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PO 431 Explain Principles of Flight ___________________________________ 

 
M431.01 – EXPLAIN FEATURES OF WING DESIGN 

 

Airfoils 

 

Camber – The curvature of an airfoil 

 

Chord – An imaginary straight line joining the leading and trailing edges of the wing. The mean 

aerodynamic chord (MAC) is the average chord of the wing.  

 

The very thin layer of air lying over the surface of the wing is called the boundary layer. As the 

air flows further along the wing it slows down due to friction and becomes turbulent, also known 

as the turbulent layer. 

 

The area between the laminar and turbulent areas is called the transition point. 

 

 
 

Conventional Airfoils – These airfoils are generally thickest at 25% of the chord and can be 

found in a variety of shapes and designs. 

 

Laminar Flow Airfoils – These airfoils are generally thickest at 50% of the chord, have a leading 

edge that is more pointed and upper and lower surfaces that are nearly symmetrical. They reduce 

drag by maintaining the laminar flow of air throughout a greater percentage of the chord. 

 

 
 



 
 

Planform – The shape of the wing as seen from directly above. There are 3 general wing shapes. 

 

 
 

 



Aspect Ratio – The relationship between the length of the wing and the chord. It is calculated by 

dividing the span by the average chord. A wing with a high aspect ratio generates more lift with 

less induced drag than a wing with the same wing area and a low aspect ratio. High aspect ratio 

wings are commonly found on gliders. 

 

Angle of Incidence – The angle of incidence is the angle at which the wing is permanently 

inclined to the longitudinal axis of the aircraft. It affects the following items: 

• Flight visibility 

• Takeoff and landing characteristics 

• Amount of drag in level flight 

 

 
 

 Wash-Out and Wash-In – The reduce the tendency of the wing to suddenly, the wing can be 

designed so that the angle of incidence at the wing tip is different than the angle of incidence at 

the wing root.  

 

The twist in the wing causes the tip and root to stall at slightly different angles of attack and 

improves the stall characteristics. If the wing root stalls before the wing tip, the ailerons, located 

closer to the wing tip, can still be effective during the early part of the stall.  

 

 
High Lift Devices 



 

Wing Tip Design – Induced drag can be reduced by limiting the formation of wing tip vortices. 

This is done by preventing air from spilling over the wing tip in one of the three ways: 

• Installing wing tip fuel tanks 

• Using wing tip plates or winglets 

• Drooping the wing tips 

 

Wing Fences – Vertical Surfaces attached to the upper surface of the wing. They act as guides 

and control the direction of airflow over the wing. This improves low-speed handling and stall 

characteristics. 

 

 
 

 

 

 

 

Slats – Auxiliary airfoils that automatically move out in from 

of the leading edge at high angles of attack They smooth out 

eddies that form on the top of the wing. 

 

Slots – Similar to slats but they do not move, but rather are 

passageways built into the wing. 

 

 

 

 

 

****Slats move, Slots do not. 

 

 

 

 

Flaps – These are the most common high-lift device found 



on a wing. They are located at the trailing edge and increase lift by changing the camber of the 

wing. This causes a lower stall speed and allows the aircraft to approach at a slower airspeed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M431.02 – DESCRIBE FLIGHT INSTURMENTS 

 

Pitot Static System 

 

Instruments connected to the pitot static system work on air pressure. There are two types of air 

pressure in the pitot static system 

 

• Pitot pressure – Increase in air pressure caused by forward motion of the aircraft. 

• Static Pressure – Atmospheric pressure outside the aircraft. 

 

 
 



Airspeed Indicator (ASI) 

 

ASI is connected to both the pitot pressure source and the static pressure ports and displays the 

speed of the aircraft through the air based on the difference between those two readings.  

