
ture materials for solar-thermal propulsion
concepts; and long-life performance/reliabil-
ity demonstrations for all concepts.

The on-orbit operations vehicles will re-
quire robotics for docking, grasping, repair,
and resupply operations and/or telepre-
sence/virtual reality/artificial-intelligence tech-
nologies in some combination for on-orbit
operations. Planners need analyses to deter-
mine the extent to which humans must par-
ticipate in repair/servicing operations.
Considering the technologies expected to be
available in 2020, planners need to know
what tasks can be done only by human be-
ings, what tasks can be done remotely with
humans in the loop, and what tasks can be
done autonomously. Artificial-intelligence
technologies could reduce the requirement
for human-in-the-loop operations in circum-
stances in which this would be difficult or
present technical challenges. Again, this re-
quires further analysis.

Spacecraft design would have to change
significantly to obtain maximum utility
from the TAV concept. Docking operations
would require some degree of spacecraft bus
standardization. Refueling operations would
require standardization of the propellant-
feed system. Such design approaches as
standard spacecraft buses and standard,
modular, miniaturized subsystems and inter-
faces would facilitate repair/upgrade opera-
tion. External structures such as solar arrays
and antennae might have to fold to with-
stand the accelerations associated with high-
impulse spacecraft maneuvers or to stow the
spacecraft in the bay of a TAV for redeploy-
ment. It is important to note that many of
these changes will happen with or without
the development of on-orbit servicing. They
are driven by the need to reduce the costs
and timelines associated with the earth-to-
orbit segment of the transportation system.

OTVs may need supporting “bases” in
certain critical locations. For transportation
to high-altitude, low-inclination orbits, un-
manned coinclination platforms in LEO



would serve as cargo-transfer and jumping-
off points for OTVs. Orbits containing large
numbers of higher-cost satellites or fewer ex-
tremely expensive satellites would require
co-orbital, unmanned platforms where OTVs
could transfer payloads to OMYVs for final or-
bit insertion or docking/repair.3®

Near-Term Technologijes and
Operational Exploitation
Opportunities

Designers can use existing and proven
technologies—aluminum structure and Du-
raTABI thermal protection—to develop and
fly an X vehicle to demonstrate the feasibil-
ity and operational utility of the Black
Horse. As an interim step, existing AR-2 en-
gines could be used to fly the vehicle
through all of its atmospheric flight profile,
testing handling, formation flying, refuel-
ing, and suborbital trajectories, while a con-
current engine-development program
produces the higher-performance engines
needed to reach orbit. The basic concept is
for a crewed vehicle approximately the size
of an F-16 (but with only 70 percent of its
dry weight) that could take off from and
land on virtually any runway, load the bulk
of its propellant (all oxidizer) from a KC-
135Q (or T) tanker at approximately 40,000
feet and Mach 0.85,% and then carry out an
orbital or suborbital flight. An experimental
program could allow testing of the TAV as
the US has tested aircraft for decades, with a
gradual expansion of the performance enve-
lope to meet the necessary objectives.40

The primary areas for design and develop-
ment are the vehicle aerodynamic configura-
tion, higher-performance rocket engines,
and the vehicle structure. A study by W. ].
Schafer and Associates and Conceptual Re-
search Corporation® indicates that there are
no technological roadblocks in this area and
that a vehicle could be designed and tested
with existing technologies, although there is

!
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room for improvement using advanced ma-
terials.

Areas that require some careful design
work but no technological breakthroughs
are the need for thermal protection, the
need to cycle landing gear through the ther-
mal protective surface, and the use of struc-
tural composites. It therefore appears that
an X-vehicle program could proceed with ex-
isting technologies.

Although cost is not the single driving is-
sue in this study, several comparative esti-
mates of a two-TAV, 100-flight (including
orbital) X-vehicle program suggest that the
military could conduct such a program for a
reasonable amount of money. Using actual
X-29 and X-31 cost data, the Question Mark
2 TAV X-program would cost about $78 mil-
lion (M). A cost model for the Lockheed
Skunkworks program yielded $96M. The
Rand Corporation Development and Pro-
curement Costs of Aircraft (DAPCA) IV
model gave a total program cost of $118M.
Finally, a cost estimate by an Aerospace Cor-
poration analyst came up with $120M.42 Al-
though these are rough estimates and
although a vehicle of this type has never
been built before, the fact that differing
methodologies independently came up with
similar numbers is somewhat encouraging.

Initial estimates, using a cost model based
on actual expense data for the SR-71, suggest
that a Black Horse vehicle could place pay-
loads into LEO at a cost of less than $1,000
per pound (the model yields costs between
$50 and $500 per pound, depending on as-
sumptions), with a per-sortie cost of around
$260,000 and an annual operating budget
for an eight-TAV unit (with support) of ap-
proximately $100M. This model may be
particularly appropriate because the opera-
tions of an air-refuelable TAV and the SR-71
would be similar in several ways, not the
least of which is use of the same tanker. The
model includes—and is sensitive to—over-
head costs (assumed to be the same as for
the SR-71), number of vehicles and sorties,
payload (assumed to be 1,000 pounds), and
fuel costs. A key point is that this system is
not “cheap” to operate relative to most
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aircraft; in fact, the numbers are comparable
to SR-71 operating costs. The cost-per-
pound to orbit, however—even under fairly
pessimistic assumptions (smallest payload,
relatively few flights, and high nonflying-
operations cost)—is still quite low, compared
to that of other launch systems. Perhaps this
shows just how expensive our current space
operations really are (at $10,000 per pound
to orbit and up) and how large the potential
for improving that figure is with reusable
launch vehicles. Cost-sensitive basing schemes
and logistics concepts—such as the USAF’s
“Rivet Workforce,” which consolidates main-
tenance skills—could further reduce recur-
ring operations-and-maintenance costs.

On-Orbit Operations

There are several near-term programs that
would expand our ability to provide on-or-
bit services. These include the space surveil-
lance tracking and repositioning (SSTAR)
experiment (formerly called the electric in-
sertion transfer experiment [ELITE]), an Air
Force-TRW cooperative research-and-devel-
opment agreement, a potential flight test of
the ex-Soviet TOPAZ nuclear reactor, and the
space nuclear thermal propulsion program.
These deal primarily with propulsion sys-
tems but—particularly in the case of SSTAR—
also with supporting technologies such as
navigation, autonomous operation, and po-
tential mission-oriented payloads. Unfortu-
nately, all of these programs have suffered
funding setbacks and are on hold or in dan-
ger of cancellation.

Commercial Opportunities

Cheap, reliable transport to, from, and
through space offers innumerable possibili-
ties.43 It is the enabler for everything any-
one does in the future in space. All of the
technologies and techniques described above
have potential commercial application, but a
prescription for their use is beyond the scope
of this study. Instead, this article highlights
some of the opportunities they may create

and reasons why a robust commercial space
market is ultimately essential for govern-
ment use of space.

Cheap space lift is a market enabler that
will open up the use of space for things not
currently practical or even anticipated.
Some obvious possibilities include the ex-
tremely rapid delivery of people and cargo
from one point on the earth to another,
while the ability to carry passengers safely
and at a reasonable cost could open a new
market for space tourism. Availability of
technology that enables the economical use
of space will, in turn, spur development of a
true commercial market for all things related
to spaceflight and operations. This will
eventually drive the real cost of access to
and operations in space down even further,
as jet transport has done in the commercial
aviation market.

If US manufacturers of launch vehicles
pursue innovative technologies with true
market-creating potential, they could find
themselves in a globally dominant position,
just as the US aircraft industry did following
the introduction of the Boeing 707 and the
DC-8. Dramatic expansion of the market for
space transport, which will not happen with-
out dramatic reductions in the cost of space
access, is also absolutely necessary if the US
launch industry is to remain commercially
viable. The alternative is to risk becoming
like the current US shipbuilding industry. In-
creasingly inefficient and shrinking, this in-
dustry is unable to compete with low-cost
and/or subsidized foreign producers and
stays alive only because of government subsi-
dies.

Government support in the initial stage of
development is vital. The market for space is
not large enough to drive the kind of pro-
ductive and creative explosion in space-re-
lated hardware that has occurred in
electronics, for example. The main prereq-
uisite for this market—rapid, reliable, afford-
able space lift—is missing. Government and
the military, whose performance require-
ments for launch on demand are the most
stressing now, must take the lead in this area
and produce the technological/operational



breakthrough that will enable expanded fu-
ture exploitation of space and the develop-
ment of a large market to unleash the
powers of commercial development. Indus-
try cannot and will not make the invest-
ments needed for such breakthroughs on its
own. It faces a market similar to that for air
transport prior to the introduction of the
DC-3, while development of a TAV will re-
quire an effort much like the one that pro-
duced the first jet transports. Development
of jet transports would not have been possi-
ble without government investment in jet-
engine technology and large aircraft (e.g.,
the B-47 and B-52), despite an air-transport
market that was already fairly large.

Summary

The core concept of this article is the
Black Horse TAV. The initial reaction of
most people to the concept is, It sounds
great, but if it would really work, why hasn’t
anyone thought of it before? There is no
simple answer to this question. The United
States did flirt with transatmospheric vehi-
cles in research and X-vehicle programs but
decided in favor of expendable boosters be-
cause of a combination of materials limita-
tions, engine-performance requirements,
and other technical factors, coinciding with
rapidly increasing satellite weights. It
seemed that only large boosters could put
the required payloads in orbit. The rocket
community discarded noncryogenic propel-
lants for similar reasons. The rocket equa-
tion dictates that noncryogen-fueled vehicles
have a propellant mass fraction of about 95
percent; cryogens reduce this to about 90

Notes

1. The name Black Horse has multiple origins. It is first a
tribute to the British Black Arrow and Black Knight programs,
which demonstrated the basic propellant concept many years
ago. The name also is a link to the SR-71 Blackbird, which pro-
vides the tanker aircraft and the basis for the operations-cost
imodel. These connections are explained in more detail later in
ithe article. The Horse part of the name honors an animal that
thas carried cargo and people in peace and in war. Finally, Black
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percent. Since all the structure, as well as
the payload, must fit in the remainder, vehi-
cles fueled with noncryogens did not seem
able to orbit useful payloads.

Since then, however, much has changed.
Miniaturization and other technologies now
allow smaller satellites to do more than they
once could, while large, complex systems
have become increasingly unaffordable. In
other words, it is now possible to get away
from the tyranny of the payload and think
first about designing a launch vehicle for op-
erability and even cost, and then building
satellites to fit it. In turn, by assuming a re-
duced payload requirement; adding 20 years
of additional knowledge in materials science,
structural design of aerospace vehicles, and
lifting-body research; and recognizing that
the greater density of noncryogenic fuels
compensates somewhat for their reduced
performance, the outline of a TAV concept
begins to emerge. The final key element is
the transfer of aerial propellant.4* Putting
air refueling together with the other ele-
ments—in many ways a classic example of
what John Boyd calls “destructive-creative”
thinking#>—led to the Black Horse concept.

