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Aeronautical Rules and Facilities
Aerodromes and Traffic Procedures
401.01
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about aerodromes, traffic procedures, and
documentation.

Why:

The information is required to fly in an aircraft. A detailed Knowledge leads to
safe flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Runway Numbering:
OHP # 1
A runway number is taken from a bearing of the direction that it points. Numbers are
rounded off to the nearest 10°. The numbers are marked at the end of every runway in
large white letters.
ExampleA runway pointing to 18° magnetic would be
numbered 02.
1.2

1.3

Runway Markings:
Centerline
Threshold
Displaced threshold

Taxiway Markings:
Taxiway Centerline
Hold Lines

1.4

-white columns line the middle of the runway to mark the center.
-white line running across the runway.
-sometimes the threshold is unsafe for landing so it is moved up to
a safe area.

-yellow line used as a guide to keep the aircraft in the center of the
taxiway.
-yellow line running across the taxiway. Aircraft must “hold
short” at this point until cleared for take-off.

Aerodrome Markings:
OHP # 2
Unserviceable
-Marked with large white or yellow X’s on both ends of a runway
or taxiway. Also, red flags are used to mark unserviceable areas
that can be passable with caution.
1-1-1

1.5

Wind Indicators:
Wind Sock
-elongates as the wind increases. If the wind sock is straight out then the
wind is 15Kts or more. If the wind sock is on a 30° down slope then the
wind is 6Kts. If the sock is fluctuating then gusty conditions exist.
Tetrhedron
-known as wind T, it is designed like an arrow whose small end points into
the wind. Only gives wind direction, not wind speed.

1.6

Lights:
Runway thresholds are marked with green lights.
End of runways are marked with red lights
Runways are lined with white lights.
Taxiways are lined with blue lights.
Obstructions, such as building and towers, are marked with red or white lights.

Confirm Stage 1
1.
What are hold Lines?
A.
Yellow line running across the taxiway.
2.
How are unserviceable marked?
A.
Marked with large white or yellow X’s on both ends of a runway or
taxiway. Also, red flags are used to mark unserviceable areas that
can be passable with caution.
3.
What color lights line taxiways?
A.
Taxiways are lined with blue lights.
Stage 2
2.1
The Circuit:
Upwind

2.2

OHP # 3
the area opposite to the landing area.

Crosswind

lying in the center of the landing area.

Downwind

flight path opposite to the direction of landing, which is parallel to and a
distance off to the side of the runway.

Base

flight path parallel to the landing.

Final

flight path in the direction of landing.

NORDO and RONLY at a Controlled Airport:
NORDO
RONLY

OHP # 4

- no radio
- aircraft is not capable of communicating over the radio.
- receive only
- similar to NORDO except the aircraft can receive messages. Tower may
ask for confirmation through a visual sign (i.e. rock the wings).
1-1-2

The following are authorized light signals to aircraft on the ground:
Flashing Green Light
Cleared to taxi.
Steady Green Light
Cleared to take-off.
Flashing Red Light
Taxi clear of landing area in use.
Steady Red Light
Stop.
Flashing White Light
Return to starting point on airport.
Blinking Runway Lights
Vacate the runway immediately.
The following are authorized light signals to aircraft in the air:
Steady Green Light
Clear to land.
Steady Red Light or Red Flare
Do not land.
Flashing Green Light
Return for landing.
Alternating Red and Green Light (US)
Danger. Be on alert.
Flashing Red Light
Airport unsafe. Do not land.
Red Pyrotechnical Light
Do not land for the time being (day or
night).
Confirm Stage 2
1.
What does a Steady Green Light i) on the ground mean ii) in the air mean?
A.
i)
Cleared to take-off.
ii)
Clear to land.
2.
What does a Flashing Red Light i) on the ground mean ii) in the air mean?
A.
i)
Taxi clear of landing area in use.
ii)
Airport unsafe. Do not land.
Stage 3
Airworthiness:
a)
It is the pilot’s responsibility to ensure that Canadian registered a/c are fit and safe
prior to being flown
b)
Certificate of Airworthiness: the C of A signifies that the a/c conforms to TC
recognized design standards
c)
Flight Permit: issued for experimental and specific purpose
d)
Annual Airworthiness Info Report : certifies that airworthiness information is
correct. Does not require an inspection, flight test, or certfication.
3.1
Documentation:
OHP # 5
The following documents must be carried in all aircraft:
Certificate of Airworthiness (C of A)
Certificate of Registration (C of R)
Pilot/Crew Licenses and Medicals
Radio Operator’s License
Journey Log
Interception Orders
Compass Correction Card
Weight and Balance
Proof of insurance
1-1-3

Confirm Stage 3
1.
Name a document that must be carried aboard an aircraft?
A.
Certificate of Airworthiness (C of A)
Certificate of Registration (C of R)
Pilot/Crew Licenses and Medicals
Radio Operator’s License
Journey Log (for flight more that 25nm of aerodrome)
Interception Orders
Compass Correction Card
Weight and Balance
Performance Check
1.
What are hold Lines?
A.
Yellow line running across the taxiway.
2.
How are unserviceable areas marked?
A.
Marked with large white or yellow X’s on both ends of a runway or
taxiway. Also, red flags are used to mark unserviceable areas that
can be passable with caution.
3.
What color lights line taxiways?
A.
Taxiways are lined with blue lights.
4.
What does a Steady Green Light i) on the ground mean ii) in the air mean?
A.
i)
Cleared to take-off.
ii)
Clear to land.
5.
What does a Flashing Red Light i) on the ground mean ii) in the air mean?
A.
i)
Taxi clear of landing area in use.
ii)
Airport unsafe. Do not land.
6.
Name a document that must be carried aboard an aircraft?
A.
Certificate of Airworthiness (C of A)
Certificate of Registration (C of R)
Pilot/Crew Licenses and Medicals
Radio Operator’s License
Journey Log
Interception Orders
Compass Correction Card
Weight and Balance
Proof of insurance
Conclusion:
Summary
In this lesson we have learned about aerodromes, traffic procedures, and documentation.
Re-motivation
The information discussed will help you obtain a detailed knowledge of regulations. A detailed
knowledge leads to safe flying.
1-1-4

Runway Numbering:
A runway number is taken from a bearing of the direction that it
points. Numbers are rounded off to the nearest 10°. The
numbers are marked at the end of every runway in large white
letters. Example - A runway pointing to 18° magnetic
would be numbered 02.

Runway Markings:
Centerline

-white columns line the middle of the
runway to mark the center.

Threshold

-white line running across the runway.

Displaced threshold

-sometimes the threshold is unsafe for
landing so it is moved up to a safe area.

Taxiway Markings:
Taxiway Centerline

-yellow line used as a guide to keep the
aircraft in the center of the taxiway

Hold Lines

-yellow line running across the taxiway
where aircraft must “hold Short” until
cleared for take-off

OHP # 1
401.01

Aerodrome Markings:
Unserviceable

Marked with large white or yellow X’s on
both ends of a runway or taxiway. Also, red
flags are used to mark unserviceable areas
that can be passable with caution.

Wind Indicators:
Wind Sock

-elongates as the wind increases.
-if the wind sock is straight out then the
wind is 15Kts or more.
-if the wind sock is on a 30° down slope
then the wind is 6Kts.
-if the sock is fluctuating then gusty
conditions exist.

Tetrahedron

known as wind T, it is designed like an
arrow whose small end points into the wind.
**Only tells wind direction, not wind speed

Lights:
-Runway thresholds are marked with green lights.
-End of runways are marked with red lights
-Runways are lined with white lights.
-Taxiways are lined with blue lights.
-Obstructions, such as building and towers, are marked with red
or white lights.
OHP # 2
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The Circuit
Upwind

- the area opposite to the landing area.

Crosswind

- lying in the center of the landing area.

Downwind

- flight path opposite to the direction of
landing, which is parallel to and a distance
off to the side of the runway.

Base

- flight path parallel to the landing.

Final

- flight path in the direction of landing.

Upwind Side

Final

Base

Crosswind

Downwind
OHP # 3
401.01

NORDO at a Controlled Airport
NORDO
RONLY

- no radio
- aircraft is not capable of communicating over
the radio.
- receive only
- similar to NORDO except the aircraft can
receive messages. Tower may ask for
confirmation through a visual sign (i.e. rock the
wings).

The following are authorized light signals to aircraft on the
ground:
Flashing Green Light
Cleared to taxi.
Steady Green Light
Cleared to take-off.
Flashing Red Light
Taxi clear of landing area in use.
Steady Red Light
Stop.
Flashing White Light
Return to starting point on airport.
Blinking Runway Lights
Vacate the runway immediately.
The following are authorized light signals to aircraft in the air:
Steady Green Light
Clear to land.
Steady Red Light or Red Flare
Do not land.
Flashing Green Light
Return for landing.
Alternating Red and Green Light (US)
Danger. Be on
alert.
Flashing Red Light
Airport unsafe. Do
not land.
Red Pyrotechnical Light
Do not land for the
time being.
OHP #4
401.01

Airworthiness:
a)

It is the pilot’s responsibility to ensure that Canadian
registered a/c are fit and safe prior to being flown

b)

Certificate of Airworthiness: the C of A signifies
that the a/c conforms to TC recognized design
standards

c)

Flight Permit: issued for experimental and specific
purpose

d)

Annual Airworthiness Info Report : certifies that
airworthiness information is correct. Does not require
an inspection, flight test, or certfication.

Documentation:
The following documents must be carried in all aircraft:
Certificate of Airworthiness (C of A)
Certificate of Registration (C of R)
Pilot/Crew Licenses and Medicals
Radio Operator’s License
Journey Log
Interception Orders
Compass Correction Card
Weight and Balance
OHP#5
401.01
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Aeronautical Rules and Facilities
Airspace
401.02
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about Classifications of airspace.

Why:

The information is required to fly in an aircraft. A detailed knowledge leads to
safe flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Domestic Airspace

1.2

1.3

1.4

Canadian Domestic Airspace is all area land or sea over
Canada. This includes Canadian Arctic and part of high
seas.
OHP # 1

Domestic Airspace is divide into two areas. They are:
Northern Domestic Airspace:

close proximity to the magnetic poles. Compass is
hard to read here.

Southern Domestic Airspace:

Canada is mainly into this division. Aircraft most
fly at altitudes that are set.

Altimeter Regions:
Altimeter Setting Region:

Prior to take-off or landing, an aircraft will set their
altimeter to the nearest aerodrome.

Standard Pressure Region:

Mostly towards the north and airspace above 18,000
feet. Altimeters are set to the standard setting of
29.92”Hg.

Sparsely Settled Areas:

Geographical areas of Canada with virgin land with
few settlements.
OHP # 2
1-2-1

1.5

High and Low Level Airspace:

High level airspace:
Low level airspace:

All Canadian Domestic Airspace that is 18,000 feet
and above
All Canadian Domestic Airspace that is below
18,000 feet

Confirm Stage 1
1.
What is Northern Domestic Airspace?
A.
Airspace close proximity to the magnetic poles. Compass is hard to read
here.
2.
What is a Standard Pressure Region?
A.
Mostly towards the north and airspace above 18,000 feet. Altimeters are
set to the standard setting of 29.92”Hg.
3.
What is a Sparsely Settled Areas?
A.
Geographical areas of Canada with virgin land with few settlements.
Stage 2
2.1
Classification of Airspace:
Class A Airspace

-IFR flights only
-includes altitudes of 18,000 feet to flight level 600
(FL600)

Class B airspace

-IFR and controlled VFR flights only
-includes altitude from 12,500 feet up to but not including
18,000 feet
-aircraft in this class must have their altimeters tested,
inspected, and certified within the past 12 months,
-aircraft also must have a functioning transponder with
mode C capability.

Class C airspace

-authorization is required for VFR and IFR,
-aircraft must have a two way functioning radio.

Class D airspace

-IFR and VFR traffic permitted,
-separation for IFR is provided,
-VFR must communicate with air traffic control (ATC)
facility before entering class D
-includes all airspace above FL600 and all low level
airspace not designated by A, B, or C.

Class E airspace

-airspace not designated by Class A, B, C, or D,
-IFR and VFR traffic permitted,
-separation for IFR is provided
1-2-2
-restricted or prohibited airspace,

Class F airspace

-may be controlled or uncontrolled.
Class G airspace

-airspace not designated by Class A, B, C, D, or E
-ATC has neither the authority nor the responsibility of
traffic control.

Confirm Stage 2
1.
Describe class A airspace
A.
IFR flights only.
Includes altitudes of 18,000 feet to flight level 600 (FL600).
2.
Describe class E airspace
A.
Airspace not designated by Class A, B, C, or D,
ATC has neither the authority nor the responsibility of traffic control.
Stage 3
3.1
Restricted Area:
Flight is either completely prohibited or restricted to specific conditions.

OHP # 3

3.2

Danger Area:
Airspace which activities constituting a potential hazard to aircraft may exsist.

3.3

Alert Area:
Area which a high volume of flying training or unusual type of aerial activity is carried
Flight within is not prohibited but pilots should exercise extreme caution.

out.
3.4

Military Flying Area:
High level airspace reserved for military flying and testing exercises. Civilian aircraft are
not allowed in this area.

Confirm Stage 3
1.
What is a restricted area?
A.
Flight is either completely prohibited or restricted to specific conditions.
2.
What is an alert area?
A.
Area which a high volume of flying training or unusual type of aerial
activity is carried out. Flight within is not prohibited but pilots should
exercise extreme caution.
Performance Check
1.
What is Northern Domestic Airspace?
A.
Airspace close proximity to the magnetic poles. Compass is hard to read
here.
2.
What is a Standard Pressure Region?
A.
Mostly towards the north and airspace above 18,000 feet. Altimeters are
set to the standard setting of 29.92”Hg.
1-2-3
3.
What is a Sparsely Settled Areas?

4.

5.

6.
7.

