CHAPTER ONE

The Basics

100.
INTRODUCTION

The purpose of this assignment sheet is to aid the student in understanding basic physics and atmospherics as it relates to aerodynamics.

This lesson topic will introduce you to the terms and concepts particular to aviation.

101.
LESSON TOPIC LEARNING OBJECTIVES

Terminal Objective: Partially supported by this lesson topic:

1.0
Upon completion of this unit of instruction, the student aviator will demonstrate knowledge of basic aerodynamic factors that affect airplane performance.

Enabling Objectives: Completely supported by this lesson topic:

1.1
Define scalar quantity, vector, force, mass, volume, density, weight, moment, work, power, energy, potential energy, and kinetic energy.

1.2
State Newton's three Laws of Motion, giving examples of each.

1.3
Define equilibrium flight.

1.4
Define static pressure, air density, temperature, lapse rate, humidity, and air viscosity.

1.5
State the relationship between humidity and air density.

1.6
State the relationship between temperature and air viscosity.

1.7
Describe the relationship between the three properties of air; pressure, density and temperature as it relates to the General Gas Law.

1.8
State the pressure, temperature, lapse rate, and air density at sea level in the standard atmosphere using both Metric and English units of measurement.

1.9
State the relationships between temperature, pressure, air density, local speed of sound and altitude within the standard atmosphere.

1.10
Define, compare, and contrast an aircraft and an airplane.

1.11
List and define the five major components of an airplane.

1.12
List and define the components of the airplane reference system.

1.13
Describe the orientation between the components of the airplane reference system.

1.14
List and define the motions that occur around the airplane center of gravity.

1.15
Define wingspan, chordline, chord, tip chord, root chord, average chord, wing area, taper, taper ratio, sweep angle, aspect ratio, wing loading, angle of incidence, and dihedral angle.

1.16
Define pitch attitude, flight path, relative wind, angle of attack, mean camber line, positive camber airfoil, negative camber airfoil, symmetric airfoil, aerodynamic center, airfoil thickness, spanwise flow, chordwise flow, aerodynamic force, lift and drag.

102.
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103.
STUDY ASSIGNMENT

1.
Review Chapter One 1.1.1I and answer the Study Questions.

104.
MATHEMATICAL SYSTEM DEFINITIONS

A scalar is a quantity that describes only magnitude, e.g., time, temperature, or volume. It is expressed using a single number, including units. A vector is a quantity that describes both magnitude and direction. It is commonly used to represent displacement, velocity, acceleration, or force. Displacement (s) is the distance and direction of a body's movement (an airplane flies 100 nm east).
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	Figure 1-1 Displacement
	Figure 1-2 Velocity


Velocity (V) is the speed and direction of a body's motion, the rate of change of position (an airplane flies south at 400 knots), (Figure 1-1,2).

Distance is the scalar equal to the magnitude of displacement. Speed is a scalar equal to the magnitude of velocity. Force (F) is a vector measure of the push or pull exerted on a body (1,000 lbs of thrust pushes a jet through the sky).

F = m a

Acceleration (a) is the rate and direction of a body's change of velocity (gravity accelerates bodies toward the center of the earth at 32.174 ft/s2) (Figure 1-3).
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	Figure 1-3 Gravitational Pull


Vectors can be represented as arrows. The direction and length of the arrow represent the direction and magnitude of the vector. Vectors may be added by placing the tail of each succeeding vector on the head of the one preceding it and drawing the resultant vector from the tail of the first to the head of the last. This new vector is the resulting magnitude and direction of all the original vectors working together. Conversely, a vector may be deconstructed into two or more component vectors that lie in whatever planes of motion or direction we wish. For example, an airplane in a 30( climb at 100 knots may be said to have 86.6 knots of horizontal velocity and 50 knots of vertical velocity.