 

ASI Markings  

Red Never Exceed Speed (VNE) 

Yellow Caution Range 

Green Normal Operating Range 

White Flaps Fully Extended Range 

 

 
ASI  

Density Error The ASI is calibrated for normal sea level pressure and since temperature and 

pressure normally increase with altitude, the decrease in the air density causes 

the ASI to read less than true airspeed. 

Position Error A result of the position of the pitot pressure source on the aircraft, eddies 

formed by moving air and the angle the of the pitot source to the airflow cause 

airflow to not enter the pitot source fully or at all. This results in a slower 

than normal reading or a reading of atmospheric pressure 

Lag Error A mechanical error that is the result of friction between the working parts of 

the instruments. This means a slight delay between the change in airspeed 

and the change shown on the instrument.  

Icing Error Caused by a partial or complete blockage of the pitot pressure by ice. This 

causes a slower than normal reading or a reading of atmospheric 

pressure. 

Water Error Water in the system can cause higher or lower normal readings. 

 

Airspeed Definitions 

Indicated Airspeed (IAS) Uncorrected airspeed read from the instrument 

dial. 

Calibrated Airspeed (CAS) IAS corrected for lag and position error. 

Equivalent Airspeed (EAS) CAS corrected for the compressibility factor. 

True Airspeed (TAS) EAS corrected for density. 

 

 

 

 

 



 

 

 

***Remember ICE Tea is a Pretty Cool Drink 

 Indicated     Calibrated      Equivalent     True 

        
        Position     Compressibility   Density 

 

Altimeter 

 

This instrument is connected ONLY to the static pressure port and measures the pressure of the 

outside air.  

 
Altimeter Errors 

Pressure Error Barometric pressure varies from place to place and this causing 

the altimeter read differently based on the pressure in the 

area. This can be corrected by setting the altimeter to the 

altimeter setting of the nearest aviation facility.  

Abnormally High Pressure Cold, dry air masses can have abnormally high barometric 

pressure causing the altimeter to read lower than the actual 

altitude. 

Abnormally Cold Temperature Altimeters are calibrated for atmospheric pressure at a specific 

temperature. When the temperature is extremely cold it will 

cause the altimeter to read higher than the actual altitude. 

Mountain Effect Error Increased wind speed through mountain passes or in mountain 

waves can cause a localized low pressure. This can cause the 

altimeter to read higher than the actual altitude. 

 

*** Remember High to Low – Look Out Below 

 

 

 

Altitude Definitions 



Indicated Altitude Altitude displayed on the altimeter when it is set to the current barometric 

pressure. 

Pressure Altitude Altitude displayed on the altimeter when it is set to the standard 

barometric pressure (29.92 inches of Hg) 

Density Altitude Pressure altitude corrected for temperature. 

Absolute Altitude The actual height above the Earth’s surface or the altimeter set to field 

level pressure. 

 

 

 

Vertical Speed Indicator (VSI) 

 

The VSI is connected ONLY to the static pressure port and works by measuring the rate of 

change of the static pressure and indicating if the altitude is increasing or decreasing. 

 

 
 

The only error this instrument generally experiences is lag.  

 

 

The Gyroscope 

 

The gyroscope is a spinning wheel (rotor) in a universal mounting (gimbal) that allows its axle to 

be pointed in any direction.  

 

Rigidity in Space 

 This is the tendency of a rotating object to remain in its 

plane of rotation. This allows the spinning rotor to remain in 

place regardless of how the gimbal is moved around it. 

 

Precession 

 This is the tendency of a rotating body, when a force is 

applied perpendicular to its plane of rotation, to turn in the 

direction of its rotation 90 degrees to its axis. 

 

Power Sources 



 

Engine Driven Vacuum System - A vacuum pump powered by the engine that does not work if 

the engine is not running.  

 

Venturi Driven Vacuum System -  A venture tube on the outside of the aircraft creates a vacuum 

to spin the rotor, but relies on the airspeed of the aircraft. Does not work when the aircraft is not 

moving or stalled.  

