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Air Law 

Aerodromes 
Definitions: 

 Aerodrome: Any area of land, water, or other supporting surface (e.g. oil rig or hospital 

helicopter pad) used or designated for the arrival and departure, movement or 

servicing of aircraft. 

 Airport: Any aerodrome in respect of which a certificate is in force. An airport certificate 

testifies that the airport meets airport certification safety standards. 

 Manoeuvring Area: Area intended for take off and landing and associated movement. 

Does not include the apron. (Includes, runways and taxiways) 

Parts of an Aerodrome 

 

Runway: Runway 18-36 and Runway 12-30. 

Taxiways: A path connecting Runways with Aprons. 

Apron: Area intended for the loading and unloading of passengers and cargo and servicing 

the aircraft and parking. 

Windsock 
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Aerodrome Markings 
Runway Markings 

 

Threshold 

Displaced Threshold (Permanent) Markings 

Runway Number 

500 foot Markers 

1000 foot Markers 

Centreline 
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Displaced Threshold 

 

The purpose is to restrict a 

portion of a runway that 

cannot be used for 

landings. Centreline arrows 

then point to the displaced 

threshold bar, a white line 

across the width of the 

runway. 

 

 

 

Hold Short Markings 

 

Taxiway Exit and Holding Markings are used to 

indicate the position an aircraft is required to stop 

at unless they have permission to cross when 

approaching the solid line side. 

For example, in the illustration, an aircraft 

approaching from the bottom and heading 

towards the runway would be required to keep all 

parts of the aircraft from crossing the line until she 

receives permission from ATC and/or it’s safe to 

enter the runway. 

An aircraft that has landed approaches the hold 

short markings from the top and is facing the 

dotted lines. This aircraft shall cross the hold short 

line (without requiring permission) and have all 

parts of the aircraft across the line to be clear of 

the runway. 

Closed Runway/Taxiway 

Runways, taxiways and helicopter areas that are 

closed to operations are marked by Xs. 

Closed Runways: Marked by white Xs placed no 

more than 300m apart. 

Closed Taxiway: Marked by yellow Xs placed at 

each end of the closed portion. 
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Unserviceable Area Markings 

 

Areas other than runways and taxiways that 

are closed to the movement of aircraft are 

marked off by marker boards, cones or red 

flags. 

 

 

 

 

Wind Indicators 

            

If wind direction cannot be reported by radio, a wind direction indicator (Windsock) shall be 

installed by the aerodrome operator. 

Airports (aerodromes with certification) require wind socks regardless. Wind indicators at 

airport are orange and white striped. Aerodromes that are not airports are solid orange. 

They are placed either one at each end of the runway or one at the centre of the runway. 

Wind Speeds: 

 15 knots or more: Indicator is horizontal 

 6 knots: Indicator hangs 30 degrees below horizon (like the pictures) 

 Fluttering: Indicates gusty wind conditions 
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Aerodrome Lights 
 

 

Lights are no further than 200ft apart 

Runway Lights: Mark the edge of a runway, White in Color 

Taxiway lights: Mark the edge of a taxiway, Blue in Color. 

Apron Lights: Mark the edge of an apron, Orange in Color. 

 

 

 

 

 

 

 

Runway End Lights 

Runway threshold is indicated by 

green lights. These lights when 

viewed from the back are red 

and indicate the end of the 

runway. 

 

 

 

 

 

Runway Approach Lights 

 

Rows of lights that extend from the centreline of 

the runway along the approach path. They help 

the pilot align the aircraft with the centre of the 

runway. 

There may also be a system known as PAPI (seen 

on the left of the runway) that helps the pilot 

maintain the correct glide path to the runway. 

 FIGURE 1.10 
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Runway Numbering 
Runway numbers correspond to the magnetic bearing rounded to the nearest 10 degrees 

with the last 0 omitted. 

Runways are numbered on both ends and are reciprocal of each other. The difference is 

always 18. 

Parallel Runways (multiple runways in the same direction) are labelled with the same number 

but a suffix of either Left, Centre or Right is added to the end. For example 08R. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examples: 

A runway at Victoria Int’l (Figure 1.11) has a heading of 089°. Therefore, rounded to the nearest 

10 degrees is 090°. Remove the last 0 and you get runway 09. 

Finding the reciprocal, If < 18, Add 18. If >18, Add 36 and subtract 18. 

For example 09 the reciprocal is 9 + 36= 45 and 45 – 18 = 27 

Another example, runway 32. The reciprocal is 32 – 18 = 14 
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Light Signals 
Used for a NORDO (not equipped with a radio) aircraft or in the event of a radio failure. 

 

The use of a red pyrotechnic: Do not land, wait for permission. 

 

Uncontrolled Traffic Circuit 
Normally, aircraft depart into the wind. 

Circuit altitude is normally 1,000 feet above 

aerodrome elevation. 

Normally a circuit have left turns (counter-

clockwise) unless otherwise indicated. 

Legs of the Circuit: 

 Crosswind Leg 

 Downwind Leg 

 Base Leg 

 Final 

Entering the circuit at an uncontrolled 

aerodrome, you may enter from the upwind 

side or joining directly the downwing. 

(Green Arrows) 

If a traffic advisory services are provided at 

the aerodrome, you may also enter at a 45 

to the downwind, directly on base or 

straight in on final. (Blue Arrows) 
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VFR Flight Conditions 
Definitions 
Visual Flight Rules (VFR): Rules which apply when flying by means of visual reference to the 

ground. 

Instrument Flight Rules (IFR):  Rules which apply when flying by means of reference to the 

instruments in the cockpit. 

Special VFR Rules (SFVR): Rules for operating VFR in weather that is below VFR limits. Can only 

be conducted within a control zone. 

Visibility: The ability, as determined by atmospheric conditions and express in units of distance, 

to see and identity prominent unlighted objects by day and prominent lighted objects by 

night. 

Ceiling: The lowest height at which a broken or overcast condition exists or the vertical visibility 

when an obscured condition such as snow, smoke or fox exists. 

Flight Visibility: The average range of visibility at any given time forward from the cockpit of an 

aircraft in flight (How far can you see in front). 

Ground Visibility: The visibility at an aerodrome as contained in a weather observation 

reported by either ATC Unit, FSS or AWOS. 

Day or Daylight: The time between the beginning of morning civil twilight and the end of 

evening civil twilight. 

Night: The time between end of evening civil  twilight and the beginning of morning civil 

twilight. 

To Find these times visit: http://www.nrc-cnrc.gc.ca/eng/services/sunrise/ 

VFR Instruments 
Altimeter 

Airspeed indicator 

Magnetic compass or direction 

indicator 

Two-way radio with selectable 

frequency (for control zones)   
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Minimum VFR Conditions 
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Licensing 
License Validity 
To be able to exercise the privileges of license, the pilot must be able to produce a license 

and a valid medical certificate. These two items must be carried when exercising the 

privileges. 

Aviation Document 
Contents: 

 Licenses 

 Ratings 

 License Limitations (for example, the wearing of glasses) 

 Medical Certificate 

Currency Requirements 
To use your license you must have achieved the following requirements within the time period 

that follow: 

 In the last 5 years: Flow as Pilot-in-Command (PIC) or co-pilot 

 In the last 2 years: Completed a recurrent training program 

o Transport Canada Seminar 

o Complete a license or rating 

o Complete a flight review 

o Complete the self-paced study program in the TC Aviation Safety Newsletter 

Carriage of Passengers 
To carry passengers, you must within the last 6 months: 

 At least 5 take offs and landings 

 Glider: Two take off and two landings in a glider with an instructor and obtained 

certification of competence to carry passengers 

Aviation Medical 
All pilots must have a valid medical before flying. 

Different categories are needed depending on the privileges you want to exercise. 

Cat 1 – Commercial Pilot and Airline Transport Pilot License Holders 

Cat 2 – Air Traffic Controller License Holders 

Cat 3 – Private Pilot License Holders 

Cat 4 – Glider and Recreational Pilot License 

Medical exams must be conducted by a Civil Aviation Medical Examiner and are valid for a 

certain period of time from the first day of the month following the exam. 

Permit/License Validity Period 

Under age 40 Over age 40 

Glider 60 months 60 months 

Private Pilot 60 months 24 months 
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Privileges of a Pilot License 
As a licensed pilot/glider pilot, under Day VFR 

You May: 

 Act as PIC without passengers 

 Act as PIC with passengers 

o If endorsed for launch method (gliders) 

 Act as PIC or co-pilot of any A/C for the purpose of flight training or flight test as long as 

it is supervised by a qualified flight instructor and no passengers are carried. 

You may not: 

 Fly if one or more of the following would impair ability 

o Reveiving medical treatment 

o Illness, injury or disability 

o Taking a drug 

 Fly in the 30th week of pregnancy or have given birth in the last six week 

A Medical examiner must authorize exercise of privileges after any of these 

circumstances occur. 

Logging of Flights 
Flight Time vs Air Time 

Flight time: The time from the moment an A/C first moves under its own power for the purpose 

of taking off, until the movement comes to rest. This is the time entered into your log book. 

Air Time: When the plane leaves the surface until the time it touches down. 

Air Law Documents 
Canadian Aviation Regulations (CARs) 

 Found Online and carries the rule of law. 

Transport Canada Aeronautical Information Manual 

 Found online and contains easier to read information from the CARs. 

Canada Flight Supplement 

 Contains information on all Canadian certified and registered aerodromes and some 

North American aerodromes 

 Used for planning and safe conduct of air operations 

 New version every 56 days 

 Includes information on what a flight plan/itinerary must include, as well as flight routes 

and airspace information 

 Interception orders are also included, and must be complied with. 
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Documentation 
Required documents on all flights 
AROWJIL 

A Certificate of Airworthiness 

R Certificate of Registration 

O Pilot Operating Handbook 

W Weight and Balance 

J Journey Log 

I Insurance 

L Licenses 

 

Certificate of Airworthiness 

 Issued for to an aircraft by the national aviation authority (in Canada: Transport 

Canada) in the state (country) in which the aircraft is registered 

 Attest that the aircraft is airworthy insofar as the aircraft conforms to its type design 

 Issued in a category 

Certificate of Registration 

 All aircraft must be registered 

 Registers a specific aircraft to an owner 

 Ensure the aircraft identifier (it’s callsign, C-GXXX) is valid 

Pilot Operating Handbook (POH) 

 Similar to a car manual 

 Contains: 

o Normal Operating procedures 

o Emergency Procedures 

o Aircraft Limitations (Maximum speed, maximum weight, etc) 

o Aircraft Performance Charts (How fast can it climb, etc) 

o Weight and Balance calculation charts 

o Systems Information 

Weight and Balance 

 Gives the calculated arm and moment for an airplane 

 Shows any changes to the aircraft weight and balance when maintenance is done 

 Is specific to one aircraft serial number 

Journey Log 

 Records every flight for an aircraft 

 Records how much total time the airplane has and how much since last inspection 

 Keeps track of snags (things that go wrong) on the aircraft 

 Not required if taking off and landing at the same airport 

Insurance 

 Just like a car, you have to carry valid liability insurance 

Licenses 

 All crew members must carry 

 Includes your license, Medical Certificate and your Restricted Operator Certificate 

 

You must present your documentation to any peace officer, immigration officer or the Minister 

(Transport Canada official) if asked. 
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Aircraft Maintenance 
It is against the law to fly an airplane that is not maintained as per its airworthiness limitations. 

When work is done on an aircraft, it must be signed off by a licensed Air Maintenance 

Engineer (AME). 

All aircraft have maintenance schedules that must be followed 

Examples: 

Airplanes often have a 100hr and 50hr inspections 

Gliders often have a 100hr inspection 

 

After any adverse occurrence, an aircraft must be inspected for damage and when this 

inspection does not require disassembly it can be done by the PIC. For example, inspecting a 

wing leading edge after a bird strike. 

 

Aircraft Technical Records 

Contains the same information as the journey log in addition to details on the maintenance, 

installation and modifications performed on the aircraft. For example, an engine log or 

propeller log. 
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Airspace 
Canadian Domestic Airspace 
Geographically Divided into: 

Northern Domestic Airspace (NDA) 

Uses True tracks for navigation 

Southern Domestic Airspace 

Uses Magnetic tracks for navigation 

 

Vertically divided into: 

High Level Airspace: 

 Airspace above 18,000 ASL 

 Contains the Arctic, Northern and 

Southern Control Areas 

Low Level Airspace: 

 Airspace below 18,000 ASL 

 Contains: 

o Low level airways 

o Control zones 

o Terminal Control Areas 

o Transition Areas 

o Control Area Extensions 

o Military Terminal Control Areas 

 

Altimeter Setting Regions 
It’s vitally important that aircraft operating in the same area have the same altimeter 

reference so that their altimeters read the same reading. 

The further north you go, the less weather stations that can give a pilot the current pressure 

setting. Also, the higher you go, the less reliable the altimeter reading is. 

To combat these two issues, we have two regions: 

Altimeter Setting Region 

Below 18,000 feet 

Altimeter is set to the altimeter setting of the nearest station. If unavailable, set the 

altimeter to the elevation of the aerodrome prior to takeoff. 

Standard Pressure Region 

All airspace above 18,000 feet 

All airspace within Northern Domestic Airspace 

Altimeter is set to 29.92”Hg 
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Classes of Airspace 
Further divided based on what aircraft and what equipment is needed to fly into a particular 

area. 