A.
Geographical areas of Canada with virgin land with few settlements.
Describe class A airspace
A.
IFR flights only.
Includes altitudes of 18,000 feet to flight level 600 (FL600).
Describe class E airspace
A.
Airspace not designated by Class A, B, C, or D,
ATC has neither the authority nor the responsibility of traffic control.
What is a restricted area?
A.
Flight is either completely prohibited or restricted to specific conditions.
What is an alert area?
A.
Area which a high volume of flying training or unusual type of aerial
activity is carried out. Flight within is not prohibited but pilots should
exercise extreme caution.

Conclusion:
Summary
In this lesson we have learned about classifications of airspace.
Re-motivation
The information is required to fly in an aircraft. A detailed knowledge leads to safe flying.

1-2-4

Domestic Airspace

Canadian Domestic Airspace is all area land or sea over Canada.
This includes Canadian Arctic and part of high seas.

Domestic Airspace is divide into two areas.
They are:
Northern Domestic Airspace:

close proximity to the
magnetic poles. Compass is
hard to read here.

Southern Domestic Airspace:

Canada is mainly into this
division. Aircraft most fly at
altitudes that are set.

Altimeter Regions:
Altimeter Setting Region:

Prior to take-off or landing, an
aircraft will set their altimeter to
the nearest aerodrome.

Standard Pressure Region: Mostly towards the north and
airspace above 18,000 feet.
Altimeters are set to the standard
setting of 29.92”Hg.

OHP # 1
401.02

Sparsely Settled Areas:

Geographical areas of Canada with virgin land with few
settlements.

High and Low Level Airspace:
High level airspace:
Low level airspace:

All Canadian Domestic Airspace
that is 18,000 feet and above
All Canadian Domestic Airspace
that is below 18,000 feet

Classification of Airspace:
Class Height

A
B
C
D
E
F
G
Y
N

18,000ftFL 600
12,500ft18,000ft
varies
varies
varies
varies
varies
- yes
- no

VFR
IFR
ATC
Transpermitted permitted Clearance ponder
req’d
req’d
N

Y

Y

Y

Two
way
radio
req’d
Y

Y

Y

Y

Y

Y

Y
Y
Y
Y

OHP#2
401.02

Restricted Area:

Y
Y
Y
Y
IFR only If marked
Y
IFR only If marked
Restricted or advisory area
N
N
N

Y
Y
Y
N

Flight is either completely prohibited or restricted to specific
conditions.

Danger Area:
Airspace which activities constituting a potential hazard to
aircraft may exist.

Alert Area:
Area which a high volume of flying training or unusual type of
aerial activity is carried out. Flight within is not prohibited but
pilots should exercise extreme caution.

Military Flying Area:
High level airspace reserved for military flying and testing
exercises. Civilian aircraft are not allowed in this area.

OHP#3
401.02
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Aeronautical Rules and Facilities
Rules of the air
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50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about rules of the air.

Why:

The information is required to fly in any aircraft. A detailed knowledge leads to
safe flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Avoidance:
OHP # 1
a.
The PIC of an aircraft that has the right of way, if there is any risk of collision,
take such action to avoid collision.
b.

Where the PIC is aware that another aircraft is in an emergency situation, the PIC
shall give way to that aircraft

c.

When two aircraft are converging at approximately the same altitude, the PIC of
the aircraft that has the other on its right shall give way, except as follows.
i.
a power driven heavier than air aircraft shall give way to airships, gliders
and balloons,
ii.
an airship shall give way to gliders and balloons,
iii.
a glider shall give way to balloons, and
iv.
a power driven aircraft shall give way to aircraft that are seen to be towing
gliders or other objects or carrying a slung load.
When two aircraft operating at different altitudes are converging, the PIC of
the higher aircraft shall give way to the lower aircraft.

d.

e.

When two aircraft areapproaching head-on or approximately the same altitude and
there is a risk of collision, each pilot with alter their heading to the right

f.

When overtaking an aircraft, the aircraft being overtaken has the right of way and
the aircraft overtaking shall pass to the right.
1-3-1
When an aircraft is in flight or maneuvering on the surface, the PIC shall give

g.

way to the aircraft that is landing or about to land.

OHP # 2

h.

The PIC of an aircraft that is approaching an aerodrome to land shall give way to
any aircraft at a lower altitude that is also approaching to land.

j.

The PIC of an aircraft (as describe in h) shall not overtake or cut in front of a
higher aircraft in the final stages of an approach.

k.

No person shall conduct or attempt to conduct a takeoff or landing in an aircraft
until there is no apparent risk of collision with any aircraft, person, vessel, vehicle
or structure in the takeoff or landing path.

Confirm Stage 1
1.
Name a rule of avoidance?
A.
Answers above
Stage 2
2.1
Aircraft Lights:
Right wing
green light
Left wing
red light
Tail
white light
anti-collision white or red light

visible through 110° for 2 miles
visible through 110° for 2 miles
visible through 140° for 2 miles
visible 360°

2.1

Flight Plan:
OHP # 3
i.
A VFR flight plan must be filed for all flight traveling more than 25NM from the
departure aerodrome.
ii.
The purpose of a flight plan is to inform people where you are going and when
you will be back.
iii.
Should be filed with ATC or FSS.
iv.
Flight plans must be closed within one hour after landing.

2.2

Flight Itinerary:
i.
A VFR flight itinerary may replace a flight plan. It must be filed for all flight
traveling more than 25NM from the departure aerodrome.
ii.
The purpose of a flight itinerary is to describe the route that the pilot plans to take.
iii.
Should be filed with a responsible person.
iv.
Flight itinerary must be closed within 24 hours after landing.

2.3

Cruising Altitudes:
OHP # 4
i.
Flight altitudes must always be followed regardless if a flight plan has been filed.
ii.
Altitudes below 18,000 feet are stated in thousands.
iii.
Altitudes above 18,000 feet are referred to as flight levels.
iv.
Altitudes are measured in MSL.
1-3-2

2.4

VFR Cruising Altitudes for Flights Below 18,000 feet:

000°-179°
180°-359°

Odd thousands plus 500ft
Even thousands plus 500ft

Confirm Stage 2
1.
What light is located on the on the left wing tip?
A.
Red light, visible through 110° for 2 miles
2.
How long does a pilot have after landing to close his/her flight plan?
A.
Flight plans must be closed within one hour after landing.
Stage 3:
3.1
Air traffic control clearance
It is an authorization from an ATC unit for an aircraft to proceed within controlled
airspace under specific conditions. You, as a pilot, must ask for clarification if unsure of any
meaning of any part of an ATC clearance. Once you accept it, you are required to comply with
an ATC clearance. You also must read back the text of the clearance if you are on an IFR flight.
If you are VFR, you must read back the text of the clearance only if requested by ATC to do so.
3.2

Air traffic control instruction
It is a directive issud by an ATC unit for air traffic control purposes. You are required to
comply with and acknowledge receipt of an ATC instruction which is directed to you provided
the safety of the aicraft is not jeopardized.
Confirm Stage 3:
1.
What is an air traffic control clearance ?
A.
It is an authorization from an ATC unit for an aircraft to proceed within
controlled airspace under specific conditions.
2.
What is an air traffic control instruction ?
A.
It is a directive issud by an ATC unit for air traffic control purposes.
Performance Check
1.
Name a rule of avoidance?
A.
Answers above
2.
What light is located on the on the left wing tip?
A.
Red light, visible through 110° for 2 miles
3.
How long does a pilot have after landing to close his/her flight plan?
A.
Flight plans must be closed within one hour after landing.
4.
What is an air traffic control instruction ?
A.
It is a directive issud by an ATC unit for air traffic control purposes.
Conclusion:
Summary
In this lesson we have learned about rules of the air.
Re-motivation
The information is required to fly in an aircraft. A detailed knowledge leads to safe
flying.
This knowledge is important at every stage in your flying career.
1-3-3

Avoidance
a. The PIC of an aircraft that has the right of way, if there is
any risk of collision, take such action to avoid collision.
b. Where the PIC is aware that another aircraft is in an
emergency situation, the PIC shall give way to that aircraft
c. When two aircraft are converging at approximately the
same altitude, the PIC of the aircraft that has the other on its
right shall give way, except as follows.
i. a power driven heavier than air aircraft shall give
way to airships, gliders and balloons,
ii. an airship shall give way to gliders and balloons,
iii. a glider shall give way to balloons, and
iv. a power driven aircraft shall give way to aircraft
that are seen to be towing gliders or other objects
or carrying a slung load.
d. When two aircraft operating at different altitudes are
converging, the PIC of the higher aircraft shall give way to the
lower aircraft.
e. When two aircraft are approaching head-on or
approximately the same altitude and there is a risk of collision,
each pilot with alter their heading to the right
f. When overtaking an aircraft, the aircraft being overtaken
has the right of way and the aircraft overtaking shall pass to the
right.
OHP#1
401.03

g. When an aircraft is in flight or maneuvering on the surface,
the PIC shall give way to the aircraft that is landing or about to
land.
h. The PIC of an aircraft that is approaching an aerodrome to
land shall give way to any aircraft at a lower altitude that is also
approaching to land.
j. The PIC of an aircraft (as describe in h) shall not overtake
or cut in front of a higher aircraft in the final stages of an
approach.
k. No person shall conduct or attempt to conduct a takeoff or
landing in an aircraft until there is no apparent risk of collision
with any aircraft, person, vessel, vehicle or structure in the
takeoff or landing path.

Aircraft Lights
Right wing
Left wing
Tail
Anti-collision

OHP#2
401.03

green light
red light
white light
white or red light

visible 110° for 2 miles
visible 110° for 2 miles
visible 140° for 2 miles
visible 360°

Flight Plan
i.

A VFR flight plan must be filed for all flight traveling more
than 25NM from the departure aerodrome.

ii.

The purpose of a flight plan is to inform people where you
are going and when you will be back.

iii. Should be filed with ATC or FSS.
iv. Flight plans must be closed within one hour after landing.

Flight Itinerary
i.

A VFR flight itinerary may replace a flight plan and must
be filed for all flight traveling more than 25NM from the
departure aerodrome.

ii.

The purpose of a flight itinerary is to describe the route the
pilot plans to take.

iii. Should be filed with a responsible person.
iv. Flight itinerary must be closed within 24 hours after
landing.
OHP#3
401.03

Cruising Altitudes
i.

Flight altitudes must always be followed regardless if a
flight plan has been filed.
ii. Altitudes below 18,000 feet are stated in thousands.
iii. Altitudes above 18,000 feet are referred to as flight levels.
iv. Altitudes are measured in MSL.
VFR Cruising Altitudes for Flights Below 18,000 feet:
000°-179°

Odd thousands plus 500ft

180°-359°

Even thousands plus 500ft

Air traffic control clearance
It is an authorization from an ATC unit for an aircraft to
proceed within controlled airspace under specific conditions.
You, as a pilot, must ask for clarification if unsure of any
meaning of any part of an ATC clearance. Once you accept it,
you are required to comply with an ATC clearance. If you are
VFR, you must read back the text of the clearance only if
requested by ATC to do so.
Air traffic control instruction
It is a directive issud by an ATC unit for air traffic control
purposes. You are required to comply with and acknowledge
receipt of an ATC instruction which is directed to you provided
the safety of the aicraft is not jeopardized.
OHP#4
401.03
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Aeronautical Rules and Facilities
VFR Minima
401.04
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about weather minima, day VFR instruments, VFR
over the top, night requirements, and oxygen equipment, transportation of
dangerous goods

Why:

The information is required to fly in any aircraft. A detailed knowledge leads to
safe flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Weather Minima:
Airspace
Control Zones and
Aerodrome Traffic
Zones
Other Controlled
Airspace
Uncontrolled 1000ft
AGL or above

OHP # 1
Flight Visibility
Not less than
3 miles

Not less than
3 miles
Not less than
1 mile (day)
3 mile (night)
Uncontrolled 1000ft Not less than
AGL or below
2 miles (day)
3 miles (night)

Distance From Cloud
Horizontally:
1mile
Vertically:
500ft

Distance AGL
vertically:
500ft

Horizontally:
1 mile
Vertically:
500ft
Horizontally: 2000ft
Vertically:
500ft

________________

clear of cloud

________________

1-4-1

________________

1.2

Special VFR Weather Minima (Control Zone Only):
Aircraft type
Aircraft other than
helicopter
Helicopter

1.3

Flight Visibility
(Reported from ground)
1 mile

Distance From Cloud

½ mile

clear of cloud

Day VFR Instruments:
The following instruments are required for day VFR:
i.
Airspeed Indicator (ASI)
ii.
Altimeter (ALT)
iii.
Compass
iv.
Working timepiece

clear of cloud

OHP # 2

Confirm Stage 1
1.
What is the weather minima for control zones?
A.
Control Zones have the following weather minima:
Flight Visibility
-Not less than 3 miles
Distance From Cloud
-Horizontally 1 mile
-Vertically
500ft
Distance AGL
-Vertically
500ft
2.
What instrument are required for day VFR?
A.
The following instruments are required for day VFR:
i.
Airspeed Indicator (ASI)
ii.
Altimeter (ALT)
iii.
Compass
iv.
Working timepiece
3.
What is flight visibility at cruising altitudes for VFR-OTT?
A.
Must be at least 5 miles.
Stage 2
2.1
Daylight and Night:
OHP # 3
Daylight
The period of time in any day when the center of the sun’s disc is less than
6° below the horizon, and, in any place where the sun rises and sets daily,
may be considered to be the period commencing one half hour before
sunrise and ending one half hour after sunset.
Night

2.2

The period of time in any day when the center of the sun’s disc is more
than 6° below the horizon or the period commencing one half hour after
sunset and ending one half hour before sunrise, in any place where the sun
rises and sets daily.

Night VFR Instruments:
i.
Airspeed Indicator (ASI)
ii.
A Sensitive Pressure Altimeter (ALT)
1-4-2

iii.
iv.
v.
vi.
vii.

