
Lift, Angle of Attack, and Stall
An honors-level STEM lesson exploring how wings generate lift, how pilots 
control it, and what happens when lift suddenly disappears. By the end of this 
lesson, you'll understand the aerodynamics behind every takeoff, cruise, and 
landing — and why pilots respect one critical angle above all others.

AERODYNAMICS PHYSICS & ENGINEERING HIGH SCHOOL STEM



Quick Review: The Four Forces of Flight
Every aircraft in steady, level flight is governed by four fundamental forces that must stay in balance. Understanding how they interact is the foundation of aerodynamics.

 Lift
Generated by the wings. Acts perpendicular to the direction of flight, pushing 
the aircraft upward.

 Weight
Earth's gravitational pull on the aircraft's mass. Always acts straight downward 
toward Earth's center.

 Thrust
Forward force produced by engines or propellers. Overcomes drag to move the 
aircraft through the air.

 Drag
Aerodynamic resistance opposing forward motion. Increases with speed and 
must be overcome by thrust.

Lift
Upward force from 

the wings

Weight
Downward force from 
the fuselage

Thrust
Forward push from 

the engines

Drag
Backward resistance 
at the tail

In steady, level flight, Lift = Weight and Thrust = Drag. Any imbalance causes the aircraft to climb, descend, accelerate, or decelerate.



What Is Lift?
Defining Lift
Lift is the aerodynamic force that acts perpendicular to the oncoming airflow and 
supports the aircraft against gravity. It is not magic — it is the result of pressure 
differences created when air moves over and under a specially shaped wing called an 
airfoil.
As air flows over the curved upper surface of a wing, it must travel a longer path and 
speeds up. Faster air means lower pressure Bernoulli's Principle). The slower air 
beneath the wing maintains higher pressure. This pressure difference pushes the wing — 
and the aircraft — upward.

Key Takeaway
Lift is created by the interaction of airflow with the wing's shape and 
orientation. Change either the shape or the angle of the wing relative to 
the air, and you change the amount of lift generated.

Lift acts at 90° to the free-stream airflow — not straight up 
relative to the ground. On a banked turn, lift is tilted sideways!

Upper Surface
Curved top, faster 
airflow, low 
pressure

Lift & Chord
Upward lift arrow; 
chord, 
leading/trailing 
edges labeled

Lower Surface
Flatter bottom, 
slower airflow, high 
pressure



Angle of Attack AoA
The angle of attack is the angle between the wing's chord line (an imaginary straight line from the leading edge to the trailing edge) and the 
direction of the oncoming airflow. It is one of the most important variables a pilot controls — and one of the most misunderstood.

Low Angle 2°
Airflow stays smooth and attached. Lift is 
generated but modest. This is typical of 
cruise flight at high speed.

Moderate Angle 8°
Increasing AoA forces air to deflect more 
downward, creating a stronger pressure 
difference. Lift increases significantly.

High Angle 15°+
AoA approaches a critical threshold. Airflow 
begins to struggle to follow the wing 
surface. Stall is imminent.

Important: Angle of attack is NOT the same as the nose-up pitch angle of the aircraft. An aircraft can stall at any pitch attitude if 
the AoA is too high.



Lift vs. Angle of Attack: The Graph
Reading the Graph

Linear Region 0°14°

Lift increases proportionally with AoA. Predictable 
and controllable. This is normal flight.

Maximum Lift 16°

The wing produces its highest lift coefficient, 
CL,max. This is the peak performance point.

Stall Point (beyond 16°)

Lift drops sharply and suddenly. The wing can no 
longer sustain smooth airflow. This is a stall.



What Is a Stall?

Critical Misconception: A stall is NOT engine failure. The engines may be running perfectly. A stall is purely an aerodynamic event 
— the wing stops producing enough lift.