 
Class A 

Only IFR permitted 

All aircraft must have 2-way radio 

All aircraft must have transponder 

Contains all airspace between 18,000’ and 60,000’ ASL 

 

Class B 

IFR and Controlled VFR 

All Aircraft must have 2-way radio 

All aircraft must have transponder 

From 12,500 to 17,999 ASL 

 

Class C 

IFR and VFR (VFR need clearance to enter) 

All aircraft must have a 2-way radio 

All aircraft must have a transponder 

Often this is a control area around airport 

Ground to specified altitude 

Class D 

IFR and VFR (VFR need to make contact prior to entering) 

All aircraft must have a 2-way radio 

Transponder may be required 

Often a control area around a less busy airport 

Class E 

IFR and VFR (no requirements for VFR aircraft) 

Used when there s a need for controlled airspace but does not meet the requirements 

of A, B, C, or D 

Radio is not mandatory 

Often around airport or Low Level Airways 

Low Level airways extend from the ground to 2200 AGL 
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Class F 

Restricted Airspace 

Designated when, due to the nature of the activities, this airspace is unsafe to fly 

through. 

CYA – Advisory 

CYR – Restricted 

You may fly through CYA airspace with caution, need permission to fly into CYR 

airspace 

Altitudes and times will be given on a chart 

Class G 

Uncontrolled Airspace 

When none of the others apply 

ATC has no responsibility or authority 

Any aircraft, no special requirements 

 

Controlled Airspace 
Control Zone 

Airspace around an airport extending from the surface to a specific height 

Designated around certain aerodromes to keep IFR A/C within controlled airspace 

during approaches and to facilitate the control of VFR and IFR traffic. 

A standard control zone generally has a radius of 5, 7 or 10nm. 

Control Area 

A defined area of space in the vicinity of an airport located above the control zone for 

the purpose of protecting A/C joining nearby airways. 

Terminal Control Area 

Extended area of control around a very large and busy airport (Vancouver, Toronto, 

Montreal, etc) 

Looks like an inverted wedding cake 

 

VFR Cruising Altitudes 
Used for aircraft separation and based on track (not heading). 

Starts at 3,000’ AGL (don’t worry below 3,000’ AGL) 

VFR Below 12,500’ ASL 

Flying East (Track 000 – 179): Odd thousands + 500 (3,500, 5,500, 7,500, 9,500, 11,500) 

Flying West (Track 180-359): Even Thousands +500 (4,500, 6,500, 8,500, 10,500) 

VFR between 12,500 – 18,000 ASL 

Flying East (Track 000 – 179): Odd Thousands (13,000, 15,000, 17,000) 

Flying West (Track 180-359): Even Thousands (14,000, 16,000) 
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ATC, Flight Planning and Rules of the Air 
Air Traffic Control (ATC) 
Air Traffic Control Unit 

Area Control Centre provides service to: 

 IFR and controlled VFR flights 

 IFR flight and CVF flights within a control area 

 Airport traffic as the circumstances require 

Job to prevent collisions between 

 Two aircraft 

 Aircraft and obstructions (mountains, buildings, power lines) 

 Aircraft and vehicles on the manoeuvring area 

 

Air Traffic Control Clearance (“You May”) 

 Authorization by an ATC unit for an A/C to proceed within controlled airspace under 

specified conditions 

 Once accepted, it must be executed unless you make alternate arrangements 

 

Air Traffic Control Instruction (“You Must”) 

 A directive issued by an ATC unit for ATC purposes 

 

Flight Plan vs Flight Itineraries 
Flight Plan: 

 Filed with ATC or FIC (Flight Information Centre) 

 Provides route information as well as A/C specific details that would aid in search 

and rescue efforts (color, people on board, survival equipment that is carried, radios 

on board) 

 Search and Rescue initiated after 1 hour overdue 

Flight Itinerary 

 Less formal 

 Filed with a responsible person (this could be your parents, a fellow pilot, etc) 

 SAR notified after 24 hours  

Arrival Report 

Shall Include: 

 Type of flight plan or flight itinerary 

 Departure aerodrome 

 Arrival aerodrome 

 Date and time of arrival 

 

Right of Way 
If there is a risk of collision, the PIC with right of way must take action to avoid it. 

Aircraft with emergency has the right of way. 
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Order of priority 

 Balloons 

 Gliders 

 Airships 

 Power driven fixed wing or rotary wing airplanes 

Must give way to all that is above. For example, an airship has to give way to Gliders and 

Balloons but has right of way over power aircraft. 

 

Same Altitude 

Aircraft that has the other on the right must give 

way.  

 

Aircraft Approaching Head On 

 Both shall divert course to the right 

 

Both coming in to land 

 Faster give way to slower 

 Higher gives way to lower 

o Lower aircraft, however, shall not 

overtake or cut in front of higher 

aircraft that is in final stages of 

approach 

 

Rules of the Air 
Overtaking (Passing): 

 Aircraft shall overtake on the right (unless ridge soaring: on the inside) 

 Aircraft in flight or manoeuvring on the surface give way to aircraft that is landing 

 Cannot pass over or under, or cross ahead of another aircraft that you are not far 

enough away not to create a risk of collision 

Dropping of Objects: 

 No person shall create a hazard to persons or property on the surface by dropping an 

object from an aircraft in flight 

Minimum altitudes 

 Over built up areas: 1000’ above highest obstacle within 2000’ 

 Other areas: 500’ above highest obstacle within 500’ 

 Except take-off and landing 

 Other Exceptions: 

o For the purpose of Police Operations 

o For the purpose of Saving Human Life 

o For the purpose of Fighting Forest Fires 

o For the purpose of Flight training when a qualified instructor is onboard 

Formation Flying: 

 No person shall operate an aircraft in formation with other aircraft except by pre-

arrangement between the PICs 

 If operated in a control zone: also require pre-arrangement with the appropriate ATC 
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Aerobatics shall not be conducted: 

 Over a built up area or an open assembly of people 

 In controlled airspace except with a special flight operations certificate 

 Visibility is less than 3 miles 

 Below 2000’ AGL except in accordance with special flight operations certificate 

 Not to be conducted with passengers on board unless the PIC has: 

o 10 hours of aerobatic instruction; or 

o 20 hours conducting aerobatics 

o At least 1 hour conducting aerobatics in the last 6 months
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Navigation 

Foundations of Navigation 
Longitude and Latitude 
Imaginary lines make up a grid on the surface of the 

Earth 

Latitude 

Latitude is measured in degrees, minutes and seconds 

and includes “North” or “South” 

The equator is at 0 degrees latitude. The poles are at 90 

degrees latitude. (e.g. Point a is at 15°N, Point B at 30°S) 

Longitude 

Longitude is measured in degrees, minutes and seconds 

and includes “East” or “West”.  

The prime meridian is at 0 degrees longitude. 

e.g. Point A is about 22°W. 

Coordinates 

Given by grouping the latitude and longitude of a point 

together. In that order. Each degree is broken down into 

60’ (minutes) and into 60” (seconds). 

e.g.: CYKA Kamloops Airport’s coordinates are: 

50° 48’ 09” N 120° 26’ 55” W 

Time and Longitude 

Because the earth rotates, the sun appears to pass over 

a fixed point on the earth at a rate that varies throughout the year. If we average throughout 

the year, we can calculate the mean solar day. The mean solar day is divided into 24 equal 

hours. Each, the earth will rotate approximately 15 degrees. It will take the earth 4 minutes to 

rotate approximately 1 degree. This rate actually appears to vary, so we use a common 

reference: UTC (Universal Time Coordinated) aka Zulu Time which is the time at the prime 

meridian. Time zones are expressed in hours behind or ahead of UTC or Z. E.g. PST (Pacific 

Standard Time, non-daylight savings time) is UTC -8 and PDT (Pacific Daylight Time, daylight 

savings) is UTC-7. 
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Charts 

A chart, in this context, is a map that is used to assist in the navigation of an airplane and 

contains both detailed terrain information and information relating to aviation specifically, 

examples of which include: 

 Invisible boundaries defining airspace 

 Mandatory and control frequencies 

 Aerodrome information 

Basic elements of map construction are: 

 Area 

 Shape 

 Bearing 

 Distance 

 Usually only one of these elements is closely preserved and the others become distorted 

Projections are used to mathematically change the roughly-spherical shape of the earth to a 

shape that is suitable for printing on a flat surface. 

Lamberts Conformal Conic Projection 

Parallels of latitude are curved 

Meridians of longitude converge at the 

pole 

Created by placing a cone over the 

earth, projecting the surface of the 

earth onto the cone, opening the cone 

and taking a ribbon of the cone to make a map or chart. 

Transverse Mercator Projection 

Created by placing a cylinder over the earth with the 

ends opening horizontally, projecting the surface of the 

earth onto the cylinder, and unrolling the cone to make a 

map or chart 

The central meridian is straight 

Useful for showing the poles, or small areas, without 

distortion.  

Mercator 

Parallels of Latitude and Meridians of Longitude are straight 

lines that form a grid.  
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Great Circles and Rhumb Lines 
A great circle is a line that cuts the earth perfectly in half, and represents the shortest distance 

between two points. An example of a great circle is the equator. 

A rhumb line is a line which cuts each meridian it crosses at the same angle. A line which 

could be made by flying the same heading 

Drawing a straight line on different projections 

will yield different results. 

 Lambert Conformal Conic Projection 

o Great Circle 

 Mercator (not transverse Mercator) 

o Rhumb Line  

 

 

Magnetic Navigation 

The earth generates a magnetic field which is useful for navigation 

using a compass. This magnetic field is not perfectly aligned with the 

axis of rotation. This creates a magnetic north which is in a different 

geographic location from true north. The angular difference between 

true north and magnetic north is known as variation. This is expressed in 

degrees east or west of true north. 

Isogonic lines connect areas of equal variation. Agonic lines connect 

areas of 0 variation. It is possible to use this information to convert a 

magnetic heading to true heading and vice versa. See next section. 

Units of Distance and Speed 

1 Statute Mile (SM) is 5,280 feet 

1 Nautical Mile (NM) is 6,080 feet 

1 Knot is 1 Nautical Mile per Hour 

Ratio of 1NM to 1SM is 1.15 

1 Nautical Mile is equal to 1/60th of a Degree of Lattitude 
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Using Charts 
Charts differ from maps by having detailed terrain information, as well as information 

specifically applicable to flying: 

 Control Zones 

 Aerodrome Information 

 Ground elevation 

 Lines of Variation 

 Airspace Information 

 Communication/Navigation Aids 

 

Types of Charts 
VNC (VFR Navigation Chart) 

 Lambert Conformal Conic Projection 

 1:500,000 scale 

 Used to enable visual navigation (lower level, low speed) 

VTA (VFR Terminal Area Chart) 

 Transverse Mercator Projection 

 1:250,000 scale 
 Used to illustrate landmarks, call points and control zones in a terminal area (e.g. Vancouver) 
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Symbols on Charts 
The legend is found on the outside of the chart when 

it is folded for storage. Included in the legend is a 

diagram showing where this chart fits in the series. 

Symbols on the chart correspond to the symbols on 

the legend, which includes explanation of each 

symbol. 

Measuring Distance 
Measuring distance on a chart is accomplished 

using a straight edge and the chart scale. The 

method of marking segments of the distance on a 

piece of paper may be used if the distance is too 

great, and segments of the distance may be 

measured and added together. 

Tracks and Bearings 
Track: Proposed path over the ground 

Track made good: Actual path made over the 

ground 

Track error: Angle between track and track made 

good 

Bearing: The direction or angle from one point to 

another 
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The Magnetic Compass 
Used to determine magnetic heading 

Usually consists of one or two magnets attached to a float and a compass card that can 

rotate freely in a liquid. 

Compass Errors 
Deviation 

The metal in the airplane (also radios and other equipment) affect the compass so that it 

doesn’t correctly point north. This is called deviation. 

Compasses are “swung” which means the airplane is aligned on a marking painted on the 

ground that is known to be pointing north, 

south, etc and the error is written on a 

compass correction card. The pilot takes 

this into account with planning flights. 

Magnetic Dip 

The earth’s lines of magnetic force are horizontal at the 

equator, but become vertical towards the poles. 

Causes the compass to dip at higher altitudes.  

Northerly Turning Error 

When turning away from the magnetic north pole, the 

compass lags 

When turning towards the magnetic north pole, the 

compass leads. 

Acceleration and Deceleration Errors 

When an airplane changes its speed, this affects the compass. This is most noticeable on east 

or west headings. 

An acceleration will cause the compass to show (briefly) a turn north. 

A deceleration will cause the compass to show (briefly) a turn south. 

 

Acceleration North 

Deceleration South (ANDS) 

Calculating Compass Headings 
When we fly, we generally use the compass to figure out what direction we are heading. This 

doesn’t match the chart though, because a chart is in degrees true, while your compass uses 

degrees magnetic. 

True Heading → Variation → Magnetic Heading → Deviation → Compass Heading 

TVDMC 

TV Makes Dull Company 
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When variation or deviation is to the west, you add it. When it’s to the east, you subtract it. 

West is Best (+), East is Least (-) 

 

This however is only the direction from True to Magnetic. It’s backwards when going from 

Magnetic to True. 

Calculating a Compass Heading 

True Heading 136° 

Variation: 19° W 

Deviation: 3° E 

 

Calculate Magnetic Heading: 136° + (because its west) 19°W = 155° 

Calculate Compass Heading: 155° - 3° (because its east) = 152°  
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TDV Scenarios 
 

Time 

The measure of how long something take 

Distance 

Measure of how far something is 

Velocity 

The measure of how quickly one travels. It’s 

speed. 

 

TDV Relationship 

V=D/T 

D=TV 

T=D/V 

 

Importance to Aviation 

Based on distance covered over the ground and time, it is possible to calculate groundspeed, 

which is not available in the cockpit with GPS 

Based on groundspeed and distance remaining, it is possible to calculate flight time 

remaining, and thus fuel required 

Based on fuel (maximum flight time) remaining, and groundspeed, it is possible to calculate 

maximum range available. 
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Scenario 

You rented a brand new C182JT-A for the weekend to fly from Nanaimo (CYCD) to Sechelt-

Gibsons (CAP3) and pick up your friend, and you want to tell your friend when you will arrive. 

