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CHAPTER I
INTRODUCTION
It is indisputable that technology in the 20^*^ century
has advanced more rapidly than in any other century.
Aviation, the science and practice of flight in heavierthan-air craft, including those such as airplanes, gliders,
and helicopters, is one small element of the ever-expanding
technology.

According to Taylor, before 1903 people had

flown in hot-air balloons and in motorless gliders, but no
one had ever flown in a power-driven, heavier-than-air
machine, or what became known as the airplane.

Two

brothers, Wilbur and Orville Wright, invented and tested the
first practical airplane.

3CI'-

o ource

Figure

1: W r i g h t

Flyer

Source: Adapted from Microsoft
On December 17, 1903, Orville Wright made an initial flight
of 12 seconds at Kill Devil Hill, Kitty Hawk, North

Carolina. (Taylor 50)

Within a year the brothers had built

a craft that could stay aloft, bank, and navigate across
considerable distances.

Other aircraft soon followed, and

within a few years planes were carrying out multiple roles
in society.

To put things in perspective, the automobile

was also being developed at approximately the same time.

It

was in 1908 that an automobile manufacturer, Henry Ford,
produced the first Model T Ford, a car that revolutionized
the automotive industry (American 532). The Ford was
inexpensive, enabling the average person to become a car
owner.

Even though airplanes were egually inexpensive, they

did not become an immediate interest to the public.

People

could not foresee the need for owning and operating their
own plane, whereas they had a need for owning their own
automobile.

Purpose
While the private sector pushed for advances in
automobile technologies, the military became interested in
aeronautics.

The military has always been the primary

proponent of aeronautical technology advancements, and it
will definitely continue to be so in the future.

The

question now is what kind of technological advances in
military aircraft can we reasonably expect to develop in the
near future?

In this thesis, after a brief history of flight and
military developments in flying, I will discuss several
questions: What advances are being made in present aircraft
design?

What is going to be the effect of highly advanced

military aircraft in the future?

Can and should we continue

at the present rate of technology, or will there be a limit?
Just as a house first needs a good foundation, an
understanding of the origin of aeronautical technologies is
the cornerstone for constructing an accurate prediction of
the aircraft industry's technological future.

Background
Centuries of dreaming, planning, and experimentation
preceded the first successful flight.

The first successful

flight of any kind was that of kites, made about the 5^^
century BC in the orient (Taylor 13). The kite did not
invoke any serious innovations, but it did permeate people's
thoughts for many years.

These thoughts were first put to

paper at the beginning of the 16*^"^ century by Leonardo da
Vinci, who gathered data on the flight of birds and
anticipated developments in various flying vehicles (Josephy
26).

Unfortunately, his data was lost for over three

centuries.

Without this knowledge, there were few practical

contributions to aeronautics during this time.

It was not

until November 1782 that Joseph Montgolfier discovered the
3

ascending propulsion of hot air and the advent of hot air
ballooning (Josephy 47). The Montgolfier brothers pioneered
what would become a worldwide interest for the next century.
Balloons and dirigible airships continued to advance
aviation while arousing the possibilities of further
aviation in the minds of scientists and the general public.
This spirit of experimentation led to further experiments in
parachutes, gliders, and powered flight.

One of these

early experimenters. Otto Lilienthal, was the first to
discover the secrets of controlled flight.

He designed

gliders and made over 2,000 flights, which demonstrated
without a doubt that, with or without power, man could be
supported in winged flight (Sherman 9 ) . The crucial step
that remained was to invent a light-weight motor that could
propel a craft through the air.
the first to succeed in this.

The Wright brothers were
Their flight at Kitty Hawk in

1903 signaled a new era in the development of aviation.

CHAPTER II
AIRPLANE ANATOMY
Before discussing military advances in aircraft
technology, it is important to understand the basic
structure of airplanes.
Horizontal stabilizer
Left aileron •

Fin
Rudder.

J^i5^

Wing
y

Left flap
Cabin
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Propeller
Engine
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Landing gear"

Right aileron
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Figure 2: Basic Airplane Structure
Source: Adapted from Microsoft
Many types of airplanes have been built throughout the
history of flight, but the main structural components of
aircraft have remained the fuselage, wings, tail surfaces,
power plant, and landing gear.

