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Maneuverability
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Radius - Rate - g



Background

• Energy-maneuverability 
(EM)

• Manned simulation

• Real (mock) world
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Original Purpose
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Reduce ambiguity associated with relative 
importance of turn radius, turn rate and/or 
g in air combat maneuvering.



Maneuverability Definition
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Ability to change altitude, 
airspeed, and direction in any 

combination.



Questions

• How is turn radius related to changing 
direction?

• How is turn rate related to changing 
direction?

• How is g related to changing direction?
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First Cut (Simple Minded) Response

• Turn radius represents how small an area or 
volume in which a directional change can be 
achieved.

• Turn rate represents how quickly a directional 
change can be achieved.

• G represents directional change as an 
acceleration perpendicular to the present line of 
fight.
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Maneuver Diagram
(Greatly simplified by editors)

• Altitude: 10,000 ft
• F-4E (LES) (U) 9/74
• 4 AIM-7E
• Maximum power
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Maneuver Diagram
(Greatly simplified by editors)

• Altitude: 30,000 ft
• F-4E (LES) (U) 9/74
• 4 AIM-7E
• Maximum power
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Maneuver Diagram
(Greatly simplified by editors)

• Energy level: 30,000 ft
• F-4E (LES) (U) 9/74
• 4 AIM-7E
• Maximum power
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Air Battle Arena

• Return: 500 nm
• F-4E (LES) (U) 9/74
• 4 AIM-7E
• Maximum power
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Manned Simulation

• Environment

– Altitude ambiguous

– Attitude ambiguous

– Rate of closure unlike
actual situation

• Suggested Results

– Use of vertical maneuvers and high overtake is inhibited 
because of ambiguous cues

– Taken together, these inhibitions suggest emphasis on 
horizontal, slow speed fights
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Get lost in vertical

Contributes to overshoot

⎬

⎬



Maneuverability Observations

• Manned simulation        

• Real world

– F-100 vs. F-86H

– F-5A vs. F-86H 

– F-105 vs. MiG-17 (1965)

– Harrier vs. all comers

– YF-16/17 vs. F-4E
             vs. Type I and II
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Losing energy and walking down left 
side of envelope

⎬
• Losing energy but gaining 

position—end game

• Gaining energy for new 
set-up

⎬



Current Generalization
Warp I

• Should be able to out-turn an adversary at any energy 
rate within the air battle arena

Or stated another way,

• Need fighter that has a higher energy rate for any turn 
rate/radius, or a higher turn rate/lower turn radius for any 
energy rate, within the air battle arena.
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Suspicion

Current generalization (Warp I) does not seem 
to be in complete harmony with EM, 
simulation, and real (mock) world evidence.

Why? ...
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Observations seem to suggest

• Lower turn radii, coupled with higher negative energy 
rates, seem to be the drivers for end-game plane-of-
action maneuvering.

• Higher turn rates/energy rates seem to be more 
important in out-of-plane maneuvering.

• Both lower turn radii/higher turn rates at higher negative 
energy rates, coupled with higher turn rates/lower turn 
radii at positive energy rates, seem to provide 
advantages when maneuvering the vertical plane.
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Deeper Generalization
Warp II

• Need fighter that can both lose energy and gain energy 
more quickly while out-turning an adversary

• Suggests a fighter with a higher g                         and 
higher turn rates/lower turn radii for positive energy rates
—but not necessarily higher turn rates/lower turn radii for 
negative energy rates.

• In other words, suggests a fighter that can be used to 
initiate and control engagement opportunities—yet has a 
fast transient (“natural hook”) that can be used to either 
force an overshoot by an attacker or to stay inside a hard 
turning defender.
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Idea Expansion

• Idea of fast transients suggests that in order to win or 
gain superiority, we should operate at a faster tempo 
than our adversaries or inside our adversaries’ time 
scales.

• Why? Such activity will make us appear ambiguous 
(non-predictable) thereby generate confusion and 
disorder among our adversaries in accordance with 
Gödel’s Proof, the Heisenberg Principle, and the Second 
Law of Thermodynamics.
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Examples

• Blitzkrieg vs. Maginot Line mentality 
(1940)

• F-86 vs. MiG-15 (1951-53)

• Israeli raid (1976)
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Illumination
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• Gödel’s Proof
• Heisenberg Principle
• Second Law of Thermodynamics

We cannot determine the character of 
nature of a system within itself, and 
efforts to do so will only generate 
confusion and disorder.

⎬

Fast transients (faster tempo) together with synthesis associated with 
Gödel, Heisenberg and the Second Law suggest a new conception for air-
to-air combat and for waging war.



New Conception
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Exploit operational and technical features to:

• Generate a rapidly changing environment (quick/clear 
observations, fast tempo, fast transients, quick kill).

• Inhibit an adversary’s capacity to adapt to such an 
environment (suppress or distort observations).

Unstructure adversary’s system into a “hodge 
podge” of confusion and disorder by causing 
him to over and under react because of activity 
that appears uncertain, ambiguous, or chaotic.

Action:

Goal:



Recipe for Generating Confusion and Disorder
Air-to-Air and Air-to-Ground

Observations
• Quick/clear scanning sensors
• Suppressed/distorted signatures

Activity
• Quick and precise performance

• Supercruise
• Rapid energy gain and rapid energy loss coupled with high 

turn rates and low turn radii
• High pitch rates/high roll rates/high yaw rates coupled with 

ease of control
• Kill mechanism

• Quick shoot weapons and fire control system
• Off boresight 23



Message

24

He who can handle the quickest
rate of change survives.



About this edition
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