Distance from CYCD to CAP3 is 21nm 

Cruise speed is 155kts 

What is the time required to fly to CAP3? 

 

𝑇 =
𝐷

𝑉
=

21

155
= 0.1354 ℎ𝑜𝑢𝑟𝑠  0.1354*60= 8.1 minutes 

 

Nowthat you have picked up your friend, you’re reading to continue to Pitt Meadows (CYPK) 

 

The distance from CAP3 to CYPK is 43nm 

Cruise speed is 155kts 

What is the time required 

 

𝑇 =
𝐷

𝑉
=

43

155
= 0.2774 ℎ𝑜𝑢𝑟𝑠  0.1354*60= 16.6 minutes 

 

While flying to CYPK you are diverted to Boundary Bay due to a police incident on the airfield. 

Your friend is flying and you notice you appear to be fighting a headwind. You pick a known 

distance and find that you cover half a mile in 15 seconds. What is your groundspeed? 

 

15/60=0.25 Minutes     0.25/60=0.00416 Hours  𝑉 =
𝐷

𝑇
=

0.5

0.00416
= 120 𝑘𝑡𝑠 

You are curious to know the distance of the Port Mann bridge. You take a quick detour to 

figure it out. You fly the length of the span in 26 seconds at a cruise airspeed of 155kts 

assuming calm winds. How long is the bridge 

26/60=0.4333 Minutes     0.4333/60=0.0072 Hours   D=TV=(0.0072)(155)=1.1 NM 
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Radio 

Terminology and Phraseology 
Phonetic Alphabet 
Must Memorise Item 

Alpha 

Bravo 

Charlie 

Delta 

Echo 

Foxtrot 

Gold 

Hotel 

India 

Juliet 

Kilo 

Lima 

Mike 

November 

Oscar 

Papa 

Quebec 

Romeo 

Sierra 

Tango 

Uniform 

Victor 

Whiskey 

X-ray 

Yankee 

Zulu 

 

Numbers 
All numbers except whole thousands pronounced each digit separately. 

10 → One Zero 

100 → One Zero Zero (not one hundred) 

11,000 → One One Thousand (not eleven thousand) 

121.9 → One Two One Decimal Nine (we don’t say point or period) 

Aircraft Call Signs 
All civil registered aircraft in Canada begin with C-F or C-G followed by 3 other letters. On the 

radio, these call signs are spelt using in phonetics with the last 4 letters. ATC may initiate the 

use of only three letters 

C-GOLF → Golf Oscar Lima Foxtrot (ATC Shortened: Oscar Lima Foxtrot) 

Time and Dates 
Time in aviation is generally Zulu time (aka Universal Time Coordinated UTC). The time at the 

Prime Meridian (Greenwich) and which does not have Daylight Savings Time. 

12:34 → First two digits are the number of hours past midnight, last two are number of minutes 

past the hour. Therefore 12 hours past midnight and 34 minutes past 12 hours past midnight. 

Day starts at 00:00 and ends at 23:59. Therefore, 24:00 does not exist. 

Six figure group places the day of the month at the beginning and the time zone incator at 

the end. 

240245Z → 24th day of the month, 02 hours past midnight, 45 minutes past the hour Zulu Time. 
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Altitudes 
Always stated as feet above sea level in thousands plus hundreds of feet.  

2700’ ASL → Two Thousand Seven Hundred 

16.400 ASL → One Six Thousand Four Hundred 

Above 18,000 feet when operating in standard pressure region, altitudes reported as Flight 

Levels. 

FL265 → Flight Level Two Six Five (Approximately 26,500 feet ASL) 

Standard Phraseology 
Acknowledge “Let me know you have received and understood this message” 

“Hotel Kilo Alpha, there is another aircraft passing to your right, acknowledge.” 

Affirmative “Yes” 

Break “I’m indicating a separation between two messages” 

“HKA, Kelowna Tower, cleared to land, break, TGA hold short of runway 34” 

Confirm “My version is _________. Is that Correct?” 

“Kelowna Tower, HKA, confirm I am cleared to land?” 

Correction “I’ve made an error. The correct version is ________” 

“Kelowna Tower, TGA holding short of runway 36, correction 34.” 

Do you Read? “I’ve called you more than once. If you are receiving me, reply.” 

“HKA, Kelowna Tower, do you read?” 

Go Ahead “Proceed with your message” 

“HKA, Kelowna Tower, go ahead” 

How do you read 

me? 

“How is the transmission quality?” 

“Kelowna Tower, this is HKA, how do you read me?” 

I say again “I will repeat.” 

“TGA, Kelowna Tower, hold short runway 34.  I say again, hold short runway 34.” 

Negative “No.” 

“Kelowna Tower, this is HKA, confirm I am cleared to land?”  “Negative.” 

Over “My transmission is ended. I expect a reply from you.” (not used frequently) 

“Kelowna Tower, this is HKA, entering your control zone, over.” 

“HKA, this is Kelowna Tower, descend to 2000 feet, over.” 

Read back “Repeat this message after I have said the word ‘over’.” 

“TGA, Kelowna Tower, hold short of runway 34, read back, over.” 

Roger “Okay.  I have received your message.” 

“TGA, this is Kelowna Tower, there will be a five minute delay before you can 

take off, because West Jet is landing.” 

“Kelowna Tower, TGA, roger.” 

Say again “Repeat.”  (we don’t say ‘repeat’ because it means to fire a gun!) 

“TGA, this is Kelowna Tower, there will be a five minute delay before you can 

take off, because West Jet is landing.” 

“Kelowna Tower, TGA, say again?” 

Speak Slower Say your message more slowly 

“Kelowna Tower, TGA, speak slower?” 

Stand by “I must pause a few seconds.”  

“Kelowna Tower, this is HKA, requesting the current winds.” 

“HKA, this is Kelowna Tower, stand by.” 
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Basic Radio Communication 
Basic Radio Communication 
Ground Station Identifiers: 

 Name of airport or its location + word indicating function of station if required 

Area Control Centre → Ottawa Centre 

Surface Movement Control → Comox Ground 

Control Tower → Victoria Tower 

Flight Service Stations → Kamloops Radio 

Flight Information Centre → Pacific Radio 

Message Handling: Like Ordering a Pizza 

 Plan your Message 

 Listen to make sure the frequency is not in use 

 Deliver the Message 

 Listen for Reply 

 Acknowledge Reply 

Parts of a Radio Conversation 

 Call-Up – use call sign to identify yourself to ground station 

 Reply – Wait for them to reply 

 Message – your plan or request and their response 

 Acknowledgment – Acknowledge that you understand and will comply 

Single Station: One Recipient or General Call 

1. Say call sign of station to be called (Or All Stations if a General Call) 

2. Say your call sign 

3. Frequency you’re calling on (optional) 

Multiple Stations 

1. Say call sign of all stations to be contacted 

2. Say your call sign 

3. Frequency you’re calling on (optional) 

Replying to Calls 

If directed to you, reply as soon as possible. Reply with either “go ahead” or “standby”. 

If unsure if you are being called, wait until message is repeated 

If unsure who is calling respond with “Station calling, Your Call Sign, Say Again” 
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Signal Strength Checks 

Number Strength Scale Readability Scale 

1 Bad Unreadable 

2 Poor Readable now and then 

3 Fair Readable but with difficulty 

4 Good Readable 

5 Excellent Perfectly Readable 

Call on frequency that will not interfere with working of others 

Request signal check 

Response will sound like “Read you 3 by 4”, which indicates a Fair Strength but Readable 

signal. 

 

Legal Considerations 
Priority of Communications 

1. Emergency Communications 

2. Communications important to the Safety of Flight 

3. Scheduled Broadcasts 

4. Unscheduled Broadcasts 

5. Other air to ground communications 

Superfluous Communication 

Superfluous Communication, as well as profane and obscene language, is strictly prohibited. 

Violations: 

 Individuals to a fine not exceeding $5,000 or imprisonment for up to one year or both 

 Corporation to a fine not exceeding $25,000 

 

Privacy and Confidentiality of Received Transmissions 

No person shall divulge the contents, or the existence, of communications transmitted, 

received or intercepted by a radio station, except as permitted by the addressee of 

the message or his/her accredited agent, or to authorized officials of the Government 

of Canada, officers of the court or an operator of a telecommunications system as is 

necessary to forward or deliver the communication. These restrictions do not apply to a 

message of distress, urgency, safety or to messages addressed to "ALL STATIONS" (i.e. 

weather reports, storm warnings, etc.).  

Violations: 

 Individuals: a fine not exceeding $25,000 or to imprisonment up to one year or both 

 Person other than an individual: a fine not exceeding $75,000 

 

False Distress Signals 

No person shall knowingly send, transmit, or cause to be sent or transmitted any false or 

fraudulent distress signal, message, call or radiogram of any kind. 

Violations: 

 Individual: fine not exceed $5,000 or imprisonment for up to one year, or both 

 Corporation: fine not exceeding $25,000 
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Radio Calls 
Radio Call Classification 
Classified by degree of danger 

Distress: A condition of being threatened by grave and/or imminent danger and 

requiring immediate assistance 

Urgency: A condition concerning the safety of an aircraft or other vehicle, or of 

someone on board or within sight, but which does not require immediate assistance 

Distress Frequency to be used 
Air to ground frequency in use at the time (for example, if you’re talking to tower) 

If unable to establish communication on frequency in use 

Repeat message on 121.5MHz 

Any other frequency available 

 

Distress Call 
Mayday Mayday Mayday 

Can be transmitted by aircraft in distress or any station aware that an aircraft ship or 

vehicle is in distress 

HAS ABSOLUTE PRIORITY 

Radio silence unless absolutely necessary, is to be exercised on the requency that a distress 

call is received on 

A distress call can be cancelled 

If you hear a distress call that is not receiving acknowledgment, you may relay the message. 

 

Format of Distress Call: 
 Distress Signal 

 Call Sign x 3 

 Location 

 Altitude 

 Nature of Distress and Assistance 

Required 

 Intentions of PIC 

 Souls on Board 

MAYDAY MAYDAY MAYDAY 

This is Cessna 152 C-GGBN, C-GGBN, C-GGBN 

Five miles South of Nanaimo 

At Four Thousand Feet 

Engine Failure 

 

Going to attempt to land in farmers field 

2 souls on board 

 

Remember the 3 Ps: Position Problem Plan 
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Urgency Call 
Has priority over all communication, except Distress 

Format of Urgency Call 
 Distress Signal 

 Call Sign x 1 

 Location 

 Altitude 

 Nature of Situation and if 

Assistance Required 

 Intentions of PIC 

PAN PAN, PAN PAN, PAN PAN 

This is Cessna 172, C-GBMO 

One Five miles east of Pemberton 

Three Thousand Feet 

High Oil Pressure 

 

Will be landing ASAP at the Pemberton airport 

 

 

Safety Call 
Preceded by the word SECURITÉ repeated 3 times 

Normally when a station is going to report: 

 Important meteorological warnings 

 Message concerning the safety of navigation 

 Has priority over all communication, except Distress and Urgency 
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Meteorology 

Heating and Cooling of the Atmosphere 
Vertical Structure 
Troposphere 

 Weather happens here 

 Top at 25,000 to 30,000 feet over the 

poles 

 Top at 55,000-65,000 feet over the 

equator 

 Temperature decreases with height 

Stratosphere 

 Top of Troposphere to 170,000 feet 

 Temperature increases with height 

Mesosphere 

 Top of Stratosphere to 270,000 feet 

 Temperature decreases with height, to -85°C 

Thermosphere 

 Tops at 1.1 million to 2.6 million feet (350-800 

kilometers) 

 Temperature increases with height, up to 

1,500°C 

Exosphere 

 Mainly hydrogen and helium 

 Extends into space 

Composition 
The atmosphere is made up of a mixture of gases 

 Nitrogen (78%) 

 Oxygen (21%) 

 Other (~1%)(Argon, CO2, Water Vapour, etc) 

 Although water vapour is less than 1% of the atmosphere, it remains the most important 

component from the standpoint of weather, based especially on its ability to change 

state. 
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ICAO Standard Atmosphere 
Mean Sea Level for North America based on Summer and Winter averages at 40°N. 

The Standard: 

 MSL pressure of 29.92” Hg (1013.25 hPa) 

 MSL Temperature of 15°C 

 Air is a “perfectly dry gas” 

 Lapse rate of 1.98°C per 1,000 feet 

Temperature 
The atmosphere is heated from below, the sun heats the earth which in turn heats the 

atmosphere. 

Celsius is the unit of measure used nearly worldwide. 

 Freezing point of water: 0°C 

 Boiling point of water: 100°C 

Atmospheric Properties 
 Mobility 

o The ability for air to move 

o Atmosphere is like an “ocean of air” 

o Wind is like “Streams of water” 

o Air has much more freedom of movement than water 

 Compression 

o Air is compressed as it descends into greater pressure 

o Occupies less space 

 Expansion 

o As air rises, it reaches areas of lower pressure, causing it to expand and as a 

result, cool 

o This cooling can be enough to condense water vapour in the air, forming cloud 

o This is why clouds and precipitation are common in areas of rising air 

o From a meteorological standpoint, the most important property of the air 

 Density – Mass per unit volume 

o Cold air is dense 

 Molecules move slowly and are 

packed close together 

 Heavier and tends to sink 

o Warm air is less dense 

 Molecules are moving rapidly taking 

up more space (or less molecules in 

the same space) 

 Warm air is lighter and is pushed up by 

the cold air 
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 Density relationships 

o Density vs Temperature 

 Indirectly proportional 

 As the density increases, temperature will decreases 

o Density vs Humidity 

 Indirectly proportional 

 As density increases, humidity will decreases 

o Density vs Pressure 

 Directly proportional 

 As density increases, pressure will increase 

Temperature differences 
Horizontal Temperature Differences caused by: 

 Diurnal Variation 

o Temperature difference between day and night 

 Seasonal Variation 

o Earth’s tilt causes change in the directness of sunlight 

 Latitude 

o North pole vs equator, again has to do with directness of sunlight 

 Topography 

o Land and Water differences 

o Water tends to even out temperature differences, inland tends to have larger 

and faster variations 

 Clouds 

o During daylight, clouds reflect large amounts of solar radiation back into space 

o During night, clouds trap the heat radiated off the earth. Acts as a large blanket 

over earth. 