Each part has advanced with

technology and time.

Fuselage
The fuselage is the main body structure to which the
wings, tail, landing gear are attached.

The power plants

can be either attached to the wings, the fuselage, or even
embedded in the tail.

In most cases the fuselage contains

the cockpit or flight deck, passenger compartment, cargo
compartment, and in the case of fighter aircraft, the
engines and fuel tanks as well.

In the first generation of

aircraft, the fuselage was completely open and usually
mounted in a centralized location between the wings.

As

advances were made, the fuselage was covered to reduce drag.
Metals, alloys, and now composite material are used in the
fuselage design.

Wing
Although the fuselage is a very important part of the
aircraft, the wings are the primary structure that creates
lift, allowing the craft to become airborne.
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Wing

Adapted from Microsoft

The wing is the most crucial structural component. It is the
primary lift-producing element of an aircraft.

An aircraft

flies because the lift, or upward force generated by the

wing, becomes greater than the aircraft's total weight.

The

most critical element in a wing's ability to produce lift is
its cross-sectional shape.

By increasing the camber

(slightly arched surface) of the top surface of the wing,
while flattening the lower surface, lift could be
dramatically improved.

Wing designs vary, depending on the

aircraft type and purpose.

The wings of propeller-driven

aircraft, originally made of wood with cloth coverings, now
have an entirely metal, straight wing with a thicker camber
and more curvature.

Jet transports have swept-back wings of

medium camber, which lower aerodynamic drag and improve
performance at high airspeeds.

Both straight and swept-wing

aircraft normally have ailerons attached to the outermost
trailing edges of the wing.

These ailerons raise and lower

in opposition to one another in order to increase or
decrease lift on their respective wing, which facilitates
the turning of the aircraft.

The wing also has flaps along

the trailing edge inboard of the ailerons.

Flaps increase

aerodynamic lift and drag and are primarily used during
takeoff and landing to increase lift at low speeds.

Tail Surfaces
The tail provides stability and control for the
aircraft and is mounted on the aft portion of the fuselage.
It consists of two main parts: the vertical stabilizer, or
7

fin,

to which the rudder is attached; and the horizontal

stabilizer, to which the elevator is connected.

The rudder

is used in conjunction with the ailerons to make coordinated
turns, while the elevator is used to climb or descend.

The

horizontal stabilizer is sometimes mounted high on the
vertical stabilizer.

New aircraft have the horizontal

stabilizer attached to the rear section of the fuselage.

In

stealth aircraft, the tail surface is minimized to eliminate
radar reflection, thereby eliminating many parts of the
traditional tail of an aircraft.

Propulsion Systems
Turbojet

Compressor

Fuel injector

Combustion chamber
High ipeed
exhaust gases

Turbine

Combustion
chamber

Comprtsior

Exhaust jet

J Turbofan

Exhaust gases turn fan turbine ''*" ^"^'""^

Figure 4: Engines
Source: Adapted from Microsoft
There are many aircraft propulsion systems.

These

include propellers, turboprop engines, turbofan and
8

propellerless systems, which use the energy from rapidly
expanding gases as a propulsive force.

The turbojet and the

turbofan are the most widely used commercial jet engines,
and the reciprocating prop engine is still used extensively
in light general aviation aircraft.

Jet engines can be

attached to the wing or aft fuselage on pylons.

They are

also imbedded in the wing root next to the fuselage.

On

many fighter-bomber aircraft they are mounted in the
fuselage in order to reduce aerodynamic drag and improve
performance.

Engine-propellers on single-engine aircraft

are usually located in the nose or forward-most section of
the fuselage and pull the aircraft through the air.

When

two or more engine-propeller combinations are used, they are
mounted on the wing, but forward of the leading edge.
"Pusher"-type aircraft have the engine mounted in the rear
section of the fuselage.

Some aircraft designs utilize two

engines, one pushing and one pulling.

Landing Gear
The landing gear can either be fixed or retractable.
Fixed gear consists of a simple design employing struts,
wheels, and brakes, which are not retractable.