Black Horse vehicles have the potential to
revolutionize the way the military (and per-
haps eventually the commercial world) uses
and even thinks of space. They are true
aerospace vehicles, with tremendous opera-
tional implications. A first-cut analysis indi-
cates not only that the concept is feasible,
but also that it can be done with no new
technologies. We must now perform a more
rigorous and detailed design and then press
ahead with a Question Mark 2 X-vehicle pro-
gram to validate the system.

Horse sounds a lot like dark horse, which is certainly true of this
system in the launch-systems race.

2. In honor of the first aircraft to demonstrate aerial refuel-
ing. Thanks to Dr F. X. Kane for reminding us of the lineage of
experimental programs and for suggesting this name.

3. For example, much monolithic satellite design (sizing,
folding/deployable elements, and so forth) is based on making
maximum use of a single launch-vehicle envelope. In contrast,
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under this approach, a prewired structure, solar panels, subsys-
tem modules, and payload modules could be designed with rela-
tively simple, quick-connect interfaces (work on the
space-station assembly process would probably be used here) for
manual or automated assembly. Active structural control would
ensure that necessary alignment tolerances were met after as-
sembly.

4. See, for example, Air Force Mission Need Statement 202-
92, Military Aerospace Vehicles.

S. The “Visions” study of the US Air Force Space and Missile
Systems Center (SMC/XR), for example. Almost all space panels
conclude that space lift is the critical element in developing
space applications.

6. Hon Sheila E. Widnall, secretary of the Air Force, speech
to the National Security Industrial Association, 22 March 1994.

7. Ibid. This situation is often referred to as “the tyranny of
the payload.”

8. Senate Armed Services Committee, statement of Gen
Charles A. Horner, CINC, United States Space Command, 22
April 1993.

9. DOD Space Launch Modernization Plan, April 1994.

10. Ibid. See also “Space Traffic Control: The Culmination
of Improved Space Operations,” in Spacecast 2020, vol. 1 (Max-
well AFB, Ala.: Air University, June 1994), D-1.

11. See the Vice President’s Space Advisory Board, “The Fu-
ture of the US Space Launch Capability: A Task Group Report,”
November 1992 (the Aldridge report) for cost goals for
Spacelifter. Other sources (cited in Air Force Institute of Tech-
nology alternative lift briefing) generally give higher costs-per-
pound to orbit for the small, expendable lift systems than for
large expendables.

12. Aldridge report, NASP studies, Delta Clipper studies.

13. Edward C. Aldridge, interview with author during first
Advisory Group visit, January 1994.

14. For example, the Defense Advanced Research Projects
Agency’'s (DARPA) Advanced Space Technology Office has pro-
duced several articles on the capabilities, operational benefits,
and potential cost savings of small, modular satellites.

15. Horner; Widnall.

16. Operations costs for Kennedy Space Center, Florida, and
Vandenberg AFB, California, run into billions of dollars per year,
and it takes weeks to months to refurbish a launchpad following
a launch for the next event.

17. Clapp and Hunter, “A Single Stage to Orbit Rocket with
Non-Cryogenic Propellants.”

18. Ibid.

19. David Andrews, “Advantages of Hydrogen Peroxide as a
Rocket Oxidant,” Journal of the British Interplanetary Society, July
1990. See also “Propellants for Supersonic Vehicles: Hydrogen
Peroxide,” Pyoject Rand, RA-15046 (Douglas Aircraft Company,
12 August 1947).

20. Capt M. Clapp, DC-X crew member, interview with
author, January 1994.
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THE ATOMIC BOMBINGS
OF JAPAN

A 50-Year Retrospective
CoL RaLrH |. Cario, USAF

Know then thyself, presume not God to scan;
The proper study of Mankind is Man.

Placed on this isthmus of a middle state,

A Being darkly wise, and rudely great:

With too much knowledge for the Sceptic side,
With too much weakness for the Stoic’s pride,
He hangs between. . .

—Alexander Pope
Essay on Man

F 7 DECEMBER 1941, a date “which will

live in infamy,”! conjures up a vision for

Americans of treachery,? death, and de-

struction, then Hiroshima and Nagasaki
are two names synonymous the world over
with horrific power that, having been
unleashed, still threatens mankind’s fragile
grip on survival. (“Cry ‘Havoc!’ and let slip
the dogs of war.”3) If we were to do the same
thing today, the consequences would likely
be “as much a punishment to the punisher as
to the sufferer.”4

65
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Hiroshima and Nagasaki represent an
experience of multiple dimensions. What
happened? What led up to the bombings?
Why was it done at all? What does it say about
the character of the nation that did it and the
nation that received it? What are the
implications? These issues have fascinated
historians, military scholars, and, indeed, the
whole world for the past 50 years.

The events leading up to President Harry S
Truman’s decision to use weapons of unpre-
cedented mass destruction against Japan are
curious and—even now—controversial. As we
approach the SOth anniversary of the
bombings, a great deal of study, debate, and
global attention will be paid to the
circumstances that affected the decision. It is
imperative that US military officers be aware
of the issues surrounding this singular event.

The events leading up to
President Harry S Truman’s
decision to use weapons of
unprecedented mass destruction
against Japan are curious
and—even now—controversial.

No doubt, 6 August 1945 began as any other
day. Before it ended, something dramatic
occurred that would change the way nations
dealt with each other—perhaps for all time.
On this day at 8:15 A.M., the Enola Gay—a B-29
Superfortress named after its pilot’s mother—
opened its bomb-bay doors over Hiroshima—
at the time, a military center and the seventh
largest city in Japan3—and dropped a single
weapon with a destructive capacity of
apocalyptic proportions. The crew on board
and the team of scientists who developed the
bomb were not sure whether the weapon
would detonate. Nor were they sure what
would happen if it did.® In the split second in
which a blinding flash of light told the crew
of its success, approximately 70,000 souls’—
who, until that fateful moment, had been

going about their normal, everyday lives—
perished, and the world changed:

It was a kind of hell on earth, and those who
died instantly were among the more fortunate.
Thousands died—vaporized, crushed, or burned.
But there were tens of thousands more who
were still alive and those who could move
began to mill about the city, seeking relief from
shock, fire, and pain. Thousands threw
themselves into the Ota River, which would be
awash with corpses by the end of the day.?

The bomb dropped that day had been in
the making at top-secret laboratories, by
order of President Franklin D. Roosevelt,
since December 1941—before Japan’s attack
on Pearl Harbor.® This $2 billion crash
program, code-named the Manhattan Project,
began in the United States at the suggestion
of physicists Albert Einstein and Leo Szilard,
refugees from Nazi Germany. The scientific
community feared—rightly so—that Nazi
scientists were mastering new technology in
physics necessary to manufacture such a
weapon.

The single weapon ultimately dropped on
Hiroshima, '? nicknamed Little Boy, produced
a yield of approximately 20,000 tons of
TNT—roughly seven times greater than all of
the bombs dropped by all of the Allies on all
of Germany in 1942. It produced an airburst
approximately 1,000 feet above the city,
creating a fireball with a diameter greater
than the length of three football fields. The
temperature at ground zero reached 5,000
degrees centigrade. The shock wave and its
reverse effect reached speeds close to the
speed of sound. A mushroom cloud rose to
20,000 feet in the air, and 60 percent of the
city was destroyed.!! Three days later, on 9
August, the United States dropped a second
atomic bomb. The target, Nagasaki—a port city
in southern Japan—was 30 percent destroyed,
and approximately 40,000 of its citizens were
killed.2 On 15 August, Japan surrendered—
unconditionally—thus ending a world
conflagration in which 50 million people
died.!3

One of the threshold issues presented by
the bombing of Hiroshima and Nagasaki is



the nature of the target itself. Many people
have asked how it came to be that whole
civilian populations could become the proper
object of direct and purposeful military
action. That is, the target at Hiroshima and
Nagasaki was principally the civilian
population itself.’* There was no “militarily”
significant target to speak of beyond that,
although Hiroshima did support an army
headquarters. The answer has to do, in part,
with the changing concept of modern
warfare:

World War I ushered in the period of total war,
a type of war consisting of the combination of
many allies, enormous cost, unlimited use of
highly destructive weapons, and unlimited war
aims. Hostilities were conducted over greater
territory . . . than ever before.

More troops were employed, supported by the
home front population.!3

As a consequence, the age-old distinction
between enemy combatants and noncom-
batants began to blur.!® It became clear that
the civilian population was absolutely
necessary if a nation were to successfully
prosecute a total war effort. Without
economic and war-production aid from the
“civilian front,” military war fighters would
be less able to continue their efforts.!” Thus,
a gradual escalation of war fighting occurred,
which included a nation’s war-fighting
sustainment capability and its civilian popu-
lation. This trend manifested itself in the
firebombing attacks on Dresden and Tokyo,
the V-weapon attacks against London, and—
eventually—the atomic attacks at Hiroshima
and Nagasaki.

The rationale most often proffered to
justify the use of such awesome weapons is
“military necessity.”!8 That is, dropping the
bombs actually served to save lives. One must
consider that the immediate military context
of the decision to use atomic weapons was the
Okinawa campaign—the last major battle of
the war. Located 350 miles off the coast of
mainland Japan, Okinawa “was to be used as
a jumping-off place for the long-anticipated
Invasion of Japan.” During the Okinawa
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campaign, 49,151 US servicemen were killed
or wounded.?

Okinawa was the first campaign in which
the notorious kamikaze appeared. Over 5,000
American sailors died?? as a result of approxi-
mately 350 kamikaze missions?!—the heaviest
toll the US Navy had suffered in any episode
of the war, including Pearl Harbor.?? More
than just militarily significant, the kamikaze
represented the totally committed enemy—
even to the point of fanaticism. If a full-scale
invasion of the Japanese home islands became
necessary, the kamikaze was a harbinger of
the degree of military difficulty that, in all
likelihood, awaited an invasion force.

In the aftermath of the bitterly fought
Okinawa campaign, the president was clearly
concerned that an invasion of the
well-defended Japanese homeland could give
rise to an “Okinawa from one end of Japan to
the other.”23 Years later, in his memoirs,
Truman cited Gen George C. Marshall’s
observation that approximately 1.5 million
soldiers would have been required to invade
Japan. Of this number, 250,000 would likely
have been casualties, and an equal number of
Japanese would have died.2* However, some
people suggest that recently declassified
documents indicate that no such “official”
estimate existed and that estimations of
casualties ranged from a low of about 25,000
to a high of 46,000.25 If true, this would make
the figure of 250,000 nothing more than a
“postwar creation”—an effort to justify, in
some measure, the use of this weapon on the
grounds of military necessity. Truman also
went on to say, perhaps tellingly, that “the
need for such a fateful decision never would
have arisen had we not been shot in the back
by Japan at Pearl Harbor in December
1941.”26 Moreover, it has been further sug-
gested that American citizens

recognize that pre- and post-Hiroshima dissent
was rare in 1945. Indeed, few then asked why
the United States used the atomic bomb on
Japan, But had the bomb not been used, many
more, including numerous outraged American
citizens, would have bitterly asked that ques-
tion of the Truman administration.2”
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Was the decision militarily justifiable as a
“numbers” analysis? By this time, was the
world so numbed to killing that the bombings
were just one more step in an ongoing
process? Or was the decision militarily
unnecessary? Were we trying to “commu-
nicate” with the Russians for a better postwar
environment? Even worse, was it an act of
vengeance,?® complicated by overtones of
racism?® and fanned by home-front propa-
ganda?3® From our vantage point, we may
now be far enough away from these events to
draw conclusions dispassionately yet still close
enough to remember them as contem-
porary.3! Thus, I believe it is entirely appro-
priate for us to consider these truly difficult—
even painful—questions. At the same time, we
must keep in mind that this matter—like other
complex issues—is subject to different inter-
pretations, depending upon the perceptions
and biases of the people being asked about it.