105.
DEFINITIONS

Mass (m) is the quantity of molecular material that comprises an object (Figure 1-4).
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	Figure 1-4 Mass


³

Volume (v) is the amount of space occupied by an object.

Density (() is mass per unit volume (Figure 1-5).
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	Figure 1-5 Density


It is expressed: (=m/v

Weight (W) is the force with which a mass is attracted toward the center of the earth by gravity (Figure 1-6).
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	Figure 1-6 Gravitational Pull


A moment (M) is created when a force is applied at some distance from an axis or fulcrum, and tends to produce rotation about that point. A moment is a vector quantity equal to a force (F) times the distance (d) from the point of rotation that is perpendicular to the force (Figure 1-7). This perpendicular distance is called the moment arm.
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	Figure 1-7 Moment


M = F d

Work (W) is done when a force acts on a body and moves it. It is a scalar quantity equal to the force (F) times the distance of displacement (s) (Figure 1-8).
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	Figure 1-8 Work


W = F s

Power (P) is the rate of doing work or work done per unit of time (Figure 1-9).
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	Figure 1-9 Power




Energy is a scalar measure of a body's capacity to do work. There are two types of energy: potential energy and kinetic energy. Energy cannot be created or destroyed, but may be transformed from one form to another. This principle is called the law of conservation of energy. The equation for total energy is:

T.E. = K.E. + P.E.
Potential energy (P.E.) is the ability of a body to do work because of its position or state of being. It is a function of mass (m), gravity (g), and height (h), or of chemical composition. In aerodynamics only the former is considered. (Figure 1-10)

P.E. = weight x height = m g h
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	Figure 1-10 Potential energy


Kinetic energy (K.E.) is the ability of a body to do work because of its motion. It is a function of mass (m) and velocity (V) (Figure 1-11). 

K.E. = ½ m V2
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	Figure 1-11 Kinetic energy


Work may be performed on a body to change its position and give it potential energy or work may give the body motion so that it has kinetic energy. Under ideal conditions, if no work is being done on an object, its total energy will remain constant. The object is considered to be in a closed system. In a closed system, the total energy will remain constant but potential energy may be converted to kinetic energy, and vice versa. For example, the kinetic energy of a glider in forward flight may be converted into potential energy by climbing. As the glider’s altitude (P.E.) increases, its velocity (K.E.) will decrease.

106.
NEWTON'S LAWS OF MOTION

Newton's First Law - The Law of Equilibrium

"A body at rest tends to remain at rest and a body in motion tends to remain in motion in a straight line at a constant velocity unless acted upon by some unbalanced force."

The tendency of a body to remain in its condition of rest or motion is called inertia. Equilibrium is the absence of acceleration, either linear (in a straight line) or angular (rotational). Equilibrium exists when the sum of all the forces and the sum of all the moments around the center of gravity are equal to zero. An airplane in straight and level flight at a constant velocity is acted upon by four basic forces: thrust, drag, lift and weight. In this situation, all four forces act either completely horizontally or completely vertically. When thrust is equal to drag, and lift is equal to weight, the airplane is considered to be in equilibrium (Figure 1-12).
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	Figure 1-12 The Law of Equilibrium 



An airplane does not have to be in straight and level flight to be in equilibrium. Figure 1-13 shows an airplane that is climbing, but not accelerating or decelerating, i.e., there are no unbalanced forces. It is another example of equilibrium flight. Thrust must overcome drag plus the parallel component of weight. Lift must overcome the perpendicular component of weight.

An airplane that is able to generate sufficient thrust to climb vertically (90( to the horizon) at a constant true airspeed can stabilize at an equilibrium flight condition. Thrust must equal weight plus total drag, and lift must be zero.
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	Figure 1-13 Vertical climb


Trimmed flight exists when the sum of the moments around the center of gravity is zero. In trimmed flight, the sum of the forces may not be equal to zero since you can trim an airplane into a turn. If you are in equilibrium flight, then you are in trimmed flight, but the reverse is not necessarily true.