Fixed gear

are usually found on light aircraft of simple design.

The

static nature of fixed gear reduces the probability of
landing gear problems, but it creates increased drag on a
9

plane in flight.

Pontoons or skid plates are two other

fixed gear options utilized by aircraft.
are used on more complex aircraft.

Retractable gear

Since this type of gear

reduces drag, it increases range significantly.

Flying Controls

Figure 5: Yoke Controls
Source: Adapted from Microsoft
The relatively simple controls on a light, general
aviation airplane govern the speed of the craft and its
direction, both on the ground and in the air.

The yoke

(control wheel) or stick at which the pilot sits may be
pushed forward or pulled back to move the tail elevators.
The control wheel also alters the position of the ailerons.
The movements of the rudder are controlled from foot pedals
10

in front of the pilot's seat; the pedals also activate the
wheel brakes when the plane is on the ground.

Wing flap

controls are usually powered, either hydraulically or by
electric motors. Engine thrust, and thus airplane speed, is
controlled by a throttle.

11

CHAPTER III
MILITARY AVIATION

Earlier Developments
With the Wright brothers' new invention came the
military's newest weapon.

Josephy reports that Orville

Wright demonstrated a Flyer for the Army Signal Corps at
Fort Myer, Virginia, beginning September 3, 1908.

On

September 9, he completed the world's first flight of more
than one hour and, also for the first time, carried a
passenger. Lieutenant Frank P. Lahm, for a 6-min 24-sec
flight.

These demonstrations were interrupted when the

airplane crashed.

However, with Wilbur's assistance,

Orville resumed demonstrations for the Signal Corps in the
following July and met their requirements by the end of the
month. The Army Signal Corps purchased the airplane on
August 2, making it the first successful military airplane.
(Josephy 129)
Although the new Army airplanes were used by the United
States during the campaign against Pancho Villa in Mexico,
it was not until World War I that military aviation
experienced rapid growth and development.

During World War

I both airplanes and lighter-than-air craft were used by the
belligerents.

The urgent necessities of war provided the

impetus for designers to construct special planes for
12

reconnaissance, attack, pursuit, bombing, and other highly
specialized military purposes.

Due to the pressure of war

and Congress' realization of the air arm's ineffectiveness,
$640 million was appropriated for aviation development in
July 1917 (Sherman 11). This trend in military spending did
not stop with the close of the first World War.

The

experiences of aviation in "The Great War" showed that air
power was the key to successful battles.

This realization

has been the driving force behind the continued development
of military aircraft throughout World War II, Korea,
Vietnam, and Desert Storm.

Joint Strike Fighter
Military aircraft have continually changed throughout
the years.

They have become more structurally stable, more

maneuverable, faster, and more stealth-like.

The aircraft

that are in the present inventory were designed years before
with what is now outdated technology.

With the increase in

current technologies and the understanding that air power is
vital for our security. Congress has established a need for
new joint service and Air Force aircraft.

Congress has

authorized the design of the new Joint Strike Fighter
Aircraft and F-22 fighters (Ropelewski 24).
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Figure 6: Boeing JSF
Source: Adapted from Http: Boeing

The Joint Strike Fighter, the new fighter aircraft
designed for all branches of the armed forces, is going to
be produced by Boeing.

Boeing developed specific variants

to meet the unique requirements of each service.

The U.S.

Air Force needs a low-cost, multi-role fighter to replace
the F-16 and A-10 as they age in the early years of the 21^^
century.
aircraft.

The U.S. Navy needs a war-survivable strike
This aircraft must possess capabilities suitable

to replace the A-6 , which already is leaving the inventory,
and the F-14 , which also will leave the inventory during
the next decade.

The U.S. Marine Corps needs a Short

Takeoff/Vertical Landing (STOVL) aircraft to replace its AV88 and F/A-18.

The Marine Corps wants to transition to an
14

all-STOVL strike force early in the 21^^ century.

The

United Kingdom's Royal Navy needs a STOVL aircraft to
replace its aging Sea Harrier (Tirpak 22).

