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Introduction 
The subject we are studying is called aerodynamics, which means that it has to do with 

ñairò and motion. You may find it productive to imagine how an aeroplane would act in 

the absence of air and then realize that the difference between that and what happens in 

the presence of air is what we are studying. In the absence of air an aeroplane would 

simply fall toward the center of the earth. If it was upside down when dropped it would 

remain so, if dropped tail first it would fall in that orientation, etc. It you spun it, say like 

a Frisbee, it would spin around its CG, but otherwise fall. If you started it pitching it 

would also rotate around Itôs CG while falling, and so on. Such motions are called 

tumbling. 

 

In the air an aeroplane does not fall or tumble. In air, aeroplanes tend to fly straight and 

always with the front forward and the tail behind. At air shows you may have seen 

aeroplanes slide tail first, but only for a second or two, then they right themselves and fly 

nose first. The study of aerodynamics must explain all this as well as the obvious topic of 

lift, and the unfortunate one of drag. 

 

This text was written specifically for students in the Professional Pilot Program at Selkirk 

College. It is tailored to students interested in becoming pilots, not engineers. The 

objective of this text is to help pilots understand how an airplane flies in order to pilot it 

more effectively. There is some math involved but no complex calculus or algebra. Many 

graphs are used to present the relationship between two factors, for example velocity and 

lift. When faced with a graph it is important to examine it to see whether the relationship 

between the elements is linear, exponential or otherwise. But it is also important to 

consider what other variables are involved and what assumptions have been made about 

their values when the graph was plotted. In the case of velocity and lift for example angle 

of attack, and air density must remain constant in order for a graph of lift vs. velocity to 

have meaning. But when flying an airplane a pilot would not normally keep angle of 

attack constant and there-in lies the dilemma of sorting out the interplay of factors 

involved. The only solution to this is considerable time and effort spent thinking through 

the interplay of factors. 

 

Another form of mathematics used in several key parts of this text is trigonometry. The 

relationship between angles and the sides of a triangle, especially right-angle triangles is 

exploited frequently to deduce relationships, such as g-force and bank in a turn, and 

thrust and drag in a climb. If you are rusty on your basic trigonometry it would be wise 

to review it before reading this text.  

 

The other mathematical form used in this text is vector diagrams. It is important to be 

aware of the method of adding vectors by drawing them tip-to-tail. The same technique is 

used my text Navigation for Professional Pilots for adding the vectors TAS and wind to 

obtain GS and TMG. In this text we will frequently add the forces lift, thrust, drag and 

weight. By adding these vectors we will discover many things about the performance of 

an airplane. 

 



  

  

Advanced knowledge of physics is not required to understand this text, but it is assumed 

that the reader has studied High School physics and is familiar with Newtonôs Laws as 

well as basic concepts in physics such as moments, i.e. torque. More complex topics such 

as energy and work are touched on but are not critical to understand aerodynamics. 

 

This text is supported by a website on which I have mounted several interactive 

simulations that clarify many topics in aerodynamics. As time permits I will add more. 

The website is located at: http://selair.selkirk.ca/Training/Aerodynamics/index.html 

 

I hope you enjoy this text. More important I hope you become fascinated by 

aerodynamics. It is undeniably true that you can fly an airplane without knowing any 

aerodynamics (lots of pilots do.) But knowing how and why things work can make you a 

more efficient pilot, and if you take it far enough it will make you a more accurate pilot. 

It an extreme case it could save your bacon; more likely it will just make you feel better 

about your professionalism. 

http://selair.selkirk.ca/Training/Aerodynamics/index.html
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Aerodynamics 
The word aerodynamics means air in motion. Aerodynamics is important to many human 

pursuits from automobile design to ski racing. In this book we will consider 

aerodynamics as it affects the design and flight of aeroplanes. 

 

The overall objective of this book is to help you understand how your aeroplane flies in 

order to fly it better. The discussion is intended for pilots, not engineers. The 

mathematics used is simple. As much as possible I will try to explain aerodynamics using 

visual imagery rather than equations and graphs, although some of those will be needed. 

In order to keep things easy to relate to the familiar units of pounds, feet, and knots rather 

than kilograms and meters are used throughout. 

 

Aerodynamics is a branch of physics, and as you know physics attempts to explain 

everything from billiard shots to nuclear explosions. Humans have sought to understand 

physics since before recorded history, but it was not until Isaac Newton that a coherent 

explanation arose. Since Newtonôs time the science of physics has expanded to include 

the theory of electromagnetism, the theory of Relativity, and Quantum Mechanics. The 

good news for us is that these additions are not required in aerodynamics. Everything you 

need to know and understand aerodynamics is contained in what physicists call 

Newtonian mechanics. 

 

Unfortunately ñsimpleò Newtonian mechanics is not so simple. The greatest minds in 

history (Plato, Aristotle, and everyone else before Newton) failed to grasp Newtonôs 

laws. So we should not be surprised that even today it is not natural to see the world as 

Newton explained it to us. As citizens of the 21
st
 century we are all taught Newtonôs 

laws; even so I will take considerable effort in the following pages to guide your 

understanding of physics from an academic form into a visceral form. Sometimes people 

actually find it painful to let go of their instinctive beliefs about how the world works, but 

if you will take this journey with me you will reach an understanding of how your 

aeroplane flies and will be able to answer the obligatory Transport Canada exam 

questions to boot; most important of all you will become a better pilot. 

 

The ñRulesò of Physics 
Examine the following WebPages: 

 http://selair.selkirk.ca/Training/Aerodynamics/newton1.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/newton2.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/newton3.htm 

  http://selair.selkirk.ca/Training/Aerodynamics/reaction-lift.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/reaction-drag.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/conservation.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/vacuum.htm 

 http://selair.selkirk.ca/Training/Aerodynamics/rotation.htm 

 

http://selair.selkirk.ca/Training/Aerodynamics/newton1.htm
http://selair.selkirk.ca/Training/Aerodynamics/newton2.htm
http://selair.selkirk.ca/Training/Aerodynamics/newton3.htm
http://selair.selkirk.ca/Training/Aerodynamics/reaction-lift.htm
http://selair.selkirk.ca/Training/Aerodynamics/reaction-drag.htm
http://selair.selkirk.ca/Training/Aerodynamics/conservation.htm
http://selair.selkirk.ca/Training/Aerodynamics/vacuum.htm
http://selair.selkirk.ca/Training/Aerodynamics/rotation.htm
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Lots of pilots donôt like ñintellectualò subjects like physics. All the equations and obscure 

terminology is a turn off. This book is written for such pilots and as a result takes a 

straight forward approach that will allow you to grasp what is important to piloting and 

forget the rest.  