Newton's Second Law - The Law of Acceleration
"An unbalanced force (F) acting on a body produces an acceleration (a) in the direction of the force that is directly proportional to the force and inversely proportional to the mass (m) of the body."

When an airplane's thrust is greater than its drag (in level flight), the amount of extra thrust (not balanced out by drag) will accelerate the airplane until drag increases to equal the total thrust. In a turn, the aircraft’s lift is no longer purely vertical. The horizontal component of lift created in a bank is not balanced by any other force on the aircraft, and so accelerates the aircraft in the direction of bank, causing a change in direction or turn.

The second point made in this law is that the greater the unbalanced force or smaller the mass, the greater the acceleration that results. A certain amount of force will have different results based on the mass of the object to which it is applied. For instance, striking a golf ball with a golf club will cause a fairly large force to be exerted on the relatively small mass of the ball, accelerating it to a very high speed. Striking a bowling ball with the same force using the same golf club will likely result in little or no movement of the ball due to its greater mass (Figure 1-14).
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	Figure 1-14 Equilibrium or acceleration


Newton's Third Law - The Law of Interaction
"For every action, there is an equal and opposite reaction."

This law is demonstrated by the thrust produced in a jet engine. The mass of the hot gases accelerated (exhausted) rearward produces a thrust force acting to accelerate the mass of the aircraft forward (Figure 1-15).
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	Figure 1-15 The Law of Interaction


A more commonplace example is that of weight and the normal force. An object setting motionless on the floor exerts a force downward due to its weight. For that object to remain motionless in equilibrium and not be accelerated toward the center of the earth, the floor must push upward on the object with a force equal to the object’s weight. That upward force is called the normal force.

107.
PROPERTIES OF THE ATMOSPHERE

The atmosphere is composed of approximately 78% nitrogen, 21% oxygen, and 1% other gases, which includes argon and carbon dioxide. Air is considered to be a uniform mixture of these gases, so we will examine its characteristics as a whole rather than as separate gases.

Static pressure (PS) is the force each air particle exerts on those around it. On a more macroscopic scale, ambient static pressure is equal to the weight of a column of air over a given area. The force of static pressure acts perpendicularly to any surface with which the air particles collide. As you increase altitude, less air is above you, so the weight of the column of air is decreased. Thus atmospheric static pressure decreases with an increase in altitude at a rate of approximately 1.0 in-Hg per 1000 ft (Figure 1-16).
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	Figure 1-16 Static pressure


Air density (( ) is the total mass of air particles per unit of volume. The distance between individual air particles increases with altitude resulting in fewer particles per unit volume. Therefore, air density decreases with an increase in altitude (Figure 1-17).
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	Figure 1-17 Air density


Temperature (T) is a measure of the average kinetic energy of air particles. As temperature increases, particles begin to move and vibrate faster, increasing their kinetic energy (Figure 1-18)((. Air temperature decreases linearly with an increase in altitude at a rate of 2 (C (3.57 (F) per 1000 ft until 36,000 feet. This is called the average lapse rate. From 36,000 feet through approximately 80,000 feet, the air remains at a constant -56.5 (C (-69.7 (F). This layer of constant temperature is called the isothermal layer.
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	Figure 1-18 Air temperature


Humidity is the amount of water vapor in the air. As humidity increases, water molecules displace an equal number of air molecules. Since water molecules have less mass and occupy approximately the same volume, the overall mass in a given volume decreases. Therefore, as humidity increases, air density decreases (Figure 1-19).
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	Figure 1-19 Humidity in the air


Viscosity (( ) is a measure of the air's resistance to flow and shearing. Air viscosity can determine its tendency to stick to a surface or how easily it flows past it. For liquids, as temperature increases, viscosity decreases. Recall that the oil in your car flows better or “gets thinner” when the engine gets hot. Just the opposite happens with air: Air viscosity increases with an increase in temperature (Figure 1-20).
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	Figure 1-20 Air viscosity


108.
THE GENERAL GAS LAW

The General Gas Law demonstrates the relationship between the three major properties of air: pressure (P), density (( ), and temperature (T). It is expressed as an equation where R is the Universal Gas Constant  (Figure 1-21):
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	Figure 1-21 The General Gas Law


This equation can be used to describe what happens to a gas under ideal circumstances when changes occur to one of the properties while another is kept constant.