Compass
A Turn and Bank Indicator
A Gyro magnetic Compass or Heading Indicator
Means to illuminate the flight instruments
Each Crew Member Must Have Access To A Working Timepiece And Flashlight.

2.3

Oxygen Equipment Order:
OHP # 4
No person shall fly an aircraft for more than 30 minutes at an altitude between 10,000
and 13,000 feet or above 13,000 feet unless there is oxygen available for each crew
member for two hours.

2.4

Transportation of Dangerous Goods:
Dangerous goods shall not be carried unless in accordance with the Transportation of
Dangerous Goods Act.

Confirm Stage 2
1.
Define night.
A.
The period of time in any day when the center of the sun’s disc is more
than 6° below the horizon or the period commencing one half hour after
sunset and ending one half hour before sunrise, in any place where the sun
rises and sets daily.
2.
What are the night VFR instruments?
A.
The instruments are:
i.
Airspeed Indicator (ASI)
ii.
A Sensitive Pressure Altimeter (ALT)
iii.
Compass
iv.
A Turn and Bank Indicator
v.
A Gyro magnetic Compass or Heading Indicator
vi.
Means to illuminate the flight instruments
vii.
Each Crew Member Must Have Access To A Working Timepiece
And Flashlight.
3.
What is the oxygen equipment order?
A.
No person shall fly an aircraft for more than 30 minutes at an altitude
between 1,000 and 13,000 feet or above 13,000 feet unless there is oxygen
available for each crew member for two hours.
Performance Check
1.
What is the weather minima for control zones?
A.
Control Zones have the following weather minima:
Flight Visibility
-Not less than
Distance From Cloud
-Horizontally
-Vertically
Distance AGL
-Vertically

1-4-3

3 miles
1 mile
500ft
500ft

2.

3.

4.

5.

What instrument are required for day VFR?
A.
The following instruments are required for day VFR:
i.
Airspeed Indicator (ASI)
ii.
Altimeter (ALT)
iii.
Compass
iv.
Working timepiece
Define night.
A.
The period of time in any day when the center of the sun’s disc is more
than 6° below the horizon or the period commencing one half hour after
sunset and ending one half hour before sunrise, in any place where the sun
rises and sets daily.
What are the night VFR instruments?
A.
The instruments are:
i.
Airspeed Indicator (ASI)
ii.
A Sensitive Pressure Altimeter (ALT)
iii.
Compass
iv.
A Turn and Bank Indicator
v.
A Gyro magnetic Compass or Heading Indicator
vi.
Means to illuminate the flight instruments
vii.
Each Crew Member Must Have Access To A Working Timepiece
And Flashlight.
What is the oxygen equipment order?
A.
No person shall fly an aircraft for more than 30 minutes at an altitude
between 1,000 and 13,000 feet or above 13,000 feet unless there is oxygen
available for each crew member for two hours.

Conclusion:
Summary
In this lesson we have learned about weather minima, day VFR instruments, VFR over the
top, night requirements, and oxygen equipment, transportation of dangerous goods.
Re-motivation
The information is required to fly in an aircraft. A detailed knowledge leads to safe flying. This
knowledge is important at every stage in your flying career.

1-4-4

Weather Minima
Airspace

Flight Visibility

Control Zones Not less than
and Aerodrome 3 miles
Traffic Zones
Other
Controlled
Airspace

Not less than
3 miles

Uncontrolled
1000ft AGL or
above

Not less than
1 mile (day)
3 mile (night)

Uncontrolled
1000ft AGL or
below

Not less than
2 miles (day)
3 miles (night)

Distance From
Cloud
Horizontally:
1mile
Vertically:
500ft
Horizontally:
1 mile
Vertically:
500ft
Horizontally:
2000ft
Vertically:
500ft

Distance AGL

clear of cloud

___________

vertically:
500ft

___________

___________

Special VFR Weather Minima (Control Zone Only)
Aircraft type
Aircraft other than
helicopter
Helicopter
OHP#1
401.04

Flight Visibility
(Reported from
ground)
1 mile

Distance From Cloud

½ mile

clear of cloud

clear of cloud

Day VFR Instruments
The following instruments are required for day VFR:
i. Airspeed Indicator (ASI)
ii. Altimeter (ALT)
iii. Compass
iv. Working timepiece

Daylight and Night
Daylight The period of time in any day when the center of the
sun’s disc is less than 6° below the horizon, and, in
any place where the sun rises and sets daily, may be
considered to be the period commencing one half hour
before sunrise and ending one half hour after sunset.
Night

Ohp#2
401.04

The period of time in any day when the center of the
sun’s disc is more than 6° below the horizon or the
period commencing one half hour after sunset and
ending one half hour before sunrise, in any place
where the sun rises and sets daily.

Night VFR Instruments
i.
ii.
iii.
iv.
v.
vi.
vii.

Airspeed Indicator (ASI)
A Sensitive Pressure Altimeter (ALT)
Compass
A Turn and Bank Indicator
A Gyro magnetic Compass or Heading Indicator
Means to illuminate the flight instruments
Each Crew Member Must Have Access To A Working
Timepiece And Flashlight.

Oxygen Equipment Order
No person shall fly an aircraft for more than 30 minutes at
an altitude between 10,000 and 13,000 feet or above 13,000 feet
unless there is oxygen available for each crew member for two
hours.

Transportation of Dangerous Goods
Dangerous goods shall not be carried unless in accordance with
the Transportation of Dangerous Goods Act.

OHP#3
401.04
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Theory of Flight
The fuselage and empennage
402.01
50 min.
From the Ground Up

Introduction:
What:

In this period we will be talking about the main parts of an airplane.

Why:

It is very important for pilots to become very familiar with their aircraft so they can
understand how and why it reacts the way it does.

Where:

Knowledge of an aircraft will be used at every moment while flying.

Body
Stage 1:
1.1

Definition - airplane:
An airplane is defined by the Canadian Air Regulations as being a "power driven,
heavier-than-air aircraft, deriving its lift in flight from aerodynamic reactions on
surfaces that remain fixed under given conditions of flight"
OHP#1
Airplanes may be classified according to:

1.2

1.3

a.
Position and number of wings in relation to the fuselage,
b.
The number of engines, and
c.
The undercarriage configuration.
Parts of an Airplane:
The essential components of an aircraft are:
a.
Fuselage or body,
b.
Wings or lifting surfaces
c.
Tail section or emmpennage,
d.
Propulsion system, and
e.
landing gear.
Fuselage - The part that makes up the central body of the airplane, designed to
accommodate the crew, passengers and cargo. Almost all other parts
of the aircraft are attached to the fuselage.
OHP#2

2-1-1
1.4
Classification of fuselage:
The fuselage is classified into two types:
a.
Truss type- consist of tubes(wood or metal) that are usually welded or bolted
together. The longerons are the principle member of the truss that run lengthwise.
They are the vertical or diagonal members which help form the frame.
b.
Monocoque- a series of rounded formers/bulkheads held together by stringers.
The formers and bulkheads carry most of the load of the structure. The skin that
that covers the fuselage is capable of carrying some of the load.
Confirm Stage 1
1.

2.

3.

What is the fuselage?
A.
The part that makes up the central body of the airplane, designed to
accommodate the crew, passengers and cargo. Almost all other parts
of the aircraft are attached to the fuselage.
What is a truss type fuselage?
A.
It consist of tubes(wood or metal) that are usually welded or bolted together. The
longerons are the principle member of the truss that run lengthwise. They are the
vertical or diagonal members which help form the frame.
Define airplane.
A.
An airplane is defined by the Canadian Air Regulations as being a "power driven,
heavier-than-air aircraft, deriving its lift in flight from aerodynamic reactions on
surfaces that remain fixed under given conditions of flight"

Stage 2:
2.1

Empennage - attached on the rear of the fuselage is the tail section called the
empennage.
OHP#3

2.2

Components of the Empennage:
a. Horizontal Stabilizer -

a fixed, non-movable horizontal section of the tail plane

b. Elevator -

a moveable section of the tail section, hinged to the trailing edge of
the horizontal stabilizer

c. Fin -

a fixed vertical section of the tail section placed in the center of the
horizontal stabilizer and elevator

d. Rudder -

a moveable vertical section of the tail section hinged to the rear of
the fin

e. Canard -

Some modern aircraft have replaced the tail section with a canard a horizontal stabilizer assembly is located at the front of the airplane
OHP#4

2-1-2
f. Stabilator -

a single airfoil section that replaces the combination of stabilizer
and elevator. It is attached to the fuselage at a point around which
it pivots

Confirm Stage 2:
1.
Name three components of the empennage?
A.
a. Horizontal Stabilizer,
b. Elevator,
c. Fin,
d. Rudder,
e. Canard, and
f. Stabilator,
2.
What are the moveable surfaces in the tail section?
A.
a. rudder, and
b. elevator
Performance Check:
1.
What is the fuselage?
A.
The part that makes up the central body of the airplane, designed to
accommodate the crew, passengers and cargo. Almost all other parts
of the aircraft are attached to the fuselage.
2. What is a truss type fuselage?
A.
It consist of tubes(wood or metal) that are usually welded or bolted together. The
longerons are the principle member of the truss that run lengthwise. They are sthe
vertical or diagonal members which help form the frame
3. Define airplane.
A.
An airplane is defined by the Canadian Air Regulations as being a "power driven,
heavier-than-air aircraft, deriving its lift in flight from aerodynamic reactions on
surfaces that remain fixed under given conditions of flight"
4.
Name three components of the empennage?
A.
a. Horizontal Stabilizer,
b. Elevator,
c. Fin,
d. Rudder,
e. Canard, and
f. Stabilator,
5.
What are the moveable surfaces in the tail section?
A.
a. rudder, and
b. elevator

2-1-3
Conclusion:
Summary
This lesson we learned about the empennage, fuselage and the classifications of aircraft.
Remotivation
If you want to become a pilot remember that it takes a lot of work to realize this goal and
this basic knowledge will help you get there.

2-1-4

The Airplane:
An airplane is defined by the Canadian Air
Regulations as being a "power driven, heavierthan-air aircraft, deriving its lift in flight from
aerodynamic reactions on surfaces that remain
fixed under given conditions of flight"
Airplanes may be classified according to:
a. Position and number of wings in relation
to the fuselage,
b. The number of engines, and
c. The undercarriage configuration.
The essential components of an aircraft are:
a. Fuselage,
b.Wings or lifting surfaces
c. Tail section or emmpennage,
d.Propulsion system, and
e. landing gear or undercarriage.
OHP#1
402.01

The Fuselage
The part that makes up the central body of the
airplane, designed to accommodate the crew,
passengers and cargo. Almost all other parts of
the aircraft are attached to the fuselage.
Classification of fuselage: The fuselage is
classified into two types:
Truss type-

consist of tubes(wood or metal)
that are usually welded or bolted
together. The longerons are the
principle member of the truss
that run lengthwise. They are the
vertical or diagonal members
which help form the frame
Monocoque- a series of rounded
formers/bulkheads held together
by stringers. The formers and
bulkheads carry most of the load
of the structure. The skin that
that covers the fuselage is
capable of carrying some of the
load.
OHP#2
402.01

Empennage
Attached on the rear of the fuselage is the tail
group called the empennage.
Components of the Empennage:
Horizontal
Stabilizer a fixed, non-movable
horizontal section of the tail
plane
Elevator -

a moveable section of the tail
group, hinged to the trailing
edge of the horizontal
stabilizer

Fin -

a fixed vertical section of the
tail group place in the center
of the horizontal stabilizer
and elevator

Rudder -

a moveable vertical section of
the tail group hinged to the
rear of the fin

OHP#3
402.01

Canard -

some modern aircraft have
replaced the tail section with a
canard - a horizontal stabilizer
assembly is located at the front of
the airplane

Stabilator -

a single airfoil section that
replaces the combination of
stabilizer and elevator. It is
attached to the fuselage at a point
around which it pivots

OHP#4
402.01
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Theory of Flight
Parts of the airplane
402.02
50min
From the Ground Up

Introduction:
What:

In this lesson we will discuss the lifting surfaces of an aircraft along with other
parts of the aircraft.

Why:

In order to study principles of flight you must have the basic knowledge of the
parts of an aircraft, including lifting surfaces.

Where:

This knowledge will be used during every maneuver in an aircraft.

Body
Stage 1
1.1
The Wings and Lifting Surfaces:
There are two types of wing configurations, they are:
a.
Monoplanes- those that have one wing, and
b.
Biplanes- those with two wings are biplanes.

OHP#1

1.2

Wing positioning:
Wings come in a variety of shapes and are named by where the wing is attached:
a.
Highwing- on the top of the fuselage,
b.
Midwing- in the middle of the fuselage, and
c.
Lowwing- on the bottom of the fuselage.

1.3

Internal Construction of the Wing:
a.
Spars- they are the main members of the wings and run the length of the wing
from wing root to wing tip. The spars are intended to stiffen the wing
against torsion or twisting.
b.

Ribs- they run from the leading to the trailing edge. Their purpose is to give the
wing its framework to which the covering is fastened.

c.

Compression Struts - usually steel tubes spaced at regular intervals between the
front and rear spars intended to take compression loads.
OHP#2
2-2-1

d.

1.3

Drag and Anti-drag Wires -

Definitions:
a.
Ailerons-

run diagonally from front to the rear spars. These
wires take drag loads and anti-drag loads, as their
names imply.

a moveable section attached to the trailing edge of the wing located
towards the wing tip. As one moves downward, the opposite
aileron moves upward.

b.

Flap-

a moveable section located next to the ailerons located towards the
wing root.

c.

Wing Span-

the maximum distance from wing tip to wing tip.

d.

Chord -

e.

Engine Cowl- a protective housing for the engines. It streamlines the front of the
aircraft to reduce drag. It ducts air around the engine for cooling.

f.

Struts-

an imaginary straight line joining the leading and trailing edges of
the wing.
OHP#3

extend out from the fuselage and to attach to the wing. They help
support the wing.