 

To understand aerodynamics you must accept the following six rules of physics: 

1. A body at rest will remain at rest. A body in motion will remain in motion. 

2. Force equals mass times acceleration (F=ma) 

3. For every action there is an equal but opposite reaction. 

4. Most forces are pushing forces, NOT pulling.  

5. Static air pressure (Ps) is proportional to air temperature (T) and air density (.)  

Ps  T 

6. Energy cannot be created or destroyed. Therefore kinetic energy plus potential 

energy equals total energy (KE + PE = TE) 

 

We will now go over each of the above rules and begin the journey from academic to 

visceral understanding. (Remember that we are working in a purely Newtonian frame of 

reference so nuclear forces, which are part of quantum mechanics, are not relevant.) 

 

Rule 1 ï Newtonôs First Law 

A body at rest will remain at rest. A body in motion will remain in motion. 

 

Rule 1 is known as Newtonôs first law. According to this law the objects around you 

wonôt suddenly start moving, at least not without a force being applied (see rule 2.) The 

rule also says that if an object is currently moving it wonôt stop moving. Keep in mind 

that in physics an object can be anything from an aeroplane to an air molecule. Here are 

some examples: 

 

 A classic example of rule 1 is rolling a marble across a smooth surface. The 

marble rolls on and on, hardly slowing at all, until it hits an obstruction. 

 

 Although you canôt see them, air molecules are in perpetual motion. 

 

 It is important to realize that rule 1 applies to rotational motion as well. So for 

example the earth is rotating at one revolution per day and will continue to do so 

forever (if there is no friction.) 

 

Newtonôs brilliance was in recognizing the universality of this law. The examples given 

above of perpetual motion are however far from dominant in ñreal life.ò For example if 

you take your foot off the gas pedal of your car going down the highway, contrary to 

Newtonôs first law your car slows down. And if you are pushing a shovel of snow along 

your driveway no one is going to convince you that it will just keep moving if you stop 

pushing. So it is not surprising that despite our academic understanding of this law 

viscerally we feel as though ñyou must push on things to get them to move.ò (That 
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characterization was doctrine prior to Newton.) Intellectually we realize that friction is 

the culprit, i.e. we must provide just enough force to offset friction when keeping an 

object moving. But in the case of an aeroplane in flight how much friction is there? It 

turns out that for rotation motions such as roll, pitch, and yaw there is almost no friction. 

We will return to that matter later. 

 

Rule 2 ï Newtonôs Second Law 

Force equals mass times acceleration (F=ma) 

 

Rule 2 is known as Newtonôs second law. It tells us that a force must be applied to an 

object in order to accelerate it. Acceleration means change in velocity. 

 

Velocity is a vector quantity that specifies both speed and direction. In aerodynamics 

velocity has magnitude equal to true airspeed and a direction given by heading plus 

vertical speed. Newtonôs second law says that a force is needed to change any of 

airspeed, heading, or vertical speed. The converse is also true, i.e. if airspeed, heading, 

and vertical speed are all constant there is no net force acting on the aeroplane. 

 

As always, this is easy to grasp intellectually, but when you are ñholding the nose upò by 

pulling back on the control column it is viscerally hard to believe that you are not 

applying a force. Even so, you may be ñreallyò applying a force to the control column, 

but not to the aeroplane. It depends on whether airspeed, vertical speed, and heading are 

constant. 

 

Rule 3 ï Newtonôs Third Law 

Rule 3: For every action there is an equal but opposite reaction. 

 

Rule 3 is known as Newtonôs law of reactions and is sometimes called the third law.. 

 

The sun is pulling on the earth right now with a total force equal to the weight of the 

planet. But consequently the earth pulls on the sun with an equivalent force. There is no 

way to avoid this.  

 

The propeller on an aeroplane pushes air back with a certain force. As a result it is pushed 

forward with an equivalent force, which we call thrust. 

Rule 4 ï the Nature of Forces 

 

Rule 4: Most forces are pushing forces, NOT pulling. 

 

Almost all forces, including lift and drag are caused by two objects pushing on each other 

(air and the aeroplane in the case of lift and drag.) Such forces require direct physical 

contact. There is no way for an air molecule to grasp an aeroplane and pull on it. But an 

air molecule can ñbang intoò an aeroplane and push on it. 
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Most forces require direct physical contact between the object providing the force and the 

one receiving it. For example a bat must hit a ball to provide a force. Similarly the air 

must be in contact with an aeroplane to make a force on it. 

 

There are three forces in the universe that can act at a distance these are gravity, 

magnetism, and electric attraction; these forces able to pull objects toward each other. 

 

Of the three ñspecialò forces gravity is the one that is important in aerodynamics because 

it is the force we must overcome to get off the ground. Gravity causes an attraction 

between the aeroplane and the earth and it constantly pulls the aeroplane toward the 

center of the earth. As mentioned above, gravity does not require physical contact 

between the aeroplane and the earth, so it continues even when an aeroplane is in flight. 

Newton discovered that the force of gravity decreases with distance from the center of the 

earth, but consider this; we are more than 24,000,000 feet from the center of the earth 

when at sea level, climbing to a typical flight altitude such as 40,000 feet represents a 

change of 1/600
th
, which is not significant. Pilots may therefore think of gravity as 

constant, i.e. your aeroplane weighs almost the same amount at 40,000 feet as it does at 

sea level.   

 

The force of gravity acting on an aeroplane is called its weight (W.) It is given by the 

equation W = mg, where m is mass and g is acceleration due to gravity. (For weight (W) 

in pounds mass must be in units called slugs and g equals 32.2 ft/sec
2
.) 

 

Let us now return to the question of whether or not forces always act by pushing on 

objects. I have stated that objects cannot pull on each other. Does this mean that you can 

push your car if you run out of gas but you canôt pull it? Is that true? Actually it is. To 

ñpullò your car you must tie (or hook) a cable onto your car so that part of the rope or 

hook pushes some part of the car.  

 

It is a convention of language that when you grasp something and move it toward 

yourself you are ñpullingò it. But in reality you must wrap your hand around it and apply 

a pressure to some part of the object, in effect you must push it. You cannot pull on it in 

the way gravity pulls on the moon or the North Pole pulls on a compass needle. Think of 

as many examples as you want and you will never find one in which you or any other 

object ever really pull another object save through electric, magnetic, or gravitational 

attractions. 

 

Pilots must therefore accept that air above an aeroplane cannot pull the aeroplane up. It 

must be the air below the aeroplane that pushes it up. So the common explanation that a 

thing called a ñlow-pressure areaò pulls (or ñsucksò) the aeroplane up into the air clearly 

cannot be true. Air can push an aeroplane, but it cannot pull an aeroplane. 