For instance, one is able to increase pressure by keeping density constant and increasing temperature (as in a pressure cooker). If pressure remains constant, density and temperature have an inverse relationship, an increase in temperature will result in a decrease in density, and vice versa. These relationships are demonstrated below  (Figure 1-22):
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	Figure 1-22


In the example above, we demonstrate the effects of several atmospheric properties through the warming period of a day. You can see that the static pressure and pressure altitude remain virtually constant throughout the day. However, as the sun heats the air, the reduced density causes a dramatic increase in density altitude. This will have a noticeable impact on aircraft performance.

109.
THE STANDARD ATMOSPHERE

The atmospheric layer in which most flying is done is an ever-changing environment. Temperature and pressure vary with altitude, season, location, time, and even solar sunspot activity. It is impractical to take all of these into consideration when discussing airplane performance. In order to disregard these atmospheric changes, an engineering baseline has been developed called the standard atmosphere (Table 1-1). It is a set of reference conditions giving average values of air properties as a function of altitude. A list of some of these properties may be found in Appendix C. Unless otherwise stated, any discussion of atmospheric properties in this course will assume standard atmospheric conditions.
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	Table 1-1 Sea Level Standard Atmospheric Conditions


Speed of sound is caused by same disturbance in the air e.g., an explosion causes a sound because it compresses the air immediately around it. This creates a series of alternating compressions and rarefactions expanding outward from the sources which is transmitted to our ears as sound. The compressions and rarefactions are transmitted from one particle to another, but the particles do not flow from one point to another. Sound is wave motion, not particle motion, so, the motion of sound can be effected by changes in the medium through which it travels. The local speed of sound is the rate at which sound waves travel through a particular air mass. The speed of sound in air, is primarily dependent on the temperature of the air (Figure 1-23)). The warmer the air, the more excited the particles are in that air mass. The more excited the molecules are, the more easily adjacent molecules can propagate the sound wave. As the temperature of the air increases, the speed of sound increases.
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	Figure 1-23 Temperature, Density, Pressure, and LSOS chart


110.
AIRPLANE TERMINOLOGY

An aircraft is any device used or intended to be used for flight in the air (Figure 1-24). It is normally supported in flight either by the buoyancy of the structure (balloon, dirigible) or by the dynamic reaction of the air against its surfaces (airplane, glider, helicopter).
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	Figure 1-24 Various types of aircraft


An airplane is a heavier‑than‑air fixed‑wing aircraft that is driven by an engine driven propeller or a gas turbine jet and is supported by the dynamic reaction of airflow over its wings. The T-34C is an unpressurized, low‑winged monoplane with a single engine turboprop and tricycle landing gear. It will be the primary example of conventional airplanes used throughout this course. A conventional airplane consists of a fuselage, wing, empennage, landing gear, and engine(s).

MAJOR COMPONENTS OF AN AIRPLANE

The fuselage is the basic structure of the airplane to which all other components are attached. It is designed to hold crew, avionics, ordnance, passengers, cargo, etc. Three basic fuselage types are possible: Truss, full monocoque, and semi‑monocoque. The truss type consists of a metal or wooden frame which carries the load, and a light ‘skin’ which is stretched over it. It is very strong and easily repaired, but quite heavy. Full monocoque is extremely light and strong because it consists of only a skin shell which carries the load. It is nearly impossible to repair if damaged. Semi‑monocoque is a modified version of the monocoque design, with a skin, transverse frame members, and stringers

 that all share in carrying loads. It is very strong, relatively light, and may be readily repaired if damaged. The T-34 uses the semi-monocoque fuselage (Figure 1-25).