To be sure, servicemen who would have
been tasked with the invasion of Japan were
relieved by the bombings. It meant, quite
simply, that now they could hope to “grow
up to adulthood after all.”32 The following
account, written by a British soldier in 1945,
illustrates the point:

[ was all set to fly to Okinawa . . . and, since the
Japanese had almost no air defenses, we were
to bomb, like the Americans, in daylight.

I found this continuing slaughter of defenseless
Japanese even more sickening than the
slaughter of well-defended Germans. But still |
did not quit. By that time I had been at war so
long that I could hardly remember peace. No
living poet had words to describe that
emptiness of soul which allowed me to go on
killing without hatred and without remorse.
But Shakespeare understood it, and he gave
Macbeth the words:

...Iamin blood

Stepp’d in so far that, should I wade
no more,

Returning were as tedious as go o’er.

I was sitting at home, eating a quiet breakfast
with my mother, when the morning paper
arrived with the news of Hiroshima. I

understood at once what it meant. “Thank God
for that,” I said. I . . . would never have to kill
anybody again.33

The bombings meant something else to
the scientists and other people associated
with the development effort.3* Originally
tasked with beating Nazi Germany to the
punch, they clearly achieved this objective.
However, as the war in Europe ended before
Germany could develop the bomb and before
we had any need to use it there, questions
began to arise about whether or not it was
necessary— or appropriate—to use the bomb
in Japan:

Most of the Manhattan Project scientists,
including J. Robert Oppenheimer, director of
the Los Alamos laboratory, tended to favor use
of the bomb. But as the war drew to a close, a
growing minority questioned whether Japan
should be the target of the terrible weapon that
had been developed—they felt—mainly as
insurance against a Nazi bomb.33

Leo Szilard was this group’s most emphatic
dissenter. To his credit, he continued
expressing his concerns about the morality of
using such indiscriminate weapons long after
the end of the war. After Japan'’s surrender,
even Oppenheimer became well aware of the
implications for mankind:

Today . . . pride must be tempered with a
profound concern. If atomic bombs are to be
added as new weapons to the arsenals of [the]
world . . . then the time will come when
mankind will curse the names of Los Alamos
and Hiroshima.

The peoples of this world must unite, or they
will perish. This war, that has ravaged so much
of the earth, has written these words. The
atomic bomb has spelled them out for all men
to understand.3®

From the perspective of US government
officials who made decisions regarding the
development and use of atomic weapons, the
bombings aided in bringing about the
surrender ceremony aboard the USS
Missouri.3” While he was still at the Potsdam
Conference with Churchill and Stalin,
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In November 1944, B-29 Superfortresses like the ones
pictured above began bombing Tokyo. Nine months later,
on 6 August 1945, the Enola Gay, piloted by Paul Tibbets
(below), dropped an atomic bomb on Hiroshima. Three
days later, on 9 August, the US dropped a second atomic
bomb on Nagasaki (left).
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President Truman found out that that the
atomic bomb had been successfully
detonated at Alamogordo, New Mexico. The
conference itself was a difficult give-and-take
among the Allies over the terms upon which
the war should be ended and the conditions
for the postwar peace. Buoyed by the
Alamogordo success, Truman had decided
upon and issued a harsh ultimatum—the
Potsdam Declaration—that called upon Japan
to surrender unconditionally or face “prompt
and utter destruction.”3® Japan had been
subjected to overwhelming aerial bombard-
ment, including firebombing and carpet
bombing of most of its cities and civilian
population, as well as devastating naval
blockades by long-range submarines and
surface vessels. Consequently, despite
opposition from the imperial army, Japan
began to realize that it had lost the war.
Clearly defeated, the Japanese made peace
overtures through the Russians, who had not
yet entered the Pacific war. Their only request
was that they be allowed to keep their
emperor.3°

Did we explore adequately
the diplomatic channels
that were clearly open to us?

The Japanese were ready to surrender.
However, they hesitated in accepting
Truman'’s Potsdam Declaration because it was
silent—or, at least, ambiguous—on the subject
of the emperor’s status. Indeed, many people
think that the United States’s insistence on
unconditional surrender amounted to “the
chief obstacle to an early Japanese
surrender,” 4% which then rose to the level of
“tragedy.”*! In response to the Potsdam
Declaration, the Japanese government issued
a statement to its people, which led to one of
history’s most consequential “failures to

communicate.” While posturing with the |
Russians, the Japanese suggested that they ’

Potsdam Declaration. From reports in
Japanese newspapers, the United States
concluded that the Japanese believed that
the declaration was of “no great value” and
was being “ignored.”#? Taking this response
to be a rejection, Truman ordered that the
atomic bombs be dropped as a means of
ending the war promptly (and on favorable
terms) and of “influencing” Stalin.

Was this an honest misunderstanding? Did
we explore adequately the diplomatic
channels that were clearly open to us? Did we
hear only what we, for some reason or
another, wanted to hear? Were we so
concerned about Russia and the postwar
peace that we were willing to sacrifice
thousands of Japanese men, women, and
children to this awful weapon? Was our
insistence on unconditional surrender driven
only by some vague domestic notion—
inherited from our own Civil War,*
perhaps—that this was the only true end to a
war of this magnitude? Certainly, these are
difficult questions. But some things seem
clear: we did achieve a quick end to the war
on favorable terms; an invasion of Japan was
unnecessary; President Truman never
publicly regretted*’ his fateful decision;*¢ and
the United States and the Soviet Union were
thrust into what was to become the cold war:

Never had any nation attained such immense
power as had the United States at the end of the
Second World War. It had a strong battle-tested
army, a navy more powerful than all the other
fleets combined, the world’s greatest air force
... and in the atomic bomb held the secret of
a weapon capable of such vast destruction that
no one had a defense against it.

Just as Americans were dismayed by Russia’s
politics . . . Russians were alarmed by American
politics . . . and by efforts . . . to confine the
secret of the atom bomb to themselves.*’

The single most gripping characteristic of
our time has been the reality of life in the
shadow of potential nuclear devastation.
We learned to live with theories of strategic
“deterrence,” such as mutual assured
destruction (MAD). Just as the arms race

were “withholding comment”42 on the | escalated, so did uncertainty:



Armed with tens of thousands of nuclear
weapons capable of being launched from land,
sea, and air, the United States and the Soviet
Union became prisoners of a cold war process
that neither controlled. Locked into a nuclear
arms race justified by national security, they
increased their peril, diminished their
economies, and promoted an international
atmosphere of impending catastrophe.

How to prevent the nuclear system from
becoming a way of death was the question that
dominated the debate over nuclear weapons
from their inception.*®

Such was one of the legacies of the bombs
dropped on Hiroshima and Nagasaki.

From the Japanese perspective, the
bombings have had profound implications.
The entire postwar era has been driven, to a
large extent, by what happened to Japan—not
only as a vanquished nation, but also as the
only nation in the world to have suffered an
atomic attack:

As victims of the advent of atomic weapons, the
Japanese people could argue convincingly that
wars were ever more destructive, that a new age
in international affairs was accordingly at hand,
and the sovereign prerogative to go to war must
be renounced. No other nation embraced the
liberal hope of the future world order with the
enthusiasm of Japan, for no other nation’s
recent experiences seemed to bear out the costs
of the old ways.?

Consequently, Japan developed an attitude
that it could grow into a “modern industrial
nation. .. without arming itself” and, further,
that its recent past “justified devoting national
energies entirely to rebuilding the national
livelihood.”>° That Japan has been able to
achieve astounding postwar economic growth
is clear—so much so, in fact, that because of
this success (attributable, some say, to the
government’s “favorable” attitude towards its
businesses), the term Japan, Inc.5! has been
used, somewhat pejoratively, to describe the
phenomenon. As a corollary, some people
believe that Japan has taken unfair advantage
of its attitude against rearmament in general
and nuclear weapons in particular. In fact,
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some of them think that Japan has had a “free

ride”:
Criticism grew particularly vocal around the
time that Japan’s economy emerged as the third
largest in the world. Some critics, in fact,
attributed Japan’s economic success to the
abnormally low defense burden it carried,
arguing that its remarkable growth was only
made possible by US assumption of the lion'’s
share of the defense burden.>?

As the 50th anniversary of the atomic
bombing of Japan approaches, the debate
over whether or not the Japanese somehow
qualify as “victims” of the war has already
begun. The Smithsonian Institute announced
plans to commemorate the event by holding
a special exhibition, including the display of
the Enola Gay. Plans for the exhibition were
circulated for public comment and drew an
immediate and adverse reaction, principally
from US veterans groups who felt that the
Japanese, by being cast as victims, were
escaping from their responsibility for waging
aggressive war and that such an exhibition
amounted to revisionist history. The Smith-
sonian took these comments under advise-
ment and cancelled its originally planned
exhibit. It now intends simply to exhibit a
portion of the fuselage of the Enola Gay and
write a brief explanatory text.33

Clearly, the bombing of
Hiroshima and Nagasaki has
had a profound effect—not only
on Japan, but on mankind.

Clearly, the bombing of Hiroshima and
Nagasaki has had a profound effect—not only
on Japan, but on mankind. Although it stands
as historic testament to our intellectual
capacity to discover and harness immense
power, it also demonstrates the fragility of
life. We can no longer be certain that such
forces could never destroy us. In exhibiting
our willingness to use such power in war, we
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have shown a capacity towards self-
destruction that bears constant vigilance.
Thus, the advent of the nuclear age forever
changed the relationship among nation-
states. Hiroshima and Nagasaki have shown
us that there is, ostensibly, a point beyond
which we will not allow ourselves to be
pushed without exhausting all military
resources available to us and that, no matter
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CONTEMPORARY

'CIVIL-MILITARY RELATIONS
IS THE REPUBLIC IN DANGER?