 

Is the above claim bothering you? Have you decided that this book is flawed? Please 

donôt give up yet, all will be explained.  
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You probably have experience working with vacuum cleaners and you may believe they 

ñsuck things up,ò i.e. pull things. In fact you might have thought of the example of 

drinking a soft drink with a straw as a situation that appears to violate rule 4. But it 

actually doesnôt. We need to take a look at how a vacuum cleaner actually works, but we 

canôt do that until we examine rule 5. 

 

Rule 5 ï The Gas Law 

Static air pressure (Ps) is proportional to air temperature (T) and air density (.)  

 

Ps = 3089.54 T [R = 3089.54 if pressure in lb/ft
2
, T in K,  in slugs/ft

3
] 

 

 

 

Figure 1 

Air temperature (T) is a measure of the 

average speed of air molecules. In 

aerodynamics temperature is measured in 

units called degrees-Kelvin. In Kelvin, if 

temperature is above zero then air 

molecules are in continuous random 

motion, on average at the ñspeed of 

sound.ò Only if air temperature drops to 

absolute zero (0K = -273.16 C) do air 

molecules stop moving.  

 

Figure 1 shows that a thermometer could 

be labeled with the speed of sound as a 

temperature scale. Imagine coming in from 

outside and saying ñits almost 700 knots 

out there, turn on the air conditioning.ò 

 

Air density is a measure of the mass of air molecules in a given volume of air. Air density 

is measured in units of slugs per cubic foot. (1 slug weighs 32.2 pounds on earth.) 
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Static pressure is a consequence of the airôs weight. Imagine a column of air, one foot by 

one foot at its base, extending from the earthôs surface to the outer edge of space. This 

column of air weighs about 2116.16 pounds on a standard day. Static air pressure is 

therefore 2116.16 lb/ft
2
. The static pressure at an altitude other than sea level is simply 

the weight of the column of air starting at that altitude and extending upward to the edge 

of space. A table of these values is given on page 13.  

 

Because air is a gas capable of spreading in all directions and because air molecules resist 

being compressed, static pressure doesnôt just push down; it pushes laterally and upward 

as well. Static pressure not only pushes down on the floor of the room you are in it also 

pushes on the walls and the ceiling. The upward force on a ten foot by ten foot ceiling is 

more than 200,000 pounds. Thatôs enough to support a Boeing 737.  Itôs also enough to 

accelerate the room and everything in it upwards as though it was atop a rocket. Luckily 

that doesnôt happen because an equal 200,000-pound force is pushing down on the top of 

the ceiling.  

 

 

An alternate way of thinking about static pressure, and one worthwhile for pilots, is that it 

is due to the collisions of individual air molecules with objects. I assume you are sitting 

in a warm room (i.e. well above absolute zero) that contains air (i.e. density is more than 

zero), and even though the air probably seems motionless it is important to know that the 

air molecules are rushing around on average at the speed of sound, bouncing off each 

other, and the walls, floor, ceiling, and you. You donôt realize the individual air 

molecules are moving because each movement is random and only travels a short 

distance before it bounces off another molecule or an object. As the air molecules collide 

with the walls, floor, and ceiling they push outward, as per rule 3. Even though the force 

of each collision is miniscule there are trillions upon trillions of air molecules striking the 

sides of the room each second so the net force is substantial.  

 

The gas law quoted above gives the relationship between pressure, density, and 

temperature under all conditions. However, a special case is very important in 

aerodynamics, and that is the relationship between pressure, density, and temperature 

when no outside energy is added to or taken away from the gas (air.) The fancy name for 

this is isentropic conditions, but it just means that no energy is added or removed. Air 

flowing past an aeroplane in flight is essentially isentropic. The isentropic relationship for 

gas is: 
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Static Pressure Experiments 

To grasp the magnitude of static pressure perform some of the following experiments: 

 

1. Purchase a suction cup, with a hook attached, (from any hardware store) and press 

it onto the ceiling. Be sure the chosen ñceilingò is a smooth horizontal surface. 

The suction cup works by ñsqueezing outò air to create a vacuum. As you now 

know, it is the air pushing on the outer surface that actually provides the holding 

force. A visceral sense of the strength of Ps can be gained by pulling on the 

suction cup with ones fingers. Compare the size of the suction cup to the wings on 

an aeroplane. Think about how much force the small suction cup can create and 

imagine how much a wing could create. 

 

2. Obtain two pieces of glass (it is best if one piece is smaller than the other.) Use a 

few drops of water to act as an air seal and then push the flat faces of the pieces 

together. All air will be displaced from between the glass pieces, so that Ps on the 

outer surfaces holds them together. The smaller piece can be suspended from the 

larger one. It will float around ñfrictionlessò but not fall. Try to pull it off; it is 

VERY difficult to do so. 

 

3. Obtain a jar with a sealed lid (e.g. a Mason jar.) Make a hole through the lid for a 

straw and seal around the straw so that air cannot enter the jar. Put some water in 

the jar and try to drink it. You will not be able to. 

 

 

 

Figure 2 

Consider Figure 2. The open surface of the soft drink is 12 square inches (1/12
th
 square 

foot) so a force of ~176 pounds is pushing down on the fluid. Thatôs a lot of force; much 

more than enough to lift the fluid, which weighs less than one pound, into the drinkerôs 

mouth. All the drinker must do is lower the pressure in the straw slightly and the pressure 

in the room will push the fluid into his/her mouth. 
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Figure 3 

 

Now consider Figure 3 in which a soft drink glass is floating outside the international 

space station, where we may say the air pressure is zero. A straw has been installed 

through the wall and an astronaut is attempting to have a drink. No matter how hard s/he 

sucks s/he will have no success in getting any fluid. (This effect is replicated with 

experiment 3 above. In that experiment you cannot drink the water because air pressure 

drops in the space above the water and is insufficient to push the water up the straw.) 

 

So how does a vacuum cleaner work? Start by contemplating the air in the room where 

you are sitting. I assume there is no wind in the room. Imagine you have the superhuman 

ability to see individual air molecules and you are examining a small cluster of molecules 

somewhere in the room. You would see that each second many molecules in the group 

leave at high speed, but are replaced, randomly, by others coming in from the 

surrounding space. No net change results, and since the motions are random the overall 

air motion is zero. Now consider Figure 4 in which the nozzle of a vacuum cleaner is 

inserted into the room. What the vacuum cleaner does is remove air molecules from one 

location in the room. The word vacuum means there are fewer air molecules in a given 

location (and therefore a lower static pressure.) If with your magic eyes you are watching 

that evacuated space you would notice that since there are fewer molecules in the vacuum 

then fewer leave each second. But the normal number would randomly enter the area 

from the surrounding air (which now has a higher static pressure.) As a result there is net 

motion of air to ñfill the vacuum.ò You may have heard the expression that ñnature 

abhors a vacuum.ò What this old saying means is that the random motions of air 

molecules will result in air moving from an area of high static pressure to one of low 

static pressure. When the air molecules rush toward the vacuum they push along any dirt 
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particles they strike.  It may be common to say we are sucking up the dirt, but as you can 

see the dirt is really pushed along by the air current that forms due to the vacuum
1
. 