Atmospheric Heating 
 Radiation 

o Earth absorbs sun’s short wave radiation 

o The lower atmosphere is then heated by the earth 

giving off long wave radiation 

 Conduction 

o If two substances are in contact, heat will flow 

from the warmer to the colder substance 

o Air is a poor conductor, so this usually only occurs 

in small layers 

 Convection 

o Air heated through 

conduction becomes 

buoyant and rises 

o This air then heats the 

air in the upper 

atmosphere  

66
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 Advection (heating) 

o Occurs when cold air moves over a warm 

surface and its lower layer is heated by 

conduction 

 Turbulent Mixing 

o Turbulent air mixes a warmer surface layer of 

air with an unheated air aloft, spreading the 

heat upward 

 Compression 

o As air descends 

it compresses 

due to 

increased 

pressure and 

therefore heats 

up 

Atmospheric Cooling 
 Advection cooling 

o Happens in the lower levels only 

o When air is cooled by moving over a colder 

surface 

o Cooling occurs as a result of conduction 

between air and the surface 

o Some mechanical turbulence can aid in 

spreading cooling effect 

 Expansion Cooling 

o Most important cooling process 

o Air forced to rise experiences lower pressure 

and is allowed to expand 

o This expansion causes decrease in 

temperature 
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Pressure 
Pressure 

 Pressure 

o “The pressure at any given point is due to the 

weight of the overlying air.” 

 Barometers measure weight of the air above 

o Recorded in terms of pressure 

 Units of measure 

o Inches of Mercury (“ Hg) 

o Hectopascals (hPa) 

Sea Level vs Station Level 
 Station Pressure 

o The actual weight of the atmosphere above the reporting station 

 Mean Sea Level Pressure (MSL) 

o Station pressure corrected for elevation 

o “Imaginary” column of air down from the station to MSL 

o Expressed in hectopascals 

o Local temperature taken into account 

o Gives information on what the pressure is like in reference to sea level. 

Isobars 
 Lines joining places of equal barometric pressure 

 Depict how deep or concentrated a pressure system 

is 

 “Iso” is latin for “Same” or “equal”  

 “bar” is latin for pressure 

Pressure Changes 
 Pressure observations are usually made hourly 

 Weather maps are prepared 4 times daily (6 hours) 

 The differences in these readings creates a trend of 

either rising or falling pressure, which is referred to as 

pressure tendency 

o Used to assist in forecasting weather 
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Pressure Systems 
 Low pressure systems 

o Also called “cyclones” 

o Areas of relatively low pressure with the lowest pressure at the centre 

o Wind flows counter-clockwise and inward 

o Secondary lows also exist 

 Smaller disturbances within the low pressure region 

 Generally produce thunderstorms or heavy precipitation 

To remember with wind direction 

“If the wind is at your back, the low is to your left” (Only works for Northern Hemisphere) 

 High Pressure Systems 

o Also known as “anti-cyclones”, areas of relatively high pressure with the highest 

pressure at the centre 

o Wind flows clockwise and outward 

o Tend to travel slower than lows, or remain stationary 

Convergence and Divergence 
 Convergence 

o Air flowing inwards towards a low 

o Produces rising air where it meets in the centre of the low 

 Divergence 

o Air flowing outwards from a high 

o Produces sinking air to replace the air in the centre 

Troughs, Ridges and Cols 
 Trough 

o Elongated low with higher pressure on both sides 

o U or V shaped 

 Ridges 

o Areas of high pressure with lower pressure on both 

sides 

o V shaped 

 Col 

o Region between two highs and two lows 
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Altimeter Settings and Transitions 
 Altimeters operate based on pressure 

 Without updating the barometric scale on the altimeter, it will not read accurately 

 High pressure value = more weight of air above you 

 Flying over areas of different pressure will change how the altimeter reads at a fixed 

altitude 

 High to low, look out below 

 Low to high, clear blue sky 
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Moisture 
Humidity 

 Relative Humidity  

o Ratio of water present in air compared to the amount the same volume could 

hold if it were saturated  

 Dew Point  

o Temperature to which air must be cooled at constant pressure to become 

saturated 

 Warm air can hold much more moisture (water vapour) than cold air.  

o For example, one kilogram of dry air at 30°c can hold 30 grams of water vapour 

before it becomes saturated.  

o One kg of dry air at 0°c can hold only 5gms of water vapour before it is 

saturated.  

o This is because one kg of warm air has a much greater volume than one kg of 

cold air, thus allowing it to hold a greater quantity of water vapour. 

Changes of State 
 Freezing 

o Liquid to solid 

 Evaporation 

o Liquid to gas 

 Melting 

o Solid to liquid  

 Sublimation 

o Solid to gas 

o Gas to solid 

 Condensation 

o Gas to liquid 

Dew and Frost 
 Dew and Frost form on clear, still nights 

o Vegetation and other objects cool by radiation below the dewpoint 

 If the dewpoint is above freezing, dew will form by condensation 

 If the dewpoint is below freezing, frost will form by sublimation 

Cloud Formation 
 Invisible water vapour becomes visible as water droplets or ice 

o Condensation or sublimation of water vapour 

 Requirements of cloud formation 

o High relative humidity 

o Condensation nuclei 

o Cooling of the air 
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 Cold surface 

 Adiabatic cooling 

 Steps of cloud formation by convection 

o Air  is heated and rises 

o Air cools to point of saturation 

o Air condenses onto condensation nuclei  

Precipitation 
 Water droplets grow in size and weight and fall due to gravity 

o Can also occur below freezing (water vapour and ice crystals) 

 If the cloud is….. 

o Below freezing – joining of ice crystals 

o If temp below is cold enough to allow crystals to fall to ground = snow 

o Above freezing = rain 

 Region of a cloud where the precipitation was formed will impact the type of 

precipitation observed 

o Ice crystal region 

 Generally produces snow, ice crystals, ice prisms etc. 

o Snow and supercooled water drop region 

 Produces either rain, freezing rain, snow, or some combination of these 

o Water region 

 Produces rain 

 The more vertical motion in the cloud, the larger the size of the precipitation will be, as it 

has to be heavier to overcome the lifting action 

 Types of precipitation: 

o Drizzle  

 very small drops of water which appears to float 

o Rain 

 Large water droplets 
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o Hail 

 Hard transparent layer of ice covering soft white core 

o Snow Grains 

 Tiny snow crystals that have acquired a coating of rime 

o Snow Pellets 

 Soft white ice (hail without hard transparent layer 

o Snow 

 Agglomeration of ice crystals hexagonal/star shaped 

o Ice Prisms 

 Tiny ice crystals in the form of needles 

o Ice Pellets 

 Formed by freezing of raindrops 

ICAO Lapse Rates 
 Lapse Rate 

o Rate of decrease in temperature with altitude 

 Dry Adiabatic: 3°C/1000’ 

 Saturated Adiabatic: 1.5°C/1000’ 

 Standard: 2°C/1000’ 

 ICAO: 1.98°C/1000’ 

 It is possible to determine the base of clouds 

o While the air remains unsaturated (and the temperature is above the dew point), 

rising air will cool at a lapse rate of 3°C/1000’.  

o So long as it remains warmer than the air around it, (which is, on average, 

decreasing in temperature with altitude at a rate around 2°C/1000’), it will 

continue to rise.  

o Once the dew point is reached, condensation will start to form and the cloud 

base will develop. 

o The rising parcel of air will then cool at a rate of 1.5°C/1000’ until it reaches the 

same temperature as the air around it, and the top of the cloud will then form as 

the air stops rising. 

Inversion and Isothermals 
 Exceptions to standard lapse rates exist 

o The real world does not always conform to our mathematical model of it. The 

lapse rate may not be standard at all. 

 Inversion 

o Temperature actually increases with altitude 

 Isothermal layer 

o Temperature remains constant with altitude 

 Both these conditions produce stability 
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Clouds and Fog 
Cloud Classification 

 Clouds are classified by height and shape 

 Two cloud types 

o Cumulus 

 Round, resemble cotton balls, form in rising air 

o Stratus 

 Flat, form sheets, form in stable air  

 Four cloud families 

o High (Cirro) 

 bases between 16 500 and 45 000 feet 

 Ice crystals 

o Middle (Alto) 

 Bases between 6500 and 23 000 feet 

 Ice crystals, water droplets  

o Low (Strato)  

 Bases from surface to 6500 feet 

o Clouds of Vertical Development  

 May form as low as 1500 feet 

 Water droplets above freezing 

  

Cumulus Stratus 
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Types and Recognition 
o High Clouds 

 Cirrus (Ci) 

 very thin wispy cloud, like it was made with an artist’s brush 

 sometimes referred to as cats’ whiskers or mares’ tail 

 generally no particular significance to flying  

 Cirrocumulus (Cc) 

 thin cotton like clouds 

 looks like pattern of the sand at a beach 

 no indication of future weather conditions 

 
 Cirrostratus (Cs) 

 thin high sheet of cloud 

 sun or moon is visible, producing a halo effect 

 often indicate an approaching warm front or occlusion and therefore 

of deteriorating weather conditions 
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o Middle Clouds 

 Altocumulus (Ac) 

 layers of rounded masses of cloud that may lie in groups or lines 

 sometimes associated with an approaching front but usually they 

have little value as a weather predictor 

 
 Altocumulus Castellanus (Acc) 

 altocumulus with turreted edges  

 may develop into cumulonimbus 

 a variation of AC with greater vertical extent 

 characteristics include: instability, turbulence and shower activity 

  



48 | P a g e  

  

o Low Clouds 

 Status (St) 

 uniform layer of low 

cloud resembling fog but 

is not touching the 

ground  

 low visibility, drizzle and 

fog often associated 

 

 

 

 

 

 

 

 

 Stratocumulus (Sc) 

 layer or series of rounded 

masses or rolls of cloud 

 common in high pressure 

areas in winter 

 sometimes gives a little 

precipitation 

 

 

 

 

 

 

 

 

 

 Nimbostratus (Ns) 

 ‘Nimbo’ – means 

precipitation is associated 

with the cloud 

 low dark grey layer 

 thickened altostratus 

 associated with warm 

fronts and 

continuous/steady rain or 

snow 

 may be more than 15,000 

ft thick 

 VFR operations often 

difficult to impossible 
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 Clouds of Vertical Development 

 Cumulus (Cu) 

o Dense, thick, rounded 

and lumpy  

o resembles cotton balls 

o flat bases and sharp 

clear cut surfaces 

o forming during day and 

dissipate at night 

o height of base depends 

on temperature and 

dew point spread 

o light to moderate 

turbulence 

o NO PRECIPITATION  

 

 

 Towering Cumulus (TCu) 

o a development of 

cumulus cloud 

o serious (moderate to 

heavy) icing and 

turbulence 

o rain showers and snow 

showers in winter 

o rough air underneath  

 

 

 

 

 

 

 

 Cumulonimbus (Cb) 

o development of TCU  

o often anvil shape top 

o produces lightning and 

thunder 

o gusty surface winds in 

vicinity 

o hail is often present 

within the cloud and 

may occasionally fall 

from it 

o heavy icing, turbulence 

and showers 

o may be embedded in stratiform clouds 

o cloud should be avoided  
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Associated Precipitation 

  

Fog Formation and Types 
 Fog is: Cloud (usually stratus) in contact with ground 

 Formed when either: 

o Air is cooled to the due point, or 

 Radiation Fog 

 Advection Fog 

 Upslope Fog 

o Air becomes saturated (moisture added) 

 Steam Fog 

 Ice Fog 

 Precipitation-induced Fog 

 Types 

o Radiation Fog (ground fog) 

 Forms at night 

 Initial heating from sun causes turbulence 

 Ground cools losing heat through radiation 

 Air in direct contact is cooled 

 Clear skies, moist air, light winds (2-5 knots) 

o Advection Fog 

 When warm moist air moves over a colder land or sea surface 

 Winds >15 knots 

 Most frequent in costal regions 

 Widespread when moist air from warm region of ocean moves over 

colder water 

o Precipitation Induced Fog (frontal fog) 

 Addition of moisture to air through evaporation of rain or drizzle 

 The precipitation from warm air evaporates and saturates cooler air 

below 

 Associated mostly with warm fronts 

o Upslope Fog 

 Cooling of air due to expansion as it move sup slope 

 Light upslope wind required 

o Steam Fog 
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 Cold air passes over warm water surface 

 Evaporation of water into air until saturated 

 Occurs over rivers and lakes, especially during autumn 

o Ice Fog 

 Moist air during extremely cold calm conditions 

 The cold air cannot hold more moisture and excess sublimates into ice 

crystals 

 Crystals appear suddenly when engine started 

 Water vapour 

 Condensation nuclei 

 Mixing agent 
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Stability and Instability 
Stability 
 Stability describes what the tendency of a parcel of air is when it is disturbed vertically 

 Positive stability 

o When disturbed vertically, the air will move back to where it was 

 Neutral stability 

o When disturbed vertically, the air will continue along where it was moved to 

 Negative stability 

o When disturbed vertically, the air will move further away from where it was 

Lapse Rate and Stability 
 Unstable air is indicated by a steep lapse rate 

o This will create a situation where warm air that is rising will continue to be warmer 

than the air around it as it rises, expands, and cools at the dry lapse rate. Because it 

will continue to be warmer, it will continue to rise. 