Cart EDWARD B. WEesTERMANN, USAF *

ICHARD KOHN, FORMER chief of

the Office of Air Force History, cata-

lyzed an increasingly heated debate

concerning the alleged politicization
of the American military. In an article
entitled “Out of Control: The Cirisis in
Civil-Military Relations,” Kohn identifies
“warning signs” indicative of the increasing
alienation of the US military from its civil-
ian leadership.! He lists a series of actions
demonstrating that “the U.S. military is now
more alienated from its civilian leadership
than at any time in American history, and
more vocal about it.”? Kohn supports his
charge by citing several examples: an Air
Force major general making disparaging re-
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marks about President Clinton during a
basewide briefing, the “jeering” of a con-
gressman during a speech to the Army’s
Command and General Staff College, and
the alleged deliberate undermining of for-
mer secretary of defense Les Aspin by mili-
tary officers in the wake of the Somalia
disaster. Perhaps more seriously, Kohn sug-
gests that the armed forces are becoming
“Republicanized”—that is, dominated by sup-
porters of a single political party.

*The author would like to express his appreciation to Dennis
Showalter and Dave and Jeanne Heidler for their suggestions and
comments in the preparation of this article.
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Civil-Military Relations in
Historical Perspective

Friction between the American military
establishment and its civilian leadership is
not a contemporary phenomenon. The de-
bate concerning civil-military relations—in
particular, the maintenance of civilian con-
trol of the military—has been a fundamental
issue in the American body politic from the |
American Revolution to the present day.
Tension between members of the military
and civilian leaders existed from the found-

ing of the United States. The Newburgh
Conspiracy of 1783 involved a threatened

coup by officers and soldiers of the Conti- |

nental Army who were disgruntled over pay
and pension issues. The conspiracy, headed
by Horatio Gates, the “Hero of Saratoga,”
foundered only after a personal appeal by
George Washington.3 Although the New-
burgh conspirators did not embrace an anti- |
democratic ideology, they were certainly
willing to employ antidemocratic methods
to obtain their objectives.

Kohn suggests that the armed forces |
are becoming “Republicanized”—
that is, dominated by supporters

of a single political party.

The initiative by the Newburgh conspira-
tors to bring about the end of the Republic
through the force of arms, although unsuc-
cessful, demonstrated that within a signifi-
cant segment of the military there existed a
pervasive feeling of distrust and open dis-
dain for civilian authorities. That the civil
authorities reciprocated these feelings of an-
tipathy, if not outright distrust, was clearly
seen in 1783 in their protesting the efforts of |
Henry Knox and Baron Frederick von Steuben
to found the Society of the Cincinnati, a fra-
ternal organization for former Revolutionary
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War officers. Critics of the society protested
that it was “inherently unrepublican” and
that it “smacked of tyrannical designs.”4

The debate surrounding the creation of a
professional standing army versus the reli-
ance on a militia of citizen-soldiers consti-
tuted another major point of contention in
the early years of the Republic. The endur-
ing myth of the effectiveness of the militia
during the Revolution would later be cham-
pioned by Jeffersonian Republicans intent
on preventing the “subversion” of the Re-
public at the hands of despotic militarists.
In fact, the historian Theodore Crackel ar-
gued that “the army Jefferson inherited in
1801 had a Federalist character . . . a prod-
uct of the critical and intensely partisan
years of 1798-1800 . . . composed almost
totally of men with Federalist sympathies,
many of whom had openly expressed con-
tempt for the political philosophy of the
new administration.”® A remarkable aspect
of Jefferson’s presidency involved his ability
to remake a hostile “monarchical Federalist”
officer corps into a republican force. Even
more rermarkable was the role played by Gen

. James Wilkinson, a staunch Federalist, in

supporting Jefferson’s fundamental transfor-
mation of the officer corps.6

Distrust of the professional military es-
tablishment found renewed expression in
the twentieth century in the antimilitarist
writings of proponents of both reform liber-
alism and business liberalism. Indeed, the
proponents of business liberalism argued in
the 1920s that the military was a “vestigial
hold-over from a barbarous past”—an anach-
ronism in the wake of the “war to end all
wars.””  The philosophies of both reform
and business liberalism continue to exert a
considerable influence on contemporary
American liberal thought. Twentieth-century
American liberals have regularly sought to
establish mutual exclusivity between liberal
thought and military institutions. This
overtly adversarial relationship found its
most extreme expression in the pacifist
movements prior to the First and Second



76  AIRPOWER JOURNAL SUMMER 1995
World Wars and, subsequently, in the peace
movement during the Vietnam War.

The Second World War proved a water-
shed event for the American military. The
sweeping power given to members of the
military in the formulation of policy coin-
cided with the increasing participation of
the military in the decision-making process.
By the end of the war, the American mili-
tary—in particular, the Joint Chiefs of Staff
(JCS)—had become “the alter egos of the
President in the conduct of war.”® The
growth in the powers of the joint chiefs mir-
rored a corresponding increase in the power
and importance of the military in the post-
World War II world.

In his article, Kohn argues that “the roots
of the crisis go back to the beginning of the
Cold War, when the creation of a large,
‘peacetime’ standing military establishment
overloaded the traditional process by which
civilian control was exercised.”” The open-
ing of the atomic Pandora’s box created a
paradigm shift in the operational and strate-
gic considerations of warfare and introduced
an apocalyptic element to warfare, which—
according to Kohn—“required civilians to
invade traditional military operational
authority."10 Kohn’s argument mirrors the
contention of Samuel Huntington concern-
ing the changing attitude of the military to-
ward civilian control. In his classic work,
The Soldier and the State, Huntington argues
that the members of the JCS sought to insti-
tutionalize and perpetuate the role of the
joint chiefs and their access to the president
in the postwar period. In the area of foreign
affairs, the political leaders determined the
“what,” and the military leaders decided on
the “how.”"!

Kohn contends that the spectre of the
“atomic genie” required civilian authorities
“to take away these weapons from the mili-
tary, lest operational commanders displace
Congress and the President in determinin
whether the country would go to war.”
The military certainly did not object to the
subordination of these weapons to presiden-

\
|

|

tial control. Kohn, however, argues that the
US-Soviet standoff “now required civilians
to invade tradltlonal military operational
authority.”" He further details a process of
bureaucratization of the military after 1950
that “increasingly blurred” the line between
military and civilian counterparts. In effect,
he argues that the military began to empha-
size business management while its civilian
counterparts became increasingly “versed in
military strategy and operations.”’* This
transformation of civilian leadership and its
increasing encroachment into operational
decision making found its ultimate expres-
sion in the actions of Secretary of Defense
Robert S. McNamara and his “whiz kids.”

Kohn correctly emphasizes the height-
ened tensions between the military and its
civilian leadership as a result of limited wars
in Korea and Vietnam. The firing of Gen
Douglas MacArthur, however, far from being
a warning sign of a fundamental schism be-
tween the two, was in fact a clear reaffirma-
tion of the primacy of civilian control.
Likewise, President Lyndon B. Johnson’s mi-
cromanagement of the bombing campaign
in North Vietnam and his boast that the Air
Force could not bomb an outhouse without
his approval, although unpopular with mili-
tary planners, remained an uncontested
presidential prerogative. In fact, Johnson's
behavior had clear historical precedents, in-
cluding Abraham Lincoln’s continuous in-
volvement in strategic decision making
during the Civil War."

The collective post-traumatic stress syn-
drome experienced by the American military
establishment in Vietnam's aftermath was a
reaction in part to “McNamara’s rigid deci-
sion-making methods and peremptory dis-
missal of military judgement.”” One clearly
overstated allegation, however, is that a mili-
tary-congressional alliance emerged in re-
sponse to the McNamara era, spearheaded by
the Republican administrations between
1963 and 1993. The stigma of military de-
feat did lead military and civilian defense
officials to question the structure of forces
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Does Gen Colin Powell represent a new breed of military planner? During his tenure as chairman of the Joint Chiels
of Staff, he was described as ‘the most powerful military leader since George C. Marshall . . . and the most political
since Douglas MacArthur.” In a world in which military issues are inseparable from geopolitical and domestic ones, the

role of the chairman has in fact become a political position.

and the strategy employed in Vietnam. The
ability of a defeated military to draw lessons
from its past failures by changing doctrine,
force structures, and technology is a vital
step for ensuring success in subsequent cam-
paigns. Harry G. Summers’s On Strategy: A
Critical Analysis of the Vietnam War is one of
the clearest manifestations of the postwar
debate within the military in attempting to
come to grips with the causes for the US
defeat in Southeast Asia.'”” The existence of
a contemporary “stab-in-the-back” theory
primarily implicating Johnson and his con-
duct of the war is without question. How-
ever, the wide dissemination of the argument
does not, ipso facto, reflect a wide accep-

tance of it within the military comrnunity.18
More remarkable still was the continued ac-
ceptance of the basic premise of civilian
control by the military in the very shadow
of a humiliating defeat and the subsequent
downsizing of American forces in the 1970s.
The debacle in Vietnam did lead to a vo-
cal effort by senior military leaders for
clearer political objectives capable of being
aligned with existing military capabilities (a
patently Clausewitzian concept). Indeed, the
perceived failures of both American political
and military policy in Vietnam proved the
pivotal experience for most of the contem-
porary military leadership. That this concept
received bipartisan support in Congress
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should neither surprise nor alarm Kohn.
What would have merited alarm was a re-
fusal to learn from the Asian debacle.

The debacle in Vietnam did lead to
a vocal effort by senior military
leaders for clearer political
objectives capable of being aligned
with existing military capabilities.

Additionally, Kohn’s contention that
during the 1970s “the professional military
became politicized, abandoning its century-
and-a-half tradition on nonpartisanship” is
both misleading and historically debatable.
Grover Cleveland narrowly lost the 1888
election to Benjamin Harrison in large part
due to the reaction of former soldiers dis-
gruntled by his veto of a measure designed
to provnde pensions to disabled Civil War
veterans. ' Furthermore, growing histori-
cal consensus indicates that support of the
military proved crucial in the presidential
election of Abraham Lincoln in 1864 and
of U. S. Grant in 1868.

Kohn rightly points out that the end of
the draft diminished the “ideological di-
versity” of the officer corps. However, he
neglects to credit the military’s arguments
against the institution of an all-volunteer
force—largély a liberal initiative in re-
sponse to the American experience in Viet-
nam. Senior military leaders, supported
by civilian analysts such as Morris
Janowitz, argued that an all-volunteer
force forfeited the principle of ”democratlc
participation” within the armed services.’
In addition, opponents of the volunteer
force feared higher operating costs, a de-
crease in the quality of recrunts and in-
creased discipline problems.? It is,
however, significant that senior military
officers provided clear support for the in-

itiative once the civilian leadership decided
to adopt the all-volunteer force.

In the face of President Jimmy Carter’s
“contemptuously anti-military administra-
tion,” Kohn finds the emergence of a “Re-
publican,” “conservative,” and “politicized
military.” 22 Kohn fails to provide any sig-
nificant evidence to support this state-
ment. He neglects to mention the
prohibitions imposed on military mem-
bers with respect to holding political of-
fice, actively campaigning in uniform, or
taking advantage of one’s military position
to campaign. The fact that most military
members are conservative is certainly no
surprise. This orientation reflects the over-
whelmmg middle-class composition of the
m111tary It is also a direct consequence
of a volunteer military correspondingly
likely to attract men and women imbued
with conservative values and, oftentimes,
family traditions of armed service. Indeed,
over 22 percent of the last five entering
classes of the United States Air Force Acad-
emy were either sons or daughters of a re-
tired or active duty military parent
Again, the implied pejorative associated
with the “Republicanization” of the mili-
tary is unsupported by statistical evidence
and plays to the spectre of an illusory mili-
tary power play, a la Seven Days in May.