 

Figure 4 

 

Rule 6 ï Conservation of Mass and Energy 

Rule 6 is the expression of two crucial conservation laws: 

 

1. Mass cannot be created or destroyed. This is known as the law of conservation of 

mass. 

2. Energy cannot be created or destroyed. This rule is known as the first law of 

thermodynamics.  

 

As noted at the beginning of this text aerodynamics is about the motion of air. The 

conservation of mass law is important because it explains why the velocity of air flowing 

around a wing changes. Consider Figure 5 which shows air flowing through two circles 

of different area, labeled A1 and A2. 

 

                                                 
1
 You may be asking whether the air ñrushes inò at the speed of sound. It actually tries to, but due to 

collisions between molecules is slowed to a much lower speed. The stronger the vacuum the fewer 

collisions will occur and the faster the air will move. The ultimate vacuum would cause the air to rush in at 

the speed of sound. 
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Figure 5 

 

The red lines are called stream lines, and they represent the path taken by air molecules. 

Imagine that the same stream lines pass through A1 and A2. The situation is analogous to 

water entering a garden hose at a tap. All the water that enters the hose must flow out the 

other end. If the hose is pinched at any point along its length the water must still flow 

through (because matter cannot be destroyed) and therefore must either accelerate or 

become denser. Water is not easily compressed so it accelerates, as anyone who has 

pinched the end of a water hose knows. The relevant equation is: 

 

 
 

A1 represents area 1, and A2 represents area 2. V1 and V2 are the velocity at area 1 and 2 

respectively. The equation simply says that at A2 velocity will be higher if  area is smaller. 

 

While the above equation seems clearly correct for water is it valid for air also? Air 

seems to have a third option; it could compress, i.e. become denser, rather than 

accelerate. In actuality, as long as air is moving well below the speed of sound the natural 

forces of repulsion between air molecules keeps density constant, so that the above 

equation is valid for aerodynamics up to about 1/3 the speed of sound. Once compression 

becomes significant we must use the equation: 

 

 
 

This equation indicates that the product of density, area, and velocity remains constant. 

When we study high speed flight we will need to take this into account, but for the first 

part of the text in which we study subsonic flight we can ignore it and use the 

incompressible flow continuity equation. 

 

Study the two continuity equation above because we will use them to explain how a wing 

accelerates air, thus creating lift. 
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We now turn our attention to conservation of energy. You probably remember your high 

school physics teacher saying that potential energy plus kinetic energy is constant in a 

closed system. An example is a bouncing ball. Potential energy increases as it rises, while 

kinetic energy decreases. Kinetic increases as it falls, while potential decreases. Of course 

a bouncing ball is not a perfectly closed system so energy is lost in the form heat, to the 

air and the floor.  

 

Air f lowing past an aeroplane is essentially a closed system and it has both potential and 

kinetic energies. The potential energy of air could be determined, in principle, just like 

that of a ball. Potential energy is calculated by multiplying weight and height. In principle 

the weight of the trillions of air molecules in the atmosphere multiplied by their 

individual altitudes could be added up to get the potential energy of the atmosphere. This 

is a hopeless task, but not really necessary. A simple measure of air pressure represents 

the weight of the atmosphere, and can be used as a proxy for potential energy. We will 

use the designation Ps to represent this static air pressure, which represents the potential 

of the atmosphere to do work, i.e. its potential energy. The units of static pressure will be 

pounds per square foot. This is the same as saying energy per cubic foot. 

 

In physics kinetic energy is ½mV
2
. Since density is mass per cubic foot the kinetic 

energy of one cubic foot of air is given by ½V
2
. The units are also pounds per square 

foot and therefore we will call this value dynamic pressure to distinguish it from static 

pressure. 

 

Bernoulliôs Equation (The Incompressible-Flow Energy Equation) 

An extremely important relationship between static and dynamic pressure is known as 

Bernoulliôs equation. It is valid for the special case in which density is constant, which 

we have already said applies to flight at less than 1/3 the speed of sound.  

 

 
 

In Bernoulliôs equation  1.426V
2
 is called the dynamic pressure (air density must be in 

units of slugs per cubic foot, velocity in units of knots and thus dynamic pressure is in 

units of pounds per square foot. 

 

In words Bernoulliôs equation is: 

 

Static pressure plus dynamic pressure equals total pressure.  
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Bernoulliôs Equation Experiments 

To develop a feel for Bernoulliôs equation perform the following two experiments: 

 

1. Hold two pieces of paper, one in each hand and suspend them in front of your 

face and parallel to each other about four inches apart. Blow gently between them. 

The increased velocity of the air between the papers reduces Ps. The higher Ps on 

the outer surfaces pushes the two pieces of paper together. This proves 

Bernoulliôs equation is true. 

 

2. Take one piece of paper and dangle it in front of your mouth. It may be better to 

roll the edge of the paper around a cylinder such as a pencil. Blow over the top 

surface of the paper. The paper will rise up, just like the wing on an aeroplane. 

 

 

Armed with Bernoulliôs equation, developed from rule 6, and the other five rules, we can 

now explain how wings produce lift and explore all the other fascinating questions that 

make up the study of aerodynamics.  

 

The Compressible-Flow Energy Equation 

Bernoulliôs equation assumes that density is constant. As we have already said this is 

reasonable up to about 1/3 the speed of sound. Above that speed we need to use the 

compressible flow equation, which recognizes compression.  

 
 

When air is compressed not only density but also pressure and temperature change in 

accordance with the gas law stated previously. Fortunately the isentropic equation applies 

because energy is not added or removed from the air flow: 

 

 
 

Combining the equations we get: 

 

3800.8 T1 + 1.426 V1
2 = 3800.8 T2 + 1.426 V2

2 
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Properties of the Atmosphere 

 

Before we jump completely into the exploration of aerodynamics we will conduct two 

brief reviews of material it is assumed you are familiar with from your previous studies. 

First we will review the important properties of the atmosphere. Second we will review 

aerodynamic terminology. 

 

The atmosphere is an envelope of gasses that surrounds the earth. It is composed of 

nitrogen, oxygen, carbon dioxide, water vapor, and other gasses. The most important 

characteristics, from an aerodynamics point of view, are temperature, density and static 

pressure. 

