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P50 Principles of Flight
Lift and drag, the stall, high-lift devices, stability and control, load and manoeuvre limits, propellers, forces in

flight.

THE  FOUR  FORCES  AND  THE  LIFT  EQUATION

STEADY LEVEL FLIGHT

Lift = Weight, Thrust = Drag

LIFT (up)

WEIGHT (down)

THRUST DRAG

Lift = 0.5 x air density x speed squared x wing area x CL

Double the speed, four times the lift. CL rises with angle of attack up to the stalling angle.

The wing stalls at a fixed angle of attack (about 16 degrees), not a fixed speed. Stall speed rises with weight, bank and

load factor.
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MUST-KNOW  DEF IN ITIONS  AND  CONCEPTS KEY  NUMBERS,  LIMITS  AND  VALUES

FORMULAS  AND  RELATIONSHIPS

Lift acts perpendicular to the relative airflow;

drag acts parallel to it; weight acts down

through the centre of gravity; thrust acts

forward.

Angle of attack is the angle between the chord

line and the relative airflow; lift rises with it up to

the critical (stalling) angle.

The stall happens when the airflow separates at

the critical angle of attack; it is an angle, not a

speed, so you can stall at any speed or attitude.

Parasite drag rises with the square of speed;

induced drag (from lift and wingtip vortices)

falls as speed rises; total drag is least at Vmd.

Load factor is lift divided by weight, expressed

in g; in a level turn it rises with bank angle and

increases the stall speed.

Static stability is the initial tendency to return to

trimmed flight after a disturbance; dynamic

stability describes how the following oscillation

behaves.

Adverse yaw is the yaw away from a turn

caused by the down-going aileron's extra drag;

the rudder and design features counter it.

Ground effect is the reduction in induced drag

near the surface (within about one wingspan); it

can let an overloaded aircraft lift off then sink.

A fixed-pitch propeller is efficient at one

speed; a constant-speed propeller varies

blade pitch to hold a set RPM across the flight

envelope.

The critical angle of attack is about 16 degrees

for a typical light-aircraft wing; beyond it the

wing stalls whatever the speed.

Stall speed rises with the square root of the

load factor: at 60 degrees of bank the load

factor is 2g and the stall speed is about 1.4

times the wings-level value.

Level-turn load factor: 30 degrees of bank

about 1.15g, 45 degrees about 1.4g, 60

degrees 2g.

Flaps lower the stall speed and steepen the

descent; the first stage adds mostly lift, later

stages add mostly drag.

A rate-one turn is 3 degrees per second (360

degrees in 2 minutes); the bank needed is

roughly the TAS in knots divided by 10, plus 7.

Induced drag dominates at low speed, parasite

drag at high speed; they are equal at Vmd, the

minimum-drag speed.

Washout (less incidence at the tip) makes the

root stall first, keeping the ailerons effective

and giving a gentle nose drop.

Lift = 0.5 x air density x speed squared

x wing area x lift coefficient (CL); the

same form gives drag with the drag

coefficient (CD).

Load factor in a level turn = 1 divided

by the cosine of the bank angle (60

degrees gives 2g).

Stall speed in a turn = wings-level

stall speed times the square root of the

load factor.
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MNEMON ICS  AND  MEMORY  ITEMS

COMMON  EXAM  TRAPS
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Lift, Weight, Thrust, Drag: the four forces; in

steady straight flight opposite pairs balance.

Stall is an angle, not a speed: same critical

angle of attack every time.

Speed squared in the lift equation: double the

speed and you quadruple the lift.

Induced drag is the price of lift and rules at low

speed; parasite drag is the price of shape and

rules at high speed.

Bank and pull and the stall speed climbs with

the square root of the g.

You can stall at any speed and attitude: it is the

critical angle of attack that matters, not the

airspeed indicator.

In a turn the stall speed rises; a level 60-degree

bank stalls about 40% faster than wings level.

The first stage of flap gives lift for little drag;

deploying full flap for take-off is usually wrong.

Induced drag rises as speed falls, so the back

of the drag curve is where slow flight bites;

more power is needed to go slower.

Ground effect can let you lift off below a safe

flying speed then settle back; do not force it

off.

Moving the centre of gravity aft reduces

stability and lowers the stall speed slightly but

makes recovery harder; forward CG is more

stable.

A spin needs stall plus yaw; picking up a wing

with aileron at the stall can aggravate it, so use

rudder to stay coordinated.
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FREE  WH IL E  SKYSTUDY  IS  IN  BETA

Keep studying free, while the beta is open

This cheat sheet is built and maintained by SkyStudy. SkyStudy is currently in beta, and during the

beta every study tool below is free to use in the browser at skystudyatpl.com. This will not always

be the case: when the beta ends, parts of SkyStudy will move to a paid subscription. If you want the

full toolset free, now is the time to try it.

PPL Question Bank

2,830 independently authored PPL(A) revision

questions across all 9 subjects, with worked

explanations and spaced repetition.

Free PPL Quiz

See where your theory stands across all nine

subjects, no account needed.

ICAO English Test

Check where you stand with a realistic ICAO

English self-assessment.

Pilot Aptitude Training

Timed cognitive exercises across memory, spatial,

numerical and multitasking domains, built for airline

selection preparation.

Pilot CV Maker

Build a clean, airline-ready pilot CV in your browser,

free.

And much more

Aviation weather tools, a free demo question bank,

study guides and the rest of the free tool family.

On paper? Scan to open SkyStudy and every

free tool on this page: skystudyatpl.com

Found this useful? Share the cheat sheet unmodified with your study group or forum of choice. And if you are

reading this on paper or PDF: the web version at skystudyatpl.com/ppl-cheat-sheet adds light and dark themes,

quiz mode and tap-to-expand abbreviations.

Copyright SkyStudy. Independently authored PPL revision aid. Not affiliated with EASA or any CAA. Free to share

unmodified. SkyStudy is in beta; free access to the full toolset is a beta offer and will not always be available.
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