From the outset,

Boeing focused its Joint Strike Fighter (JSF) on
affordability and multi-service requirements

(http:Boeing

1) .
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Figure 7: Boeing JSF replacement plan
Source: Adapted from Http: Boeing
The Joint Strike Fighter has technical superiority over
any other craft due to its stealth-like design, use of
composite materials, common parts, improved engines, and
advanced computer systems.

The compact, lightweight,

innovative design, verified by more than 11,700 hours of
aggressive simulation and testing, proves the fighter is
lethal and survivable.

An advanced reduced-observable

design, successfully tested for more than 3,300 hours,
enables penetration of enemy defenses by degrading their
detection and targeting capability.
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This is accomplished by

the design of the small radar cross-section and a low
infrared signature.

The structural design is mono-

fabricated, which means that the entire fuselage is molded
as one piece.

Not only does this type of design have

significantly fewer fasteners, but it is configured to
isolate damage and reduce combat loss from enemy fire.

It

also is extremely strong, which allows an aircraft to pull
more G's, and make sustained G turns without fear of
structural damage.

The Joint Strike Fighter provides

outstanding combat performance compared to existing U.S.
strike fighters.

1.

Common outer mold line, structure,
systems and software.
2. F119 derivative engine.
3. Single-seat cockpit (two-seat trainer).
4. Chin inlet.
5. Side weapon bay.
6. Blended delta wing.
7. 2-D pitch vectoring nozzle.
8. Dual canted tails with rudders.
9. Flapperons.
lO.Leadinq edge flaps.

Figure 8:
Source:

Boeing JSF

Adapted from Http: Boeing

Boeing pioneered the development of composite material
manufacturing.

The manufacturing experience gained in the

construction of commercial 777 jetliners, the B-2 bomber and
the F-22 air superiority fighter contributes to the lightweight, composite structure.(Http: Lockheed)

The use of

composite materials is the key technology of the JSF.
16

Composite materials are a combination of metals and nonmetals, plastics, ceramics, epoxies, or any combination of
unlike substances that have different characteristics when
combined.

They can be corrosion-resistant, light weight,

durable, heat resistant to extreme temperatures, and
extremely strong.

Corrosion-resistant composite materials

will extend the expected life of the aircraft.

All of the

other composite materials allow the designers to meet each
specific need when manufacturing the critical parts of the
fighter aircraft.

Figure 9: Boeing JSF Composite Structure
Source: Adapted from Http: Boeing

Multiple-service use of the JSF will facilitate the use
of common parts, shared distribution networks and joint
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repair facilities, which will deliver more efficient
maintenance at dramatically reduced costs.

The JSF has

significantly fewer parts, making it easier to maintain and
more reliable.

More than 90 percent of the parts are common

between service variants.(Http: Boeing)

This allows a

single production line to produce three different fighters.
It also decreases the bulk supply of spare parts, which will
in turn increase the speed of repairs.

Just as Ford

revolutionized the automobile industry with interchangeable
parts, the JSF is revolutionizing the world of aviation.
The engine propulsion system for the JSF, the Pratt &
Whitney and Rolls-Royce STOVL engine, is an essential
technological advance.

It combines a direct-lift STOVL with

hover and supersonic capabilities.

The direct lift system

for the variant has proven reliability and simplicity.
Being a supersonic aircraft allows it to have specific
excess power, high angle of attack, quicker agility and
acceleration.

In-flight thrust vectoring cruise nozzles

give the JSF added handling control and sharper turns.

The

new engines are not only more powerful, but they are more
fuel efficient, giving the JSF a greater combat radius.

The

increased range reduces the need for tanker and support
aircraft.

To make the aircraft stealth-like, the engine has

hot gas ingestion, minimizing the thermal and acoustic
footprints.(Http: Boeing)

The combination of the above
18

characteristics make this engine configuration the most
advanced in its class.
New computer technologies jointly integrate flight
controls, communications and weapons systems.

The flight

controls and avionics integration have been proven by more
than 2,200 hours of simulation from high fidelity man-inthe-loop combat scenarios.

Improved sensor and avionics

integration provides vital information and enhances the
pilot's situational awareness.

Pilots can check the onboard

diagnostics and maintenance systems to find and fix problems
immediately.