 

In the study of aerodynamics we use a model of the atmosphere called the international 

standard atmosphere (ISA.) The ISA is a temperature model based on observations taken 

in Paris France. In the ISA sea level temperature is 15C, which is 288.16 K. The 

atmosphere is divided into isothermal layers (constant temperature) and gradient layers 

that have a constant lapse rate. Only the first two layers, known as the troposphere and 

stratosphere are considered in this course. The troposphere extends from sea level to 

36,090 feet with a lapse rate of -1.98 K per thousand feet. The resulting temperatures can 

be seen in table 1 below. The stratosphere starts at 36,100 feet and extends to 

approximately 82,000 feet. The stratosphere is isothermal at a temperature of 216.66K (-

56.5 C.) 

 

Once the temperature model is established air density and pressure follow automatically 

under the influence of gravity
2
. Physicists can calculate what the density of air would be 

at any given altitude using only the temperature as an input. The equation for density in 

the troposphere is: 

 

 = 0.002377(T / 288.2)
4.2566

 [T in K,   in slugs/ft
3
] ï equation valid up to 36,090ô 

 

In the stratosphere the equation for air density is: 

 

 = 0.000706 e 
ï(Altitude ï 36,000) / 20,833

 [e is the natural log base 2.71828] 

 

Once the temperature and density of any gas are known static pressure can be calculated 

using the gas law. The equation, with the correct unit conversion factor is: 

 

Ps = 3089.54 T [gives Ps in units of lb/ft
2
] 

 

                                                 
2
 This is true because the chemical composition of the air does not change throughout the atmosphere 
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Air pressure and density decrease with altitude according to table 1 below. 

 

The speed of sound (a) depends only on air temperature (T, in units of degrees Kelvin) 

and is given by the formula:  a = 38.98 x T (a in knots.) 

 

 

Standard Alt Temp 

K 

Static Air Pressure (Ps) 

Lb/ft
2
 

Air Density ( ) 

Slugs/ft
3
 

Speed of Sound (a) 

Knots 

Sea level 288.16 2116.2
 

0.002377 
 

661.7 

5000 278.26 1760.9 0.002048 650.3 

10,000 268.36 1455.6  0.001756 638.6 

15,000 258.46 1194.6 0.001496 626.7 

20,000 248.56 972.9 0.001267 614.6 

30,000 228.76 628.9 0.000890 589.5 

40,000 216.66 390.6 0.000584 573.8 

50,000 216.66 242.6 0.000362 573.8 

60,000 216.66 150.7 0.000225 573.8 

100,000 232.66 23.1 0.000032 595.2 

Table 1 
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Aerodynamic Terminology and Definitions 
Examine webpage: http://selair.selkirk.ca/Training/Aerodynamics/axis.htm 

 

Every aeroplane has three axes, which you can see in Figure 6. The axes all pass through 

the center of gravity (defined below.) 

 

Figure 6 

 

Figure 7 shows the parts of several aeroplane configurations. The fuselage is the body of 

the aeroplane. The wings protrude from the sides. An aeroplane with two wings is called 

a bi-plane; monoplanes have one wing and are much more common. All the aeroplanes 

shown below are monoplanes. 

http://selair.selkirk.ca/Training/Aerodynamics/axis.htm
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Figure 7 

 

The ailerons are almost always attached to the outboard trailing edge of the wing and the 

flaps are on the inboard trailing edge.  

 

The elevators are mounted on the trailing edge of the horizontal tail, unless the 

aeroplane is a Canard , which means the horizontal tail is near the front. A tailless 

aeroplane may have separate ailerons and elevators or they may be combined into a 

combined set of elevons. 

 

The fin  is the non-moving vertical wing, near the rear of the aeroplane; it usually 

protrudes straight up but can protrude down and can also protrude on an angle. The 

moveable control attacked to its trailing edge is called the rudder . 

 

Examine webpage: http://selair.selkirk.ca/Training/Aerodynamics/up_down.htm 

 

The horizon is the flat plane that is tangent to the earthôs surface, as shown in Figure 8.  

http://selair.selkirk.ca/Training/Aerodynamics/up_down.htm


Aerodynamics for Professional Pilots  

 Page 17 

 

Figure 8 

 

Pitch attitude expresses the angle between the longitudinal axis and the horizon plane. If 

the longitudinal axis is parallel to the horizon we say the aeroplane has zero degrees of 

pitch. If the longitudinal axis is inclined upward we have positive pitch, and downward is 

negative pitch. In all cases the pitch attitude is expressed in units of degrees. 

 

Bank attitude ( ) expresses the angle between the lateral axis and the horizon plane. If 

the lateral axis is parallel to the horizon we say bank is zero. Bank angles are expressed 

as left or right, in units of degrees. Normal flight is limited to less than 90 degrees of 

bank; however it is possible to talk about larger bank angles such as 180 degrees of bank, 

meaning that the aeroplane is upside down. 

 

Heading is the third ñattitude.ò It expresses the angle between the longitudinal axis and a 

reference line in the horizon plane. Normally pilots use either magnetic north or true 

north as the reference line, but other reference systems could be used. In this book we 

only need to talk about changes in heading, which means rotation of the longitudinal axis 

of the aeroplane in the horizon plane. A change in heading is called a turn . 

 

It is important to realize that an aeroplane can make six distinct types of movements. 

Movement is always referenced to the axes of the aeroplane, not the horizon. The first 

three movements are translations, the last three rotations. The movements are: 

 

1. Translation along the longitudinal axis, which is the major component of true 

airspeed 

2. Translation along the normal axis, which is the minor component of true airspeed. 

3. Translation along the lateral axis, which results in slipping. 

4. Rotation around the longitudinal axis, which is called roll. 

5. Rotation around the normal axis, which is called yaw. 

6. Rotation around the lateral axis, which is called pitch. 
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Figure 9 

Consider Figure 9, which is a drawing of an airfoil . A drawing is a two-dimensional 

thing that exists only on a piece of paper or other flat surface. Now imagine the airfoil is 

stretched out into a three-dimensional wing, as in Figure 10. In this text, when I talk of a 

wing I mean a three-dimensional structure that you would find on an aeroplane. When I 

talk about an airfoil I am referring to a shape, which exists only in two dimensions. 

 

Figure 10 

 

Consider the airfoil in Figure 11. A line can be drawn that is exactly halfway between the 

upper and lower surface of the airfoil. This line is properly called the mean-line, but 

sometimes is called the camber line.  

 

Figure 11 

 

A straight line can be drawn joining the ends of the mean-line and this is called the chord 

line, or simply the chord (c.) 

 

An airfoil may need to be scaled larger or smaller without changing its shape. It is 

therefore useful to express airfoil dimensions, such as thickness and camber, as a 

percentage of the chord length, the full length being 100%. 
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Figure 12 

 

The thickness of an airfoil is the maximum distance between the lower and upper surface 

and is expressed as a percentage of the chord length. In Figure 12 the thickness is 12%
3
. 

