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The Physics of Flight
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The Four Forces of Flight
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Newtons 3rd Law - For every 
action, there is an equal and 
opposite reaction

Bernoulli's Principle - When a 
fluid is compressed, pressure 
decreases and velocity 
increases

Newton / Bernoulli
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Lift
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An airfoil is a surface designed to produce lift, control, 
and propel an airplane.  Airfoils include the wing, 
horizontal stabilizer, vertical stabilizer and propeller 
blades.

 Chord Line
 Relative Wind
 Angle of Attack
 Angle of Incidence
 Mean Camber Line
 Center of Pressure

Airfoils
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Wing Design
Wing Design
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Intro to Stalls
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Pilot Control of Lift
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Gravity is the downward force 
attracting all bodies vertically 
toward the center of the Earth.

For our purposes, the 
gravitational force is the total 
weight of the loaded airplane 
acting as a single force through 
the center of gravity (CG).

Weight
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Thrust
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Fixed-pitch propellers are designed for best efficiency at one 
rotation and forward speed.  A climb prop is most efficient at 
slower speeds for best climb performance.  A cruise prop is 
more efficient at faster speeds for better cruise performance.

Propeller Efficiency
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Propeller Efficiency
To obtain maximum propeller efficiency in all phases of 

flight, controllable-pitch propellers allow the pilot to 
adjust the blade angle for best performance over a range 
of airspeeds.
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Drag
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Parasite Drag
Form Drag
Interference Drag
Skin Friction Drag

Types of Drag
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Types of Drag
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Parasite drag increases 
exponentially with speed.

Induced drag decreases with 
speed.

Minimum drag or L/D Max is the 
speed where maximum range is 
obtained as well as best glide 
speed.

Total Drag
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Lift-Drag Ratio
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Ground Effect
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Static Stability
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Dynamic Stability
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An airplane with positive stability is much easier to fly than an 
unstable airplane.  However, excessive stability requires 
greater control input to maneuver.  A compromise much be 
reached when designing an aircraft bearing in mind the 
qualities desirable for the aircraft’s intended use.

Stability vs Maneuverability
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The Three Axis of Flight
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Longitudinal stability is in the 
pitching plane and occurs 
about the lateral axis.

The position of the CG and the 
size of the horizontal stabilizer 
determines an airplane’s 
longitudinal stability.

Longitudinal Stability
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Lateral stability is the natural 
ability of the airplane to 
recover from a disturbance 
in the lateral plane about the 
longitudinal axis.

Wing dihedral and keel 
surfaces determine the 
lateral stability.

Lateral Stability
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Directional stability of an 
airplane is its natural tendency 
to recover from a disturbance 
in the yawing plane about the 
vertical axis.

The position of the CG and the 
size of the vertical stabilizer 
determine the directional 
stability.

Directional Stability
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Laminar Flow – Uninterrupted air moving over an airfoil 
(streamline) is very desirable because laminar flow offers the 
least drag.

Turbulent Flow – When airflow is obstructed or loses energy 
moving over an airfoil it creates an unsteady flow, vortices and 
eddying which produce drag.

Stalls -
Boundary Layer
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Stalls –
Adverse Pressure Gradient
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Stalls –
Critical Angle of Attack
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Load Factor – An increased angle of attack in maneuvers will bring the wing 
closer to the critical angle of attack.

Weight – The heavier the airplane, the greater is the lift force required.  
Because the stall speed varies with lift, an increase in lift increases stall 
speed.

Power – With full power, the propeller slipstream delays airflow separation 
over the wing and therefore stall at a lower airspeed, compared with 
power off.

Wing Contamination – Ice, frost or other contamination causes airflow 
separation increasing stall speed.

Flaps – Extending flaps increases the camber of the wing providing additional 
lift and the airspeed can be decreased to a lower value before the stall 
angle is reached.

Factors Affecting Stall Speed
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In a turn, the angle of attack has to be greater than the 
same speed in straight-and-level flight, to create the 
additional lift.  This means that the stall angle of attack 
will be reached at a higher speed in a turn.

Accelerated Stalls
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Spins
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Incipient – One wing stalls 
more than the other 
resulting in a roll.

Fully Developed –
Aerodynamic forces 
balance about all three 
axis.

Recovery – Pilot must stop 
rotation using rudder and 
recover from stalled 
condition.

Phases of a Spin
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In a steady climb, kinetic 
energy remains constant 
while potential energy 
increases.  This increase 
in energy is provided by 
the additional fuel which 
in burned in the engine 
during the climb.

Climbing Flight
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Maximum Angle of Climb – Used to clear obstacles, as it gains the greatest altitude 
for a given horizontal distance.

Maximum Rate of Climb – Used to reach cruise altitude as quickly as possible, as it 
gains the greatest altitude in a given time.

Cruise Climb – A compromise climb that allows for a higher groundspeed as well as 
allowing the airplane to gain altitude and reach the cruise altitude without too 
much delay.

Types of Climbs
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Power – If full power is not used in a climb, the power (and thrust) 
available decreases, which decreases the excess power and thrust.

Weight – Compared to a light airplane, a heavy airplane requires more 
lift and therefore produces more drag.

Air Density – When temperature, humidity and altitude increase, the 
air density decreases.  This causes piston engines to produce less 
power and the propeller to produce less thrust.

Airspeed – If you fly faster or slower than the recommended speeds, 
excess thrust and power decrease, decreasing the angle and rate of 
climb.

Factors Affecting Climb 
Performance
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Torque – For every action 
there is an equal and 
opposite reaction

Spiraling Slipstream –
Propeller slipstream strikes 
left side of vertical 
stabilizer

Left-Turning Tendencies
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Gyroscopic Action – When a 
force is applied on a rotating 
object the effects are felt 90 
degrees ahead and in the 
direction of rotation

P-Factor – The downward 
moving blade has a higher angle 
of attack than the upward 
moving blade resulting in more 
lift generated on the right side 
of the propeller

Left-Turning Tendencies
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If an airplane is in a glide 
descent, with no thrust 
being produced by the 
engine and propeller, 
only three of the four 
main forces will be acting 
on the airplane: weight, 
lift and drag.

Descending Flight
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Airspeed – To glide the furthest distance in still air, fly at the recommended 
airspeed that gives the maximum lift/drag ratio.

Flap Setting – Flaps increase drag more than the lift and consequently the L/D 
Ratio is lower.  This gives a steeper glide.

Weight – If the airplane weight reduces, you can achieve the best glide angle by 
flying a slightly slower airspeed.

Factors Affecting Glide Angle
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Region of Reverse Command
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 When banking an airplane, a portion of vertical lift acts in the horizontal 
direction resulting in a turn.

 Centrifugal force acts in the opposite direction pushing the aircraft to the 
outside of the turn.

 If altitude and airspeed are kept constant, it is necessary for the airplane to 
produce more total lift compensating for the additional horizontal 
component.

 The resultant load (G Force) acts opposite and equal to the total lift produced.

Turning Flight
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If airspeed and altitude 
remain constant 
during a turn, the load 
factor increases 
exponentially with 
increasing bank angle.

Load Factor
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Category

Normal – 3.8 to -1.52

Utility – 4.4 to -1.76

Acrobatic – 6.0 to -3.0

Vg Diagram
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