Precise targeting of weapons is made possible

through the integration of advanced onboard avionics and the
utilization of offboard data sources.

The advanced weapons

integration allow for precise air-to-ground and air-to-air
weapon delivery.

The JSF is designed to perform all-weather

ordnance delivery of current and advanced weapons,
dramatically improving mission rates.(Http: Boeing)
After seeing all of the benefits of the new JSF, some
would still argue that this plane will not be enough.

There

is enough room to question whether one plane will be able to
handle all the roles that it has been assigned. "It's been
proposed time and time again," said A. Scott Crossfield,
the pioneering rocket aviator and former X-15 research
pilot.

"It just doesn't work.

In war you want the best.

You want a stealth to do a stealth job.
19

You want a well-

armored airplane to do an air-to-ground job.

You can't make

one that goes to the moon and goes to Bosnia." (Boyne 75)
Mr. Crossfield is correct in his assumption that the U.S.
will need a larger variety of aircraft.

This is why the

U.S. is continuing to support the F-22 advanced fighter
program.

Lockheed F-22 Fighter

Figure 10: Lockheed F-22 Fighter
Source: Adapted from Http: Lockheed
Having a multipurpose JSF and the F-22 stealth fighter
will be vital in war.

The Gulf War taught us many things.

We learned that the technology we invested in for the last
20 years paid off.

Prior to the hostilities, no one would

have believed this convincing victory would be possible.
Our critics claimed our high-tech equipment was too
sophisticated for our own good.

They argued that our

computer-dependent systems had to be pampered and that heat
and sand would wreak havoc on them.

The reverse was true.

We finished a war in only 100 days with minimal damages.
20

In

the future, we can expect to meet this kind of challenge
with a much smaller force than we had available for the Gulf
War.
Stealth alone does not negate all the threats of war,
but stealth does gives us major advantages in air
operations.

Stealth provides surprise.

In airpower's short

history, fifty percent of all the pilots shot down never saw
who shot them (Flannery 9 ) .

It also gives us freedom to

penetrate radar defenses when and where we want; the freedom
to concentrate our mission planning on destroying targets
rather than countering enemy threats; and the freedom to use
the best attack option every time.

With lower numbers of

aircraft, the force must be more efficient.

This allows us

to attack more targets with fewer fighters and support
aircraft.
The F-22 is the next step beyond stealth.

The things

that make a plane a fighter are agility, speed, and the
combination of weapons (Sweetman 47). The F-22 adds all of
these things to stealth— superior speed, superior avionics,
and superior supportability.

Each gives us distinct

advantages over our opponents.

Operating at superior

speeds, such as supersonic cruise, gives us an advantage
because the enemy simply will not have the time to react.

21
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Figure 11: Design Specifications of F-22
Source: Adapted from Http: Lockheed
F-22 technology and avionics are superior.
Technologies to be incorporated in the F-22 include a Common
Integrated Processor (CIP), a central "brain" with the
equivalent computing output of two Cray digital
supercomputers; shared low-observable antennas; advanced
data fusion-cockpit displays; integrated electronic warfare
system (INEWS) technology; integrated communications,
navigation, and identification (CNI) avionics technology;
and fiber optics data transmission (Rhea 193). The avionics
suite will feature extensive use of very high-speed
integrated circuit (VHSIC) technology, common modules, and
high-speed data buses (Http: Lockheed).

The avionics suite

allows the pilot to concentrate on the mission, rather than
on managing the sensors as in current fighters.

The F-22

has an optional two-dimensional helmet for spotting and

22

identifying the enemy.

It also has three-dimensional sound,

which tells you where danger is.
As in the JSF, the engines, specially designed with the
airframe structure, allow superior acceleration and
maneuverability.

The extra agility is provided by the two-

dimensional thrust vectoring engine nozzles.
a virtue.

Speed is also

It can go 1.6 Mach without afterburners, and with

afterburners it can reach 3.2 Mach, while maintaining
significantly reduced takeoff and landing distances.