 

The maximum distance between the chord and mean-line is called the camber of an 

airfoil. Camber is expressed as a percentage of the chord. In the figure camber is 4%, 

which means the maximum distanced between the chord and mean lines is 4% of the 

length of the chord. Positive camber means the mean line is above the chord line, 

negative camber would mean the mean line is below the chord. If the mean-line and 

chord are the same there is zero camber. Such an airfoil is said to be symmetrical, as 

shown in Figure 13. Symmetric airfoils are widely used for fins and horizontal tails. They 

are also used on some aerobatic aeroplanes for the main wing. 

 

Figure 13 

 

If the mean line crosses the chord the airfoil is called reflexed. Figure 14 shows an 

exaggerated reflexed airfoil. 

                                                 
3
 Strictly the distance should be measured perpendicular to the mean line. 
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Figure 14 

 

The point along the chord where maximum camber occurs (see Figure 12) is called the 

point of maximum camber. It is at 30% of c in all the airfoils shown above. 

 

In the days before computer aided aircraft design airfoil shapes were catalogued using a 

numbering system that specified the thickness, camber and point of maximum camber. 

For example a C-172 has a 4412 airfoil, which means it has 4% camber with a maximum 

camber point at 40% and maximum thickness of 12%. Those interested in learning more 

about airfoil numbering systems should read the excellent NASA publication Theory of 

Wing Sections
4
.  

 

Modern wings are computer designed to work in three dimensions and in unison with the 

fuselage. In almost all modern aeroplanes the airfoil changes from root to tip of the wing. 

(Root and tip are defined below.) 

 

                                                 
4
 Abbot, I. Dover Publications Inc. New York. 1959 
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Figure 15 

 

Figure 15 defines the terms wing root (Cr), wing tip  (Ct), and span (b). Taper ratio  is 

the ratio of Ct/Cr. The aeroplane in the figure has a taper ratio of 0.5 

 

Wing area (S) is one of the most important design parameters of an aeroplane. It is the 

surface area of the wing and is equal to average chord (ca) times span (S = ca x b). 

 

Another very important design parameter is aspect ratio (AR), which is the ratio of span 

to average chord (AR = b/ca.) Note that ca is the average chord defined as ca = S/b. Large 

aspect ratios are found on gliders and transport jets. Low aspect ratios are found on jet 

fighters. 

 

Given that AR and S are the two most important wing design parameters it is useful to 

relate them to each other. Therefore if we substitute the definition S = ca x b into the AR 
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formula we get AR = b
2
/S. Please note that this is not an alternate definition, only a 

mathematical formulation that is often useful in aeroplane design. You will always find it 

easier to visualize aspect ratio as b/ca. 

 

Wing sweep is defined as the angle between a line drawn through the 25% chord points 

on the wing and the lateral axis, expressed in degrees (see the diagram above.) 

 

Velocity (V) is the combination of true airspeed (TAS), heading, and climb angle. It 

expresses how fast the aeroplane is traveling and the direction it is traveling. Velocity is a 

vector quantity, which means that you can draw an arrow, to describe what direction it 

acts. Notice that TAS alone is not a vector quantity because an aeroplane can fly at a 

constant TAS while turning, or entering a climb or descent etc. The heading and vertical 

speed values transform the scalar airspeed value into a vector. 

 

We will use terms such as straight, level, climbing, descending, and turning to describe 

what is happening to velocity. These terms have the following meanings: 

 

 Straight: Means flight on a constant heading. 

 Level: Means flight at a constant altitude. This is synonymous with vertical speed 

equals zero. 

 Climbing : Means flight with constant airspeed and constant positive vertical 

speed. Note that if airspeed is decreasing as altitude is gained it is called a ñzoomò 

not a climb. 

 Descending: Means flight at constant airspeed and constant negative vertical 

speed. If airspeed is increasing while altitude is lost it is called a ñdive.ò 

 Turning : Means that heading is changing. 

 
 

 

Figure 16 

 

Figure 17 

 

By definition: relative wind is the airflow that is exactly opposite to the direction of 

flight, I.E. is exactly opposite to velocity ï if you prefer, you can say it is the reciprocal 

of the TAS. This is critical to understand. For example an aeroplane that is climbing is 

flying through air that passes the aeroplane in an orientation as shown in Figure 16. 

Similarly an aeroplane that is descending experiences airflow as in Figure 17. 
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Figure 18 

Angle of attack (Ŭ) is the angle between the chord and the relative wind, expressed in 

degrees. Ŭ is negative if the chord line is below the relative wind. Donôt confuse Ŭ and 

pitch attitude; that is a common mistake. The aeroplane in Figure 18 is climbing. It has a 

large pitch attitude but small Ŭ. The aeroplane in Figure 19 is descending. It has a 

negative angle of climb but a positive Ŭ and pitch attitude. 

 

Figure 19 

 

Weight (W) is the force that acts toward the center of the earth. This direction is also 

defined as down. Up is the opposite direction to down. W = mg. Weight acts at the center 

of gravity (explained below.) 

 

Examine webpage: http://selair.selkirk.ca/Training/Aerodynamics/definitions.htm 

 

http://selair.selkirk.ca/Training/Aerodynamics/definitions.htm
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Figure 20 

Lift  (L) is defined as the force perpendicular to the direction of flight, which is the 

same thing as saying perpendicular to the relative wind. Be certain to fully grasp this 

definition because lift is NOT necessarily always ñthe force that opposes weight.ò Failure 

to grasp this is often a source of great confusion. Consider Figure 20, in which an 

aeroplane is descending. Weight acts down, but lift acts in an inclined direction that is 

perpendicular to the relative wind. Many pilots get their minds stuck on the idea that lift 

always acts ñupò and consequently have trouble grasping aerodynamics. Try to shake that 

idea. Lift only opposes weight in straight and level flight. 

 

 

Figure 21 

Drag (D) is the force that acts parallel to the relative wind, which is synonymous with 

saying opposite to the direction of flight. Consider Figure 21, where you can see that drag 

is not horizontal ï it is parallel to the relative wind. (You can also see that drag is always 

perpendicular to lift.) 
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Thrust  (T) is the force created by the aeroplaneôs engines. Its direction depends on how 

the engines are installed on a particular aeroplane. In most aeroplanes thrust acts along, or 

parallel to, the longitudinal axis. Sometimes the engines are installed with a very small 

angle to the longitudinal axis. The reason is explained on page 156. 

 

Examine webpage: http://selair.selkirk.ca/Training/Aerodynamics/c-of-g.htm 

 

Center of gravity (CG) is the point around which all moments due to gravity equal zero. 