Confirm Stage 1
1.
What are struts?
A.
Struts extend out from the fuselage to the mid section of the wing.
2.
What is an aileron?
A.
A moveable section attached to the trailing edge of the wing located towards the
wing tip. As one moves downward, the opposite aileron moves upward.
3.
What is a spars?
A.
The main members of the wings that run the length of the wing from wing root to
wing tip. The spars are intended to stiffen the wing against torsion or twisting.
Stage 2
2.1
Undercarriage or Landing Gear:
The function of the landing gear is twofold:
a.
To absorb the shock of landing.
b.
To support the weight of the airplane and enable it to move on the ground.
2.2

Landing gear may be:
a.
Fixed, or
b.
Retractable (which provides more streamlining).

2.3

The landing gear may be:
a.
Tricycle, or
b.
Tail wheel configuration.

OHP#4
2-2-2

2..4

Propulsion System
The propulsion system of a modern general aviation airplane is generally a gasoline
powered, air cooled, internal combustion engine that drives a 2 or 3 bladed propeller.

2.5

Equipment, Radios, Instruments
All instruments, radios, and other various equipment are located inside the cockpit.
- a radio which enables contact with the ground, ATC, and other aircraft.
- instruments panel (airspeed indicator, altimeter, compass, etc)
- ELT (Emergency Locator Transmitter)

Confirm Stage 2
1.
What is the function of the landing gear?
A.
The function of the landing gear is twofold:
a.
To absorb the shock of landing.
b.
To support the weight of the airplane and enable it to move on the
ground.
2.
What type of propulsion system is usually found in a modern general aviation airplane?
A.
The propulsion system of a modern general aviation airplane is generally a gasoline
powered, air cooled, internal combustion engine that drives a 2 or 3 bladed
propeller.
3.
Name some equipment found in the cockpit of an aircraft.
A.
airspeed indicator, altimeter, compass, radios, and ELT
Performance Check:
1.
What are struts?
A.
Struts extend out from the fuselage and attach to the wing.
2.
What is an aileron?
B.
A moveable section attached to the trailing edge of the wing located towards the
wing tip. As one moves downward, the opposite aileron moves upward.
3.
What is a spars?
A.
The main members of the wings that run the length of the wing from wing root to
wing tip. The spars are intended to stiffen the wing against torsion or twisting.
4.
What is the function of the landing gear?
A.
The function of the landing gear is twofold:
a.
To absorb the shock of landing.
b.
To support the weight of the airplane and enable it to move on the
ground.
5.
What type of propulsion system is usually found in a modern general aviation airplane?
A.
The propulsion system of a modern general aviation airplane is generally a gasoline
powered, air cooled, internal combustion engine that drives a 2 or 3 bladed
propeller.
6.
Name some equipment found in the cockpit of an aircraft.
B.
airspeed indicator, altimeter, compass, radios, and ELT

2-2-3

Conclusion:
Summary
In this lesson we discussed the wing, landing gear, propulsion system, and equipment.
Remotivation
This knowledge of the main parts of an airplane is essential if a study of the
principles of flight is to be pursued.

2-2-4

The Wing
There are two types of wing configurations,
they are:
a. Monoplanes- those that have one wing
b. Biplanes- those with two wings are
biplanes
Wing positioning:
High wing- on the top of the fuselage
Mid wingin the middle of the fuselage
Low wing- on the bottom of the fuselage
Internal Construction of the Wing:
Spars- they are the main members of the wings
and run the length of the wing from
wing root to wing tip. The spars are
intended to stiffen the wing against
torsion or twisting.
Ribs- they run from the leading to the trailing
edge. Their purpose is to give the
wing its framework to which the
covering is fastened.
OHP#1
402.02

Compression Struts - usually steel tubes spaced
at regular intervals between the front and
rear spars intended to take compression
loads.
Drag and
Anti-drag Wires - run diagonally from front
to the rear spars. These wires take drag
loads and anti-drag loads, as their
names imply.
Ailerons- a moveable section attached to the
trailing edge of the wing located
towards the wing tip. As one moves
downward, the opposite aileron moves
upward.
Flap-

a moveable section located next to
the ailerons located towards the
wing root.

Wing Span- the maximum distance from wing
tip to wing tip.
OHP#2
402.02

Chord -

an imaginary straight line joining the
leading and trailing edges of the
wing.

Engine Cowl- a protective housing for the
engines. It streamlines the front of
the aircraft to reduce drag. It ducts
air around the engine for cooling.
Struts-

extend out from the fuselage and
attach to the wing,for support

Undercarriage or Landing Gear:
The function of the landing gear:
a. To absorb the shock of landing.
b. To support the weight of the airplane and
enable it to move on the ground.
Landing gear may be:
c. Fixed, or
d. Retractable (which provides more
streamlining).
OHP#3
402.02

The landing gear may be:
a. Tricycle, or
b. Tail wheel configuration.

Propulsion System
The propulsion system of a modern general
aviation airplane is generally a gasoline
powered, air cooled, internal combustion engine
that drives a 2 or 3 bladed propeller.

Equipment, Radios, Instruments
All instruments, radios, and other various
equipment are located inside the cockpit.
- a radio which enables contact with the ground,
ATC, and other aircraft.
- instruments panel (airspeed indicator,
altimeter, compass, etc)
- ELT (Emergency Locator Transmitter)

OHP#4
402.02
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Theory of Flight
Four forces acting on an aircraft
402.03
50 min
From the Ground Up

Introduction:
What:

In this lesson we will discuss the 4 forces that act on an aircraft in flight and
how they interact with each other.

Why:

You must know how these 4 forces act on the airplane to enable you, as
future pilots, to safely control the aircraft.

Where:

This knowledge will be used throughout all further aviation studies.

Body
Stage 1
1.1
Four forces acting on an aircraft in flight are:
a.
Lift
b.
Weight
c.
Thrust
d.
Drag
1.2

1.3

Lift:
The upward force that sustains the airplane in flight.

OHP #1

How Lift Is Created:
In order to explain how lift is created, we must first review Newton’s Three Laws of
Motion and Bernoulli’s Principle.
Newton's Three Laws of Motion:
1. For every action there is an equal and opposite reaction
2. An object when in motion tends to remain in motion
3. An external force must be applied to alter that state of uniform motion.
Bernoulli’s Principle
The total energy in any system remains constant. If one element increases, another must
decrease to counter balance it.
OHP #2

2-3-1

Air flowing over the wing’s upper surface accelerates as it passes through the constricted
area just as it does in the venturi tube(Newton’s Third Law of Motion and Bernoulli’s
Principles). The result is a decrease in pressure on the upper surface of the wing that
results in the phenomena known as lift.
Downwash
Downwash is the fow of air downward towards the trailing edge of the wing. Also, the
airflow passing under the wing is deflected downward by the bottom surface of the wing.
The wing receives an upward force, therefore downwash contributes to lift.
1.3

Weight:
The downward force due to gravity, directly opposed to lift.
The weight of an airplane acts through the Centre of Gravity (C of G).
It is the point through which the resultant of the weights of all the various parts
of the airplane passes in every attitude it can assume.

Confirm Stage 1
1.

2.
3.

What are the 4 forces that acts on an airplane in flight?
A.
Thrust,
Drag,
Lift, and
Weight .
What point does all weight act through?
A.
Centre of Gravity (C of G).
Explain lift using Bernoulli’s principle.
A.
Bernoulli’s Principle - The total energy in any system remains constant. If one
element increases, another must decrease to counter balance it. Air flowing over
the wing’s upper surface accelerates as it passes through the constricted area just
as it does in the venturi tube(Newton’s Third Law of Motion and Bernoulli’s
Principles). The result is a decrease in pressure on the upper surface of the wing
that results in the phenomena known as lift.

Stage 2
2.1

Thrust:
The force exerted by the engine and its propeller which pushes air
backward with object of causing a reaction, or thrust, in the forward
direction.

OHP#3

Thrust provides the forward motion of the airplane by various means, (eg. jets,
propellers or rockets). The effect is the same whether the thrust is produced by a
propeller moving a large mass of air backward at a relatively slow speed or by a jet
moving a small mass of air backward at a high speed.
2-3-2

2.2 Drag:
Resistance an aircraft experiences when moving forward through the air.

2.3

Types of Drag:
There are two main types of drag they are:
OHP#4
a. Parasite Drag is the term given to the drag of all those parts of the airplane
which do not contribute to lift (eg. the fuselage, wheels, antennas
etc.).
Parasite drag may be divided into two components:
i)
Form Drag - refers to the drag created by the form or shape of a body as
resists motion through the air. Streamlining the exterior
components of the aircraft helps to it reduce this type of drag.
ii)

Skin Friction - refers to the tendency of air flowing over a body to cling to its
surface; dirt, mud or ice that has accumulated on the aircraft
contributes to skin friction.
OHP#5

b. Induced Drag -

is caused by those parts of the airplane which are active in
producing lift (eg. the wing). Therefore, it is always present and
cannot be eliminated. The greater the lift, the greater the induced
drag.

Airflow around airfoil
Wing tip vortices are an indication of the existance of induced drag. The decrease in pressureon
top of the wing relative to the surrounding air makes the air fow inwards over the top surface of
the wing. The relatively higher pressure on the bottom surface makes the air flow outwards and
curl upwards over the wing tip. Resulting are wing tip vortices which are the chief contributors to
induced drag.
Confirm Stage 2
1.
Name the 2 main types of drag?
A.
Induced, and
Parasite
2.
What is form drag?
A.
Refers to the drag created by the form or shape of a body as it resists motion
through the air.
3.
What is thrust?
A.
The force exerted by the engine and its propeller which pushes air
backward with object of causing a reaction, or thrust, in the forward
direction.
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Performance Check:
1.

2.

3.

4.

5.

6.

What are the 4 forces that acts on an airplane in flight?
A.
Thrust,
Drag,
Lift, and
Weight .
What point does all weight act through?
A.
Centre of Gravity (C of G).
Explain lift using Bernoulli’s principle.
A.
Bernoulli’s Principle - The total energy in any system remains constant. If one
element increases, another must decrease to counter balance it. Air flowing over
the wing’s upper surface accelerates as it passes through the constricted area just
as it does in the venturi tube (Newton’s Third Law of Motion and Bernoulli’s
Principles). The result is a decrease in pressure on the upper surface of the wing
that results in the phenomena known as lift.
Name the 2 main types of drag?
A. Induced, and
Parasite
What is form drag?
A.
Refers to the drag created by the form or shape of a body as resists motion
through the air.
What is thrust?
A.
The force exerted by the engine and its propeller which pushes air
backward with object of causing a reaction, or thrust, in the forward
direction.

Conclusion:
Summary
In this class we have mentioned the 4 forces that acts on an airplane in flight and we have
discussed them.
Remotivation
This basic knowledge will assist you in maneuvering an aircraft safely.
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The 4 forces acting on an aircraft in flight are:
Lift
Weight
Thrust
Drag

LIFT
The upward force that sustains the airplane in
flight.
How Lift Is Created:
Newton's Three Laws of Motion:
1. For every action there is an equal and
opposite reaction
2. An object when in motion tends to
remain in motion
3. An external force must be applied to alter
that state of uniform motion.

OHP#1
402.03

Bernoulli’s Principle
The total energy in any system remains
constant. If one element increases, another
must decrease to counter balance it.
Air flowing over the wing’s upper surface
accelerates as it passes through the constricted
area just as it does in the venturi tube(Newton’s
Third Law of Motion and Bernoulli’s
Principles). The result is a decrease in pressure
on the upper surface of the wing that results in
the phenomena known as lift.

Downwash
Downwash is the fow of air downward towards
the trailing edge of the wing. Also, the airflow
passing under the wing is deflected downward
by the bottom surface of the wing. The wing
receives an upward force, therefore, downwash
contributes to lift.
OHP#2
402.03

Weight
The downward force due to gravity, directly
opposed to lift.
The weight of an airplane acts through the
Centre of Gravity (C of G).
It is the point through which the resultant of
the weights of all the various parts of the
airplane passes in every attitude it can assume.

Thrust
The force exerted by the engine and its
propeller which pushes air backward with object
of causing a reaction, or thrust, in the forward
direction.
The effect is the same whether the thrust is
produced by a propeller moving a large mass
of air backward at a relatively slow speed or
by a jet moving a small mass of air
backward at a high speed.
OHP#3

402.03

Drag
Resistance an aircraft experience when
moving forward through the air.
Types of Drag:
There are two main types of drag they are:
a. Parasite Drag - is the term given to the drag
of all those parts of the
airplane which do not
contribute to lift (eg. the
fuselage, wheels, antennas
etc.).
Parasite drag may be divided into two
components:
i) Form Drag - refers to the drag created by
the form or shape of a body as it resists
motion through the air.
Streamlining the exterior components of the
aircraft helps reduce this type of drag.
OHP#4
402.03

ii) Skin Friction - refers to the tendency of air
flowing over a body to cling
to its surface; dirt, mud or ice
that has accumulated on the
aircraft contributes to skin
friction.
b. Induced Drag - is caused by those parts of the
airplane which are active in
producing lift (eg. the wing).
Therefore, it is always
present and
cannot be eliminated.
The greater the lift, the greater the induced drag.
Airflow over the top of an airfoil tends to flow
inward, airflow under the bottom of the wing
tends to flow outward, at the trailing edge, small
eddies are created. These tend to move to the
tips resulting in wing tip vortices which are the
chief contributors to induced drag.
OHP#5
402.03
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Introduction:
What:

In this lesson we will further discuss lift and how it is created.

Why:

It is essential for every pilot to understand the effect the air has on his/her airplane.

Where:

This knowledge will be used throughout further aviation studies.

Body
Stage 1
1.1
Airfoils:
OHP#1
An airfoil or airfoil section may be defined as any surface designed to obtain lift. It has
been found that the most suitable shape for producing lift is a curved or cambered shape.
1.2

Camber:
The camber is the curvature of the upper and lower surfaces of an airfoil. Usually the
upper surface has a greater camber than the lower.