 

Electrically Driven Gyroscopes - The rotor is spun by an electric motor allowing the gyroscope 

to work at a high altitudes where vacuum systems are ineffective. 

 

Heading Indicator (HI) 

 

The HI is steady and accurate as it is not afflicted with any of the errors that apply to the 

magnetic compasses. It remains constant without swinging. It however is affected by precession 

errors due to friction in the gyroscope, but is easily corrected by resetting the HI to the current 

heading (referencing the magnetic compass) every 15 minutes.  

 

 
 

Attitude Indicator (AI) 

 

Also known as the artificial horizon, it is designed to provide an artificial horizon for the pilot 

during periods of poor visibility. It also provides information about pitch and bank of the aircraft. 

 

During acceleration or deceleration, precession will cause slight indication of climb or descent, 

respectively.  

 



 
 

 

 

Turn and Slip Indicator 

 

This indicator is a combination of two instruments and is also known as the needle and ball. The 

direction and rate of turn is indicated by the needle, which is controlled by a gyroscope, and the 

ball is controlled by gravity. 

 

During a properly executed turn the ball stays in the center. During a slipping turn the ball is 

pulled in the direction of the turn and during a skidding turn the ball is pulled in the opposite 

direction of the turn.  

 

 
 

 

 

 

 

 

 



Turn Co-ordinator 

 

This is an updated version of the turn and slip indicator and is able to display the rate of roll as 

well as the rate of turn.  

 

 
 

Angle of Attack (AOA) Indicator 

 

This indicator displays the relationship of the chord line of the wing and the relative airflow. 

Many also have colour coded ranges to alert the pilot that the critical AOA is being approached. 

 

 
 

Mach Indicator 

 

This displays the ratio of airspeed to the local speed of sound. The number is derived by dividing 

the airspeed by the speed of sound. For example, a Mach number of one means the aircraft is 

travelling at the speed of sound. 

 

 
 



PO 432 Describe Aero Engine Systems__________________________________ 

 
M432.01 – DESCRIBE FUEL SYSTEMS 

 

The Fuel System 

 

A fuel system includes the following parts: 

• Fuel Tanks 

• Fuel selector valve 

• Fuel lines and filters 

• Fuel quantity gauge 

• Fuel Primer 

 

Pressure-Feed System 

 Aircraft with low-wing configuration and large aircraft with a large volume of fuel 

movement use an engine-driven fuel pump to provide the pressure to keep fuel flowing. This 

system includes: 

• The basic pump 

• Auxiliary electric pumps for emergency situations 

• A booster pump to create the pressure required to start the fuel flowing before the engine 

is running 

• The pressure gauge mounted on the cockpit panel used to read the pressure of fuel 

entering the carburetor 

 

 



Gravity-Feed System 

 High-wing, low-powered light aircraft use the gravity-fed system. The bottom of the fuel 

tank in the wing must be high enough to provide pressure for the fuel to travel past the fuel 

selector to the carburetor.  

 

 
 

Fuel Selector Valve 

 Used by the pilot to select the desired fuel tank to draw fuel. The selector valve may be 

used to shut off the flow of fuel from the tanks. 

 

Fuel 

 

Aviation fuel has been specially formulated for use in aircraft. 

 

Fuel Types 

 The octane rating of fuels is calculated by the ratio of octane and heptane. 

 

 Octane – A substance which possesses minimum detonating qualities. 

 Heptane – A substance which possesses maximum detonating qualities. 

 

73 octane = 73% Octane/ 27% Heptane 

 

  

 

 

 



Fuel grades are expressed in two performance numbers the first number indicates rating at a lean 

mixture and the second at a rich mixture. 

 e.g. Grade of   100 / 130   indicates: 

• Lean mixture performance number of 100 

• Rich mixture performance number of 130 

 

 
 

Carburetors 

 

Energy in an internal combustion engine is developed from the burning of a 

mixture of gasoline and air. The carburetor measures the correct quantity of 

gasoline, vaporizes fuel, mixes it with the air in the required proportion and 

delivers the mixture to the cylinder when the combustion occurs.  