	[image: image26.jpg]




	Figure 1-25 Fuselage


The wing is a structure attached to the fuselage designed to produce lift, also known as an airfoil (Figure 1-26). It may contain fuel cells, engine nacelles, and landing gear. Ailerons (and spoilers) are control surfaces attached to the wing to control roll. Flaps (and slots) are high lift devices attached to the wing to increase lift at low airspeeds. The T-34 has single low-mounted wings with slotted flaps integrated into the trailing edge inboard of the ailerons. Since all bracing is internal, these wings are called full cantilever.
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	Figure 1-26 Wing


The empennage is the assembly of stabilizing and control surfaces on the tail of an airplane (Figure 1-27). It provides the greatest stabilizing influence of all the components of the conventional airplane. The empennage consists of the aft part of the fuselage, the vertical stabilizer, and the horizontal stabilizer. The rudder is the control surface attached to the vertical stabilizer to control yaw. Elevators are the horizontal control surfaces attached to the horizontal stabilizer used to control pitch.
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	Figure 1-27 Empennage


The landing gear permits ground taxi operation and absorbs the shock encountered during takeoff and landing. The T-34 has tricycle landing gear that includes a nosewheel and two main wheels. Some aircraft have steerable nosewheels for directional control during taxi operations. The T-34 is steered using differential braking and its rudder (Figure 1-28).
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	Figure 1-28 Landing gear


The engine provides the thrust necessary for powered flight. Military and commercial airplanes may be fitted with multiple turboprop, turbojet, or turbofan engines. The type of engine depends on the mission requirements of the aircraft. The T-34C has a PT6A-25 turboprop (Figure 1-29).
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	Figure 1-29 Engine


111.
AIRPLANE REFERENCE SYSTEM

An airplane's reference system consists of three mutually perpendicular lines (axes) intersecting at a single point (Figure 1-30). This point, called the center of gravity (C.G.) is the point at which all weight is considered to be concentrated, and at which all forces are measured. Theoretically, the airplane will balance if suspended at the center of gravity. When in flight, the aircraft will rotate about the C.G., so all moments will be resolved around it as well. The C.G. will move as fuel burns, bombs/missiles are expended, or cargo shifts
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	Figure 1-30 Center of gravity


The longitudinal axis passes from the nose to the tail of the airplane. Movement of the lateral axis around the longitudinal axis is called roll, or lateral control (Figure 1-31).
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	Figure 1-31 longitudinal axis


The lateral axis passes from wingtip to wingtip. Movement of the longitudinal axis around the lateral axis is called pitch, or longitudinal control  (Figure 1-32).
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	Figure 1-32 Lateral axis


The vertical axis passes vertically through the center of gravity. Movement of the longitudinal axis around the vertical axis is called yaw, or directional control. As an airplane moves through the air, the axis system moves with it. Therefore, the movement of the airplane can be described by the movement of its center of gravity (Figure 1-33).
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	Figure 1-33 Vertical axis


112.
DIMENSIONS

Wingspan (b) is the length of a wing, measured from wingtip to wingtip. It always refers to the entire wing, including the portion within the fuselage, not just the wing on one side of the fuselage. The wingspan of the T-34C is 33'5" (Figure 1-34). 
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	Figure 1-34 Wingspan


Chordline is an infinitely long, straight line drawn through the leading and trailing edges of an airfoil (Figure 1-35).
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	Figure 1-35 Chordline


Chord is a measure of the width of the wing or other control surface. It is measured along the chordline and is the distance from the leading edge to the trailing edge of the airfoil. The chord may vary in length from the wingtip to the wing root (Figure 1-36).