1.3

Equilibrium:
When two forces are equal and opposite, the aircraft is said to be in a state of
"equilibrium". Therefore, the aircraft will continue to move forward at the same uniform
rate of speed. Equilibrium refers to steady motion and not to a state of rest.
If either of these forces becomes greater than the force opposing it, the state of
equilibrium will be lost.

1.4

When lift and weight are equal and opposite, the airplane will be in equilibrium.
OHP#2
If lift, however, is greater than weight, the airplane will climb.
If weight is greater than lift, the airplane will sink.
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1.5

When thrust and drag are equal and opposite, the airplane will be in equilibrium.
If thrust is greater than drag, the airplane will "Accelerate" or gain speed.
If drag is greater than thrust, the airplane will "Decelerate" of lose speed.

1.6

Couples:
OHP#3
When 2 forces are equal and opposite , the airplane is said to be in a state
of equilibrium. When two forces such as lift and weight are equal and
opposite, but parallel rather than passing through the same point, they are said
to form a couple. A couple will cause a turning moment about a given axis
(Couples act around the C of G).
If the weight is ahead lift, the couple created will turn the nose of the airplane down.
If lift is ahead of weight, the couple created will turn the nose of the airplane up.
If drag is above thrust, the couple formed will turn the nose of the airplane up.
If thrust is above drag, the couple formed will turn the nose of the airplane down.

Confirm Stage 1
1.
What is the camber of the wing?
A.
The camber is the curvature of the upper and lower surfaces of an airfoil. Usually
the upper surface has a greater camber than the lower.
2.
What is equilibrium?
A.
When two forces are equal and opposite, the aircraft is said to be in a state of
"equilibrium".
3.
If drag is above thrust, how will the aircraft move?
A.
The aircraft will climb(nose high).
Stage 2
2.2
Relative Airflow
OHP#4
A term used to describe the direction of the airflow with respect to the wing.
Relative Airflow is created by the motion of the airplane through the air. It is also created
by the motion of air past a stationary body or by a combination of both. Therefore, on a
take-off roll, an airplane is subject to the relative wind created by it's motion along the
ground and also by the moving mass of air (wind). The flight path and the relative airfllow
are parallel but travel in opposite directions
2.2

Streamlining:
Is a design device by which a body is so shaped that drag is minimized as the body moves
forward through the air.
2-4-2

2.3

Aileron Drag:
OHP#5
When an aircraft banks to make a turn, one aileron is depressed and the other is raised.
The down going aileron being depressed into the compressed air flow, causes drag. The
result is a yaw in the opposite direction to which bank is applied. Differential ailerons
help eliminate this, the down going aileron creates less of an angle than the upgoing
aileron

2.4

Lift and drag curves:
The lift and drag of an airfoil depend not only on the angle of attack but also upon:
- the shape of the airfoil
- the plan area of the airfoil(wing area) = S
2
- the square of the velocity (true airspeed) = V
- density of the air = p
Hence the lift of the airfoil can be expressed as a formula by:
2
CL . ½ p V .S
And the drag by:
2
C D . ½ p V .S

2.5

Lift Drag Ratio:
OHP#6
Used to express the relation between lift and drag & is obtained by dividing the lift
coefficient by the drag coefficient

2.6

Best lift-drag ratio:
Reaches its maximum at 0 degree angle of attack, obtain the most lift for the least amount
of drag.

Confirm Stage 2
1.
What is relative wind?
A.
A term used to describe the direction of the airflow with respect to the wing.
2.
What is aileron drag?
A.
When an aircraft banks to make a turn, one aileron is depressed and the other is
raised. The down going aileron being depressed into the compressed air flow,
causes drag. The result is a yaw in the opposite direction to which bank is
applied.
3.
What is best lift-drag ratio?
A.
Reaches its maximum at 0 degree angle of attack, obtain the most lift for the least
amount of drag.
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Performance Check:
1.
What is the camber of the wing?
A.
The camber is the curvature of the upper and lower surfaces of an airfoil. Usually
the upper surface has a greater camber than the lower.
2.
What is equilibrium?
A.
When two forces are equal and opposite, the aircraft is said to be in a state of
"equilibrium".
3.
If drag is above thrust, how will the aircraft move?
A.
The aircraft will climb(nose high).
4.
What is relative wind?
A.
A term used to describe the direction of the airflow with respect to the wing.
5.
What is aileron drag?
A.
When an aircraft banks to make a turn, one aileron is depressed and the other is
raised. The down going aileron being depressed into the compressed air flow,
causes drag. The result is a yaw in the opposite direction to which bank is
applied.
6.
What is best lift-drag ratio?
A.
Reaches its maximum at 0 degree angle of attack, obtain the most lift for the least
amount of drag.
Conclusion:
Summary
In this class we studied the effects of the airflow around an ordinary airfoil.
Remotivation
This knowledge will be used during every flight throughout your flying career.
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Airfoils
An airfoil or airfoil section may be
defined as any surface designed to obtain lift. It
has been found that the most suitable shape for
producing lift is a curved or cambered shape.

Camber
The camber is the curvature of the upper and
lower surfaces of an airfoil. Usually the upper
surface has a greater camber than the lower.

Equilibrium
When two forces are equal and opposite, the
aircraft is said to be in a state of "equilibrium".
Therefore, the aircraft will continue to move
forward at the same uniform rate of speed.
Equilibrium refers to steady motion and not to
a state of rest.
If either of these forces becomes greater than
the force opposing it, the state of equilibrium
will be lost.
OHP#1
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Lift and Weight
When lift and weight are equal and opposite,
the airplane will be in equilibrium.
If lift, however, is greater than weight, the
airplane will climb.
If weight is greater than lift, the airplane will
sink.
Thrust and Drag
When thrust and drag are equal and
opposite, the airplane will be in equilibrium.
If thrust is greater than drag, the airplane
will "Accelerate" or gain speed.
If drag is greater than thrust, the airplane
will "Decelerate" of lose speed.
OHP#2
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Couples
When 2 forces are equal and opposite , the
airplane is said to be in a state of equilibrium.
When two forces such as lift and weight are
equal and opposite, but parallel rather than
passing through the same point, they are said to
form a couple. A couple will cause a turning
moment about a given axis (Couples act around
the C of G).
If the weight is ahead lift, the couple created
will turn the nose of the airplane down.
If lift is ahead of weight, the couple created
will turn the nose of the airplane up.
If drag is above thrust, the couple formed
will turn the nose of the airplane up.
If thrust is above drag, the couple formed
will turn the nose of the airplane down.
OHP#3
402.04

Relative Airflow
A term used to describe the direction of the
airflow with respect to the wing.
Relative airflow is created by the motion of
the airplane through the air. It is also created by
the motion of air past a stationary body or by a
combination of both. Therefore, on a take-off
roll, an airplane is subject to the relative airflow
created by it's motion along the ground and also
by the moving mass of air (wind).

Streamlining
Is a design device by which a body is so
shaped that drag is minimized as the body
moves forward through the air.

OHP#4
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Aileron Drag
When an aircraft banks to make a turn, one
aileron is depressed and the other is raised.
The down going aileron being depressed into
the compressed air flow, causes drag. The
result is a yaw in the opposite direction to
which bank is applied.

Lift and drag curves
The lift and drag of an airfoil depend not only
on the angle of attack but also upon:
- the shape of the airfoil
- the plan area of the airfoil(wing area) = S
2
- the square of the velocity (true airspeed) = V
- density of the air = p
Hence the lift of the airfoil can be expressed as a
formula by:
2
CL . ½ p V .S
And the drag by:
2
C D . ½ p V .S
OHP#5
402.04

Lift Drag Ratio:
Used to express the relation between lift and
drag & is obtained by dividing the lift co. by
the drag co.
Best lift-drag ratio:
Reaches its maximum at 0 degree angle of
attack, obtain the most lift for the least amount
of drag.

OHP#6
402.04
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Introduction:
What:

In this class we shall continue our study of the airflow around an airfoil. We will
focus on the boundary layer, spoilers, flaps, and a look at the conventional and
laminar airfoils.

Why:

Since the conventional and laminar airfoils differ in design they also differ in terms
of the airflow around them. It is important to realize that various airfoil designs
exist, each having an intended purpose for that particular aircraft.

Where:

This information will aid you in your future flying classes.

Body
Stage 1
1.1

Angle of Attack (A of A):
OHP#1
The angle at which the airfoil meets the relative wind is called the Angle of Attack.

1.2

Center of Pressure:
If we consider all the distributed pressures to be equivalent to a single force, this force will
act through a straight line. The point where this line cuts the chord of an airfoil is called
the Center of Pressure. As the angle of attack is increased lift and drag increase and the
Center of Pressure moves forward. This situation continues until the stall is reached.
Beyond this point, it will move back. The movement of the Center of Pressure causes an
airplane to be unstable.

1.3

The Boundary Layer:

OHP#2

The boundary layer is a very thin sheet of air lying over the surface of the wing and all
other surfaces of the airplane. Because air has viscosity, this layer tends to stick to the
wing. As the wing moves forward through the air the boundary layer at first flows
smoothly over streamlined shape of the airfoil. Here the flow is called the Laminar Layer.
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As the boundary layer approaches the center of the wing it begins to lose speed due to
skin friction and it becomes thicker and turbulent (turbulent layer). The point at which the
boundary layer changes from laminar to turbulent is called the Transition Point. Where the
boundary layer becomes turbulent, drag due to skin friction is relatively high.
1.4

Airfoil Designs:
OHP#3
There are many different airfoil designs. The type of operation for which an airplane is
intended has a direct influence on the design and shape of the wing for that airplane.
Basically an airplane designed for slow speed uses a thick airfoil and a thin airfoil is best
for high speed.

1.5

Types of Airfoils:
a.
Conventional Airfoils: are thick for better structure and lower weight for better
stall characteristics. The camber is maintained
farther rearward which increases lifting capability
over more of the airfoil and decreases drag. The
thickest part of the airfoil is at 25% chord.
OHP#4
b.
Laminar Flow Airfoils were originally developed for the purpose of making
an airplane fly faster. The laminar flow wing is
usually thinner than the conventional airfoil. The
leading edge is more pointed and its upper and lower
surfaces are nearly symmetrical. The most important
difference between the two types of airfoils is the
thickest part of a laminar wing occurs at 50% chord
while in conventional design the thickest part is at
25% chord.

Confirm Stage 1
1.
2.

3.

What is the A of A
A.
The angle at which the airfoil meets the relative wind is called the Angle of Attack.
What is the boundary layer?
A.
The boundary layer is a very thin sheet of air lying over the surface of the wing and
all other surfaces of the airplane.
Describe a laminar flow airfoil?
A.
The laminar flow wing is usually thinner than the conventional airfoil. The leading
edge is more pointed and its upper and lower surfaces are nearly symmetrical. The
thickest part of a laminar wing occurs at 50% chord.

2-5-2
Stage 2

2.1

Angle of Incidence:
The angle of incidence is the angle at which the wing is permanently inclined to the
longitudinal axis of the airplane or the angle at which the wing is attached to the fuselage.
Choosing the right angle of incidence can improve flight visibility, enhance take-off and
landing characteristics and reduce drag in level flight. Most airplanes have a small positive
angle of incidence so that the airplane has a slight angle of attack during level cruising
flight.

2.2

Wash-in /Wash-out:
Reduces the tendency of the wing to stall suddenly. The wing is slightly twisted so that
the wing root has a greater angle of incidence. Therefore, the wing root will stall first.
The ailerons will still be effective even though part of the wing is stalled.
Wash-in is increasing the angle of incidence, hence, increasing lift. Wash-out is decreasing
the angle of incidence, hence, decreasing lift.

2.3

Flaps:
OHP#5
Flaps are high lift devices that, in effect, increase the camber of the wing. They attach at
the inner part of the wing. Flaps will give you:
i)
Better Take-off Performance
ii)
Steeper Approach Angles
iii)
Lower Approach/Landing Speeds

2.4

Spoilers and divebrakes:
Spoilers and divebrakes are devices fitted into the wing that increase drag and decrease
lift. Spoilers are on the top part of the wing while divebrakes are on the bottom.

2.5

Wing Fences:
Wing Fences are fin like surfaces attached to the upper surface of the wing and are used to
control the airflow. They provide better slow speed handling and stall characteristics

2.6

Slats and Slots
OHP#6
Slats are auxiliary airfoils fitted to the leading edge of the wing. As angle of attack
increases the slats pull out of the wing and go back in with a decrease in angle of attack.
They help to improve the lateral control.
Slots are passageways built into the leading edge of the wing a short distance from the
leading edge of the wing. At high angles of attack air flow through the holes smoothing
out the turbulance caused by eddies

2.7

Vortex generators
In a row spanwise towards the trailing edge of the wing, placed at an angle of attack, are
small paltes about an inch deep called vortex generators. They generate the vortices by
preventing or delaying the breakwaway of the boundary layer by reenegizing it.
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Confirm Stage 2
1.
What is the angle of incidence?
A.
The angle of incidence is the angle at which the wing is permanently inclined to the
longitudinal axis of the airplane or the angle at which the wing is attached to the
fuselage.
2.
Describe Spoilers and divebrakes?
A.
Spoilers and divebrakes are devices fitted into the wing that increase drag decrease
lift. Spoiler are on top of the wing , divebrakes are on bottom part.
3.
What is wash-in/wash-out?
A.
Reduces the tendency of the wing to stall suddenly. The wing is slightly twisted so
that the wing root has a greater angle of incidence. Therefore, the wing root will
stall first. The ailerons will still be effective even though part of the wing is stalled.
Wash-in is when you increase the angle of incidence, wash-out is when you
decrease it.
Performance Check:
1.
What is the A of A
A.
The angle at which the airfoil meets the relative wind is called the Angle of Attack.
2.
What is the boundary layer?
A.
The boundary layer is a very thin sheet of air lying over the surface of the wing and
all other surfaces of the airplane.
3.
Describe a laminar flow airfoil?
A.
The laminar flow wing is usually thinner than the conventional airfoil. The leading
edge is more pointed and its upper and lower surfaces are nearly symmetrical. The
thickest part of a laminar wing occurs at 50% chord.
4.
What is the angle of incidence?
A.
The angle of incidence is the angle at which the wing is permanently inclined to the
longitudinal axis of the airplane or the angle at which the wing is attached to the
fuselage.
5.
Describe Wing Fences.
A.
Wing Fences are fin like surfaces attached to the upper surface of the wing and are
used to control the airflow. They provide better slow speed handling and stall
characteristics
6.
What is wash-in/wash-out?
A.
Reduces the tendency of the wing to stall suddenly. The wing is slightly twisted so
that the wing root has a greater angle of incidence(wash-in). Therefore, the wing
root will stall first. The ailerons will still be effective even though part of the wing
is stalled.
Conclusion:
Summary
In this class we have studied the boundary layer, spoilers, flaps, and a look at the conventional and
laminar airfoils was also achieved.
Re-motivation
A basic knowledge will aid you throughout your flying career.
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Angle of Attack (A of A)
The angle at which the airfoil meets the relative
wind is called the Angle of Attack.