The renewed emphasis on increasing
military capability during the 1980s was
less a testament to the rising power of the
military community than a reflection of a
fundamental political objective of the “Rea-
gan Revolution.” It is equally clear that
the military benefited from the Reagan
buildup and was not averse to taking full
advantage of the opportunities offered
during the Reagan and Bush presidencies.
The buildup of the military did not, how-
ever, take place in a vacuum. President Rea-
gan’s request for increased military
spending in the 1980s required broad-
based congressional support. The willing-
ness of members of Congress to support
the president’s military program reflected
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in large part a perception of the “man-
date” the American people demonstrated
in Reagan’s overwhelming election victories.

The Colin Powell
Argument

Kohn is particularly harsh in his criticism
of Gen Colin Powell, former chairman of the
JCS (CJCS), for his “intrusion into foreign
policy” and for “reversing the relationship
between the national goals and military
means, turning the age-old Clausewitzian
formula about war being an extension of
policy on its head.”?® There is no doubt that
General Powell’s experience in Vietnam in-
fluenced his views on the necessity for clear
political objectives and the use of “over-
whelming force.”? Additionally, Powell’s
earlier experience as head of the National
Security Agency (NSA) involved him, by
definition, in the policy-making process.
Support or advocacy of proposed foreign
policy initiatives was an inherent element of
Powell’s position within the NSA. The final
decision concerning a proposed course of ac-
tion, however, always rested with civilian
authority, namely the commander in chief.

With his appointment as CJCS, Powell in-
herited a position vastly strengthened by the
Goldwater-Nichols Defense Reorganization
Act of 1986, which mandated the extension
of the role and power of the chairman
within the joint chiefs. In fact, “Powell was
empowered by Goldwater-Nichols to give his
military opinion to the President, no matter
if the Chiefs agreed with it or not. That
made the Chairman the military adviser to
the President in fact, not just in theory” (em-
phasis in original).®® It did not, however, re-
strict or limit the final authority of the
president.

Kohn criticizes Powell’s efforts in the fall
of 1989 to proceed “without any authoriza-
tion from superiors” in developing “a set of
concepts designed to reconfigure the entire
military establishment . . . a new national
strategy and significantly reduced and re-
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vamped military services.””’  The implica-

tion that it is inappropriate for America’s
senior military leadership to consider force
restructuring in the face of changing defense
commitments is patently ludicrous. Abun-
dant examples exist involving the participa-
tion of military members in the process of
remolding forces in consonance with chang-
ing national strategy objectives. For exam-
ple, Gen George Marshall told President
Franklin D. Roosevelt at the start of the Sec-
ond World War that the political/military
goal of American involvement had to in-
clude unconditional surrender of the enemy
and the destruction of his military capabil-
ity.3° Powell’s formulation of a national
strategy blueprint does not “turn Clausewitz
on his head.” Rather, it recognizes the role
of military leadership in offering sugges-
tions for military reform. Military officers
cross the line when they attempt to achieve
direct control over, or usurp, the constitu-
tionally guaranteed powers of civilian lead-
ership in the policy-making process.

This concept of civilian control of the
military finds expression in Huntington’s
discussion of a Clausewitzian dictum that
“war does not have its own logic and pur-
pose. The soldier must always be subordi-
nate to the statesman.” In fact, Huntington
accepts the Clausewitzian contention that
misguided or self-serving policy on the part
of the civilian leaders “does not concern the
military man.”*' Huntington’s contention,
however, does not necessitate the exclusion
of the military from the initial policy for-
mulation but demands military obedience in
support of the final decision of civilian poli-
cymakers.

Kohn is correct to criticize Powell’s op-ed
article in the New York Times concerning his
opposition to American action in Bosnia.
The general’s public advocacy in that news-
paper and in Foreign Affairs of his views for a
new national strategy in the wake of the
cold war is problematic. As CJCS, Powell did
not surrender his First Amendment rights;
however, he acted inappropriately in pre-
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empting the political decision-making
process. Direct entry of military officers
into the arena of public discourse should oc-
cur only after their resignation or with-
drawal from military service. The fact that
President Clinton had not taken the oath of
office is a legalistic point.

Powell’s public advocacy, although inap-
propriate, can most probably be traced to his
previous role in the policy-making process
during the Bush presidency. In addition, the
fact that the 1992 elections had concentrated
on domestic policy at the expense of foreign
policy was certain to cause concern within a
military establishment facing cataclysmic
change and restructuring. The perceived
lack of foreign policy expertise within the
Clinton White House, whether accurate or
not, certainly played a role in Powell’s deci-
sion to publish his views on the Bosnian
situation.

Powell’s tenure as CJCS can be seen from
two very different perspectives. Kohn de-
scribes Powell as “the most powerful mili-
tary leader since George C. Marshall
and the most political since Douglas
MacArthur,” a man who contravened the
traditions of civil-military relations as they
had existed since the advent of the Repub-
lic.’**> Was Powell the exception to the rule,
a man who became accustomed to the for-
mulation and exercise of political author-
ity? Or is it possible to see Colin Powell as
representing a new breed of American
military planners? In a world in which the
US military faces taskings from coalition
warfare in the Gulf, limited air strikes in
Bosnia, and humanitarian assistance in So-
malia and Rwanda, perhaps it is time to
recognize that the role of the CJCS has in
fact become a political position, which is
“simply a function of the complex modern
world that chairmen operate in—a world in
which military issues are mseparable from
geopolitical and domestic ones.” 3 The
contemporaneity of the events surround-
ing Powell’s tenure as CJCS prohibits a de-
finitive assessment of his impact on the

office or its future role. It is clear, however,
that the chairman’s role is still evolving and
that the debate will continue.

Conclusion

Forty years ago, Huntington described the
inherent conflict present between the “func-
tional and societal imperatives” of civil-mili-
tary relations. He argued that

one of the more basic and obvious facts of our
time is that changes in technology and
international politics have combined to make
security the final goal of policy rather than its
starting assumption. The functional imperative
can no longer be ignored. Previously the
primary question was: what pattern of
civil-military relations is most compatible
with American liberal democratic values?
Now this has been supplanted by the more
important issue: what pattern of civil-military
relations will best maintain the security of the
American nation?34

Huntington clearly identified the intrinsic
dichotomy between a standing professional
military and its relationship to American lib-
eral philosophy. It is a dichotomy that con-
tinues to produce impassioned defense on
both sides.

In the end, the framers of the Constitu-
tion successfully integrated a standing mili-
tary capable of defending the Republic
against enemies, both foreign and domestic.
The professional military of today—like the
soldiers of the early Republic—remains
strongly rooted in the concept of the subor-
dination of the military to civilian control.*
The ultimate irony, perhaps, is that the con-
servatism of the military, so stridently criti-
cized in liberal philosophy, acts as the very
bulwark that ensures the continued adher-
ence of the military to the concept of civil-
ian control. Marcus Antony does not stand
outside the gates of Rome—there is no
danger to the Republic. O
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ORGANIZING FOR
SEARCH AND RESCUE

HE LETHALITY of air defenses has
increased exponentially since the
conclusion of World War II. Even
with the advent of stealth technol-
ogy, aircraft in combat face an undeniable
risk of being forced down. With increased
training costs and budget constraints, the
military cannot afford to lose aircrew mem-
bers who could otherwise return to fight
again. Cost aside, the US must do every-
thing possible to protect its military person-
nel. A pilot forced to eject over enemy
territory should have confidence that help is

82

Force Structure

in a Joint Environment

20 Lt Dave Meccert, USAF

on the way. Therefore, we need renewed
emphasis on aerial combat search and rescue
(CSAR) forces. The CSAR mission, however,
tends to be overlooked, and its doctrine is
not keeping pace with the increasing CSAR
capability available within today’'s joint
forces. While the 1986 Goldwater-Nichols
Department of Defense Reorganization Act
made the unified commands the model for
organization, CSAR forces are distributed un-
evenly, nonfunctionally, and redundantly at
best—greatly reducing the theater command-
crs’ ability to support their forces with vi-



able rescue units. Remedying the situation
will require the military to rethink the way
we organize and implement CSAR forces.

Concentrated efforts at recovering downed
aircrews began after the entry of the United
States into World War Il when Gen H. H.
(“Hap”) Arnold forged an agreement with
the Royal Air Force to conduct combined
search and rescue operations in the North
Sea and English Channel.! These missions
relied heavily on Catalina seaplanes and con-
verted B-17 Flying Fortresses to drop rescue
equipment to the crews. Land-based opera-
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tions came about soon after in South Asia,
consisting initially of ground teams but in-
creasingly employing helicopters to effect
rescues. Helicopters provided a quantum
leap for rescue forces, and, despite their en-
try late in the war, their effectiveness helped
fashion CSAR units of the future. The Air
Rescue Service was formed soon after the
end of the war, and it had rapidly developed
its capabilities by the end of the Korean War.
By the early 1960s, it was responsible not
only for worldwide SAR activities in war and
peace but for recovery of space vehicles after
splashdown and for local base rescue teams
as well.2

None of these missions, however, pre-
pared the Air Rescue Service for the chal-
lenges it would face in Vietnam. The Air
Force was reluctant to send additional units
at the beginning of the war in an attempt to
maintain the covert posture of its Farm Gate
assistance operation (the US Air Force advi-
sory support of the South Vietnamese Air
Force early in the war). Any pilots unfortu-
nate enough to be shot down had a better
chance of being rescued by a passing Air
America flight than they did by military
forces.® As losses mounted, the equipment
and units in place were deemed to be inade-
quate, and the mission was reevaluated. It
was at this time that CSAR really began to
find its legs. HH-43 helicopters were refitted
with armor plating, door guns, and addi-
tional fuel tanks to increase their range; and
they were soon augmented by the arrival of
the much more capable HH-3 Jolly Green
Giant. Although well suited for extraction,
the helicopters were extremely susceptible to
fire from ground forces, who commonly sur-
rounded downed pilots, set up “flak traps,”
and waited for the rescue helicopters to
come in before firing. Help came in the
form of the Douglas A-1 Skyraider, a small,
rugged aircraft capable of extended loiter in
target areas and capable of carrying a vast
array of munitions. The Navy agreed in
1965 to provide the Air Rescue Service with
A-1s on a rotating basis for escort duties.*

Typical rescue missions had a pair of

Skyraiders, “Sandy High,” providing escort
for the helicopters and commanding the
mission until arrival on scene. A second pair
of A-1s, “Sandy Low,” orbited the crash site
to determine the crew’s condition and loca-
tion and the composition of enemy forces in
the area. Sandy Low was often assisted by
forward air controllers who were typically fa-
miliar with the terrain and enemy strength
in the area. Once the team arrived, Sandy
Low assumed control and cleared the heli-
copters into the area. The pickup helicopter,
“low bird,” moved in while the “high bird”
backup helicopter remained in orbit.> While
there were some variations for terrain and
equipment available, this served as the mili-
tary’s model for CSAR for the entire war.