	[image: image37.jpg]




	Figure 1-36 Chord


The root chord (cR) is the chord at the wing centerline and the tip chord (cT) is measured at the wingtip (Figure 1-37).
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	Figure 1-37 Root, Tip, and Average Chord


Average chord (c) is the average of every chord from the wing root to the wingtip (Figure 1-37)

Wing area (S) is the apparent surface area of a wing from wingtip to wingtip. More precisely, it is the area within the outline of a wing on the plane of its chord, including that area within the fuselage, hull or nacelles. The formula for S is (Figure 1-38):
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	Figure 1-38 Wing area


Taper is the reduction in the chord of an airfoil from root to tip. The wings of the T-34 and T-37 are tapered to reduce weight, improve structural stiffness, and reduce wingtip vortices. Assuming the wing to have straight leading and trailing edges, taper ratio (() is the ratio of the tip chord to the root chord (Figure 1-39).
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	Figure 1-39 Taper


Sweep angle (() is the angle between a line drawn 25% aft of the leading edge, and a line parallel to the lateral axis.

Aspect ratio (AR) is the ratio of the wingspan to the average chord. An aircraft with a high aspect ratio (35:1), such as a glider, would have a long, slender wing. A low aspect ratio (3:1) indicates a short, stubby wing, such as on a high performance jet (Figure 1-40).
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	Figure 1-40 Aspect ratio


Wing loading (WL) is a ratio of an airplane's weight to the surface area of its wings. There tends to be an inverse relationship between aspect ratio and wing loading. Gliders have high aspect ratios and low wing loading. Fighters with low aspect ratios maneuver at high g-loads and are designed with high wing loading. The wing loading formula is:


Angle of incidence is the angle between the airplane's longitudinal axis and the chordline of its wing (Figure 1-41).
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	Figure 1-41 Angle of incidence


Dihedral angle is the angle between the spanwise inclination of the wing and the lateral axis. More simply, it is the upward slope of the wing when viewed from head on (Figure 1-42).
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	Figure 1-42 Dihedral angle


A negative dihedral angle is called an anhedral angle (sometimes cathedral). The T-34 has dihedral wings to improve lateral stability
(Figure 1-47)

113.
AIRFOIL TERMINOLOGY

Pitch attitude () is the angle between an airplane's longitudinal axis and the horizon (Figure 1-43).
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	Figure 1-43 Pitch attitude


Flight path is the path described by an airplane's center of gravity as it moves through an air mass. Flight path is independent of pitch attitude and angle of bank (Figure 1-44).

Relative wind is the airflow the airplane experiences as it moves through the air. It is equal in magnitude and opposite in direction to the flight path (Figure 1-44).
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	Figure 1-44 Flight path and Relative wind


Angle of attack (() is the angle between the relative wind and the chordline of an airfoil. Angle of attack is often abbreviated AOA. Flight path, relative wind, and angle of attack should never be inferred from pitch attitude (Figure 1-45)
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	Figure 1-45 Angle of attack


The mean camber line is a line drawn halfway between the upper and lower surfaces (Figure 1-46).
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	Figure 1-46 Mean camber line, Negative camber, and Symmetric airfoil


If the mean camber line is above the chordline, the airfoil has positive camber. See (Figure 1-46) above.

If it is below the chordline, the airfoil has negative camber.

If the mean camber line is coincident with the chordline, the airfoil is a symmetric airfoil (Figure 1-46).

The aerodynamic center, or quarter chord point, is the point along the chordline where all changes in the aerodynamic force are considered to take place. On a subsonic airfoil, the aerodynamic center is located approximately one-quarter (between 23% and 27%) of the length of the chord from the leading edge. The aerodynamic center will remain essentially stationary unless the airflow over the wings approaches the speed of sound. Discussion of supersonic flight is not within the scope of this course.