 

The carburetor involves numerous complex devices to control the mixture 

ratio. Two types of carburetors used include float carburetor and pressure 

carburetor. 

 

Float Carburetor 

 Fuel flows through the fuel lines, enters the carburetor at the float valve and into the float 

chamber. A needle attached to the float opens and closes an opening at the bottom of the 

carburetor bowl. The float chamber is vented to the pressure equalizes as the aircraft climbs and 

descends. 

 Air flows through an air filter usually located at an air intake in the front part of the 

engine cowling. The filtered air flows into the carburetor through a venturi. This creates a low 

pressure area which draws fuel at atmospheric pressure. 

 



 
Float Type Carburetor 

 

Mixture Control 

 As altitude increases, the density of the air decreases and a given volume of air weigh 

less. The proportion of air by weight to that of fuel will become less although the volume 

remains the same. The mixture at high altitudes becomes over-rich and wastes full and causes a 

loss of power.  

 

  General Rule of Thumb: 

• Rich Mixtures – high power settings 

• Lean Mixtures – Cruise power settings 

 

Carburetor Icing 

 Under certain moist atmospheric conditions, ice can form in the induction system closing 

off the flow of fuel to the engine.  

 

 



Fuel Injection 

 

With this type of system, a control valve supplies pressurized fuel continuously to the induction 

system near the intake valve. The fuel is vaporized and sucked into the cylinder during the intake 

stroke. 

 

 Advantages 

• More uniform distribution of fuel to all cylinders 

• Better cooling, through the elimination of lean hot mixtures to some of the more 

distant cylinders 

• Fuel saving through uniform distribution 

• Increased power since the heat carburetor air is eliminated 

• Elimination of the hazard of carburetor icing 

 

M432.02 – DESCRIBE PROPELLER SYSTEMS 

 

Propeller Systems 

 

The propeller provides the necessary thrust to pull, or in some cases push, the airplane through 

the air. The engine power rotates the propeller that generates thrust very similar to the manner in 

which a wing produces lift. It meets the air at an angle of attack as it rotates, producing thrust 

(lift) and torque (drag). 

 

A typical propeller is twisted so the blade angles and tapers from the hub to the tip. 

 

 
 

Pitch 

 The distance in feet a propeller travels forward in one 

revolution. Propeller pitch is the difference between 

theoretical pitch and practical pitch. 

 

Theoretical Pitch 

 The distance travelled forward in one revolution if the 

propeller was working in a perfect fluid. This depends on the 

blade angle and diameter of the propeller. 

 

Practical Pitch 

 The distance the propeller travels in air in one 

revolution. The forward motion is less than theoretical pitch.  

 



Fixed Pitch Propellers 

 

Fixed Pitch Propeller 

 The blade angel cannot be adjusted and is used commonly on training and basic aircraft. 

 

Variable Pitch Propellers 

 

Adjustable Pitch Propeller 

 The blade angle can be changed on the ground for varying flight conditions and 

situations. 

 

Controllable Pitch Propeller  

 The blade angles can be adjusted by the pilot during flight.  

 

Constant Speed Propeller 

 The blade angles automatically adjust themselves to maintain a constant rpm as set by the 

pilot. 

 

 

 

 

Feathering 

 

Feathering is used on multi-engine aircraft for when one engine is off. The blades of the 

propeller on the engine that is off are turned to an extreme course pitch in order to reduce drag. 

 

 
 

 

 

 

 

 

Normal                   Feathered 



M432.03 – DESCRIBE ENGINE INSTURNMENTS 

 

Oil Pressure and Oil Temperature Gauges 

 

The oil pressure gauge is calibrated in pounds per square inch (psi) and indicates the oil 

pressure supplied by the oil pump to lubricate the engine. This gauge should be checked 

immediately after the engine has been started.  