Center of Pressure (C of P)
If we consider all the distributed pressures to
be equivalent to a single force, this force will act
through a straight line. The point where this line
cuts the chord of an airfoil is called the Center
of Pressure. As the angle of attack is increased
lift and drag increase and the Center of Pressure
moves forward. This situation continues until
the stall is reached. Beyond this point, it will
move back. The movement of the Center of
Pressure causes an airplane to be unstable.

OHP#1
402.05

The Boundary Layer
The boundary layer is a very thin sheet of air
lying over the surface of the wing and all other
surfaces of the airplane. Because air has
viscosity, this layer tends to stick to the wing.
As the wing moves forward through the air the
boundary layer at first flows smoothly over
streamlined shape of the airfoil. Here the flow is
called the Laminar Layer.
As the boundary layer approaches the center
of the wing it begins to lose speed due to skin
friction and it becomes thicker and turbulent
(turbulent layer). The point at which the
boundary layer changes from laminar to
turbulent is called the Transition Point. Where
the boundary layer becomes turbulent, drag due
to skin friction is relatively high.

OHP#2
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Airfoil Designs
There are many different airfoil designs. The
type of operation for which an airplane is
intended has a direct influence on the design and
shape of the wing for that airplane.
Basically an airplane designed for slow
speed uses a thick airfoil and a thin airfoil is
best for high speed.

Types of Airfoils
Conventional
Airfoils: are thick for better structure and
lower weight for better stall
characteristics. The camber is
maintained farther rearward
which increases lifting capability
over more of the airfoil and
decreases drag. The thickest part
of the airfoil is at 25% chord.
OHP#3
402.05

aminar Flow Airfoils - were originally developed for
the purpose of making an airplane fly faster.
The laminar flow wing is usually thin. The
leading edge is more pointed and its upper
and lower surfaces are nearly symmetrical.
The thickest part of a laminar wing occurs at
50% chord.

Angle of Incidence
The angle of incidence is the angle at which
the wing is permanently inclined to the
longitudinal axis of the airplane or the angle at
which the wing is attached to the fuselage.

Wash-in /Wash-out
Reduces the tendency of the wing to stall
suddenly. The wing is slightly twisted so that
the wing root has a greater angle of incidence.
Therefore, the wing root will stall first. The
ailerons will still be effective even though part
of the wing is stalled. Wash-in is increasing the
angle of incidence, hence, increasing lift while
wash-out decreasing the angle of incidence,
hence, decreasing the lift.
OHP#4
402.05

Flaps
Flaps are high lift devices that, in effect,
increase the camber of the wing. Flaps will give
you:
i) Better Take-off Performance
ii) Steeper Approach Angles
iii) Lower Approach/Landing Speeds

Spoilers/Divebrakes
Spoilers are devices fitted into the wing that
increase drag decrease lift. Spoilers are on top
part of the wing and divebrakes are on bottom.

Wing Fences
Wing Fences are fin like surfaces attached to
the upper surface of the wing and are used to
control the airflow. They provide better slow
speed handling and stall characteristics
OHP#5
402.05

Slats and Slots
Slats are auxiliary airfoils fitted to the
leading edge of the wing. As angle of attack
increases the slats pull out of the wing and go
back in with a decrease in angle of attack. They
help to improve the lateral control.
Slots are passageways built into the leading
edge of the wing a short distance from the
leading edge of the wing. At high angles of
attack are flow through the holes smoothing out
the turbulence caused by eddies

OHP#6
402.05
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Introduction:
What:

In this class we shall study the controls of the aircraft and their resulting effects.

Why:

A basic knowledge of how the controls of an airplane operate is essential to flying.

Where:

During every maneuver that your aircraft makes.

Body
Stage 1
1.1
Ailerons:
OHP#1
The ailerons are control surfaces attached to the trailing edge of the wing near the tip.
They move in opposite directions; as one goes up the other goes down. They are
controlled by movement of the control wheel or stick and serve to roll the airplane.
When the control wheel or stick is moved right, the left aileron moves down and the right
aileron moves up. The lifting capacity of the right wing is decreased. The left wing lifts
and the right wing descends and the airplane rolls to the right.
The airplane will continue to roll to the right, the angle of bank will increase until the
controls are neutralized establishing a particular angle of bank.
When the control wheel is rotated to the left, the left aileron moves up and the right one
moves down and the airplane rolls to the left.
1.2

Elevators and Stabilator:
OHP#2
The elevators are hinged to the trailing edge of the horizontal stabilizer and are controlled
by forward or aft movement of the control wheel. They move together. When the control
wheel is pushed forward, the elevator moves down, increasing the lifting capability of the
tail. The tail raises and the nose of the airplane moves down. When the control wheel is
pulled back, the elevators move up, the lift of the tail is decreased, the tail moves down
and the nose of the airplane rises. This up and down movement is called pitching.

2-6-1
The Stabilator is a one-piece, horizontal tail surface that pivots up and down. It operates

on the same principle as the elevators, moving up or down, changing its angle of attack
and hence its lifting capabilities as the pilot pulls back or pushes forward on the control
wheel.
1.3

Rudder:
The Rudder moves the airplane either left or right in a motion known as yaw. The rudder
is attached to the trailing edge of the vertical stabilizer or fin and is connected to the
rudder pedals by a cable system. Rudder pedals are located on the floor in the cockpit.
Pressure applied to the left rudder pedal displaces the rudder to the left into the airflow
increasing the pressure on the left side of the tail and forcing the tail to move to the right.
The nose of the airplane moves to the left. Pressure applied to the right rudder pedal
moves the nose of the airplane to the right. The rudder is used with the ailerons to achieve
co-ordinated turns. This side to side motion is called yawing.

1.4

Trim Tabs:

OHP#3

The purpose of trim systems is to help the pilot by eliminating the need to exert excessive
pressure on the cockpit flight controls during the various phases of flight One means of
achieving this is by Trim Tabs.
Trim tabs are adjustable devices located at the trailing edge of control surfaces such as
elevators, rudders, or ailerons. A trim tab is in effect, a control surface hinged to another
control surface. It is designed to move above or below the chord line of the control
surface to which it is attached and thereby creates an aerodynamic force that assists the
pilot in holding the control in a desired position.
The trim tab, for example, is deflected downward in order to hold the control surface up.
Confirm Stage 1
1.
To roll the airplane to the left the pilot uses the ailerons. Explain the movement of the
ailerons during this maneuver.
A.
Left aileron goes up, and
Right aileron goes down.
2.
What is the difference between an elevator and a stabilator?
A.
The Stabilator is a one-piece, horizontal tail surface that pivots up and down.
3.
What is a Rudder?
A.
A moveable control surface located behind the fin that controls yawing.
Stage 2
2.1
Aircraft Axis:
There are three axis around which the airplane moves. These axis all pass through the
airplane's center of gravity (that point which is the center of the airplane's total weight).
2-6-2
2.2
Longitudinal Axis:
OHP#4
The longitudinal axis is an imaginary line that runs lengthwise through the fuselage from
the nose to the tail. Movement of the airplane around the longitudinal axis is known as

ROLL and is controlled by movement of the ailerons.
2.3

Lateral Axis
The lateral axis is an imaginary line that runs crosswise from wing tip to wing tip.
Movement of the airplane around the lateral axis is known as PITCH and is controlled by
movement of the elevators.

2.4

Vertical or Normal Axis
The vertical or normal axis is an imaginary line that passes vertically through the C of G.
Movement of the airplane around the vertical axis is YAW and is controlled by movement
of the rudder.

2.5

Turning:
There is a relationship between movement around the vertical axis and the longitudinal
axis of the airplane (YAW and ROLL).
When rudder is applied to effect a yaw, for example, to the right, the left wing (outside)
moves faster than the inside wing, meets the relative air at a greater angle of attack and a
greater speed and produces more lift. The use of rudder, therefore, along with aileron can
help raise the wing and produce a better coordinated turn.

2.6

Adverse yaw:
OHP#5
In a roll, the airplane has a tendency to Yaw away from the intended direction of the turn.
This is the result of aileron drag and is called ADVERSE YAW.
The up going wing, as well as gaining more lift from the increased camber of the down
going aileron, also experiences more induced drag. The airplane skids outward on the
turn. Use of rudder in the turn corrects this tendency.
2.7
Balanced controls
Controls are sometimes dynamically balanced to aid the pilot to move them.
Mass balance : mass of streamline shape in front ot the hinge of the control surface to balance it.
Static balance : the control surface is balance about its specific C. of G .without any airflow over it.

2-6-3

Confirm Stage 2
1.
What is Longitudinal Axis?
A.
The longitudinal axis is an imaginary line that runs lengthwise through the fuselage
from the nose to the tail. Movement of the airplane around the longitudinal axis is
known as ROLL and is controlled by movement of the ailerons.
2.
What is Vertical or Normal Axis?
A.
The vertical or normal axis is an imaginary line that passes vertically through the C
of G. Movement of the airplane around the vertical axis is YAW and is controlled
by movement of the rudder.
3.
What is Adverse Yaw?
A.
In a roll, the airplane has a tendency to Yaw away from the intended direction of
the turn. This is the result of aileron drag and is called ADVERSE YAW.
Performance Check:
1.
To roll the airplane to the left the pilot uses the ailerons. Explain the movement of the
ailerons during this maneuver.
A.
Left aileron goes up, and
Right aileron goes down.
2.
What is the difference between an elevator and a stabilator?
A.
The Stabilator is a one-piece, horizontal tail surface that pivots up and down.
3.
What is a Rudder?
A.
A moveable control surface located behind the fin that controls yawing.
4.
What is Longitudinal Axis?
A.
The longitudinal axis is an imaginary line that runs lengthwise through the fuselage
from the nose to the tail. Movement of the airplane around the longitudinal axis is
known as ROLL and is controlled by movement of the ailerons.
5.
What is Vertical or Normal Axis?
A.
The vertical or normal axis is an imaginary line that passes vertically through the C
of G. Movement of the airplane around the vertical axis is YAW and is controlled
by movement of the rudder.
6.
What is Adverse Yaw?
A.
In a roll, the airplane has a tendency to Yaw away from the intended direction of
the turn. This is the result of aileron drag and is called ADVERSE YAW.
Conclusion:
Summary
In this class we have discussed the movement of the control surfaces, their effects and the axis of
the aircraft.
Re-motivation
This knowledge will be essential in maneuvering aircraft.
2-6-4

Ailerons
The ailerons are control surfaces attached to
the trailing edge of the wing near the tip. They
move in opposite directions; as one goes up the
other goes down. They are controlled by
movement of the control wheel or stick and
serve to roll the airplane.
When the control wheel or stick is moved
right, the left aileron moves down and the right
aileron moves up. The lifting capacity of the
right wing is decreased. The lift on the left wing
increases and rises. This motion is know as
rolling.

Elevator
The elevator is hinged to the trailing edge of
the horizontal stabilizer and is controlled by
forward or aft movement of the control wheel.
OHP#1
402.06

When the control wheel is pushed forward,
the elevator moves down, increasing the lifting
capability of the tail. The tail raises and the nose
of the airplane moves down. This up and down
movement is called pitching.

The Stabilator
The Stabilator is a one-piece, horizontal tail
surface that pivots up and down. It operates on
the same principle as the elevators, moving up
or down, changing its angle of attack and hence
its lifting capabilities as the pilot pulls back or
pushes forward on the control wheel.

Rudder
The Rudder moves the airplane either left or
right in a motion known as yaw. The rudder is
attached to the trailing edge of the vertical
stabilizer or fin.
OHP#2
402.06

Pressure applied to the right rudder pedal
moves the nose of the airplane to the right. This
side to side motion is called yawing.
The rudder is used with the ailerons to achieve
coordinated turns.

Trim Tabs
The purpose of trim systems is to help the
pilot by eliminating the need to exert excessive
pressure on the cockpit flight controls during the
various phases of flight. One means of achieving
this is by Trim Tabs.

OHP#3
402.06

Aircraft Axis
Longitudinal Axis
The longitudinal axis is an imaginary line that
runs lengthwise through the fuselage from the
nose to the tail. Movement of the airplane
around the longitudinal axis is known as ROLL
and is controlled by movement of the ailerons.
Lateral Axis
The lateral axis is an imaginary line that runs
crosswise from wing tip to wing tip. Movement
of the airplane around the lateral axis is known
as PITCH and is controlled by movement of the
elevators.
Vertical or Normal Axis
The vertical or normal axis is an imaginary line
that passes vertically through the C of G.
Movement of the airplane around the vertical
axis is YAW and is controlled by movement of
the rudder.
OHP#4
402.06

Adverse Yaw
In a roll, the airplane has a tendency to Yaw
away from the intended direction of the turn.
This is the result of aileron drag and is called
ADVERSE YAW.
The up going wing, as well as gaining more
lift from the increased camber of the down
going aileron, also experiences more induced
drag. The airplane skids outward on the turn.
Use of rudder in the turn corrects this tendency.