 Stable air is indicated by a shallow lapse rate 

o This will create a situation where warm air that is rising will be cooler than the air 

above it relatively quickly and stop rising. 

Modification of Stability 
 Heating from below will cause instability 

o The air will be warmer than that surrounding it, and tend to rise 

 Cooling from below will cause stability 

o The air will be cooler than that surrounding it, and tend to sink and remain 

Stable and Unstable Air 

 

  Characteristic Stable Air Unstable Air 

Lapse Rate  Shallow Steep 

Cloud Type Stratus Type Cumulus Type 

Precipitation Uniform Intensity including drizzle Showers 

Visibility Poor low level (Fog may occur) 
Good, except in 

precipitation 

Wind 
Steady winds which can 

change with height 
Gusty 

Turbulence 
Generally smooth flying 

conditions 

Turbulence may be 

moderate to severe 



53 | P a g e  

  

Lifting Agents 

 Convection 

o Uneven heating of different types of surface 

 Especially differences between areas of land and water 

o Sun heats earth, heat radiates upwards  rising currents of air separated by areas of 

sinking air 

 Orographic Lift 

o Air moving up a sloping terrain (ex. mountain) will continue its upward movement 

o Unstable air will increase the amount of lift. 

 Frontal Lift 

o Warm Front 

 Warm air advances on a retreating cold air mass 

 Warm air ascends over the cold air in a long gentle slope 

o Cold Front 

 Mass of cold air advances on mass of warm air 

 Undercuts the warm air, forces it to rise sharply  

  



54 | P a g e  

  

 Mechanical Turbulence 

o Also known as “eddies” 

o Friction between air and ground 

o Irregular terrain and man-made obstacles cause severe eddies 

o Usually confined to lower thousands of feet 

 Convergence 

o Air flows from high to low pressure 

o Air converges/meets over the centre of the low 

pressure 

o Excess air is forced to rise.  

 

 

 

 

 

 

 

 

Subsidence 
 Occurs in High pressure systems or in air flowing down the side of a mountain 

 As the air descends, it reaches regions of increased atmospheric pressure and is 

compressed 

o As a result, its temperature rises. 

o This may trap cooler air below it 
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Turbulence, Visibility and Fronts 
Types of Turbulence 

 Convection Turbulence 

o Thermal Turbulence 

o Hot sunny days - sun heats the earth’s surface unevenly 

o Isolated convection currents cause turbulence 

 Mechanical Turbulence 

o Also known as “eddies” 

o Friction between air and ground 

o Irregular terrain and man-made obstacles cause severe eddies. 

 
 Orographic turbulence 

o Known as mountain wave  

o Can be expected on the windward side and over the crests of mountains, along 

the downward slope 

o Avoid rotor cloud and strong downdraft on the leeward side of mountain  
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Wind Shear 
 Any marked change in wind speed and 

direction with height that produces local 

areas of turbulence 

 When changes are large, quite severe 

turbulence can be expected 

 Low level wind shear occurs as a result of gust 

fronts and downbursts 

o Associated with thunderstorms 

 Also associated with inversions 

o Overnight cooling creates temperature 

inversion a few hundred feet above 

ground that can produce significant 

wind shear 

o Can also form where cold air trapped 

in low lying areas (ex. valleys) as cold 

air denser than warm air 

 At night this air will “flow” into low 

lying areas 

Visibility Obstructions 
 Haze 

o Very small water droplets, dust or salt particles 

o Cannot be felt or individually seen with naked eye 

o Uniform veil, restricts visibility 

o Only a problem in stable air 

 Smoke 

o Created by industrial pollutants, vehicle exhaust in urban/industrial areas – thick 

blanket of haze severely restricting visibility 

o Worse when flying towards the sun 

o Forest fires can also contribute in more rural areas. 

 Smog 

o Combination of smoke and fog 

o Has a yellow colour to it due the pollution mixed in with it 

o Often occurs with an inversion 

o Type of air pollution derived from vehicular emission from internal combustion 

engines and industrial fumes 

o Fumes react in the atmosphere with sunlight to form secondary pollutants 

Definition of a Front 
 Transition zone between two air masses 

 What’s happening at a front? 

o Large change of temperature within a relatively short distance of 50-100 miles in 

the zone between air masses 

 The interaction zone between the air masses is responsible for weather changes 
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Front Formation 
 Requirements: 

o A cold air mass and a warm air mass lying adjacent 

o Mixing action 

 Air Mass 

o A large section of the troposphere with uniform properties of temperature and 

moisture 

o May be several thousand miles across 

Cold Air Masses Warm Air Masses 

Instability Stability 

Turbulence Smooth Air 

Good Visibility Poor Visibility 

Cumuliform Clouds Stratiform Clouds and Fog 

Shower type precipitation Drizzle type precipitation 

Hail, Thuderstorms may occur  

 

Warm Front 
 A warm front is the retreating edge 

of a cold air mass 

 Warm air advances and overruns 

retreating cold air 

 Warm air rises since it is less dense 

than cold air 

 Usually moves slower than a cold 

front 

 Long gentle frontal slope 

 Warm front weather 

o Warm air mass pushes 

moisture up the slope, causing cloud and precipitation 

o Overrunning, moisture content and stability of warm air determines severity of 

weather 

o If the warm air is unstable, thunderstorms may be embedded 

 

Ceiling Low ceiling can persist for long period of time 

Visibility Restricted 

Precipitation Begins in Altostratus layer 

Becomes heaver as front approaches 

Very heavy showers indicate potential thunderstorms 

Turbulence Less Severe than cold front (unless cumulonimbus clouds embedded) 

Clouds Cirrus, Cirrostratus, Altostratus, Nimbostratus, Stratus 
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Cold Front 
 A cold front is the leading edge of an advancing cold air mass 

 Cold air undercuts the warm air 

 Rising warm air expands and cools  

o Cumulus cloud 

 Slope can be very steep 

 Weather severity determined by moisture content and stability of the warm air mass 

 Temperature 

 May drop sharply after front passes 

 Usually drops gradually as air behind is warmed by the ground 

 Pressure 

 Decrease, followed by a marked rise after frontal passage 

 

Ceiling Low, with clouds of vertical development, icing and turbulence 

Visibility Good, Usually improves after the passage of the front 

Precipitation Usually a narrow band 

Turbulence Flight through a cold front can be expected to be rough 

Clouds Cumulus, Cumulonimbus, Towering cumulus 
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Fronts on Maps 
 Warm fronts are shown in red with half circles showing the direction of movement. 

 Cold fronts are shown in blue with triangles showing the direction of movement. 

 If the map is black and white, use the shapes to identify what kind of front it is 
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Wind 
Pressure Gradient 

 Wind is the horizontal movement of air, and is caused by pressure differences in the 

horizontal. 

 The pressure gradient is the rate of change of pressure over a given distance 

o Measured at right angles to the isobars 

 close together = steeper gradient and stronger winds 

 further apart = shallower gradient and weaker winds 

 

Veering and Backing 
 Veering 

o Wind changing direction clockwise 

o Wind veers and increases during the day 

o Wind veers and increases with increase in altitude 

 Backing 

o Wind changing direction counter-clockwise 

o Wind backs and decreases at night 

o Wind backs and decreases with decrease in altitude 
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Coriolis Force 
 The earth turns below the atmosphere 

 In the Northern Hemisphere, objects in motion over the earth (including parcels of air) 

are deflected to the right 

 In the Southern Hemisphere, they are deflected to the left 

 

Surface Friction 
 Friction between the earths surface and the atmosphere slows the movement of air, 

and in turn slows Coriolis force 

o Only up to a few thousand feet (except in mountainous regions) 

Gusts and Squalls 
 Gusts 

o a brief rapid increase of wind speed.  

o may be associated with a rapid change in wind direction 

o Causes may be related to mechanical turbulence and unequal heating 

 Squalls 

o A sudden increase in wind strength 

o Longer than a gust 

o May be caused by a fast moving cold front or thunderstorm 

o May be accompanied by a rapid change in direction 
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Diurnal Effects 
 Differences between day and night 

 Land breeze 

o This condition is very local and affects only a narrow area along the coast 

o Occurs at night 

o Wind blows from the land (high pressure cooler air) towards the warmer water 

(low pressure area) 

 Sea breeze 

o Occurs during the day 

o Wind blows from the ocean (high pressure cooler air) towards the warmer land 

(low pressure area) 

 
 Katabatic Wind 

o At night, the slopes of hills cool. The air in contact with them becomes cooler 

and therefore denser and it blows down the slope 

o Also known as a mountain breeze 

 Anabatic Winds 

o Slopes of hills not covered by snow will be warmed during the day. The air in 

contact with them becomes warmer and less dense and therefore flows up the 

slope. 

o Also known as a valley breeze 

 

 

 

Land Breeze Sea Breeze 
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Extreme Weather 
Thunderstorms 

 Requirements for Thunderstorms 

o Unstable air 

o A Lifting Force (generally convection) 

o High Moisture Content 

o Likely to occur:  

 With the passage of a cold front 

 From daytime heating – hot summer days 

 Stages of a Thunder Storm 

o Cumulus Stage 

 Strong updrafts prevail throughout the cell 

 Usually no precipitation (yet…) 

 Temperatures in the cloud are higher than surrounding air. 

o Mature Stage 

 Updrafts of up to 6,000 feet per minute 

 Downdrafts start in the middle, up to 2,500 ft/min 

 Precipitation starts as water drops are too heavy for surrounding air to 

suspend any further 

 Falling raindrops cause very large, fast downdrafts 

 Downdrafts of up to 6,000 ft/min at this point 

 Usually 15-20 minutes in duration, though may be as long as an hour. 

o Dissipating Stage 

 Entire cell becomes an area of downdraft 

 Precipitation Stops 

 Cell loses its energy 

 Indicated by the top of the cloud forming an anvil shape. 
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 Thunderstorm Phenomena 

o Very complex weather patterns; wind shear can be found on all sides of the 

storm 

o As the thunderstorm matures, strong downdrafts develop and the cold air rushing 

down spreads out along the ground well in advance, undercutting the warm air; 

this is known as a gust front. 

o Macroburst: A severe and damaging downward rush of air with a diameter of 2 

nautical miles or more is called a These can last up to 20 minutes 

o Microbursts: A downward rush of air with a diameter less than 2 nautical miles 

and peak winds that last less than 5 minutes  

o Downdrafts can have vertical speeds as great as 6,000ft/min, with horizontal 

wind speeds as high as 80 knots 

o Lightning 

 A discharge of electrical energy produced by a thunderstorm 

 A positive charge collects on the top of the cloud while a negative 

charge exists on the bottom 

o Thunder 

 Created by the rapid increase of temperature (and therefore pressure) of 

the air around the lightning bolt 

o Hail – can be crippling to a flying operation 

o Icing – can occur at any level within the cloud (even when not in cloud!). 

o Rain – can be very heavy at times 

o Pressure variance – Altimeter reading errors 

 Avoiding Thunderstorms 

o DON’T fly through a thunderstorm!!!!! 

o Avoid landings and takeoffs near them 

o Don’t fly under them 

o Reduce speed at first indication of turbulence 

o If you fly around one, stay at least 10-15 miles away, and fly around the right side 

Squall Lines and Tornadoes 
 Squall Line 

o Long line of squalls and thunderstorms which sometimes accompanies the 

passage of a cold front 

o Usually associated with a fast moving cold front undercutting an unstable warm 

air mass 

o May form anywhere from 50 to 300 nautical miles in advance of the front. 

 Tornadoes 

o Violent, circular whirlpools of air associated with severe thunderstorms 

o Very deep, concentrated low pressure areas 

o Shaped like a funnel hanging out of the cumulonimbus cloud 

o Dark in appearance due to dust and debris sucked in 

o Diameter ranges from 100 feet to half a mile 

o Move at speeds of 25 to 50 knots 

o Wind speeds as great as 300 knots. 
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Aircraft Icing 
 Icing increases aircraft weight, drag, stall speed, and decreases lift 

 Do not fly when there is any contamination to the critical surfaces of an aircraft 

o Critical surfaces include: Wings, Vertical/Horizontal Stabilizers, Control surfaces, 

Propeller 
Aircraft Icing In-Flight Hazards 

Surface Effect 

Control Surfaces Reduction in lift and controls may 

become frozen 

Canopy Reduced Visibility 

Antennas Blocked Transmissions 

Pitot/Static Tube Instrument Errors 

 Types of Icing: 

o Frozen Dew 

 A white semi-crystalline frost that covers the surface of the aircraft 

 Frozen dew happens on cold clear winter nights 

 Water vapour hits the surface of the aircraft and sublimation occurs 

o Hoar Frost 

 a white, feathery, crystalline formation 

that covers the entire surface of the 

aircraft 

 Very similar to frozen dew 

 The only difference is that hoar frost can 

happen during flight. 