 

High Pressure = oil being pushed into the combustion chamber where it burns causing 

smoky exhaust 

 

Low Pressure = there is no oil in the system and  no lubrication causing bearing to wear 

out and the engine to seize 

 

The oil temperature gauge records the temperature of the oil in degrees Fahrenheit or Celsius. 

As the engine warms up the pressure should be high and the temperature low. 

  

 
 

Cylinder Head Temperature Gauge 

 

This gauge shows the temperature of one or all of the cylinder heads. This shows the pilot the 

effectiveness of the engine cooling system. High temperatures can result in detonation or pre-

ignition. 

 

Detonation – Abnormally rapid combustion due to the inability of fuel to burn slowly. 

This can cause high stress on engine parts and overheating. 

 

Pre-ignition – The premature ignition of the mixture due to flowing carbon particles. This 

often occurs when attempting to start a hot engine and results in a backfire.  



Tachometer 

 

The tachometer show the speed at which the engine crankshaft is turning in hundreds of 

revolutions per minute (rpm).  

 

It is marked with colour-coded arcs to indicate the proper range of engine operation, including: 

• Green – normal range of operation 

• Yellow – caution range and possible problems 

• Red – maximum limit 

 

 
 

 

 

 

 

 

Manifold Pressure Gauge 

 

This gauge indicates the fuel/air pressure in the intake manifold in inches of mercury and like the 

tachometer is shown using colour-coded arcs. 

 

 
 

 

 

 

 



PO 436 Meteorology_________________________________________________ 

 
M436.01 – EXPLAIN WINDS 

 

Surface Winds 

 

Surface friction plays an important role in the speed and direction of surface winds. The friction 

between the air and ground slows the air down and the friction changes the direction causing the 

wing to blow across the isobars toward the centre of the low pressure area and away from the 

centre of the high pressure area. 

 

The effect of surface friction usually does not extend more than a couple thousand feet into the 

air. This effect normally disappears at 3000 feet above the ground.  

 

 
Katabatic and Anabatic winds 

 

 At night, the sides of the hills cool by radiation and as a result become denser than the air 

around it and blow down the hill. This is called Katabatic Wind. 

 
 During the day, the sides of the hill warm up and as a result the hot air becomes less 

dense and rises. Cool air from the valley then blows up the hill to replace the hot air. This is 

called Anabatic Wind. 

 

***Remember “Anna went up the hill to bring the cat down.” 

dddodowdown.” 



Mountain Waves 

 Air flowing across a mountain range usually rises smoothly up the slope of the range but 

pours down the other side with considerable force, which creates eddies and turbulence. This 

also forms powerful vertical waves that may extend for great distances downwind of the range; 

this is known as a mountain wave.  

 If there is high moisture content, very distinctive clouds will appear and these can be used 

as a warning to pilots. Lenticular clouds form in the wave crests and rotor clouds resemble a 

long line of stratocumulus clouds and form in the rolling eddies downstream. 

 

 
 

Dangers of mountain waves: 

• Downdrafts of 2000ft per minute along downward slope 

• Extremely severe turbulence in the air layer between the ground and the tops of the rotor 

clouds 

• Severe wind shear due to wind speed variation between the crests and troughs of the 

waves 

• Severe icing due to large supercooled droplets sustained in the strong vertical currents 

• An altimeter error of more than 3000ft on the high side due to the increase in wind speed 

and accompanying decrease in pressure 

 

Gusts 

 A rapid and irregular change of wind speed and may be associated with a rapid change in 

wind direction. These gusts are caused by mechanical turbulence as a result of friction between 

the air and the ground and by the unequal heating of the earth’s surface.  

 

Squalls 

 This is a sudden increase in the strength of the wind of longer duration than a gust. They 

can be caused by the passage of a fast moving cold front or thunderstorm. 