While rescue forces in Vietnam have
rightfully been commended for their per-
formance, there were definite shortcomings
in our rescue abilities. Forces lacked a long-
range rescue vehicle for missions into North
Vietnam. During Linebacker II, for instance,
not a single aircrew member was recovered
from beyond the border. Time was also a
critical factor. Slow-moving helicopters trav-
eling long distances left crews on the ground
for extended periods of time. This led to a
disturbing statistic: a pilot’s chances of be-
ing rescued were good if picked up within 15
minutes but dropped off sharply after 30.6
Of the 2,254 US Air Force aircraft lost over
Vietnam, only 635 crew members were re-
covered.’

Certainly there are many lessons to be
learned from our experience in Vietnam.
First, even peacetime forces must be pre-
pared to engage in CSAR in varied situations.
The Air Rescue Service, later the Aerospace
Rescue and Recovery Service, had focused so
much on emergency and space recoveries
that they were ill equipped to deal with ex-
traction under combat conditions. The vehi-
cles were unarmed, unarmored, and they
lacked the range and durability needed for
combat.8 It took nearly five years of combat
experience to turn the ad hoc grouping of
secondhand equipment into a professional
combat rescue service, a luxury we could not



afford then and certainly will not have in
future conflicts.

Second, forces must be tailored to pecu-
liarities of their operational areas. In several
cases, extensive modifications had to be
made to existing aircraft in an attempt to
find a suitable rescue platform, including
fuel tanks, weapons systems, and armor.
The H-S, the first helicopter sent to Vietnam,
had wooden rotors that deteriorated rapidly
in the humid climate. The original extrac-
tion cables were too short to reach through
the dense triple canopy of Vietnamese and
Laotian rain forests. Had forces been trained
and stationed in country, they would already
have prepared for these contingencies.

Third, joint efforts produce better results.
When the Air Force saw it needed armed es-
corts, the Navy had the capability to provide
them. When the Air Force needed addi-
tional helicopters, Army helicopters were
made available. The result was a combina-
tion of capabilities more efficient than any
service could have provided on its own. No
one service had enough resources to spare
for a separate CSAR unit.

Finally, tactics have to be modified to suit
the nature of the rescue. Prior to Vietnam,
formal doctrine on combat rescue was virtu-
ally nonexistent, leading to experimentation
with techniques and equipment. It was not
the doctrine of the individual services that
made CSAR effective in Vietnam but rather
the ingenuity of the rescue forces, which
made do with impromptu arrangements of
whatever forces happened to be in the area
at the time. While Vietnam provided the
most experience for our forces, the short-
comings mentioned above should keep it
from being accepted as our model for CSAR.

It was nearly 20 years before a CSAR op-
eration of Vietnam’'s magnitude would be
seen again. In Operation Desert Storm, Spe-
cial Operations Command (SOCOM) was
tasked with providing all rescue forces in-
theater. While SOCOM was well equipped
with helicopters and pararescue forces, it
lacked escort planes for them. The Sandy
mission was turned over to Air Force A-10s,
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which were assigned to specific rescue units.
Coordination between the two was more dif-
ficult because SOCOM was loathe to reveal
many of its covert tactics to regular forces.
On 21 January, a Navy F-14 pilot, Lt Devon
Jones, and his radar intercept officer, Lt
Lawrence Slade, were shot down over Iraq by
a surface-to-air missile. Slade was captured
immediately, but Jones landed far enough
away to avoid detection. Digging himself a
foxhole in the sand, Lieutenant Jones waited
as several Iraqi farmers passed within a few
feet of his position. When he finally turned
on his survival radio, he found that rescue
forces were already looking for him. Two
A-10s were sweeping the area, trying to pin-
point his location. They did so, then re-
turned to their base to refuel and escort a
helicopter in. Jones waited anxiously, then
noticed an Iraqgi truck headed directly for his
position. Before it reached him, however,
the truck erupted in flames. The A-10s had
returned, destroying the truck with their 30-
mm guns. Lieutenant Jones was rescued af-
ter spending eight hours on the ground.’®

The tactics of the mission bear a striking
resemblance to Vietnam. In the CSAR com-
munity, the leadership was very much a rem-
nant of Vietnam. However, there were
certainly differences. The terrain of Iraq
provided much less cover than did Vietnam,
necessitating rapid response of rescuers to
prevent capture. Lieutenant Jones spent
eight hours on the ground waiting for rescue
forces to get a helicopter to a known loca-
tion. Had SOCOM been more willing to in-
tegrate with regular forces, the rescue time
could have been shortened dramatically.
Iraq’s terrain also provided less cover for en-
emy ground troops, preventing the “flak
traps” so prevalent in Vietnam. This allowed
helicopters to enter the scene without fear of
an ambush, which had hindered so many
rescues in Southeast Asia. Organizationally,
rescue forces were consolidated under the
command of the joint forces air component
commander (JFACC) rather than an Air Force
agency, giving the rescue crews the ability to
organize and plan their missions more effec-
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tively. However, the fundamental tactics of |

CSAR hadn’t changed much, and neither had
the prevailing attitude of the services that
rescue was a contingency mission to think
about once hostilities had already begun,
and one that they could handle on their
own.

Air Force doctrine concerning CSAR re-
flects this afterthought attitude, as well as
the lack of joint consideration. Air Force
Manual (AFM) 2-36, Search, Rescue, and Re-
covery Operations, states that “operational
control of specific SAR forces may be passed
to the air component commander of a joint
force,”!? indicating that the Air Force is will-
ing to turn over control of SAR forces, such
as in Desert Storm. However, it furthers the
view that rescue is a secondary mission by
stating that “it is impractical to establish a
static SAR force structure of sufficient
strength to have forces close at hand, regard-
less of area.”!! Some A-10 pilots do receive
special SAR training, but not all. What hap-
pens when SAR qualified pilots are shot
down and only pilots unfamiliar with SAR
operations are left to rescue them?12

The Navy doesn’t have a single text to
deal with CSAR; it deals with it as an exten-
sion of other missions. On a typical aircraft
carrier, only three helicopter crews (out of
eight) are trained to perform SAR missions.!3
The Marine Corps places even less emphasis
on rescue missions because the time spent
diverting forces to conduct a search detracts
from a unit’s primary function.!* Because
CSAR is so dependent on a conflict to be
implemented, it is not likely to receive the
attention it deserves until a more cost-effec-
tive means of maintaining an active rescue
force is accepted.

Services have also resisted the integration
of their equipment into a joint package on
anything less than an emergency basis. The
Navy’s reason for doing so is to retain inde-
pendence: “Battle Group Commanders want
the capability to do CSAR . . . with organic
battle group forces.”’> It shows its true non-
joint mentality in stating that “existing
[CSAR] texts are from other services and not

always compatible with Navy operating pro-
cedures.”’® The services are unwilling to
sacrifice their own CSAR capabilities despite
the fact that all rescue operations in every
major conflict in the past 30 years have been
conducted by joint forces.'” The Air Force is
currently tasked with providing CSAR forces
for the entire military, but the other services
were unwilling to elevate the status of the
joint rescue coordinator to joint rescue com-
mander, fearing that it would give the Air
Force another vote (with the JFACC) on the
unified commander’s staff.18

The current force structure is limited in
its range and scope. There are approxi-
mately 200 Air Force aircraft dedicated to the
SAR mission, and the majority fall under the
Air Force’s only SAR wing, the 39th Aero-
space Rescue and Recovery Wing (ARRW)
based at Eglin AFB, Florida.!® These forces
consist mainly of HH-3, CH-53, and -60 heli-
copters, with HC-130 aircraft acting as com-
mand and communication platforms.
Several problems arise in adapting this struc-
ture to an effective CSAR force. First, the
wing does not possess any rescue escort air-
craft, such as A-10s, so training for CSAR is
sporadic at best.?0 Also, by having only one
dedicated ARRW, the Air Force is limiting its
ability to react to overseas crises. The Navy
has limited shipborne rescue capability but
does have two Naval Reserve squadrons dedi-
cated to CSAR. The continued acquisition of
HH-60s is expected to upgrade the overall
capability of Navy rescue forces.?! This lack
of attention to CSAR projection seriously de-
grades the ability of the services to construct
an effective force in a regional conflict, and
this was seen in the reaction time of rescue
forces in Desert Storm.

This attitude is changing, but slowly.
Joint Publication 3-50.2, Doctrine for Joint
Combat Search and Rescue, was due for final
approval in September 1993, but it is still
undergoing changes. The very fact that it is
being drafted as a joint publication is a
quantum leap from the current lack of coop-
eration among recovery forces.

The importance of CSAR is being noted as



well. A single captured pilot can cause na-
tional furor, as was witnessed recently in the
case of Army Warrant Officer Michael
Durant in Somalia. The public will not
stand for Americans being held as prisoners,
and this concern for American prisoners of
war (most of whom can be expected to be
aviators in a Desert Storm scenario) has
forced the services to take a hard look at
how they train for rescue. Some A-10 and all
OA-10 forward air controller pilots receive
routine training in CSAR, and the Navy is
trying to expand their helicopter rescue ca-
pabilities, favoring the rugged HH-60 over
the much larger (and expensive) tilt-rotor V-
22 Osprey. The Osprey, although much
faster and having longer range, is a larger
target for antiaircraft fire and is already far
over budget and behind its development
time line.? Budget constraints are likely to
limit procurement of any pure rescue equip-
ment, which helps explain the Air Force’s re-
liance on special operations to take on CSAR
responsibilities, allowing helicopter technol-
ogy to receive funding in one place. Trying
to reemphasize the CSAR mission in light of
dwindling resources requires an organiza-
tional change to do more without expanding
the size of the force.

In 1986, the Goldwater-Nichols Act placed
the impetus of joint operations on the uni-
fied commands. A single commander was
placed in charge of all Air Force, Army, Ma-
rine, and Navy assets in his theater of opera-
tions. CSAR forces, however, were not
incorporated into the command force struc-
ture, remaining under the owning service's
control. This seriously limits a commander'’s
choices when confronted with a mission re-
quiring CSAR support. The commander
does not have a designated rescue unit avail-
able for immediate response to a crisis.
What forces are available are spread among
the various services, have had little experi-
ence working together, and have no defined
CSAR chain of command. However, the uni-
fied command structure does provide a
model for a better CSAR organization, and
with minimal difficulty. In order to make
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our CSAR forces more capable and efficient,
it will be necessary to organize them at the
theater level.