Balanced controls
Controls are sometimes dynamically balanced to aid the pilot to move them.
Mass balance : mass of streamline shape in front ot the hinge of the control surface to balance it.
Static balance : the control surface is balance about its specific C. of G .without any airflow over it.
OHP#5
402.06
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Theory of Flight
Stability
402.07
50 min
From the Ground Up

Introduction:
What:

In this class we will study the axis of an airplane and the stability around these axis.

Why:

It is important to know the methods used to maintain stability in the airplane.

Where:

this information will be used when you are doing maneuvers in the aircraft

Body
Stage 1
1.1
Stability:

OHP#1

Stability is the tendency of an airplane in flight to remain in straight, level, upright flight
and to return to this attitude if displaced, without corrective action by the pilot.

1.2

Static Stability:

is the initial tendency of an airplane when disturbed to return to its
original position.

1.3

Dynamic Stability

is the overall tendency of an airplane to return to its original
position, following a series of damped out oscillations.

1.4

Stability may be:
i.
Positive -

ii.

Neutral -

iii.

Negative -

meaning the airplane will develop forces or moments that tend to
restore it to its original position.
OHP#2
meaning the restoring forces are absent and the airplane will neither
return from its disturbed position, nor move further away.
meaning it will develop forces or moments that tend to move it
further away. Negative stability is Instability.

2-7-1
1.5

Longitudinal Stability:

Longitudinal Stability is pitch stability or stability around the lateral axis of the airplane.
Two factors influencing longitudinal stability are:
i.
The Horizontal Stabilizer - when a disturbance increases the angle of attack on
the wings, the nose goes up and the tail down. As
the stabilizer moves down it meets the air at a
greater angle of attack, obtains more lift and tends
to restore the aircraft to straight and level flight.
OHP#3
ii.
Center of Gravity C of G is very important in achieving longitudinal
stability. If the airplane is loaded with the C of G too
far aft, the airplane will have a nose up rather than a
nose down attitude. The inherent stability will be
lacking and even though putting the elevator down
may correct the situation, control of the airplane in
the longitudinal plane will be difficult and maybe
impossible.
Confirm Stage 1
1.
What is stability?
A.
Stability is the tendency of an airplane in flight to remain in straight, level, upright
flight and to return to this attitude if displaced, without corrective action by the
pilot.
2.
What is Neutral Stability?
A.
The restoring forces are absent and the airplane will neither return from its
disturbed position, nor move further away.
3.
Longitudinal Stability is pitch stability around what axis?
A.
Lateral Axis.
Stage 2:
2.1
Lateral Stability:
Lateral stability is stability around the longitudinal axis or roll stability.
Lateral stability is achieved through:

OHP#4

a)

Dihedral -

The Dihedral Angle is the angle that each wing makes with the
horizontal. When a wing is displaced, a flow of air will strike the
down going wing at a higher angle of attack with a resultant
increase in lift.

b)

2-7-2
Keel Effect - most high wing airplanes are laterally stable simply because the

wings are attached in a high position on the fuselage and because
the weight is therefore low. When the airplane is disturbed and one
wing dips, the weight acts as a pendulum returning the airplane to
its original attitude.
c)

2.2

Sweepback - when the aircraft is disturbed and a wing dips, the lower frontward
wing is exposed to more airflow. This will result in an increase in
lift in the front ward wing.

Directional Stability:

OHP#5

Directional Stability is stability around the vertical or normal axis. The most important
feature that affects directional stability is the vertical tail surface, that is, the fin and
rudder.
The Fin -

AXIS
Longitudinal

Lateral

Normal

An airplane has the tendency always to fly head on into the relative wind. If
the airplane yaws away from its course, the airflow strikes the vertical tail
surface from the side and forces it back to its original line of flight.
OHP#6
MOTION
CONTROL
STABILITY
Rolling
Ailerons
Provides Lateral
Stability, And Works
Around The
Longitudinal Axis.
Pitching
Elevators
Provides Longitudinal
Stability, And Works
Around The Lateral
Axis.
Yawing
Rudder
Provides Directional
Stability, And Works
Around The Normal
Axis.

Confirm Stage 2
1.
Lateral Stability is stability around what axis?
A.
Longitudinal Axis.
2.
Name three features incorporated in wing design that provide Lateral Stability.
A.
Keel Effect,
Sweepback, &
Dihedral.
3.
Directional Stability is stability around what axis?
A.
Normal or Vertical.

2-7-3
Performance Check:

1.

2.

What is stability?
A.
Stability is the tendency of an airplane in flight to remain in straight, level, upright
flight and to return to this attitude if displaced, without corrective action by the
pilot.
What is Neutral Stability?
A.
The restoring forces are absent and the airplane will neither return from its
disturbed position, nor move further away.

3.

Longitudinal Stability is pitch stability around what axis?
A.
Lateral Axis.

4.

Lateral Stability is stability around what axis?
A.
Longitudinal Axis.
Name three features incorporated in wing design that provide Lateral Stability.
A.
Keel Effect,
Sweepback, &
Dihedral.
Directional Stability is stability around what axis?
A.
Normal or Vertical.

5.

6.

Conclusion:
Summary
In this class we have studied the three axis of the airplane and types of Stability.
Re-motivation
This knowledge is essential for pilots because if they are displaced due to wind, then they should
know how there aircraft will react.

2-7-4

Stability
Stability is the tendency of an airplane in flight
to remain in straight, level, upright flight and to
return to this attitude if displaced, without
corrective action by the pilot.
Static Stability

is the initial tendency of an
airplane when disturbed to
return to its original position.

Dynamic Stability

is the overall tendency of
an airplane to return to its
original position,
following a series of
damped out oscillations.

Stability may be:
i. Positive - meaning the airplane will
develop forces or moments that
tend to restore it to its original
position.
OHP#1
402.07

ii. Neutral - meaning the restoring forces are
absent and the airplane will
neither return from its disturbed
position, nor move further away.
iii. Negative - meaning it will develop forces or
moments that tend to move it
further away. Negative stability is
Instability.

Longitudinal Stability
Longitudinal Stability is pitch stability or
stability around the lateral axis of the airplane.
Two factors influence longitudinal stability:
i. The Horizontal Stabilizer When a disturbance increases the angle of
attack on the wings, the nose goes up and
the tail down. As the stabilizer moves down
it meets the air at a greater angle of attack,
obtains more lift and tends to restore the
aircraft to straight and level flight.
OHP#2
402.07

ii. Center of Gravity C of G is very important in achieving
longitudinal stability. If the airplane is
loaded with the C of G too far aft, the
airplane will have a nose up rather than a
nose down attitude. The inherent stability
will be lacking and even though putting the
elevator down may correct the situation,
control of the airplane in the longitudinal
plane will be difficult and maybe
impossible.

Lateral Stability
Lateral stability is stability around the
longitudinal axis or roll stability.

OHP#3
402.07

Lateral stability is achieved through:
Dihedral
The Dihedral Angle is the angle that each wing
makes with the horizontal. When a wing is
displaced, a flow of air will strike the down
going wing at a higher angle of attack with a
resultant increase in lift.
Keel Effect
Most high wing airplanes are laterally stable
simply because the wings are attached in a high
position on the fuselage and because the weight
is therefore low. When the airplane is disturbed
and one wing dips, the weight acts as a
pendulum returning the airplane to its original
attitude.
Sweepback
When the aircraft is disturbed and a wing dips,
the lower frontward wing is exposed to more
airflow. This will result in an increase in lift in
the front ward wing.
OHP#4
402.07

Directional Stability
Directional Stability is stability around the
vertical or normal axis. The most important
feature that affects directional stability is the
vertical tail surface, that is, the fin and rudder.

The Fin
An airplane has the tendency always to fly head
on into the relative wind. If the airplane yaws
away from its course, the airflow strikes the
vertical tail surface from the side and forces it
back to its original line of flight.

OHP#5
402.07

AXIS
MOTION
Longitudinal Rolling

CONTROL
Ailerons

Lateral

Pitching

Elevators

Normal

Yawing

Rudder

OHP#6
402.07

STABILITY
Lateral
Stability
around the
Longitudinal
Axis.
Longitudinal
Stability
around the
Lateral Axis.
Directional
Stability
around the
Normal
Axis.
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Theory of Flight
Aircraft Performance
402.08
50 min
From the Ground Up

Introduction:
What:

In this class we will study aircraft performance and the forces acting on an aircraft
in a turn.

Why:

A knowledge of the forces acting in a turn as well as your airplane's performance is
very important if safe flight is to be achieved.

Where:

During every flight, especially during take-off and landings.

Body
Stage 1
1.1
Torque:
OHP#1
The propeller usually rotates clockwise, as from the pilot seat. The reaction to the
spinning propeller causes the aircraft to rotate counter clockwise.
1.2

Asymmetric Thrust:
At high angles of attack and high power settings at take-off, the descending blade of the
propeller has a greater angle of attack than the ascending blade. This produces more lift
from the right side of the propeller with a consequent yawing to the left.

1.3

Slipstream
The air pushed backward by the revolving propeller has a corkscrew motion. This causes
an increase in pressure on the left and a decrease on the right. Therefore the aircraft yaws
to the left. This can be countered by use of rudder or offsetting the fin.

1.4

Precession:
OHP#2
The spinning propeller of an airplane acts like a gyroscope. A rotating gyro tends to stay
in the same plane of rotation and resists any change in that plane. If an airplane goes
quickly from nose up to nose down on take-off it will yaw to the left.

1.5

Climbing:
The ability to climb is dependent on ability of aircraft to produce thrust. Lift always acts
perpendicular to relative airflow. Therefore the vertical component of lift must increase to
balance the vertical component of thrust.
2-8-1

a.

Best Rate Of Climb:
This is the rate of climb that will gain the most altitude in the least amount of time.
The best rate of climb is normally used on take-off.

b.

Best Angle Of Climb
OHP#3
This is the angle that will gain the most altitude in a given distance. It is valuable in
climbing out over obstacles.

c.

Normal Climb:
This is a rate of climb that should be used in any prolonged cruise climb.

1.6

Gliding:
In gliding there is NO power from an engine and the airplane is under influence of gravity.
Of the four forces, thrust is now absent and a state of equilibrium must be maintained by
lift, drag, and weight only.

`

a.

Best Glide Speed For Range:
The speed at which an aircraft will glide the furthest distance for altitude lost.

b.

Best Glide Speed For Endurance:
The speed at which an aircraft will glide the greatest amount of time for altitude
lost.

Confirm Stage 1:
1.
What is a Slipstream?
A.
The air pushed backward by the revolving propeller has a corkscrew motion. This
causes an increase in pressure on the left and a decrease on the right. Therefore,
the aircraft yaws to the left. This can be countered by use of rudder or offsetting
the fin.
2.
What is best rate of climb?
A.
This is the rate of climb that will gain the most altitude in the least time.
3.
What is best glide speed for endurance?
A.
The speed at which an aircraft will glide the greatest amount of time for altitude
lost.
Stage 2:
2.1
Forces Acting in a Turn:
OHP#4
o
The force of Lift acts 90 to the wing span. In a turn this force lift is inclined away from
the vertical. Therefore the vertical forces are no longer in balance or equilibrium. The
airplane will descend unless the angle of attack is increased to produce more lift.In a turn
the lift force has 2 components:
a)
Vertical opposes weight (lift), and
b)
Horizontal - makes the airplane turn. This horizontal force is known as
Centripetal Force (toward the turn).
2-8-2

Centripetal force must be great enough to overcome Centrifugal Force, which is the force
that pulls you out of the turn.
2.2

Steeper the angle of bank:
i.
The greater the rate of turn,
ii.
The less the radius of turn,
iii.
The higher the stalling speed, and
iv.
The greater the loading.
The steeper the turn the more lift is needed to support the airplane's inward force
(centripetal force). Therefore lift must be greater than during straight and level flight. This
additional lift is acquired by increasing the angle of attack of the wings, by adding back
stick pressure on the controls.

2.4

High airspeed in a turn:
i.
Slower rate of turn, and
ii.
larger radius of turn.

Confirm Stage 2
1.
What is centripetal force?
A.
A force keeps an aircraft in a turn (towards the turn).
2.
From the four forces in flight, lift, weight, thrust, and drag, which force allows an aircraft
to turn?
A.
Lift.
3.
What happens as the angle of bank increases in a turn?
A.
i.
The greater the rate of turn,
ii.
The less the radius of turn,
iii.
The higher the stalling speed, and
iv.
The greater the loading.
Performance Check:
1.
What is a Slipstream?
A.
The air pushed backward by the revolving propeller has a corkscrew motion. This
causes an increase in pressure on the left and a decrease on the right. Therefore,
the aircraft yaws to the left. This can be countered by use of rudder or offsetting
the fin.
2.
What is best rate of climb?
A.
This is the rate of climb that will gain the most altitude in the least time.
3.
What is best glide speed for endurance?
A.
The speed at which an aircraft will glide the greatest amount of time for altitude
lost.
4.
What is centripetal force?
A.
A force keeps an aircraft in a turn (towards the turn).
2-8-3

5.

6.

From the four forces in flight, lift, weight, thrust, and drag, which force allows an aircraft
to turn?
A.
Lift.
What happens as the angle of bank increases in a turn?
A.
i.
The greater the rate of turn,
ii.
The less the radius of turn,
iii.
The higher the stalling speed, and
iv.
The greater the loading.

Conclusion:
Summary
In this class we have studied aircraft performance and the forces acting on an aircraft in a turn.
Re-motivation
A knowledge of the forces acting in a turn as well as your airplane's performance is very
important if safe flight is to be achieved.

2-8-4

Torque
The propeller usually rotates clockwise, as
from the pilot seat. The reaction to the spinning
propeller causes the aircraft to rotate counter
clockwise.