 



Jet Streams 

 

Jet streams are narrow bands of exceedingly high speed winds that exist in the higher levels of 

the atmosphere. 

• Altitude – 20,000-40,000ft + 

• Flow west to east 

• 300 nautical miles wide 

• 3,000-7,000ft thick 

• At core, 100-150knots 

 

The northern hemisphere has two: the mid-latitude 

(polar) jet, which normally affects our weather, and the 

subtropical jet. 

 

When the mid-latitude jet is farther north, in Canada, 

the weather to its south tends to be mild or at least less 

cold. When the stream wings south, well within the 

United States, cold harsh weather prevails at the surface 

on the northern side. 

 

 
 

Clear Air Turbulence (CAT) 

 

CAT is a bumpy, turbulent condition that occurs in a cloudless sky. It occurs at high altitudes, 

usually above 15,000ft and is more severe near 30,000ft. The most probable place to expect CAT 

is just above the central core of a jet stream.  

 



M436.02 – DESCRIBE AIR MASSE AND FRONTS 

 

Weather in an Air Mass 

 

There are three main factors that determine the weather in an air mass: 

• Moisture content 

• The cooling process 

• The stability of the air 

 

Moisture Content 

 Continental air masses are very dry and little cloud develops. The high moisture content 

in maritime air may cause cloud, precipitation and fog. 

 

The Cooling Process 

 Even if the air is moist, condensation and cloud formation only occur if the temperature is 

lowered to the dewpoint. The cooling processes that contribute to condensation and the 

formation of clouds are: 

• Contact with a surface cooling by radiation 

• Advection over a colder surface  

• Expansion brought about lifting 

 

Stability of the Air 

 Stable Air – Stratus cloud and poor visibility 

 Unstable Air – Cumulus cloud and good visibility  

 

Characteristic of Cold Air Masses and Warm Air Masses 

 

Cold Air Mass Warm Air Mass 

• Instability 

• Turbulence 

• Good Visibility 

• Cumuliform Clouds 

• Showers, Hail and Thunderstorms 

• Stability 

• Smooth Air 

• Poor Visibility 

• Stratiform Clouds and Fog 

• Drizzle 

 

Fronts 

 

A front is the transition zone between two air masses. The interaction between theses air masses 

along their frontal zones is responsible for weather changes. 

 

Cold Front 

 The cold, more dense, air will sink and push under the warm air as it advances 

 

Warm Front 

 The warm, less dense, air will ascend and flow over the cold air as it advances.  

 



 
Cold Front 

 
Warm Front 

 

***An Air Mass is a large section of the troposphere within uniform properties of temperature 

and moisture in the horizontal.  

 

Front Symbols 

 



PO 437 EXPLAIN ASPECTS OF AIR NAVIGATION____________________ 

 
M437.01 – DEFINE AIR NAVIGATION TERMS 

 

Meridians of Longitude 
 

Longitude is measured form 0-180 degrees east and west of the prime meridian, which passes 

through Greenwich, England. The meridian on the opposite side of the Earth is called in 

International Date Line.  

 

Longitude is measured in degrees (°), minutes (‘), and seconds (“). There are 60 minutes in a 

degree and 60 seconds in a minute.  

 

Parallels of Latitude 

 

Latitude is measured from 0-90 degrees north and south of the equator and like longitude it is 

measured in degrees, minutes and seconds.    

 

 
 

Geographical Co-ordinates 

 

Geographical co-ordinates mark the position of places on a chart and are defined by interesting 

lines of latitude and longitude. On a chart, black lines represent 30 minutes and small marks 

represent 1 minute. Coordinate express latitude first, in degrees north or south, then in longitude, 

in degrees east or west. For example the coordinates of the military airport at Trenton are 

44°07’N, 77°32’W 

 

The Relationship Between Time and Longitude 

 

• 24 hrs = 360° of longitude 

• 1 hr = 15° of longitude 

• 1 min = 15 min on longitude 

• 1 sec = 15 sec of longitude 



Local Mean Time (LMT) 

 The mean time of any particular meridian (What time it is where you are) 

 

 

 

Co-ordinated Universal Time (UTC) 

 An atomically measured global standard time measured from the prime meridian 

and is often referred to as Zulu (Z) Time. 