First, those units with the best CSAR capa-
bility in-theater must be identified by the
command. This may be any combination of
service components, including fixed- and ro-
tary-wing aircraft. These units would then
be tasked with providing CSAR for the entire
theater as a primary mission. In Pacific
Command (PACOM), for example, Army
helicopters, Air Force OA-10s, and fighter
support units are all based within 20 miles
of Seoul, South Korea. If a squadron of each
was tasked with CSAR, they could be imme-
diately employed by PACOM as an organic
joint rescue unit under direct control of the
commander in chief (CINC). This would al-
low them to react rapidly with a known
command structure in place. Similar condi-
tions exist in Germany, England, Panama, Ja-
pan, Turkey, Hawaii, and on both coasts of
the US. Being region-specific units, each
would be prepared, trained, and equipped to
deal with peculiarities of terrain, weather,
and enemy threats. Units in the Middle East
would certainly use different tactics and
equipment than those in Central America.
This would also prevent the need to deploy
an outside, inexperienced CSAR force be-
cause the local unit would be responsible for
operations in their theater. The proximity of
these forces would allow joint training for
CSAR on a regular basis. As the training
would not require the units to relocate or
deploy elsewhere, they would still be free to
train as usual for other service-specific mis-
sions. The frequent training would help re-
move the obstacles that have hindered
smooth joint CSAR operations in the past,
obstacles such as inconsistencies in tactics
and breakdowns in logistics and in commu-
nication, command, and control. In effect,
this arrangement emphasizes CSAR as a vital
mission but does not force the commands to
form a separate, dedicated rescue group.

While such a group would be extremely
effective, it is also cost-prohibitive. It would
require a command to train aircrews and op-
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erate and maintain aircraft specifically for
the CSAR mission, all the time wondering
when a conflict would arise in which the
group could be utilized. Tasking separate
units helps to highlight the importance of
CSAR without detracting from service capa-
bilities, allowing them to do more with the
same amount of resources.

Budgeting constraints must be considered
as well. Because training for CSAR would
fall under the direction of the unified com-
mands rather than under the individual ser-
vices, the funding would be provided by the
commands themselves. USSOCOM would
receive less money for rescue training but
would still maintain mission-specific rescue
capability, including hostage rescue and
forced extradition, and would have forces
available to augment the theater-level forces
in extreme circumstances. Likewise, the in-
dividual services would keep their organic
forces for noncombat rescue but would not
field a fully capable CSAR unit, thus prevent-
ing redundancy. This is likely to cause some
grumbling at the service level, but this is
precisely the attitude that has to be over-
come if we are serious about maintaining
our combat effectiveness during a draw-
down. New rescue-specific equipment is not
likely to receive funding, so it is critical to
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IRA C. EAKER AWARD WINNER

Maj Scott A. Fedorchak, USA

for his article

Air Operations Must Be joint

Congratulations to Maj Scott A. Fedorchak on
his selection as the Ira C. Eaker Award winner
for the best eligible article from the Spring 1995
Issue of the Airpower Journal. Major Fedorchak
receives a $500 cash award for his contribution
to the Air Force’s professional dialogue. The
award honors Gen Ira C. Eaker and is made pos-
sible through the support of the Arthur G. B.
Metcalf Foundation of Winchester, Massachusetts.

If you would like to compete for the Ira C.
Eaker Award, submit an article of feature
length to the Airpower Journal, 401 Chen-
nault Circle, Maxwell AFB AL 36112-6428.
The award is for the best eligible article in
each issue and is open to all US military
personnel below the rank of colonel or
equivalent and all US government civilian
employees below GS-15 or equivalent.
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Ricochets and Replies
continued from page 3

RE SACRED COWS

I want to congratulate you on the much-needed
change in direction of the Airpower Journal. You
are right—the Air Force is hungry for ideas. After
all, its professional journal has been on a self-im-
posed, seven-year fast.

That said, there have been areas of significant
progress at Air University and in the Air Force
generally since 1987. The reorganization of the
USAF, led by Gen Merrill A. McPeak, was an abso-
lute necessity after the end of the cold war. Nev-
ertheless, it took integrity and courage. The
establishment of the School of Advanced Air-
power Studies (SAAS) is another encouraging
sign. The “Warden Revolution” at Air Command
and Staff College is indicative of the potential in-

herent in ideas. If there is an intellectual revolu-
tion in the Air Force, no one is happier about it
than those few of us who, quite literally, were the
intellectual insurgents of the 1970s and 1980s.

War is, above all, an intellectual endeavor. Be-
fore planes drop bombs, soldiers march, tanks
roll, or ships sail, war exists as an idea in some-
one's mind. Ideas lead to strategy, and if the
strategy is flawed, the war will be lost. Bad strat-
egy cannot be saved by heroism, increased bomb
tonnages, technological silver bullets, or a pleth-
ora of human suffering. (I commend to you Prof
Larry E. Cable’s Unholy Grail for an elaboration
on the above.) Meanwhile, I hope the new direc-
tion undertaken by the Airpower Journal means
that the Air Force’s unilateral disarmament in the
war of ideas has ended.

Earl H. Tilford, Jr.

(former editor of Air University Review)
Carlisle, Pennsylvania



Net Assessment

Reading furnishes our mind only with ma-
terials of knowledge; it is thinking that

makes what we read ours.
—John Locke

Certain Victory: The U.S. Army in the Gulf
War by Brig Gen Robert Scales, USA; Lt Col
Terry Johnson, USA; and Maj Thomas Odom,
USA. Government Printing Office, Superinten-
dent of Documents, P.O. Box 371954, Pitts-
burgh, Pennsylvania 15250-7954, 1993, 43S
pages, §115.00.

Certain Victory—an expensive, full-color, 43S-
page celebration of the US Army’s triumphant
emergence from the malaise of Vietnam into the
oil fields of Kuwait—takes the reader on a fast-
paced journey through the 100-hour ground war
in the Gulf. Six of its seven chapters begin with
very readable personal accounts of the Gulf War
or events leading up to it. The personal stories
are presented in italics and run three to five
pages. Chapter 7 begins with a personal account
of a sergeant major’s recollection of his return to
the States from Vietnam in 1969. It is part of the
writers’ attempts to frame the book in the light of
a vastly improved, necessary, and war-winning
Army of the 1990s.

The primary authors—a three-man team led by
Brig Gen Robert Scales—are not shy about giving
total credit to the Army for the success of the
campaign against Iraq. The authors even view
something as benign and self-evident as the airlift
and sea lift of combat and support forces from
the US and Europe as an all-Army show: “In De-
sert Shield the Army created a military metropolis
half a world away in less than 90 days” (page
383).

The detailed—in some cases, hour-by-hour—de-
scription of the ground war shows numerous tank
battles against well-equipped, motivated, and
highly trained Iraqi forces who—allegedly—had
hardly been touched by the 41-day coalition air
campaign that preceded G day:

Though battered by the Coalition for 41 days, the
Iragi GHQ [general headquarters) had retained con-
trol of its forces in the KTO [Kuwaiti theater of op-

erations]. Emergency crews swiftly repaired the
communications system when it was damaged by
bombing. . . . The 50th Armored Brigade still had
plenty of fighting machines. Air attacks since Janu-
ary 17 had caused few losses. Ninety of his original
108 tanks remained serviceable, as did most of his
MTLB personnel carriers. (Pages 232-35)

Throughout the book, the authors consistently
maintain that air did little to affect the outcome
of the war. Ground forces did the real job, espe-
cially in the area controlled by General Frederick
J. Franks, VII Corps commander:

Under the American guns, the remaining combat ve-
hicles in the Iraqi security force died quickly. The
defending Iraqi commander later remarked that after
losing 2 of his 39 T-72s in five weeks of air attack,
the 2d Cavalry had annihilated his entire command
in fewer than six minutes in what later came to be
known as the Battle of 73 Easting. (Pages 261-62)

However, the authors’ criticism of airpower
does not extend to rotary-wing craft. These they
judge to be extremely effective force multipliers,
capable of enormous and timely destruction of
enemy ground forces and personnel:

Stockhausen noticed that the dark night and the
very steep angle of the missiles’ trajectories com-
pletely surprised and confused the enemy. As they
ran aimlessly among the burning vehicles, the hap-
less Iraqis obviously had no idea of what was hitting
them. Hatch had joined the engagement as a copi-
lot-gunner. He was so absorbed in his Hellfire sight
that he failed to notice a rumble of explosions below
him until the pilot in an adjacent aircraft broke in
on his radio. The pilot told Hatch that he had just
chewed up about a dozen Iraqi soldiers armed with
AK-47s who had collected below Hatch’s Apache and
were ready to shoot him down. His wingman’s
30mm gun had saved Hatch’s life. . . . Later, gun
camera videotape confirmed that the single Apache
battalion had killed 38 T-72s, 14 BMPs, and 70-odd
trucks. (Pages 271-72)

The authors blame fixed-wing aircraft and the
men who commanded them for letting the Re-
publican Guard escape during the last hours of
the ground war. Further, they can’t resist taking a
swipe at the work of American air forces in the
much publicized “Highway of Death,” accusing
them of doing little but shooting up stolen
trucks, buses, and cars, and in the process allow-
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ing the main Iraqgi battle force to escape into the
desert:

The decision to leave everything east of 20 Easting
to air power rather than mount a series of Apache at-
tacks against the retreating armor gave the Iraqi
tanks the opportunity to run a rather porous gaunt-
let and seek sanctuary within the Basrah pocket.
Close examination of the “Highway of Death,” cre-
ated by the Coalition air forces along the main road
from Kuwait City to Basrah, showed the vast major-
ity of the destroyed vehicles to be trucks, cars, and
buses looted from the Kuwaitis, none of which were
capable of off-road movement. Saddam’s armor, able
to fan out across the desert, merely sidestepped to
the east and retreated into Basrah. (Page 315)

Certain Victory is filled with other equally
damning remarks about airpower. Air tasking or-
ders took too long to build, weren’t responsive to
the corps commander’s needs, and so forth. The
book slowly works its way up to one of the
Army’s key concerns both during and after the
Gulf War—determining the exact role of airpower
in this new age of precision weapons and in-
creased intelligence capabilities. According to
Certain Victory, airpower’s only role is to support
the ground commander’s scheme of maneuver
and to assist in shaping the battlefield. The real
work will be done the old-fashioned, “dirty” way
by ground forces:

Air planners have long sought to vindicate the view
that the ever-increasing accuracy of air-delivered
munitions has made it possible to win war the
“clean” way—through strategic targeting. In this
view, the application of air power then becomes a
campaign—if not a separate war—distinct from
ground combat. The Army, on the other hand, does
not recognize the distinction. Instead, ground com-
manders see air power as the means to weaken the
enemny and shape the battlefield. (Pages 175-76)

The authors interviewed 99 Army people, in-
cluding 94 officers and five enlisted men. How-
ever, the commander of the Desert Storm
coalition, Gen H. Norman Schwarzkopf, was not
among them. While there could be a myriad of
reasons why the Certain Victory research team did
not interview this most popular of four-star Army
generals, his omission is glaring, nonetheless.

