Atmosphere & Forces of Flight

Day 5 — Aerospace & Physics




Why Air Matters

Air isn't just "nothing" — it's a fluid, just like water. And just like water pushes
against your hand when you move it through a pool, air pushes against surfaces
moving through it. That push is what makes flight possible.

No Air = No Lift No Air = No Drag

Wings can't generate upward Nothing to resist motion — but also
force without airflow across their nothing to push against for control.
surfaces.

No Air = No Flight

Conventional aircraft simply cannot operate in a vacuum environment.



Layers of the Atmosphere

Earth's atmosphere is divided into distinct layers, each with different properties. For aviation, where you fly matters enormously — air gets
thinner and colder as you climb higher.

Thermosphere & Beyond
1 Extremely thin air — spacecraft territory, not aircraft.
Mesosphere (50-80 km)
s Very thin air; meteors burn up here.
Stratosphere (12-50 km)
3 Thin, stable air. High-altitude jets and weather balloons operate here.
Troposphere (0-12 km)
4 Where weather happens and most aircraft fly. Dense, dynamic

air.



Air Density & Altitude

Air density refers to the mass of air packed into a given volume. At sea
level, air molecules are tightly packed together. As altitude increases, the
molecules spread out — density drops.

Low Altitude - High Density

Lots of air molecules per cubic meter. Maximum lift potential.

High Altitude - Low Density

Fewer molecules per cubic meter. Aircraft struggle to generate lift.

Key Relationship

1 Altitude = ¥ Density = ¥ Lift

This is why aircraft performance changes dramatically at
different elevations — and why engines must work harder
at altitude.




Real-World Example: High-
Altitude Airports

[J . Denver International Airport sits at 5,430 feet (1,655 m) above sea
level — one of the highest major airports in the U.S.

At Denver's elevation, the air is noticeably less dense than at sea level. Wings
generate less lift, and engines produce less thrust. To compensate, planes must
reach a higher ground speed before liftoff — which requires a longer runway.

Sea Level Airport

Dense air - sufficient lift at lower speed - shorter runway needed

High-Altitude Airport

Thin air - less lift generated - must go faster - longer runway required



The Four Forces of Flight

Every aircraft in flight is subject to four fundamental forces.

T
Lift

Upward force opposing weight.

>

Thrust

Forward force from engines.

O Balanced Flight: Lift=Weight and Thrust=Drag maintains steady flight.

J

Weight

Downward pull of gravity.
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Drag

Resistance opposing motion.




Weight

Weight is the force of gravity acting on an aircraft. It always pulls
straight downward toward Earth's center, no matter which
direction the plane is flying.

Weight depends entirely on the total mass of the aircraft — the
airframe, fuel, cargo, passengers, and crew. Engineers work hard
to minimize weight using lightweight materials like carbon fiber and
aluminum alloys.

Formula Direction

W=mxg Always downward

Quick Reminder

Weight and mass are not the same thing. Mass is the amount of
matter. Weight is the gravitational force acting on that mass.

An aircraft weighs less on the Moon than on Earth — but its mass
stays the same!




Thrust

Thrust is the forward force that propels an aircraft through the air. It's generated
by engines — either jet engines that expel hot gas backward, or propellers that
push air backward to move the plane forward.

Jet Engines Propellers

Compress air, mix with fuel, ignite Spinning blades push air rearward,
— exhaust blasts backward, plane generating forward thrust. Used in
moves forward. (Newton's 3rd smaller aircraft.

Law!)

Rockets

Carry their own oxidizer — can produce thrust even in the vacuum of space.




Drag

Drag is the force that resists motion through the air. Any object moving through a fluid experiences drag — it's essentially air "pushing back." Engineers spend
enormous effort reducing drag to improve fuel efficiency and speed.
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(D Think About It

Which shape moves more easily through air — a brick or a teardrop? Why do fish, birds, and aircraft all share similar streamlined shapes?



Lift — The Most Important Force

Lift is the upward force that allows aircraft to leave the ground and stay airborne. It's generated when air flows over and under a wing
(called an airfoil), creating a pressure difference that pushes the wing upward.