Other

technologies to be incorporated include high pressure, nonflammable hydraulic systems, hydraulically actuated weapon
racks, a central maintenance identification and recordkeeping system, and conformal sensors.(Http: Lockheed)

It

is amazing that all of these technologies will be put into
use in the next few years.
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CHAPTER IV
FUTURE MILITARY AVIATION

New Systems
During WW I, in fierce aerial dogfights over the
trenches of Europe, pilot survival depended upon skillful
"seat-of-the-pants" flying and the most basic of targeting
devices - the human eye.

In the next few years, fighter

pilots will be flying in windowless virtual reality cockpits
that project the outside images of enemy aircraft and
targets in realistic detail - no matter what time of day or
weather.

NASA has already demonstrated that pilots can

safely fly and land aircraft using a synthetic vision
display in a Boeing 737 (Hughes 38).

It is now just a

matter of time before the resolution is considered good
enough to start using in new aircraft.
Instrument panels will have no dials, knobs, toggle
switches or levers - though the cockpit likely will still
have a control stick.

The instrument panel will be a large

three-dimensional flat screen whose functions are activated
by voice or touch of a finger (Flannery 8 ) .
with William Flannery, Eugene C. Adam, one of

In an interview
the leading

cockpit designers in the world and a McDonnell Douglas
distinguished engineer responsible for advanced cockpit
design, said: "Whenever I mention a (windowless) cockpit,
24

the pilots tend to have a negative response.

But I explain

it this way: If you had walked up to a P-51 pilot at the end
of World War II and told him that in 20 years he would be
flying a propellerless airplane, near Mach 1, hands off the
stick, in bad weather and 250 feet off the ground, he would
have said, 'No way.'

But 20 years later the F-111 was doing

exactly that." (Flannery 8)
In the last 40 years Adam has worked on nearly every
McDonnell Douglas fighter.

He was even responsible for

replacing gauges with glass cathode-ray tube (CRT) displays.
The design has been so useful that nearly all the new
Western fighters have copied his design.

The main features

of the glass cockpit are the use of three multi-functional
CRT displays that can be custom programmed by the pilot to
display flight instruments, radar, electronic warfare data
and weapon systems.

At the top of the instrument panel is a

Head-Up Display--a sloped, transparent display that gives
the pilot readouts on the plane's speed, altitude, a turnbank indicator and targeting information.

The pilot also

has Hands-on-Throttle and Stick control systems that have
programmable buttons for dozens of different flight and
combat functions.

"It depends upon how you calculate the

controls," Adam said. "On the throttle of the Super Hornet
there's a mouse that does over 100 functions, and on the
stick you have 19 switch positions, of which many are
25

multiple." (Flannery 9) But as advanced as the current glass
cockpits are they are inadequate for future fighters.
"There are two major problems with applying today's cockpit
to tomorrow's sensor-mission environment: "Number one,
today's pilot spends more time managing and integrating
sensors than executing (aerial battle) tactics.

And number

two, useful combat information is available on only 20
percent to 30 percent of the instrument panel."(Flannery 10)
The most basic problem of cockpit design is helping the
pilot in combat. The pilot has to make split-second tactical
decisions.

"About 50 percent of airplanes are shot down by

a plane that you don't even know is in the area" (Flannery
8 ) . The reverse of situation awareness is sensory overload,
a common

problem for post-World War II jet pilots. There is

so much information to be processed--instruments, radar
signals, radio messages and visual sightings--that the data
overloads the pilot's ability to fly and fight at the same
time.

With multiple on-board computers and radar, much of

the flying duties at night or in bad weather can be done by
autopilot.

But controlling the weapons and avoiding enemy

aircraft and ground-based anti-aircraft missiles and guns
still must be managed by a human pilot.
The basic two- or three-panel glass cockpits designs
are now more than 25 years old and there is a need for a
major change to a single all-glass "Big Picture" display.
26

Due in part to Pentagon budget limits, there is a need for
an interim step called "Cockpit 2000" that would incorporate
two 10-inch-by-lO-inch, touch-sensitive-display CRTs that
would enable the pilot to "see" for several hundred miles
(Hughes 38).