CG is also the point at which weight acts. CG is such a critical concept in aerodynamics, 

and so poorly understood, that I am going to ask you to perform an experiment to develop 

a deeper understanding of the term. Please follow the instructions below: 

 

CG Experiment 

1. Draw a picture of an aeroplane, similar to the one in Figure 22, on a piece of stiff 

paper or cardboard. Make the picture at least several inches long (larger is better.) 

2. To more accurately represent the mass distribution of a real aeroplane tape some 

weight, such as a coin(s), where the engine would be on a real aeroplane. This is 

shown in the figure. 

3. Carefully cut the aeroplane shape out using scissors. Leave as little extra paper 

around the outline as feasible. 

4. Make several holes distributed around and near the edges of the aeroplane, as 

shown in the figure. These holes may be anywhere, as long as they are near the 

edges. Try to make the holes neatly either using a paper punch or a sharp object 

such as the tip of a pencil. 

5. On a smooth wall dive a small finishing nail straight in so that you can hang the 

aeroplane on one of the holes. 

6. Hang the aeroplane up and notice that it hangs at an odd angle, similar to the one 

in Figure 23. Try swinging the aeroplane and notice that once you let it go it 

swings like a pendulum for a while but it always stops in the same orientation. 

7. Draw a perfectly vertical line from the nail down the aeroplane. Ideally you 

would use a carpenterôs level or plumb bob to do this. 

8. Using different holes repeat steps 6 and 7 at least twice more. 

9. You should notice that all the vertical lines you draw cross at a common point. If 

they donôt you are not being careful enough, so try again. 

10. Punch another hole where the lines cross. This is the CG of your aeroplane. 

11. Hang the aeroplane up by the CG. 

12. Rotate the aeroplane to any pitch attitude. Notice that you can stop it at any angle 

(i.e. it balances in all attitudes.) 

 

At step 12 you should have an eye-opening moment. If you didnôt understand CG before 

you do now. The CG is the only place you can skewer the aeroplane and have it balance 

in all orientations. If you skewer it at any other point it rotates and hangs in one 

orientation only, and that orientation is such that the CG is below the nail. 

 

 

http://selair.selkirk.ca/Training/Aerodynamics/c-of-g.htm
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Figure 22 



Aerodynamics for Professional Pilots  

 Page 28 

 

Figure 23 

Definition of Power 

Everyone talks about how much power and torque the engine in their car produces, but 

how many of us really know what it means? In physics torque measures force times 

distance (F x d) and power measures force times velocity (F x V.)  

 

We will be using a unit of power called horsepower, which is defined as follows: 

 

 1.0 HP = 550 lb x ft / sec 

 1.0 HP = 33,000 lb x ft / minute 

 1.0 HP = 325.66 lb x knots 

 1.0 HP = 746 Watts 

 

To put things into perspective, a 100-watt light bulb is equivalent to a 0.13 HP light bulb 

(100/746.) An electric hairdryer that consumes 1000 watts is also consuming 1.34 HP. A 

car engine producing 400 lb ft of torque at 5000 rpm is making 380.8 HP (calculated as 

400 x 5000 x 2  / 33,000 = 380.8 HP
5
.) Another engine that also makes 400 lb ft of 

torque but does so at 2000 rpm only makes 152.3 HP. For propeller driven aeroplanes 

horsepower is more important than torque, as you will see shortly. 

 

Horsepower is measured on a dynamometer. Because the dynamometer measures torque 

by applying a braking action to the engine the power so measured is called Brake 

Horsepower (BHP.)  

 

To fly an aeroplane a propeller must convert its BHP into Thrust horsepower (THP.) 

This process is never 100% effective. Propeller efficiency ( ) is a defined as  = 

THP/BHP. 

                                                 
5
 Rpm x 2 r gives the velocity of the object. Torque/r gives the force (r is the arm of a pulley that the 

engine turns and is also the arm for the weight that represents torque.) 
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You may find the following two equations useful: 

 

THP = T x V / 325.66 [V is in knots] 

 

T = 325.66 x THP / V [This is just the above equation solved for T. T is in pounds] 

 

To see the significance of the above equations answer these three questions: 

 

1. A particular aeroplane experiences 1000 lb of drag at 100 knots. How much THP 

is needed for it to fly? (Tip: Thrust must equal drag in level flight.) 

2. A particular aeroplane experiences 1000 lb of drag at 200 knots. How much THP 

is needed for it to fly? 

3. A particular aeroplane experiences 1000 lb of drag at 325.66 knots. How much 

THP is needed for it to fly? 

 

The answers are: 

1. 307 HP 

2. 614 HP 

3. 1000 HP 

 

It is important to realize that all three of the above aeroplanes require 1000 pounds of 

thrust to cruise, but faster aeroplanes needs more HP. 

 

The amount of thrust a given HP engine can produce falls off with velocity. For example 

a 1000 HP engine produces 1000 pounds of thrust at 325.66 knots. But, how much does it 

produce at 10 knots (early in the takeoff roll)? To answer use the formula: T = 325.66 x 

THP / V. The answer is 32,566 pounds of thrust (wow!)
6
 

 

Note that when flying at 325.66 KTAS one pound of thrust equates to one THP. At lower 

speeds one THP produces more than one pound of thrust. Above 325.66 KTAS one THP 

makes less than one pound of thrust. (Since drag increases with velocity, while thrust 

decreases, propeller aeroplanes are quite limited in terms of how fast they can cruise. We 

will see that jets have an advantage in this regard.) 

 

It is worth noting that the equation for thrust approaches infinity as V approaches zero. It 

cannot actually be solved at zero velocity. The implication is that for a given amount of 

power thrust becomes infinite when velocity is zero, such as at the beginning of the 

takeoff roll. In reality that doesnôt happen because the propeller becomes very inefficient 

at such speeds, but for propeller driven aeroplanes, since BHP output is essentially 

unrelated to airspeed, thrust is definitely very high at the beginning of the takeoff roll and 

declines as true airspeed increases. Once we complete our discussion of drag we will 

                                                 
6
 This is likely an overestimation because we assumed the same propeller efficiency at both speeds. Even 

so the engine will produce a very impressive amount of thrust a low speed. 
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return to the question of the relationship between power, thrust, and velocity and analyze 

it further. 
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The Sum of Forces Acting on an Aeroplane 
Examine webpage: http://selair.selkirk.ca/Training/Aerodynamics/four-forces.htm 

 

We will consider four forces that act on an aeroplane. These are: 

 

1. Weight 

2. Lift  

3. Drag 

4. Thrust 

 

Of these only weight (W) is easy to define and grasp. Weight always acts toward the 

center of the earth and is given by the equation W = mg (m is in slugs, and g = 32.2 

ft/sec
2
) W acts at the center of gravity. 