Airspeed

Faster airflow = more lift generated.

Planes must reach takeoff speed to
become airborne.

Wing Shape

Curved upper surface, flatter lower
surface. This asymmetry directs airflow
to create lift.

Angle of Attack

The angle between the wing and
oncoming air. Higher angle = more lift
(up to a point).



Two Explanations of Lift

Scientists use two complementary frameworks to explain how wings generate lift. They're not competing theories — they're two lenses on
the same physical reality.

Common Myth

Bernoulli's Principle Newton's 3rd Law

Air does NOT need to "meet at the same time" on both sides of
Air moving over the curved The wing's shape and the wing. This equal-transit-time idea is a popular misconception.
top of a wing travels faster angle deflect air The real story is pressure difference and momentum transfer.
than air below. Faster- downward. By Newton's
moving air has lower Third Law, the air pushes
pressure. Higher pressure back on the wing with
below "pushes" the wing equal force — upward.
upward.

Air pushed down -
Reaction force pushes
Low pressure above wing wing up
- High pressure below -
Net upward force




Force Balance in Steady Flight

Lift = Weight

No vertical acceleration — the aircraft maintains constant altitude.

Thrust = Drag

No horizontal acceleration — the aircraft maintains constant speed.

When forces are unbalanced, Newton's Second Law takes over: the aircraft
accelerates in the direction of the net force. For example, if thrust exceeds drag,
the plane speeds up. If weight exceeds lift, the plane descends.

(I Connection to Newton: ZF = ma — net force equals mass times
acceleration. Zero net force = zero acceleration = steady, level flight.



Stop & Think

Apply what you've learned. For each scenario below, predict what happens to the aircraft's motion and explain why using the four forces.

—_—

Lift > Weight

The net vertical force is upward. What happens to the aircraft's
altitude? Does it stay level, climb, or descend? Write your
answer and identify which force needs to change to return to
steady flight.

Drag > Thrust

The net horizontal force is backward. What happens to the
aircraft's speed? Does it accelerate, decelerate, or stay
constant? What must the pilot do to restore balance?



Connecting to Space: A Different Environment

Everything we've studied about lift and drag applies specifically to the atmosphere. But what happens when an aircraft leaves the

atmosphere entirely?

# In Space (No Atmosphere) <+ In the Atmosphere

No air = no lift generated by wings » Lift and drag dominate aircraft design

No air = no aerodynamic drag o Wing shape, air density, and speed are critical
Spacecraft use thrusters for all directional control » Engineers must constantly balance all four forces
Newton's Laws still apply — just no fluid forces ¢ Re-entry vehicles must manage extreme drag as heat

Different environments demand completely different engineering solutions. The Apollo capsule used drag (and heat shields) to slow down
during re-entry — the same force that aircraft engineers work to minimize!



Exit Question @)

Which of the four
forces is hardest for
engineers to manage?

Write 3-5 sentences defending your choice. Consider: How does it change with
altitude, speed, or design? What trade-offs do engineers face when trying to
control it? Is there a "right" answer — or does it depend on the aircraft type?

[J . There's no single correct answer here — what matters is your
reasoning. Use evidence from today's lesson to support your argument.
Strong responses mention specific forces, relationships, and real-world
examples.



Day 5 — Key Takeaways | ¢

Before you go, make sure you can explain each of these core ideas in your own words:

01 02 03

Air is a Fluid Atmosphere Layers Matter Four Forces Govern Flight

Air flows, exerts pressure, and interacts with  Most aircraft fly in the troposphere. Air Lift, weight, thrust, and drag must be
surfaces — making conventional flight density decreases with altitude, reducing lift ~ balanced for steady, level flight. Imbalance
possible only in the atmosphere. and engine performance. causes acceleration.

04 05

Lift Has Two Explanations Space vs. Atmosphere

Bernoulli's principle (pressure difference) and Newton's 3rd Law (air No atmosphere means no lift, no aerodynamic drag — completely
deflection) both describe how wings generate upward force. different engineering solutions are required.