A stall occurs when the angle of attack exceeds the critical angle (typically 1520° for most airfoils). At this point, airflow can no longer 
follow the curved upper surface of the wing. It separates from the surface, becomes turbulent, and the smooth pressure difference that 
generates lift collapses.

 Attached Airflow Normal
Air follows the wing surface smoothly from leading to trailing 
edge. Pressure difference is maintained. Lift is normal. The wing 
behaves as designed.

 Separated Airflow Stall
At high AoA, airflow breaks away from the upper surface, 
creating chaotic turbulence. The low-pressure zone disappears. 
Lift drops dramatically and drag surges.

Recovery from a stall requires the pilot to reduce the angle of attack — typically by pushing the nose forward — allowing airflow to reattach 
to the wing surface.



The Lift Equation
Lift isn't just a concept — it's quantifiable. The lift equation allows engineers to predict, design, and optimize how much lift a wing will generate under any 
conditions.

1

ρ — Air Density
Measured in kg/m³. Air is denser at sea level and thinner at altitude. 
Thinner air = less lift for the same speed and angle. This is why aircraft 
need longer runways at high-altitude airports like Denver.

2

v² — Velocity Squared
Airspeed in m/s, squared. This is the most powerful variable in the 
equation. Doubling speed quadruples lift. Speed gives pilots and engineers 
extraordinary control over lift.

3

A  Wing Area
The total planform area of the wing in m². Larger wings produce more lift. 
Fighter jets have small, swept wings for speed; gliders have long, wide 
wings for maximum lift efficiency.

4

CL  Coefficient of Lift
A dimensionless number that captures the wing's aerodynamic efficiency at 
a given angle of attack. It increases with AoA — until stall. Engineers 
optimize wing shape to maximize CL.



Key Idea: The Power of Velocity Squared
Why v² Changes Everything

In the lift equation, velocity is not just multiplied — it is 
squared. This means small changes in speed produce 
large changes in lift. This is a non-linear relationship, and it 
is one of the most important ideas in aerodynamics.

If you double your airspeed, lift increases by a factor of 2² 
= 4. Triple it, and lift increases 9. This is why high-speed 
aircraft can generate enormous lift with relatively small 
wings.

Worked Example

Baseline: v = 50 m/s

Assume lift = 10,000 N at this 
speed. All other variables held 
constant.

Double Speed: v = 100 
m/s

v² increases by 4. New lift = 
40,000 N — four times the 
original!

Triple Speed: v = 150 m/s

v² increases by 9. New lift = 90,000 N — nine times the original.

Think about it: Why do commercial jets fly at 560 mph instead of 
185 mph? Hint: it's not just about getting there faster.



Student Thinking Challenges
Use these prompts to deepen your understanding. Don't just recall — reason through each scenario using the lift equation and what you know about angle of attack and 
stall.

1

Predict: Doubling Air Density
An aircraft flies from sea level to high altitude, where air density (ρ) is half what 
it was. If all other variables stay the same, what happens to lift? What must the 
pilot do to maintain level flight?

2

Explain: Why AoA Matters More Than Pitch
A pilot pulls back hard on the controls in a steep dive. The nose is pointed 
down, but the angle between the wing and the airflow is actually very high. 
Can the aircraft stall? Explain your reasoning.

3

Analyze: Too Much Angle
A student pilot, trying to climb quickly, continuously increases AoA. The graph 
shows lift rising — then suddenly dropping. What just happened? What does 
the graph tell you that the pilot ignored?

4

Design: Landing in Denver
Denver's airport sits at 1,600 m elevation, where air density is noticeably lower 
than at sea level. Using the lift equation, how would an engineer compensate 
when designing a plane that must land safely there? List at least two 
approaches.

Discuss with a partner: Which of the four variables in L  ½ρv²ACL does a pilot have the most direct control over during flight? Which does an engineer control 
during design?



Engineering Tradeoffs: The AoA Balancing Act
Increasing angle of attack is a powerful tool — but it comes with real costs. Aeronautical engineers must carefully balance these competing 
effects to design safe, efficient aircraft for every phase of flight.