 

o Rime Ice 

 An opaque, or milky white ice that 

accumulates on the leading edge of 

the wing, and on antennas 

 It is formed by the almost instantaneous 

freezing of small supercooled water 

droplets 

 This fast freezing causes air pockets to 

be trapped in the ice, giving the 

opaque quality.  

o Clear Ice 

 A heavy coating of glass like ice 

which forms over the entire 

surface (or a good portion of it) of 

a wing 

 It is formed as large supercooled 

water droplets freeze slowly as 

they move rearward to cover the 

wing 

 Most often occurs with temperatures between 0 - 10 °C  
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 Causes of Icing 

o Cumulus clouds may produce severe icing in their top half as they approach the 

mature cumulonimbus stage 

o Stratus clouds usually produce less severe icing, though if there is high moisture 

content or embedded cumulus it may be moderate to severe 

o Freezing Rain produces very severe icing if the temperature at the aircraft 

altitude is below freezing 

o Freezing drizzle is usually most severe immediately below the cloud base 

o Snow and Ice crystals do not adhere to cold aircraft 

 Snow may cause icing if the aircraft is warm or supercooled water 

droplets are present 

Protection from Icing 
 Anti-icers prevent ice from forming 

o Fluids  

 released onto the leading edges of wings and onto propellers 

o Heating devices 

 Heat the leading edges of the wings, propellers, pitot tube, and/or 

empennage using either electric coils or hot engine air 

 De-icers remove ice after it has formed 

o “Rubber boots” 

 Membranes of rubber attached to leading edges 

 Designed to pulsate to crack and remove ice 
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METARs 
Weather Observing Stations 
Weather observations are taken every hour at selected aerodromes throughout Canada and 

the USA 

Taken by either a trained observer or by an Automated Weather Observation System (AWOS). 

AWOS: Designed to electronically collect weather data and to disseminate partial or full 

surface weather observations. 

2 types of products issued: METARs and TAFS 

METARs 
Type: 

 METAR: hourly weather report (issued on the hour; and 

 SPECI: special weather observations issued at times other than on the hour, as a result of 

a significant weather change 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

SPECI CYKF 201347Z AUTO 19011KT 9SM SCT008 BKN015 OVC021 09/ A2919 RMK MAX WND 21016KT AT 1305Z 

Airport ICAO Identifier: 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN 160 06/05 A3006 RMK SC3AC1 SLP179= 

CYQQ= CFB Comox 

Date and Time 

Date and time of the observation are always given in six digits and using universal coordinated 

time (UTC aka Zulu Time) 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

201400 → 20th day at 1400 Zulu 

Wind Direction and Speed 

Direction given in degrees true to the nearest 10. Speed reported with 2 digits after in knots.  

If wind direction changing more than 60 degrees during the hour. The direction range is 

reported in 3 digits followed by a V and another 3 digits 

SPECI CYKF 201347Z AUTO 19011G20KT 9SM SCT008 BKN015 OVC021 09/ A2919 RMK MAX WND 21016KT AT 

1305Z 

AUTO 19011G20kt → An automated observation of winds blowing from 190° True at 11 knots 

and gusting up to 20 knots. 

090V16005KT → Winds blowing between 090° True and 160° True at a speed of 5 knots 
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Prevailing Visibility 

Visibility in ½ or more of the horizontal circle from the observation point. 

Reported in statue miles and fractions 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

20SM → 20 statute miles 

2 1/2SM → 2.5 statute miles 

Runway Visual Range 

Reported only if prevailing visibility is 1mile or less or RVR is indicating 6,000 feet or less (10 

minute average) 

SPECI CYKF 201347Z AUTO 19011G20KT 3/4SM R06/3000FT/D SCT 008 BKN015 OVC021 RMK MAX WIND 21016KT 

AT 1305Z= 

R06/3000FT/D → Runway 06 has a visual range of 3000 feet and the trend is downward 

R36L/4000FT/U → Runway 36 Left has a visual range of 4000 feet and the trend is upward 

Present Weather 

Comprised of weather phenomena (precipitation, obscuration, or other phenomena) 

preceded by one or two qualifiers (intensity or proximity to the station and descriptor) 

Descriptors 

SH Showers 

BL Blowing 

MI Shallow 

PR Partial 

FZ Freezing 

DR Low Drifting 

BC Patches 

TS Thunderstorm 

Precipitation 

RA Rain 

DZ Drizzle 

IC Ice Crystals 

PL Ice Pellets 

SN Snow 

SG Snow Grains 

GR Hail 

GS Snow Pelles 

UP Unknown Precipitation (AWOS Only) 

 

Obscuring Phenomena 

HZ Haze 

SA Sand 

DU Dust 

FU Smoke 

FG Fog (Visibility <5/8) 

BR Mist (Visibility ≥ 5/8) 

VA Volcanic Ash 

 

Other 

+FC Tornado or Waterspoud 

FC Funnel Cloud 

SS Sand Storm (Visibility < 5/16) 

DS Dust Storm 

+DS Dust Storm (Visibility < 5/16) 

SQ Squalls 

 

METAR CYWG 132000Z 30015 3/4SM –RA SCT004 BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

-RA → Light Rain 
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Sky Condition 

Sky is divided into 8 segments, each called an okta 

Sky cover codes: 

 SKC – Sky Clear 

 FEW – Few Trace to 2/8 

 SCT – Scattered 3/8 to 4/8 

 BKN – Broken 5/8 to 7/8 

 OVC – Sky Overcast 8/8 

Sky cover amounts are cumulative, therefore, layer amounts include the sum of any layers 

below. 

A ceiling exist when the coverage symbol BKN or OVC is reported. 

METARs report the height of clouds in hundreds of feet AGL 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

BKN025 BKN160 → Broken layer at 2,500 feet AGL, a second broken layer at 16,000 feet AGL 

SCT004 BKN025 OVC050 → Scattered layer at 400’ AGL, Broken layer at 2,500’ AGL, Overcast 

layer at 5,000’ AGL 

Temperature/Dewpoint 

Temperature recorded in degrees Celsius. 

M signifies a negative temperature 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

06/05 → Temperature 6° Celsius, Dew Point 5° Celsius 

02/M04 → Temperature 2° Celsius, Dew Point negative 4° Celsius 

Altimeter Setting 

A is group identifier that indicates altimeter setting, reported in inches of mercury 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

A3006 → 30.06 Inches of Mercury 

Remarks 

Includes various other information not in the standard report such as sea level pressure in 

hectorpascal or cloud layer type and opacity in eights of sky concealed. 

METAR CYQQ 201400Z 00000KT 20SM BKN025 BKN160 06/05 A3006 RMK SC3AC1 SLP179= 

SC3AC1 → Stratocumulus 3 oktas, Altocumulus 1 okta 

SLP179 → Sea Level Pressure 1017.9mb (10 omitted from report) 

SLP793 → Sea Level Pressure 979.9mb (9 omitted) 
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TAFs 
Terminal Area Forecast 

 Coded prediction of the surface weather expected that will affect landing and take-off 

at the aerdrome 

 It gives the same information as in a METAR except it does not forecast temperature, 

dewpoint, altimeter setting, types of clouds, or sea level pressure 

 Much of the coding used in the TAF is the same as in a METAR 

Decoding a TAFs 
Type of Report and Airport Identifier 

 Same as a METAR 

TAF CYQQ 251130Z 2512/2612 30003KT P6SM FEW005 FEW030 FM251800 VRB03KT P6SM FEW030 

BECMG 2604/2606 14010KT SCT030 BKN150 OVC250 BECMG 2609/2611 14020KT RMK NXT FCST 

BY 251800Z=  

Issue Time and Validity 

 Issue time in the same format as METAR 

o 251130Z is the 25th day of the month at 11:30 zulu time (UTC) 

 Validity 

o Given by the day of the month and hour in zulu that the TAF is valid for 

o TAFs are normally issued 4 times a day and normally valid for 12 to 24 hours 

o 2512/2612 is valid from the 25th day of the month at 1200Z to the 26th day of the 

month at 1200Z (a 24 hour TAF) 

TAF CYQQ 251130Z 2512/2612 30003KT P6SM FEW005 FEW030 FM251800 VRB03KT P6SM FEW030 

BECMG 2604/2606 14010KT SCT030 BKN150 OVC250 BECMG 2609/2611 14020KT RMK NXT FCST 

BY 251800Z=  

Winds, Forecasted Visibility and Forecasted Weather and Clouds 

 All given in the same format as a metar 

 Winds less than 3kts will be labelled VRB03KT (Variable at 3 knots) 

o 30003KT is winds from 300° True at 3 knots 

 Prevailing visibility reported in fractions up to 3 miles and then whole miles until 6. 

Visibility above 6 miles is reported at P6SM (Plus (Over) 6 Statute Miles) 

o P6SM is visibility forecasted above 6 Statute Miles 

 Sky conditions reported same as a METAR 

o FEW005 is Few clouds at 500 feet AGL 

o FEW030 is Few clouds at 3,000 feet AGL 

TAF CYQQ 251130Z 2512/2612 30003KT P6SM FEW005 FEW030 FM251800 VRB03KT P6SM FEW030 

BECMG 2604/2606 14010KT SCT030 BKN150 OVC250 BECMG 2609/2611 14020KT RMK NXT FCST 

BY 251800Z=  
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Part Periods 

 Weather does not stay the same during a 12 or 24 hour forecast period 

 The valid period of the forecast may therefore be divided into several self-contained 

“part periods” 

 Terms used are: 

o FM: from, indicates a permanent change in all weather to occur rapidly 

 FM251800 Weather will change starting on the 25th day at 1800Z to 

VRB03KT (lighter winds), the same visibility and the clouds at FEW005 will 

disappear 

o BECMG: becoming, indicates change in some elements and change is gradual 

and permanent 

 BECMG 2604/2606 Between the 26th day at 0400Z and 0600Z the winds will 

gradually increase to 140 at 10 knots, the clouds at 3000 feet will become 

scattered and a ceiling will develop at 15,000 feet broken and a layer of 

overcast at 25,000 feet 

o TEMPO: temporarily, indicates fluctuation for a brief time during the indicated 

period 

 TEMPO 2519/2602 Between the 25th day at 1900Z and 26th day at 0200 you 

may experience visibility as low as 5SM and light rain showers, mist and a 

broken layer of clouds at 2,000 feet 

o PROB: Probability (either 30% or 40%) 

 PROB30 2513/2516 Between 25th day at 1300Z and 1600Z, visibility has a 

30% chance of dropping to 1SM with Mist and an overcast layer at 300 

feet 

TAF CYQQ 251130Z 2512/2612 30003KT P6SM FEW005 FEW030 FM251800 VRB03KT P6SM FEW030 

BECMG 2604/2606 14010KT SCT030 BKN150 OVC250 BECMG 2609/2611 14020KT RMK NXT FCST 

BY 251800Z=  

TAF CYKF 251343Z 2514/2602 21005KT P6SM SCT050 FM251600 26008KT P6SM BKN050 FM251900 

28012KT P6SM -SHRA SCT020 OVC050 TEMPO 2519/2602 5SM -SHRA BR BKN020 BECMG 

2519/2521 33005KT RMK FCST BASED ON AUTO OBS. NXT FCST BY 252000Z= 

TAF CYQD 251238Z 2513/2601 VRB03KT P6SM SCT010 SCT040 TEMPO 2513/2516 BKN010 PROB30 

2513/2516 1SM BR OVC003 RMK NXT FCST BY 251900Z=  

Remarks (RMK) 

 Give extra information, often when the next forecast will be give 

o NXT FCST BY 251900Z That the next forecast will be available on the 25th day at 

1900Z 

 AUTO OBS indicates a forecast based on observations from an automatic weather 

station data 

o RMK FCST BASED ON AUTO OBS 

TAF CYKF 251343Z 2514/2602 21005KT P6SM SCT050 FM251600 26008KT P6SM BKN050 FM251900 

28012KT P6SM -SHRA SCT020 OVC050 RMK FCST BASED ON AUTO OBS. NXT FCST BY 251900Z= 
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Theory of Flight 

Aircraft Design and Construction 
Airplane definition: A power-driven heavier-than air aircraft deriving its lift in flight from 

aerodynamic reactions on surface that remain fixed under given conditions of flight. 
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Fuselage 
Is the main body of the aircraft, where the passengers, 

cargo and crew go. They are normally classified by the type 

of contruction: 

 Truss Type 

o Longerons 

o Diagonal web members 

o Vertical Web Members 

 Monocoque 

o Skin Only (often a composite) 

 Semi-monocoque 

o Added structure to the skin of a monocoque 

o Stringers 

o Formers and/or bulkheads 

o Stressed Skin 

 

Empennage 
The empennage is the rear portion of the airplane and integral 

to control and stability during flight.  

 Vertical Stabilizer 

o Rudder 

 Trim Tab 

 Horizontal Stabilizer 

o Elevator 

 Trim Tab 

 

Wings 
 Spars 

o Run the length of the wing 

o Carry the bending loads 

o The main structural member 

 Ribs 

o Web or truss 

o Support skin and give the wing it’s 

shape 

 Edges 

o Leading Edge 

o Trailing Edge 

 Wires 

o To add additional support 

 Covering 

o Generally Metal or Fabric 
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Wing Layouts 
 High Wing 

 Mid Wing 

 Low Wing 

 Bi-Plane 

 

 

Landing Gear 
 Conventional (Tail-Dragger) 

o Two Main wheels and a tail wheel 

 Tricycle 

o Two main wheels and a nose wheel 

 Retractable 

o Wheels may be raised so that they are enclosed in wings or fuselage (reduces 

drag) 

 Fixed 

o Landing gear is not designed to retract 

 Floats 

o Fixed for watter landings 

 Amphibious 

o Floats with retractable wheels to allow for land and sea operations 

 Skies 

o Fixed to allow landing on snow 

o May also have wheels that poke out for wheeled landings, known as wheel-skis 
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Shock Absorption 

 Spring steel landing gear 

 Air/Oil oleos 

 Rubber cords (bungee) or discs 

 Low pressure tires 

 

Brakes 

Provides a means to stop the aircraft and assists with steering on the ground through the use of 

differential breaking. 