Besides the plane's radar and other sensors,

information would be fed to the plane by AWACs radar-control
planes monitoring air-to-air threats, JSTAR radar planes
monitoring ground threats and other ground-based and
satellite-based surveillance systems. (Tirpak 28) The pilot
can look ahead and see the entire battle as if he were at
the Air Force command center at Cheyenne Mountain in
Colorado Springs. Smaller CRTs would provide other aircraft
with navigation information.
Of critical importance will be an all-aspect helmetmounted Head-Up Display that would show on the inside of the
pilot's visor the speed, fuel, weapons and other tactical
information.

Eugene Adam predicts that, "By the year 2000,

helmet-mounted displays will be in all cockpits" (Flannery
11). The helmet system will weigh about 10 pounds.

The new

helmets also will incorporate a camera that will allow a
pilot to turn his head and focus on an enemy aircraft and
launch an air-to-air missile without having to turn the
aircraft into a tail-chasing dogfight.

"With these, you can

just look at the target. So rather than moving a 40,000pound airplane, you move a 10-pound head," Adam said. "So
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when I look (to the side), I can press a button, the radar
locks on, the missile locks on and fires."(10)

Under

development are air-to-air missiles that will allow an
American pilot to shoot down an enemy flying side-by-side.
The new design also is voice-activated.

Voice activation

can be important, but during a dogfight nothing replaces the
stick and throttle.

"We put things on the stick and

throttle that the pilots use so often they become second
nature," Adam said. "And we put these controls on the stick
and throttle for things that the pilots have to use when
they are pulling seven Gs when voice control will not work.
When you say Sparrow (missile) you're really saying
"Sparrrrrrrrrrow.'
sticks."(11)

That's why you have the controls on the

(The acceleration of gravity on a pilot and

aircraft in a tight turn can make a 165-pound pilot in a
seven-G turn temporarily weigh 1,155 pounds.)
While the technology is here to develop such a cockpit
design, producing a workable model is complex because of all
the various electronic, flight and weapons controls that
must be built into the system.

The Big Picture design will

take this upgrade to a single, flat-panel display that is 19
to 20 inches wide (Hughes 38). The display is both touchand voice-activated and fully integrated with a helmet visor
Head-Up Display.

Even in the long-range sensor mode, the

screen can display hundreds of graphic elements showing
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enemy and friendly aircraft, enemy anti-aircraft weapons and
radars, ground features and targets (Tirpak 35).

"Moreover,

the panel will be three-dimensional," Adam said.

The

display will show balloon-like images telling the pilot of
the range and "attack envelopes" of enemy anti-aircraft and
missile units and the safest flight path through them and to
the target.
As sophisticated as Cockpit 2000 and the Big Picture
panel are, they still depend upon one single component to be
successful.

As in

skillful pilot.

World War I, that component is a

"It's the pilot who has to make split-

second tactical decisions," Adam said. "If there is no need
to make those decisions, then we'll send in a cruise
missile" or possibly a remote control plane.(11)

"Will

there be any fighter airplanes built after these?" wondered
Joel Johnson, a vice president at the Washington-based
Aerospace Industries Association of 7\merica Inc.
so, what will they be?

"And if

Will they have pilots in them?

you go out another 25 years who knows if you'll have a
manned fighter airplane ever again?" (Lambeth 51)

Unmanned Air Craft
Chapman reports that Teledyne Ryan Aeronautical
unveiled the DoD's newest unmanned aerial vehicle (UAV),
Global Hawk, on February 20^^, 1997.
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As the companion

If

vehicle to the low-observable, high-threat-environment Dark
Star UAV, Global Hawk will cover low- to moderate-threat,
long endurance reconnaissance missions.

This new air craft,

which flies at altitudes of up to 65,000 feet, has a 116ft
wingspan, is 44 ft long and weighs 25,6000 pounds.

It

carries both synthetic aperture radar and electro-optical
and infrared sensors.

In one day it will be able to survey

a 40,000-square-mile area (equivalent to the size of the
state of Kentucky) while providing imagery with a one-foot
resolution.

The typical mission profile allows for the

Global Hawk to fly 3,000 nautical miles to a target area,
conduct a 24 hour continuous airborne data collection patrol
and then return to base (Chapman 12).

Figure 12: Dark Star Unmanned craft
Source: Adapted from Http: Lockheed
Future Unmanned aircraft will fly at 12 times the speed
of sound and be largely invisible on radar.