 

Great Circle 

  

A straight line connecting the shortest distance between two points on the earth’s surface. All 

meridians of longitude are semi-great circles.  

 
Rhumb Lines 

 

A curved line on the surface of the earth that meets all the meridians of longitude at the same 

angle. All parallels of latitude are rhumb lines. The advantage of this is the direction is constant, 

allowing the navigator to keep a constant heading. 

 
Headings and Bearings 

 

Direction is measured in degree clockwise from north, which is zero degrees.   

 

True Heading 

 The angle between the meridian of longitude and the direction of the airplane’s nose. 

 



 
Bearing 

 The angle between the meridian of longitude and the line that joins the observer to the 

object in question. 

 

 
 

M437.02 – DESCRIBE THE MAGNETIC COMPASS 

 

Earth’s Magnetism 

 

The earth’s core acts like a giant magnet and as such has a north and south pole. Lines of force 

are generated by currents of molten iron that flow in the Earth’s core. The compass needle is 

affected by this force and this is what causes it to point to magnetic north.  

 

Points of a Compass Rose 

 The main cardinal points are north, south, east and west (Never Eat Shredded Wheat), 

and the inter-cardinal points are northeast, southeast, southwest, northwest. 

 



 
 

Main Parts of the Magnetic Compass 

 

Lubber Line 

 This is a white line painted on the compass to indicate the direction the airplane is 

heading.  

  

Compass Card 

 The compass card contains the numbers and is attached to a pivot and moves within the 

compass bowl. 

 

Compass Bowl 

 The bowl encompasses the entire compass assembly including the liquid. It is 

intentionally made of brass, which is a non-magnetic durable metal.  

 

Pivot 

 The pivot allows the compass card to rotate freely. 

 

Magnetic Needle 

 The needle always points to magnetic north. 

 

Liquid 

 The compass bowl is filled with a liquid to lubricate the pivot and to limit movement that 

may be caused by turbulence. The liquid is generally either alcohol or white kerosene because 

they are transparent and have a low freezing point and a high boiling point.  

 

Variation 

 

True north and magnetic north are not in the same location, as a result this needs to be 

considered for navigation as coordinates are based on true north and the compass points to 

magnetic north. 



  
Figure 1: Movement of Magnetic North 

Variation 

 The angle between true north and magnetic north at a given point, and is also known as 

magnetic declination. 

Agonic Lines 

 These lines join places of zero magnetic variation. 

 

Isogonic Lines 

 These lines join places of equal variation. 

 

 
Compass Errors 

Deviation 

 The magnetic compass is affected by anything metal and when mounted in an aircraft the 

surrounding metal will cause the magnetic compass to be affected. This effect is unique to each 

aircraft and thus must be determined for each aircraft through a process called swinging the 

compass. In this process, the aircraft is lined up on a known magnetic bearing (usually a runway) 

and the known direction is compared to the compass reading. 

 As a result, compass heading is magnetic heading plus west deviation.  

 

 



Magnetic Dip 

 The magnetic lines of force are horizontal at the equator but tend to bend down into the 

poles. This causes the needle of magnetic compasses near the pole to dip downwards altering its 

effectiveness. 

 

Northerly Turning Error 

 During a turn, centripetal forces affect the movement of the compass needle.  

 

• On turns from the north, the compass tends to lag. 

• On turns from the south, the compass tends to lead. 

 

Acceleration and Deceleration Errors 

 The inertia from acceleration and deceleration affects the magnetic compass on east or 

west headings. 

 

• Acceleration causes the compass to register a turn toward north 

• Deceleration causes the compass to register a turn toward south 

 

 
 