Airfoil thickness is the height of the airfoil profile. The point of maximum thickness corresponds to the aerodynamic center as discussed in Chapter 3 (Figure 1-47).
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	Figure 1-47 Thickness of airfoil profile


Spanwise flow is airflow that travels along the span of the wing, parallel to the leading edge. Spanwise flow is normally from the root to the tip. This airflow is not accelerated over the wing and therefore produces no lift (Figure 1-48).
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	Figure 1-48 Chordwise and Spanwise flow


Chordwise flow is air flowing at right angles to the leading edge of an airfoil. Since chordwise flow is the only flow that accelerates over a wing, it is the only airflow that produces lift (Figure 1-48).

114.
THE AERODYNAMIC FORCE

Aerodynamic force (AF) is a force that is the result of pressure and friction distribution over an airfoil, and can be resolved into two components, lift and drag. Lift (L) is the component of the aerodynamic force acting perpendicular to the relative wind. Drag (D) is the component of the aerodynamic force acting parallel to and in the same direction as the relative wind (Figure 1-49).
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	Figure 1-49 Aerodynamic force


STUDY QUESTIONS

Basic Properties of Physics

1.
How does a vector quantity differ from a scalar quantity?

2.
Define mass.

3.
Define weight.

4.
Define air density.

5.
How are a force and a moment related?

6.
Define work. How is it calculated?

7.
Define power.

8.
Define energy. What is the equation for total energy?

9.
Define potential energy (P.E.).

10.
Define kinetic energy (K.E.).

11.
State Newton's First Law of Motion.

12.
Under what conditions can both an airplane traveling at a constant speed and direction and an airplane parked on the flight line be in equilibrium?

13.
What is the difference between trimmed flight and equilibrium flight?

14.
State Newton's Second Law of Motion and provide an example.

15.
State Newton's Third Law of Motion and provide an example.

16.
Define static pressure. What change in atmospheric static pressure (PS) occurs with an increase in altitude (sea level to 80,000 ft.)?

17.
What change in air density occurs with an increase in altitude (sea level to 80,000 ft.)?

18.
Define air temperature.

19.
What change in air temperature occurs in the standard atmosphere from sea level through 80,000 feet?

20.
What change in air density occurs with an increase in humidity?

21.
Define air viscosity. What change in air viscosity occurs with an increase in temperature?

22.
What is the primary factor affecting the speed of sound in air?

23.
What are the sea level conditions in the standard atmosphere?

24.
State the General Gas Law. What is the relationship between temperature, pressure, and density according to the General Gas Law?

25.
State the continuity equation. What are the variables in the equation? When may the density variable be cancelled?

26.
The continuity equation tells us that to double the velocity in an incompressible flow, the cross‑sectional area must be ____________________.

27.
State Bernoulli's equation. Under what conditions does total pressure remain constant? If PT is constant, how do q and PS relate?

28.
Describe how the Pitot‑static system works using Bernoulli's equation.

29.
For a given altitude, what is true about the pressure in the static pressure port of the airspeed indicator?

30.
Define IAS and TAS. What is the equation relating the two?

31.
When will IAS equal TAS? How do IAS and TAS vary with increases in altitude?

32.
What must a pilot do to maintain a constant true airspeed during a climb?

33.
An airplane is flying at a six nautical mile per minute ground speed. If it has a 100‑knot tailwind, what is its TAS?

34.
An F-14 is flying at an eight nautical mile per minute ground speed. If it has a TAS of 600 knots, does it have a headwind or tailwind and how much of one?

35.
Define Mach number and critical Mach Number (MCRIT).

36.
An F‑117 is climbing at a constant 350 KIAS. What would be the effect on Mach Number as it climbs? Why?
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�PAGE \# "'Page: '#'�'"  �� Perhaps it would be better suited to avoid using sines and cosines at all in this chapter, including this graphic. It may be better to use vector addition alone, since that is used later on when describing what is required in a level turn. How about a graphic using horizontal and vertical components of all the forces to describe equilibrium flight in a climb? Tv + Lv=W + Dv and Th=Lh-Dh
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