They will soar

to 150,000 feet and withstand incredible heat and G-forces.
They would also carry precision-guided and hypersonic
weapons.

That is how the Air Force sees its 21st century

fighter jets--filled with mind-bending new features and with
one block removed.(Ruane 1)

There will not be a pilot with

human characteristics to slow things down.
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Indeed, as

described in a new Air Force study, battle would be waged by
fast, invisible planes called UCAVs (uninhabited combat air
vehicles) that would gain much of their ability from the
absence of on-board humans (McCall 1 ) . The UCAVs would
relentlessly hunt down the enemy, aided by a sweeping array
of sensors that could detect an opponent's most minute false
move and bring down destruction in minutes.

The Air Force

is not dealing in science fiction. "We have ... attempted to
define some possibilities," Gene H. McCall, Air Force
advisor said,

"and we have defined a path to the future,

which begins today" (1).

Projecting well into the next

century, the study envisions a battlefield ordered by such
things as global sensing systems,

"information munitions"

and fleets of robot aircraft.
There would be huge technical obstacles to be overcome
in reaching these goals.

One of the largest challenges

would be mitigating human frailty.

The UCAV would enable

"the use of aircraft and weapon technologies that cannot be
used in an aircraft that contains a human.
missions the uninhabited

For many

aircraft will provide capabilities

far superior to those of its inhabited cousins." (Ruane 2)
For example, shape and function will not be constrained by a
cockpit, a human body or an ejection seat.

Further, UCAV

survivability can be increased by increasing
"maneuverability beyond that which can be tolerated by a
31

human pilot" (McCall 1 ) . Humans can tolerate 9 or 10 G's of
acceleration, while a UCAV might be designed to accelerate
to 20 G's.

Significant improvements in simulations of

engagements could be made by including human qualities such
as leadership, cohesion, experience, intelligence and level
of training.

And while detailed physical models of humans

will be available in the design of weapons systems, improved
modeling of human structure, motion and performance will
provide valuable input to the design of new

weapons.

Still, technology already has surpassed the current range of
human capabilities. (Rhea 189)

Pilots, for example, already

are overloaded by data flowing into the cockpit, and such
things as jet lag further reflect human backwardness.
Chemical intervention could be a temporary solution to
things like jet lag.

In life-threatening situations, the

human body unfortunately tends to become tired.

As for

failings in what the report calls human-machine interaction,
"The direct coupling of brain and machine is beginning now
with applications in injured and diseased victims" (McCall
2).

In the end, the ultimate human-machine interaction is

'thought control'.

This emerging technology is something

the Air Force may aggressively encourage and exploit though
its potential seems frightening to some.
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CHAPTER V
CONCLUSION

Living in a society based on science and technology, we
have arranged things so that few understand what is going
on.

This paper has shown that there are many new

technologies, specifically in the flying realm, that people
do not know about.
Although science has, in various ways and at various
times, favored what may be called a humanitarian outlook, it
has from the first had an intimate and sinister connection
with war.

The Wright brothers' first airplane was used as

an article of war.

Almost all of the new technologies or

innovations have some application to war.
John Stuart Mill said it well:
War is an ugly thing, but not the ugliest of things.
The decayed and degraded state of moral and patriotic
feeling which thinks that nothing is worth war is much
worse. The person who has nothing for which he is
willing to fight, nothing which is more important than
his own person safety, is a miserable creature and has
no chance of being free unless made and kept so by the
exertions of better men than himself. (Mill as quoted
in Sherman 188)
The United States of America is not afraid to fight.

We

will continually prepare for the future. The question now
is. Do we need to continue with the present rate of
production and implementation of these new technologies?
The nuclear missile silos were built to be used in the
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eventuality of war, and we never needed them.

This

technology did, however, deter against any attack.

The new

technologies that we are producing and will produce in the
future, are not made to be an end-all to the world.

They

are here on our side, if we need them, as an established
security.

Our mind is the only limitation left.

can imagine, we can eventually accomplish.

What we

"Aviation is

proof, that given the will, we have the capacity to achieve
the impossible," Capt Eddie Rickenbacker.
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