Wing Measurements and Characteristics 
Wingspan is the maximum distance from wing tip to 

wing tip 

Chord is the imaginary line between the leading 

edge and the trailing edge of the wing. A measure of 

the width of a wing. (Green line) 

 

Wing Area: Lenggth of the wing multiplied by the 

average width of the wing 

Planform: Shape of the wing as seen from above. 

Aspect ratio: Ratio of the span of the chord of the 

wing. A measure of how slender the wing is. A glider 

has a very high aspect ratio. 

Airfoil: A structure curved to produce lift 

Camber: A measure of the curvature of an airfoil.  

Angle of Incidence: angle between chord line and 

the longitudinal axis 
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Relative airflow: Airflow over the wing. Related to the forward motion of the aircraft through 

the air. 

Angle of attack: Angle between chord line and relative airflow. A measure of how much the 

wing ‘bites’ into the air. 
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Flight Controls 
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Axis of an Airplane 
Centre of Gravity:  

 The point which all weight of the aircraft can be described as acting through 

 The balancing point of the aircraft, which it pivots around 

 All axes of the aircraft intersect at the centre of gravity 

Vertical (Normal) Axis 

 Passes vertically through the centre of gravity relative to the aircraft 

Longitudinal Axis 

 Passes lengthwise through the centre of gravity nose to tail 

Lateral Axis 

 Passes sideways through the centre of gravity wing tip to wing tip 

 

Movements 
 Roll: movement around longitudinal axis 

 Pitch: movement around lateral axis 

 Yaw: movement around vertical/normal axis 

Function of the Controls 
 Ailerons 

o Deflect airflow over the wings to produce roll 

o Move in opposite directions, the aircraft rolls towards the up going aileron 

o Controlled using the control column 

 Elevator 

o Deflects airflow over the horizontal stabilizer to produce pitch 

o Both halves, if separated, move together 

o The aircraft’s nose will move in the same direction as the elevator (elevator move 

up, nose pitches up) 

o Controlled using the control column 

o Stabilators: When the entire horizontal stabilizer acts as the elevator (Remember 

the CT-155 Hawk jet?) 

 Rudder 

o Deflects airflow over the vertical stabilizer to produce yaw 

o Moves as one body 

o Aircraft nose will move in the same direction as the rudder (rudder move right, 

nose yaw’s right) 

o Controlled using the rudder pedals 

Flutter 
Rolling or weaving motion arising from deflection of a part of the airplane structure that causes 

the air forces on it to change in synchronism with its natural period of vibration. Control 

surfaces must be balanced properly to prevent flutter. 

Balancing Controls 
Helps pilots move them and creates stability of the control surface when neutral 
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Secondary Controls and Secondary Effects of Controls 
Trim 
Trim is a system used to reduce the need for the pilot to apply a constant pressure to maintain 

an attitude. 

Trim Tabs: Adjustable devices located on the trailing edge of control surfaces. They move in 

the opposite direction of the control surface to “fly” the control surface in the same way that 

the control surface “flies” the aircraft.  

Trim can also be achieved via a Bungee or Ratchet system linked to the control column. 

Spoilers and Dive Brakes 
Primarily used in glider flying. Main purpose is to 

increase the rate of descent on approach and 

allow for “normal” landings rather than excessively 

shallow ones. All this is accomplished by increasing 

drag and decreasing lift. 

Spoilers: Hinged plates on top of the wing. Disrupt 

the airflow over the wing to “spoik” the lift. 

Dive Breaks: Either fold down or extend down from 

the bottom of the wing to disrupt airflow and 

increase drag. 

Flaps 
Increase the camber of the wing, this in 

turn increases the lift and increases drag. 

Known as a “High lift device”. Allows for a 

steeper approach path with a decreased 

stall speed allowing you to fly slower. It 

also allows gliders to fly slower in a 

thermal. Several types exists.  
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Secondary Effects of Controls 
Air movement over control surfaces when they are moved causes adverse effects 

Yaw produces adverse roll 

Yawing causes one wing to move faster than the other, producing more lift and rolling towards 

the slower wing (in the direction of the yaw). 

Roll produces adverse yaw 

Rolling creates a situation where the down-going aileron produces more induced drag than 

the up-going aileron due to its increased camber, and yawing toward the up-going wing 

(away from the roll) 

 

Coordination 
To turn the aircraft without 

causing unnecessary drag, 

aileron and rudder must 

be used. Using too much 

rudder will cause a 

skidding turn. Using too 

little (or opposite) rudder 

will cause a slipping turn.  

Remember, step on the 

ball. 
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Laws and Forces 
Newton’s Laws 
Newton’s First Law 

An object either is at rest or maintains uniform motion, unless acted upon by an unbalanced 

external force. 

As applied to aviation: 

Uniform motion is your aircraft flying straight glide/cruise 

The unbalanced external force that changes this could be the use of spoilers, ailerons, 

elevator, rudder, change in engine power or flaps. All these change what your aircraft 

was doing. 

Newton’s Second Law 

The acceleration of an object is directly proportional to the net force acting upon it, and 

inversely proportional to its mass. 

Force = mass × acceleration 

As applied to aviation: 

When taking off on your first solo, you will have the same force, however your mass will 

be significantly less. What results is a much higher acceleration 

Newton’s Third Law 

For every action, there is an equal and opposite reaction. 

As applied to aviation: 

Moving a control surface, such as the elevator, in a direction pushes air in that direction. There 

is then an equal and opposite reaction forcing the surface down, allowing you to manoeuvre. 

Four Forces 
 Lift: Acts upwards, 90 degrees relative to the chord line from the centre of pressure. 

 Drag: Acts backwards parallel to the relative airflow 

 Acts forwards parallel to the longitudinal axis 

 Weight: Acts straight downwards relative to the earth from the centre of gravity 

Equilibrium 
A state in which opposing forces or influences are balanced. (Think straight and level flight at 

a constant airspeed. Nothing is changing, you aren’t getting faster, slower, going up or down 

or turning). Occurs when all components of all four forces balance each other. 
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Aerodynamic Couples 
Parallel forces that do not pass through the same point producing a 

turning moment. A moment is a force at a distance.  

Lift and weight are a couple. When Lift is greater than weight, we climb 

and the same thing happens vice versa. 

Thrust and drag are a couple. When Thrust is greater than drag, we 

increase in airspeed. As airspeed increases, drag will increase until the 

two forces return to equilibrium and we fly at a constant speed without 

accelerating or decelerating. 
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Lift and Drag 
Bernoulli’s Principle 
An increase in the speed of a fluid occurs simultaneously with a decrease in pressure or a 

decrease in the fluid’s potential energy. 

In other words, to increase the speed of a fluid (not to be confused with liquid, air is a fluid), a 

corresponding decrease in potential energy (pressure) must also occur. 

Airfoils are shaped in a way that causes the air passing over top of the wing to move a greater 

distance than the air passing under it, making use of Bernoulli’s Principle. The increased 

distance over the top causes the air passing over top to move faster, creating an area of 

relatively low pressure above the wing. The air passing over the bottom is now in an area of 

relatively high pressure. This pressure differential creates a force we know as lift. 

 

 

 

 

 

 

 

Airfoil Terms 
Relative airflow: the direction of the airflow with respect to the wing. It is created by the 

movement of the airplane as well as the movement of the air (wing). Relative airflow is usually 

opposite to the flight path. Relative airflow itself is not related to lift. 

Angle of Attack: The angle at which the airfoil meets the relative airflow 

Centre of Pressure: The average of the pressure on the airfoil. The 

sum of the distributed pressure on the airfoil acting through a 

single straight line. Moves forward on the airfoil as the angle of 

attack is increased.  

Angle of Attack vs Lift 
As the angle of attack increases, lift increases. However, drag 

also increases. 
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Drag 
The resistance an airplane experiences in moving forward through the air. 

Two types of drag: 

 Parasite Drag: Drag of all parts of the airplane which do not contribute to lift. Can be 

minimized, but is difficult to eliminate. Further broken down into: 

o Form Drag: Caused by the shape of the aircraft such as landing gear, antennas, 

struts, wing tip fuel tanks, etc 

o Skin Friction: Friction produced by the air flowing over the body clinging to its 

surface. Ice or dirt build up contributes significantly. Aircraft are painted with slick 

paint and rivets are often counter-sunk to help prevent this. 

 Induced Drag: Caused by those parts of the airplane which actively produce lift. 

Cannot be eliminated but can be reduced with a high aspect ratio. 

Wingtip Vortices 
Due to pressure changes as air flows around 

the wing, air flows inward over the top (low 

pressure) and outward over the bottom (high 

pressure). At the wing tip, a vortex is therefore 

created, producing a larger portion of 

induced drag. This can be particularly intense 

behind large aircraft that produce a lot of lift. 

Small aircraft must wait for a set period of time 

before landing or taking off behind large 

aircraft to avoid “wake turbulence” caused 

by these vortices. 

Steamlining 
Steamlining is the act of shaping an aircraft to minimize its drag. Allows for better fuel 

consumption in powered aircraft and allows for better glide characteristics in gliders. 

 

vs 



85 | P a g e  

  

Loads and Load Factor 
Weight 
The downward FORCE due to gravity that acts opposed to lift and acting through the centre 

of gravity. 

Loading 
Gross weight of the aircraft divided by the area of the lifting surfaces. 

Dead Load vs Live Load 
Dead load: The load put on the aircraft when it is sitting on the ground. Weight due to gravity. 

Live Load: Additional loads are added in flight due to acceleration or change in direction 

associated with manoeuvres (G Forces). 

Load Factor 
Ratio of the actual load acting on the wings to the gross weight of the airplane. The live load 

in relation to the Dead Load 

Live Load : Dead Load 

In straight and level flight the load factor is 1 

Load Factor Changes 
The load factor is increased any time the aircraft is not in straight and level flight. This can be 

due to a number of factors such as Manoeuvres, wind gusts, turbulence, etc. 

Loading is not necessarily a bad thing but it could cause problems and this is why every 

aircraft have structural limitations that shall not be exceeded or permanent damage may 

occur. 

SGS 2-33a Max Load = 4.67 G   C-152 Max Load = 4.4 G 

 

Changes in the load factor also affect stall speed. An increased load factor during 

manoeuvres will increase the lift required to maintain level flight. Critical angle of attack is 

reached at an increased speed. Stall speeds therefore increase. 
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Load Factor in Turns 
As angle of bank is increased in a turn, the load 

factor and amount of lift required also increases. 

Load factor increases exponentially with angle of 

bank. 

Angle of Bank Load Factor 

15° 1.04 G 

30° 1.15 G 

45° 1.41 G 

60° 2 G 

 

Forces in a turn 
Lift is divided into vertical and horizontal 

components. The vertical component opposes 

weight while the horizontal component causes the 

airplane to turn. This is known as centripetal force. 

The change in direction creates an inertial effect 

known as centrifugal force (the force you feel while 

going around a corner in a vehicle).  
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Stalls 
Laminar Flow 

 Boundary Layer: The thin layer of airflow over the wing 

 Laminar Layer: Smooth portion of the boundary layer 

nearest the leading edge of the wing. This is the 

portion of airflow that causes lift. 

 Transition/Separation point: point on wing where the 

boundary layer becomes turbulent. Movement of this 

point is partially responsible for the movement of the 

centre of pressure. 

 Turbulent layer: Turbulent portion of the boundary 

layer at the trailing edge of the wing. This is the part of 

the airflow that produces drag 

 

 

 

Stall Definition 
A stall occurs when the wing is longer capable of 

producing sufficient lift to counteract the weight of 

the aircraft therefore flight can no longer be 

maintained. 

Centre of Pressure 

The centre of pressure will move forward as the 

angle of attack increases to the point of a stall. After a stall, the centre of pressure moves 

rapidly back causing the aircraft to unstable. 
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Critical Angle of Attack 
Angle of attack above which air will cease to flow over the 

wings and a stall will occur. Most aircraft have a stall angle of 

positive 15 to 20 degrees. 

Stalls 
Centre of pressure and sepeartion point move forward to the 

point of a stall, and lift production is increased. As the angle 

of attack is increased beyond the critical angle of attack, 

the wing stops producing lift and stalls. The centre of pressure 

moves rapidly backwards. 

When does an aircraft stall: 

 When the critical angle of attack is exceeded 

 At any airspeed if the critical angle of attack is exceeded 

 At any altitude if the critical angle of attack is exceeded 

Symptoms of a stall 

 High Angle of Attack 

 Airframe buffeting or shaking 

 Warning horn or light 

 Loss of lift 

Factors affecting a stall 
 Centre of Gravity 

o C of G too far forward: loading on the horizontal tail surfaces increase (tail 

working harder to keep the nose up). Overall weight of aircraft increases, stall 

speed increases. 

o C of G too far aft: Decreased longitudinal stability. Has violent stall 

characteristics. Has very poor stall recovery. Stall speed decreases. 

 Weight 

o The more weight on an aircraft means that it must fly at a higher angle of attack 

to generate enough lift to remain aloft. Therefore the critical angle of attack will 

be reached at a higher airspeed. 

 Turbulence 

o Upward vertical currents cause the airplane to increase its angle of attack. 

Could result in the aircraft stalling if flying near the stall speed (the straw that 

breaks the camel’s back). 

 Turns (and load factor) 

o As angle of bank increases, the load factor also increases. Therefore, an 

increased angle of attack is required to maintain level flight in the turn. 

Subsequently, the stall speed in a turn increases. Just like adding more weight to 

the aircraft. 

 Snow, Frost, Ice 

o Accumulation of snow, frost and ice affects a wing’s ability to produce lift. 

Causes an increases in stall speed. 
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Aircraft Stability 
Definitions 
Stability: How an aircraft reacts to disturbances while in flight. 