Even without Schwarzkopf, one must view Cer-
tain Victory as a full-court press by the United
States Army to convince everyone within its reach
that heavy armor and ground forces have been
and still are the decisive elements in warfare. By
belittling the contributions of airpower and
scarcely mentioning sea power, the authors
would have us believe that “only tanks kill tanks”

and “only armies win war” and “that’s the way it
will always be.” The real danger in books like
Certain Victory is that after a while, the uniniti-
ated begin to believe them. With enough time, a
whole generation could come to the conclusion
that it is possible to fight a 100-hour war with
nothing more than tanks and soldiers and suffer
little loss of life. Readers could come to believe
that armies cross oceans by themselves and fight
fully functioning adversaries with only the tiniest
bit of assistance from their brothers and sisters in
the sky. They could embrace such nonsense as
truth and in the process lose their freedom and
themselves. Certain Victory could unwittingly
lead to certain defeat.

Col Rich Reynolds, USAF
Brussels, Belgium

Paper Soldiers: The American Press and the Vi-
etnam War by Clarence R. Wyatt, W. W. Nor-
ton and Company, 500 Fifth Avenue, New York
10110, 1993, 272 pages, $22.95.

The relationship between the press and the
military is a subject sure to evoke vivid mental
images and strong emotions—especially in regard
to Vietnam. For example, I was turned off by the
endorsement on the back of the dust jacket of this
book by the infamous “Baghdad Peter” Amett,
even though he has valid credentials as an experi-
enced Vietnam War reporter. In any case, whether
viewed as villain or savior, biased or objective,
adversarial or cooperative, the press is almost
unanimously thought of as a major, maybe even
a decisive, factor in the United States’s failure in
Vietnam. Did the noble press “pull aside the veil
of righteous wrath to bring the war to an end,” or
did it “misrepresent the nature and progress of
the war, thus leading the American people to turn
their backs on a ‘noble cause’ “?

Wyatt observes that “creators of such images
have made a simplistic morality play out of what
is a complicated, important story” and maintains
that neither of these views is accurate since each
is based on a false belief that “the press was a
powerful adversary of the government and the
military.” Wyatt supports his thesis through a
well-researched, very readable examination of ex-
actly how the press covered the Vietnam War
(e.g., resources allocated and sources relied
upon). A rework of Wyatt's doctoral dissertation,
which was written under the very able direction
of George C. Herring, author of America’s Longest
War: 1950-1975, this book is also the story of the



changing, often stormy, relationship between the
press and the American government in general
and the US military in specific.

According to Wyatt, the physical and intellec-
tual demands of journalism motivated Vietnam
reporters and their superiors back in the United
States much more than political or ideological
beliefs. Shoestring budgets, rampant ethnocen-
trism, and an intense focus on spot reporting of
day-to-day American combat activity all com-
bined to shape what Americans knew or, more
important, did not know about the Vietnam War.
At the same time, “the relationship between the
press and the government/military was based on a
fluctuating mix of confrontation and coopera-
tion.” At times, particularly in the early and late
years, press access to official information about
the war was rigidly restricted. At other times, such
as during President Lyndon Johnson’s “Maximum
Candor” approach, the press was virtually
flooded with information concerning the daily
activities of American forces. During each of
these periods, Wyatt asserts that “content analy-
ses of newspaper and television coverage show
that, more often than not, the press reported offi-
cial information, statements, and views with rela-
tively little dissent.” All of these factors
combined to make “Vietnam ‘the most covered
but least understood’ war in American history.”

While Wyatt does a credible job of discussing
and supporting his thesis concerning the press
and the Vietnam War, he does a very poor job of
analyzing and discussing exactly how the rela-
tionship between the government and the press
should work. This omission would not have
bothered me except that Wyatt criticizes the
American government when it restricts informa-
tion (obviously hiding something) and when it
provides open access (obviously spreading propa-
ganda). His true colors come to light in his con-
clusion, where he states that “a cult of secrecy
that goes far beyond legitimate security consid-
erations has evolved in American government. As
the Vietnam War showed, the ability and inclina-
tion of the executive branch to restrict and to
manipulate information is largely beyond the
press’s ability to resist.” Such thoughts permeate
this book and detract from an otherwise insight-
ful treatise. If you are planning to read this book,
1 suggest you read the conclusion first so that you
will be aware of and prepared to deal with
Wyatt's biases,

Even with its faults and in spite of Baghdad Pe-
ter's endorsement, | highly recommend this
book. It certainly convinced me that during the
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Vietnam War, “the press was more a paper soldier
than an antiwar, antigovernment crusader.”

Lt Col William F. Furr, USAF Retired
Montgomery, Alabama

The Origins of U.S. Nuclear Strategy, 1945-1953
by Samuel R. Williamson, Jr., and Steven L.
Rearden. St. Martin’s Press, 175§ Fifth Avenue,
New York 10010, 1993, 275 pages, $45.00.

The United States’s nuclear strategy from the
Korean War to the end of the cold war was based
on the simple concept of having enough nuclear
weapons pointed at the Soviet Union to keep it
from unleashing a preemptive nuclear attack on
the United States or its allies. But how did the US
come to adopt such a policy? In The Origins of
Nuclear Strategy, 1945-1953, Samuel R. William-
son and Steven L. Rearden very persuasively ar-
gue that this deterrent strategy only slowly
evolved into doctrine, driven not so much by
military or political planning as by budgetary de-
mands.

Using extensive original source material, Wil-
liamson and Rearden skillfully relate how the
United States came to rely on its huge nuclear ar-
senal for both national and international security.
Somewhat surprisingly, however, this policy was
not a foregone conclusion until nearly the end of
the Truman presidency. In fact, until 1948 there
was no consensus on the role of atomic weapons
because “neither the military nor the civilian
leadership was sure what exactly to make of the
atomic bomb” (page 29).

While the military wanted significant input
into atomic policy in the postwar period, massive
demobilization affected how it proposed to use
atomic weapons. As late as October 1947, the Air
Force had only 18 operational B-29s modified to
drop atomic bombs, with only 11 qualified crews
and two bomb assembly teams. Even a year later,
when Gen Curtis LeMay assumed command of
the Strategic Air Command (SAC), there was still
only one functional atomic bombardment group,
not the six that the Air Force had hoped for. Per-
haps most telling, military leaders had not yet
even attempted to integrate atomic weapons into
American war plans.

Civilian attempts at control of atomic policy
suffered also. When the Atomic Energy Act tran-
sitioned control of atomic energy from the War
Department to the Atomic Energy Commission
(AEC) on the last day of 1946, the program was in
disarray. With the sense of wartime urgency gone,



94  AIRPOWER JOURNAL SUMMER 1995

many scientists had left the project for other en-
deavors. Facilities were starting to deteriorate. Of
the three graphite reactor piles at Hanford, Wash-
ington, for example, one had to be shut down
and power to the others reduced. Confirmation
hearings for AEC chairman David Lilienthal and
the other members dragged on for six months,
denying the AEC any effective leadership from
October 1946 to April 1947. And above all else,
the US had produced only a half-dozen opera-
tional bombs by mid-1947.

The 1948 Berlin crisis proved crucial to the
creation of an effective US nuclear strategy with
civilian and military cooperation. When the So-
viet Union began its blockade of Berlin in June of
that year, the US response included the possible
use of atomic weapons. Though no atomic
bombs were sent to Europe, Great Britain agreed
to allow two US bomb groups to deploy there.
Designed as a temporary measure, the deploy-
ment soon became permanent, setting the stage
for future US nuclear weapon stockpiling in Eng-
land. The Berlin crisis also forced the president
and his advisors to confront the reality of includ-
ing nuclear weapons in future US war plans.

Clearly, though, Williamson and Rearden be-
lieve that the most important factor in convinc-
ing President Truman to adopt a military strategy
dependent on nuclear power was the federal
budget. Until Berlin, Truman wanted to reduce
American dependence on nuclear power and per-
haps even have it internationally controlled or
banned. But in the wake of the Berlin crisis, the
1948 debate over the 1950 budget finally con-
vinced Truman that America’s nuclear monopoly
would be a cost-efficient way to deter Soviet ag-
gression. Though he remained uneasy over in-
cluding atomic weapons in defense planning, the
existing nuclear technology and production po-
tential made it cheaper than building and main-
taining conventional forces. A fiscal conservative
who wanted to keep defense spending as low as
possible, Truman all but forced the Defense De-
partment to adopt an active reliance on strategic
airpower and nuclear weapons because it could
be done and still meet his $15 billion defense
ceiling.

The 1951 budget entrenched the nation’s less
costly nuclear strategy, reducing the defense
budget by $2 billion to help offset the growing
federal deficit. Despite the successful Soviet

atomic test in the summer of 1949, Truman and
his military advisors felt America’s numerical ad-
vantage and delivery capabilities would continue
to outpace Soviet advances for several years, until
the budget could allow for greater conventional
forces.

The Korean War ended frugal defense appro-
priations, with the 1951 and 1952 defense budgets
soaring to $48 and $55.5 billion, respectively. But
it did not end America’s growing dependence on
strategic nuclear deterrence, although it did force
the US to maintain larger and more potent con-
ventional forces, a duality in line with Secretary
of State Dean Acheson’s overtures since 1949 re-
garding the priority of European security. But
with the advent of a successful and relatively in-
expensive thermonuclear weapons program by
1952 and the emergence of General LeMay's
vastly strengthened SAC, the US was not about to
back away from its now firm belief in the neces-
sity of a strong nuclear backbone. As a corollary
to this doctrine, the Air Force in the 1950s be-
came America’s first line of defense, assuming
the bulk of the responsibility for fighting both
nuclear and general wars.

Although President Truman and the country
had a variety of options available concerning the
use of nuclear weapons, Williamson and Rearden
clearly saw it as an instrument of national power
that would inevitably become a part of American
war plans. Ironically, the United States faces a
similar dilemma today. With the end of the cold
war and the demise of the Soviet Union, we look
to stealth aircraft and “smart bombs” to give us
the technological advantage necessary to win re-
gional wars as we simultaneously pare our cur-
rent military budget, the size of our uniformed
services, and the nuclear arsenal built since the
Truman years. But the authors point out that we
must still adhere to realities similar to those
faced by Truman because “he . . . left a way of
thinking about national security, a mindset that
for the first time in American history accorded
primacy to maintaining a large and ready defense
establishment” (page 184). This well-written and
documented book provides insight into how this
particular mind-set was created.

Maj William L. Coode, USAF
Starkville, Mississippi
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Gen Michael P. C. Carns, USAF, Retired
(USAFA; MA, Harvard University) served as Air
Force vice-chief of staff from 1991 until his
retirement in 1994. He flew 200 combat
mlissions over Southeast Asia in the F4E.
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progress], Saint Louls University) is an Air
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graduate of Squadron Officer School, as well as
a graduate of Alr Command and Staff College
and the national securlty management
program of National Defense University.
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Florida State University) Is an assistant
professor of history at the USAF Academy. He
has previously served as a combat
search-and-rescue helicopter alrcraft
commander and as an exchange
instructor pilot with the German air
force. Recently selected as the USAF
Academy’s outstanding academic edu-
cator in history, Captain Westermann will
soon attend the Free University of Berlin on
a Fulbright-Hays Fellowship.

2d Lt Dave Meggett (USAFA) is a student pilot
In the 8th Flylng Training Squadron, Vance
AFB, Oklahoma.
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