More Lift 
Higher AoA increases the pressure differential across the wing, 
generating more upward lift force. Essential for takeoff, slow flight, 
and maneuvering.

More Drag 
As AoA increases, the wing presents more frontal area to the airflow, 
creating induced drag. This requires more thrust — burning more 
fuel — to maintain speed.

Risk of Stall 
Beyond the critical angle, airflow separates and lift collapses 
suddenly. Too high an AoA without sufficient speed is dangerous — 
especially at low altitude during takeoff or landing.

The Engineer's Job
Designers use flaps, slats, and variable camber to temporarily 
increase the wing's lift capability — allowing higher CL at lower 
speeds without crossing into stall territory.



Real-World Applications
Every phase of a flight involves deliberate management of angle of attack, airspeed, and lift. Here's how the physics plays out in practice.

Takeoff: Maximum Lift 
Required
During takeoff, the aircraft 
needs to generate enough lift to 
overcome its weight at a 
relatively low speed. Pilots 
increase AoA by rotating the 
nose up, and flaps extend to 
increase wing area A) and CL. 
Every variable in the lift 
equation is maximized to get 
safely airborne.

Landing: High AoA, 
Near-Stall Speed
On approach, the aircraft 
deliberately slows down and 
flies at a high angle of attack, 
near (but safely above) the stall 
speed. Full flaps increase CL 
and add drag to slow the 
descent. Precision AoA 
management is critical — the 
margin for error is small close to 
the ground.

Aircraft Design: Speed 
vs. Efficiency
A slow cargo plane needs large 
wings and high CL at low speed. 
A supersonic fighter needs 
small, swept wings that 
minimize drag at high speed. 
Designers tailor every 
parameter in the lift equation — 
ρ, v, A, and CL — to match the 
aircraft's mission profile.



What If We Donʼt Use 
Lift?
Most airplanes generate lift by moving their wings 
through the air, creating a pressure difference that 
pushes the aircraft upward.

But some innovative aircraft achieve vertical takeoff 
and landing by using the direct force of their engines 
to lift off the ground. These are known as VTOL 
Vertical Takeoff and Landing) aircraft.



Examples of VTOL Aircraft
These remarkable aircraft bypass traditional wing-generated lift entirely — using raw thrust to push air downward and rise vertically off the 
ground.

Helicopters
Large rotating blades push air 
downward, generating enough 
thrust to lift the entire aircraft 
vertically.

Harrier Jump Jet
Uses vectored thrust nozzles 
that redirect engine exhaust 
downward for vertical takeoff 
and landing.

F35B
The most advanced VTOL 
fighter jet, using a lift fan and 
swiveling nozzle to hover and 
land vertically.

Drones
Small rotors spin rapidly to push 
air down, balancing weight with 
direct thrust — the same 
principle at a smaller scale.

These aircraft push air downward directly — using thrust to balance weight rather than wing-generated lift.



Why VTOL is Difficult
While impressive, Vertical Takeoff and Landing VTOL) capability comes with significant engineering and operational challenges, making it a specialized solution rather 
than a universal standard.

Extreme Thrust Requirements
VTOL aircraft must generate lift equal to 

or greater than their full weight using 
engine thrust alone, demanding 
significantly more power than 

conventional flight.

High Energy Consumption
Maintaining vertical flight or hovering 
requires continuous, immense power, 

leading to substantially higher fuel burn 
and reduced range compared to winged 

flight.

Complex Propulsion Systems
Engines for VTOL often involve intricate designs like vectored thrust nozzles or lift fans, 

adding to the aircraft's weight, mechanical complexity, and maintenance costs.

This creates a fundamental tradeoff: the immense flexibility of VTOL comes at the cost of efficiency.

Discuss: Given these challenges, why don't all planes use VTOL technology?
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