Types of stability: 

 Dynamic 

o Overall tendency of an aircraft, when disturbed to 

return to its original position.  

o Positive: airplane will return to its position 

o Negative: airplane will tend to move further away 

from its position 

o Neutral: airplane will neither return to its position nor 

continue to change. 

 Static  

o Initial tendency of an aircraft, when disturbed, to return to its original position. 

 Inherent 

o Built in characteristics to enable the airplane to be either stable or unstable. 

o Stability may be built into aircraft axis creating 

 Longitudinal stability 

 Stability around the lateral axis 

 Also known as pitch stability 

 Affected by: 

o Size and position of the horizontal stabilizer 

o Position of the C of G 

 Too far Forward 

 Required loading on the horizontal tail surfaces 

to maintain the angle of attack increase 

 Overall weight of the aircraft increases 

 Stall speed increases 

 Too far aft 

 Decreased longitudinal stability because C of 

G is behind Centre of Pressure 

 Violent stall characteristics 

 Poor stall recovery (Dangerous!) 

 Stall speed increases 

 Lateral stability 

 Stability of the lateral axis around the longitudinal axis 

 Also known as roll stability 

 Affected by: 

o Dihedral 

 The angle that each wing makes with the lateral axis 

of the aircraft 

 The lowered wing will produce more lift due to having 

a greater angle of attack than the raised wing and 

will roll back into place 
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o Keel effect 

 When disturbed, the weight of the aircraft acts like a 

pendulum to swing the aircraft back into position 

 Natural feature of high wing aircraft 

 Centre of Gravity is below Centre of Pressure 

o Sweptback wings 

 Leading edge of the wing slopes backward 

 When one wing is dropped, the lowered wing 

produces more lift than the raised wing and the 

original position is restored 

 Directional stability 

 Stability around the vertical axis 

 Affected by: 

o Vertical tail surface 

 Airplanes have a tendency to fly directly into the 

relative airflow due to the vertical tail surface 

 When disturbed, the relative airflow will hit the side of 

the vertical tail surface and push it back into position 

(think of a wind vein) 

o As one wing moves forward, it presents itself at a more 

perpendicular angle while the other wing presents itself at a 

less perpendicular angle 

 The increase in lift also produces an increase in 

induced drag, reversing the yawing motion 
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Flight Instruments and Performance Factors 
Pitot Static Instruments 

 

Three pressure instruments: 

 Altimeter 

 Vertical Speed Indicator (VSI) 

 Air Speed Indicator (ASI) 

Two Pressure Sources: 

 Static Pressure (Pressure surrounding the aircraft) 

 Pitot Pressure (aka Dynamic Pressure) 

o Created from forward motion of aircraft 

Altimeter 

Operates on Static Pressure (Higher the Pressure, Lower the Altitude 

Aneroid capsules or wafers expand and contract, mechanically 

moving the needles 

Small thin needle reads tens of thousands of feet 

Short needle (pointed to 1) reads thousands of feet 

Long needle reads hundreds of feet 

Altimeter depicted reads 940 feet 

 

Errors: 

 Pressure Error:  

o Different Pressures at Different locations 

o Altimeter setting  compensates for changes in pressure (little dial between 2 and 3) 

 Temperature Error: 

o There ios seldom standard temperature with a standard lapse rate 

 Mountain Effect Error 

o Air deflected around mountains 

o Follows Bernoulli’s Principle, pressure in the airflow drops, which will affect the 

altimeter reading 
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Airspeed Indicator 

Reads airspeed (speed through the air) not the ground speed 

Measured by the difference between static and pitot pressure 

Marked in Knots 

 

Red Line: VNE 

Yellow: Caution Range 

Highest Point VNE 

Lowest Point VNO 

Green: Normal Range 

Highest Point VNO 

Lowest point VSL 

White: Flaps Range 

Highest Point VFE 

Lowest Point VSO 

 

Some “V” Speeds 

VNE Never Exceed Speed VFE Maximum Flaps Extended Speed 

VNO Maximum Structural Cruising Speed 

or Normal Operating Limit Speed 

VSO Power Off Stalling Speed (flaps and 

gear down) 

VSL Power Off Stalling Speed (Clean 

Configuration 

VA Manoeuvring Speed 

Errors: 

 Density Error: Nonstandard pressure or altitude other than 0’ ASL 

 Position Error: Eddies or the angle the pitot tube meets relative airflow 

 Lag Error: Mechanical Friction 

 Icing Error: Ice covering the intake of the pressure sources 

 Water Error: Water in the system 

Vertical Speed Indicator 

Measure the rate of change in static pressure 

VSI marked in positive and negative feet per minute 

Errors: 

 Lag: A change in altitude must occur before the VSI can 

register the change 

 If pitch changes are slow, the lag will be less intense than if 

the pitch changes are sudden 
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Asummetric Thrust 
Caused by the descending blade of the propeller having a greater angle of attack than the 

ascending blade. 

 Typically at high power settings and a high aircraft angle of attack 

Requires right rudder to compensate 

Precession 
Caused by the propeller acting as a gyroscope which has the characteristic of rigidity in 

space. A rotating gyro tends to stay in the same plane of rotation and resist any change in 

that plane. 

If forced to change, there is a tendency to rotate 90 degrees to the original axis and rotate 

parallel to the applied force. 

Requires control inputs to compensate 

Slipstream 
Air pushed backwards by the propeller has a 

corkscrew pattern, applying force to one side of 

the vertical stabilizer. 

Compensated by offsetting the fin, trim tabs, 

rudder input 

Climbing 
Climbing changes how forces are applied to the airplane. 

Best Angle of Climb 

 Best gain for horizontal distance (achieved by 

flying VX)  

Best Rate of Climb 

 Best gain for time (achieved by flying VY) 

Normal Climb 

 Better engine cooling, control and visibility over 

the nose 

Gliding 
Also changes how forces act on the airplane 

Gliding for Range 

 Best distance covered for altitude (by flying best L/D) 

Gliding for Endurance 

 Best time airborne for altitude (by flying min-sink) 
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Aero Engines 

Four Stoke Cycle and Engine Types 
 

Parts of a cylinder 
 Piston: moves up and down 

 Bore: diameter of cylinder 

 Spark Plug: ignites fuel 

 Valves: control the air coming in and exhaust leaving the 

cyclinder 

 Piston rod: transfers the movement of the piston to the 

crankshaft 

 Crankshaft: takes the vertical movement of the piston and 

converts to  rotational movement to turn propeller 

 Sump: Contains the oil 

 Camshaft: opens and closes the valves 

 

4 stokes of the Cycle: 
 Intake 

 Compression 

 Combustion 

 Exhaust 
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Induction: 

 Cam opens intake valve 

 Piston pulled down by the rotating crankshaft 

 Downward movement causes suction bringing air/fuel mixture into cylinder 

Compression 

 Both Valves Closed 

 Piston Forced up 

 Upward movement compresses the air/fuel mixture 

Power 

 Both Valves still closed 

 Spark plug ignites fuel/air mixture 

 Expanding gasses force the piston down 

 Piston moving down forces crankshaft to turn 

Exhaust 

 Camshaft opens exhaust valve 

 Piston forced upwards by moving crankshaft 

 Upward moving piston forces exhaust gasses out of the cylinder 

 

Types of Engines 
Horizontally Opposed 

 Two banks of cylinders on opposite sides of a 

centrally located crankcase 

 Flat design fits inside aircraft nose well 

 Common on Cessna and other GA aircraft 

 

 

 

 

 

 

Radial  

 Odd number of cylinders (5, 7, 9, …) 

surrounding a central crankshaft 

 Single or multiple banks may be used (layered 

one on of the other) 

 Poor shape increases parasite drag and 

reduces forward visibility 

 

 

Inline 

 Cylinders lined up behind each other, in 

aircraft typically under the crankshaft 

(inverted inline) 

 Small frontal cross section (streamline) 

 Disadvantage: poor air cooling and long, 

heavy crankshaft
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Oil & Fuel 
4 Functions of Oil 

 Cooling 

o Engine oil circulating through the engine absorbs and carries away excess heat 

o Oil coolers than remove the heat from the oil 

 Sealing 

o Provides an air tight barrier between the piston rings and cylinder wall 

o Maintaining this seal will reduce engine wear and increase power output 

 Lubricating 

o Maintaining a film of oil between moving parts will reduce wear on those parts 

and reduces heat caused by friction 

 Flushing 

o Removes any foreign objects from the engine block such as fuel deposits or 

metal filing 

Methods of Lubrication 
Dry Sump 

 Oil is contained in a tank and pumped through the engine block 

 Gravity collects oil in a sump, filtered and cooled before being used again 

Wet Sump 

 Essentially the same as dry sump but with removal of oil tank 

 Smaller and simpler 

 Limited Oil capacity 
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Types of Fuel Systems 
Gravity Feed 

 Fuel is stored above the engine allowing fuel 

to flow from top to bottom into the engine. 

Typically located in wings of a high winged 

airplane. 

 Simple 

 Cannot perform inverted flight 

 

Forced Feed 

 Often for aircraft with tanks located below the 

engine 

 Fuel pumped against gravity towards engine 

 Inverted flight possible 

 More Complex 

 

Fuel Tanks 

 Typically made of aluminium allow, but may 

also be a rubber or nylon bladder 

 

Aviation Fuels 
Octane number is it’s anti-knock value 

Fuel Grades expressed by two performance numbers 

First Number: Octane Rating at Lean mixture 

Second Number: Octane Rating at Rich mixture 

Therefore, Grade 100/130 is: 

Lean mixture performance number of 100 

Rich mixture performance number of 130 

  

Piston aviation engines burn gasoline, either: 

Aviation Gasoline (AVGAS) 

Automobile Gasoline (MOGAS) (Only approved in certain types of aircraft) 

 

Fuel companies use dyes to distinguish different types of fuel 

Red: AVGAS 80/87 

Blue: AVGAS 100LL (Most common) 

Green: AVGAS 100/130 

Straw: Jet Fuel  

Never use a fuel with a lower Octane rating than that 

recommended by the engine manufacturer. Serious damage, 

overheating and detonation may occur. 
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Fuel System Problems 
Detonation 

 Detonation prior to the power stroke 

 “Pinging” 

 Indications: Loss of power and rapid rise in engine temperature 

 Causes: Incorrect fuel, overheating, too lean of mixture 

 Cures: Use proper fuel, Enrich mixture. 

 

Pre-Ignition 

 Sometimes confused with detonation 

 Premature ignition of mixture due to glowing carbon particles or “hot spots” 

 Indications: Loss of power and rough running engine. 

 Causes: Hot spots in cylinder from poor maintenance 

 Cures: Maintenance 

 

Vapour Lock 

 Caused by high atmospheric temperature heating the fuel in the lines until it turns to a 

gas. This gas prevents the liquid fuel from flowing through the lines. 
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Carburetor, Mixture and Icing 
 

 

 

Fuel-Air Mixture 

 Rich: More Fuel for the same amount of air 

 Lean: Less fuel for the same amount of air 

Too Rich: 

 Unburned fuel in exhaust (wasteful) 

 Fouled spark plugs 

 Rough running engine 

 Loss of power 

 Engine Failure 

Too Lean: 

 Overheating 

 Back-firing 

 Detonation 

 Rough running engine 

 Loss of Power 

 Engine Failure 
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Carburetor Ice 

Ice can form in the carburetor and will restrict air flow to the engine, resulting in: 

 Loss of power 

 Rough running engine 

 Total Engine Failure 

This ice can readily form in the carburetor in clear air with ambient air temperature from -5 to 

+30 degrees Celsius, depending on the humidity of the air. 

 

 

 

 

To prevent or remove carb ice, aircraft 

are fitted with a Carburetor Heat 

Control. When applying Carb Heat, 

instead of drawing air directly from 

outside it passes the air over the exhaust 

pipes to collect the heat. This will 

remove or prevent icing in the 

carburetor.  The warm air, due to its 

lower density will also cause the mixture 

to rise.
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Ignition and Propeller 
 

Magnetos and Spark Plugs 
 Function is to ignite fuel/air 

mixture by supplying a spark 

 Each cylinder in aviation engines 

have two spark plugs on two 

separate sets 

 Each set is powered by its own 

magneto 

 Magnetos are rotating magnets 

that induce a current using the 

rotation of the engine 

 

Propellers 
Chord Line & Relative Airflow 

 Acts the same way as a wing in order to move air 

backwards and pulling the aircraft forwards 

 The angle at which the propeller (or chord line) meets the 

relative airflow is known as the Angle of Attack (AoA) 

 Higher AoA means more air pushed backwards (more 

thrust)  

 

 

 

 

 

 

 

Propeller Pitch 

 Measured by the distance (in feet) a blade moves forward for every rotation  

 Fine pitch: Used for more power 

 Coarse Pitch: used during cruise or when extra power not needed 
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Types of Propeller 
Fixed Pitch 

 Used on simple aircraft 

o Because Simple and inexpensive 

o Useful on trainer aircraft (reduced complexity) 

o Limited to one pitch 

 Coarse pitch for good cruise performance 

 Fine pitch for good take-off and climb performance 

o For example, one might replace a coarser blade on a floatplane with a finer 

pitch blade to generate more power on take-off but they would be giving up 

the more efficient cruise performance. 

Variable Pitch 

 Used on larger and more complex aircraft 

o Useful for higher performance in all phases of flight 

o Complex, more expensive design 

o Requires additional training 

 Three categories 

o Adjustable Pitch: Adjustable only on the ground with engine shut down 

o Controllable Pitch Prop: Pilot selects pitch during flight from cockpit 

o Constant Speed Prop: Propeller automatically pitches to remain at same RPM 
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