 

Lift is the sum of all force acting perpendicular to the flight path, or relative wind. Lift is 

contributed by many parts of the aeroplane (each wing, the tail, the fuselage, perhaps 

other parts.) These individual forces can be summed up and represented with one vector 

that we perhaps should call total lift, but more commonly just call lift. The crucial point 

to note is the direction lift acts ï it is always perpendicular to the flight path, i.e. 

perpendicular to the relative wind. 

 

Drag is the sum of all forces acting opposite to the direction of flight, or parallel to the 

relative wind. Total drag is the sum of all the forces, contributed by each part of the 

aeroplane, opposite to the direction of flight . It too can be represented by one vector. 

 

Thrust is the force produced by the engine(s.) It acts in the direction the engine(s) are 

pointed. In introductory aerodynamics courses it is customary to simplify the required 

analysis by assuming that thrust acts in the direction of flight, i.e. that thrust is directed 

opposite to drag. We will make that simplification here, but keep in mind that it is a 

simplification. In reality, as angle of attack changes a small component of thrust acts 

perpendicular to the direction of flight
7
 (i.e. with lift.) 

 

Pilots should note that the definitions of lift and drag above are just that ï definitions. 

The actual static pressure around an aeroplane creates one force that both supports it 

against gravity and impedes its forward progress. It is our convention to resolve this 

force into two components with the one perpendicular to the direction of flight called lift 

and the component parallel to the direction of flight called drag. 

                                                 
7
 For those who are mathematically inclined thrust equals drag x cos(Ŭ). Given that Ŭ is seldom more than 

10 , thrust directed along the direction of flight is normally more than 98.5% of total thrust, making the 

simplification acceptable. 

http://selair.selkirk.ca/Training/Aerodynamics/four-forces.htm
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Figure 24 

 

For our purposes we will say that in straight and level flight L = W and T = D, as shown 

in Figure 24.  

 

The force vectors must be added to get the total force acting on an aeroplane. Vectors are 

added by laying them tip-to-tail (it does not matter what order.) In the cases we are 

interested in for now (straight and level, climbs, and descents) the total force is zero. W is 

the only vector than never varies. L, T, and D change in length and orientation in 

accordance with their definitions, but L is always perpendicular to D. The length of T is 

especially variable as the pilot can change it with the throttle; armed with these thoughts 

follow along with the following important analysis of forces in climbs and descents. 

 

Figure 25 
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In a climb T must be greater than D (T > D.)
8
 It is crucial to see that in every case an 

aeroplane that is climbing must have more thrust than drag. This situation is shown in 

Figure 25. It is highly recommended that you learn to draw this vector diagram and use it 

to confirm the simple trigonometric relationship: 

 

Sin(c) = (T-D)/W [c is the angle of climb. Positive means climb and negative means 

descending. C = zero means level flight.] 

 

 

Figure 26 

In a descent T must be less than D (T<D.) An aeroplane cannot descend unless thrust is 

less than drag
9
.  Figure 26 shows the vector diagram for a descent. In the special case 

where T=0 (i.e. the engines have all failed) sin(c) = -D/W. In other words the glide angle 

is determined by the ratio of drag to weight. If the pilot pushes the nose over and makes a 

steep glide drag is greater, and if the pilot flies at the speed for minimum drag that will 

result in minimum descent angle ï or in other words maximum glide range. We will 

explore gliding more thoroughly later. 

 

Pilots can learn a lot about how to fly an aeroplane from the equation in Figure 26. Many 

flight instructors use a saying something like ñthrottle controls altitude and elevators 

control airspeed.ò It would actually be more precise to say that, ñthrust  controls angle of 

climb and elevators control airspeedò, but we are getting slightly ahead of ourselves. We 

will return to the question of controlling airspeed later. 

                                                 
8
 Review the definition of climb and descent given earlier. In each case the definition includes the provision 

of constant airspeed and vertical speed. I.E. the conditions known as zooming and diving are not considered 

in this text. 
9
 Recall the previous definition of a dive. If you push the nose over without decreasing thrust the aeroplane 

will descend but airspeed will increase. This is called a dive, NOT a descent. 
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Figure 27 

 

The Nature of Lift 
Something I would like to point out to you is that even though an aeroplane must be in 

motion to fly the air has enough potential energy (i.e. static pressure) to support the 

aeroplane with no motion required. The subject we are studying is called aerodynamics, 

which means ñair in motionò so it is going to turn out that air-movement is necessary for 

flight, but it is crucial to realize that an aeroplane parked motionless at the airport has 

enough air pressure under its wings to easily lift it up. 

  

Consider the aeroplane in Figure 27, which weighs 3000 lb and has a wing area of 200ft
2
. 

This aeroplane is parked on the apron at some airport, and just sitting there a static air 

pressure (Ps) on the order of 2000 lb/ft
2
 is pushing up on the bottom of the wing (the 

exact amount depends on the altitude of the airport, see table 1.) Therefore there is 

~400,000-pound upward force that could lift this aeroplane into the air. Of course there is 

an opposing 400,000-pound force pushing down on the top of the wings that cancels out 

the upward push, so the aeroplane stays on the ground, held there by its weight of 3000 

pounds. 

 



Aerodynamics for Professional Pilots  

 Page 35 

 

Figure 28 

You may have heard that a wing produces lift by creating a low-pressure area above its 

top surface. This explanation is correct, but slightly misleading, as it tends to promote the 

false image that the aeroplane is pulled up by a vacuum. The real story is more like 

Figure 28 in which a spring-loaded toy is held down by someoneôs hand. As soon as the 

person removes their hand the toy jumps upward. Clearly the spring is responsible for 

lifting the toy, not the removal of the hand per se. The same is true of an aeroplane. We 

must realize that there is a huge force below the wing pushing upward. All that is needed 

is to slightly reduce the downward force, by an amount equal to the weight of the 

aeroplane, and then the air below the wing will easily push the aeroplane up into the air. 

To use the example numbers above, the downward force must be reduced from 400,000 

to 397,000 (0.75% reduction.) A net force of 3000 will then exist, which will  offset the 

weight and permit flight. 

 

For a typical light aeroplane a force of hundreds of thousands of pounds pushes both up 

and down on the wing. In level flight all that is needed is for the downward force to be 

reduced by an amount equal to the weight of the aeroplane.  We now understand the true 

significance of the ñvacuumò above the wing. 

 

Definition of Wing Loading (WL) 

I would like to get Bernoulliôs equation involved in the explanation. Recall that we used 

Ps to represent the static air pressure. For an aeroplane to fly, Ps below the wing must be 

greater than Ps above the wing. The extent of pressure difference between the upper and 