Asymmetric Thrust
At high angles of attack and high power
setting at take-off, the descending blade of the
propeller has a greater angle of attack than the
ascending blade. This produces more lift from
the right side of the propeller with a consequent
yawing to the left.

Slipstream
The air pushed backward by the revolving
propeller has a corkscrew motion. This causes
an increase in pressure on the left and a decrease
on the right. Therefore the aircraft yaws to the
left. This can be countered by use of rudder or
offsetting the fin.
OHP#1
402.08

Precession
The spinning propeller of an airplane acts
like a gyroscope. A rotating gyro tends to stay
in the same plane of rotation and resists any
change in that plane. If an airplane goes quickly
from nose up to nose down on take-off it will
yaw to the left.

Climbing
The ability to climb is dependent on ability
of aircraft to produce thrust. Lift always acts
perpendicular to relative airflow. Therefore the
vertical component of lift must increase to
balance the vertical component of thrust.
a. Best Rate Of Climb:
This is the rate of climb that will gain the
most altitude in the least time. The best rate
of climb is normally used on take-off.
OHP#2
402.08

b. Best Angle Of Climb
This is the angle that will gain the most
altitude in a given distance. It is valuable in
climbing out over obstacles.
c. Normal Climb:
This is a rate of climb that should be used in
any prolonged cruise climb.

Gliding
In gliding there is NO power from the
engine and the airplane is under influence of
gravity. Of the four forces, thrust is now absent
and a state of equilibrium must be maintained
by lift, drag, and weight only.
a. Best Glide Speed For Range:
The speed at which an aircraft will glide
the furthest distance for altitude lost.
b. Best Glide Speed For Endurance:
The speed at which an aircraft will glide
the greatest amount of time for altitude
lost.
OHP#3
402.08

Turns
The force of Lift acts 90o to the wing span.
In a turn this force lift is inclined away from the
vertical. Therefore the vertical forces are no
longer in balance or equilibrium. The airplane
will descend unless the angle of attack is
increased to produce more lift.
In a turn the lift force has 2 components:
a) Vertical - opposes weight (lift), and
b) Horizontal - makes the airplane turn.
This horizontal force is known as
Centripetal Force (toward the
turn).

Steeper the angle of bank:
i.
ii.
iii.
iv.

The greater rate of turn,
The less the radius of turn,
The higher the stalling speed, and
The greater the loading.

High airspeed in a turn:
i. Slower rate of turn, and
ii. larger radius of turn.
OHP#4
402.08
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Stalls, Spins, Spiral Dives, and Load Factor
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From the Ground Up

Introduction:
What:

In this class we will study the characteristics and factors affecting the spin, spiral
dive and stall also we will discuss load factor

Why:

it is important to know these maneuvers because of the dangers that they present
to an aircraft in flight.

Where:

this information will be used when you are doing maneuvers in the aircraft

Body
Stage 1
1.1

Stalls:
OHP#1
Occurs when the wing is no longer capable of producing sufficient lift to counteract the
weight of the aircraft. A smooth laminar airflow over the wing is needed to produce lift. The stall
occurs when the angle of attack is increased to a point where the steady, streamlined flow of air is
unable to follow the upper camber of the airfoil. The airflow separates from the wing , becomes
turbulent and loss of lift occurs. As the angle of attack increases , the centre of pressure moves
forward on the wing until the CRITICAL ANGLE OF ATTACK is reached. At this point the C
of P moves abruptly backwards on the wing which is now stalled.
1.2

Factors Affecting the Stall:
OHP#2
a. Weight: the greater the weight causes the aircraft to operate at higher angle of attack ,
therefore a higher stalling speed
b. C of G: the further forward the C of G moves the higher the stalling speed becomes.
the further back it moves the lower the stalling speed.
c. Turbulence: Higher stalling speed because an upward vertical gust could cause the
aircraft to exceed its critical angle of attack.
d. Turns: As the amount of bank in a turn increases the stalling speed increases because
the load factor increases.
e. Flaps: By increasing the lifting potential of the wing it reduces the stalling speed.
f. Aircraft Condtion: Snow, Frost, Ice, Dents can all increase the stalling speed because
of increased drag
2-9-1

1.3

Stall vs load factors
As you increase your load factor, your stalling speed will be increase

y
The formula is as follows : stalling speed = normal stalling speed X (load factor)
1.4

An airplane will stall if the critical angle is exceeded.
It will stall at any airspeed if the critical angle is exceeded.
It will stall at any attitude if the critical angle is exceeded.
It will stall at the same indicated airspeed regardless of altitude.

OHP#3

Confirm Stage 1
1.
What happens to the centre of pressure during the stall?
A.
As the angle of attack increases , the centre of pressure moves forward on the
wing until the CRITICAL ANGLE OF ATTACK is reached. At this point the
C of P moves abruptly backwards on the wing which is now stalled.
2.

What factors affect the stall?
A.
Weight, C of G, Turbulence, Turns, Flaps, Aircraft Condition

3.

Will the airplane always stall at the same angle of attack.
A.
Yes
Stage 2:
2.1
Spinning:
OHP#4
Spinning may be defined as auto-rotation which develops after an aggravated stall. If a
disturbance causes a stalled airplane to drop one wing, or if rudder is applied to produce a yaw,
the downgoing wing will have a greater angle of attack to the relative airflow will receive less lift
and will tend to drop more rapidly. Drag on the downgoing wing increases sharply increasing the
angle of attack of the downgoing wing still further and stalling it further. The nose drops and
auto-rotation sets in.
2.2

Spiral Dive:
A Spiral Dive is a steep descending turn in which the airplane is in an excessively nose
down attitude. Excessive angle of bank, rapidly increasing airspeed and rapidly increasing rate of
descent characterize it. Structural damage can occur to the airplane if the airspeed is allowed to
increase beyond its limits.
2.3
A spiral dive resembles a spin but don’t confuse the two. In a spin, the airspeed is
constant and low, it is a stalled condition. In a spiral dive, the airspeed increases rapidly,it is not a
stalled condition.
OHP#5
2.4

Load Factor:
a. Dead Load:the weight of the aircraft standing on the ground.
b. Live Load: the change in dead load due to acceleration or turns.
c. Load Factor: the ratio of the actual load acting on the wings to the gross weight of the
aircraft. In other words it is the live load divided by the dead load.
2-9-2

d.

Why load factors are important
i..
Dangerous overload is possible
ii.
An increase in the load factor will result in an increase in the stalling
speed.
e.

Load factors are expressed in G's
i.
ii.
iii.

OHP#6

When on the ground or in straight and level flight you are said to be under
the force of 1G or one time the force of gravity.
As the angle of bank increases so does the loading factor.
In a banked attitude of 60° = 2G's

Confirm Stage 2
1.
What are differences between a spin and a spiral dive?
A.
In a spin, the airspeed is constant and low, it is a stalled condition. In a spiral dive,
the airspeed increases rapidly, it is not a stalled condition.
2.

What is Load Factor?.
A.
the ratio of the actual load acting on the wings to the gross weight of the aircraft.
In other words it is the live load divided by the dead load.

3.

How many G’s will you have in a 60° banked turn?
A.
2G’s

Performance Check:
1.
What happens to the centre of pressure during the stall?
B.
As the angle of attack increases , the centre of pressure moves forward on the
wing until the CRITICAL ANGLE OF ATTACK is reached. At this point the
C of P moves abruptly backwards on the wing which is now stalled.
2.

What factors affect the stall?
B.
Weight, C of G, Turbulence, Turns, Flaps, Aircraft Condition

3.

Will the airplane always stall at the same angle of attack.
A.
Yes

4.

What are differences between a spin and a spiral dive?
A.
In a spin, the airspeed is constant and low, it is a stalled condition. In a spiral dive,
the airspeed increases rapidly, it is not a stalled condition.

5.

What is Load Factor?.
A.
the ratio of the actual load acting on the wings to the gross weight of the aircraft.
In other words it is the live load divided by the dead load.

2-9-3

6.

How many G’s will you have in a 60° banked turn?
A.
2G’s

Conclusion:
Summary
In this class we studied the characteristics and factors affecting the spin, spiral dive and stall
also we will discuss load factor
.
Re-motivation
This knowledge is essential for pilots because if they are displaced due to these maneuvers, then
they should know how there aircraft will react.

2-9-4

Stalls
Occurs when the wing is no longer capable
of producing sufficient lift to counteract the
weight of the aircraft. A smooth laminar airflow
over the wing is needed to produce lift. The stall
occurs when the angle of attack is increased to a
point where the steady, streamlined flow of air
is unable to follow the upper camber of the
airfoil. The airflow separates from the wing ,
becomes turbulent and loss of lift occurs. As the
angle of attack increases , the centre of pressure
moves forward on the wing until the CRITICAL
ANGLE OF ATTACK is reached. At this point
the C of P moves abruptly backwards on the
wing which is now stalled.

OHP#1
402.09

Factors Affecting the Stall:
a. Weight: the greater the weight causes the
aircraft to operate at higher angle of attack ,
therefore a higher stalling speed
b. C of G: the further forward the C of G
moves the higher the stalling speed becomes.
the further back it moves the lower the stalling
speed.
c. Turbulence: Higher stalling speed because
an upward vertical gust could cause the aircraft
to exceed its critical angle of attack.
d. Turns: As the amount of bank in a turn
increases the stalling speed increases because
the load factor increases.
e. Flaps: By increasing the lifting potential of
the wing it reduces the stalling speed.
f. Aircraft Condtion: Snow, Frost, Ice, Dents
can all increase the stalling speed because of
increased drag
OHP#2
402.09

An airplane will stall if the critical angle
is exceeded.
It will stall at any airspeed if the critical
angle is exceeded.
It will stall at any attitude if the critical
angle is exceeded.
It will stall at the same indicated airspeed
regardless of altitude.

OHP#3
402.09

Spinning
Spinning may be defined as auto-rotation
which develops after an aggravated stall. If a
disturbance causes a stalled airplane to drop one
wing, or if rudder is applied to produce a yaw,
the downgoing wing will have a greater angle of
attack to the relative airflow will receive less lift
and will tend to drop more rapidly. Drag on the
downgoing wing increases sharply increasing
the angle of attack of the downgoing wing still
further and stalling it further. The nose drops
and auto-rotation sets in.

Spiral Dive
A Spiral Dive is a steep descending turn in
which the airplane is in an excessively nose
down attitude. Excessive angle of bank, rapidly
increasing airspeed and rapidly increasing rate
of descent characterize it. Structural damage can
occur to the airplane if the airspeed is allowed to
increase beyond its limits.
OHP#4
402.09

A spiral dive resembles a spin but don’t
confuse the two. In a spin, the airspeed is
constant and low, it is a stalled condition. In
a spiral dive, the airspeed increases rapidly,
it is not a stalled condition.

Load Factor
Dead Load: the weight of the aircraft
standing on the ground.
Live Load: the change in dead load due to
acceleration or turns.
Load Factor: the ratio of the actual load
acting on the wings to the gross weight of the
aircraft. In other words it is the live load
divided by the dead load.
Why load factors are important
i. Dangerous overload is possible
ii. An increase in the load factor will result
in an increase in the stalling speed.
OHP#5
402.09

Load factors are expressed in G's
i. When on the ground or in straight and level
flight, you are said to be under the force of
1G or one time the force of gravity.
ii. As the angle of bank increases so does the
loading factor.
iii. In a banked attitude of 60° = 2G's

OHP#6
402.09
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Theory of Flight
Aircraft Instruments
402.10
50 min
From the Ground Up

Introduction:
What:

In this class we will look at the aircraft instruments and their function.

Why:

Aircraft instruments make piloting an airplane easier and safer.

Where:

This knowledge will be used in every day flying operations.

Body
Stage 1
1.1
Pitot/Static System:
a.

Pitot Tube:

OHP#1
measures dynamic pressure and is positioned to be clear of the
slipstream and facing the line of flight.
THE AIRSPEED INDICATOR IS THE ONLY
INSTRUMENT CONNECTED TO THE PITOT SOURCE.

b.

Static Tube:

the tube is vented to allow air pressure to equalize with the
outside air pressure. The vents are located on opposite sides so
as to not be affected by turbulence.
ASI, ALTIMETER, VSI USE STATIC PRESSURE

1.2

Altimeter:

OHP#2

a.
Measures the pressure in the atmosphere, which is the weight of the air above
you at any given altitude. This weight will change as the a/c climbs or
descends causing the altimeter to register a change.
b.
Made up of a stack of aneroid capsules each set at standard sea level. As the
altitude changes these capsules expand and contract moving gears and thus the
hands on the altimeter change.

2-10-1

c.

Errors:

i.

ii.

iii.

1.3

Pressure: the atmospheric pressure changes when
flying from place to place. If not corrected for
the altimeter will be inaccurate
OHP#3
Temperature: the altimeter is constructed to work on the
values of the ICAO standard atmosphere (15°C)
and the temp is not always at this value.
Mountain Effect: winds when flying near mountains
can be gusty and this will not give an accurate
indication of atmospheric conditions.

Airspeed Indicator:
OHP#4
a.
Tells the pilot how fast they are travelling through the air and not over the
ground and is measured in knots and miles per hour. Indicates the difference
between pressures in the pitot and static tubes.
b.
The uncorrected reading on the airspeed indicator is referred to as the Indicated
Airspeed (IAS). True airspeed (TAS) is calibrated airspeed corrected for airspeed
indicator error due to density and temperature. TAS is also referred to the actual speed of
the airplane through the air.
OHP#5
c.
The instrument is made up of an aneroid capsule which measures the pitot
pressure. the interior of the case is sealed and the static pressure is measured
there. The changes in dynamic pressure (pitot) cause the aneroid capsule to
expand and contract and this is registered and connected to a linkage which
moves the hand on the ASI.
Calibrated airspeed:
Is indicated airspeed corrected for instrument errors and installation errors in the
pitot static system
Equivalent airspeed:
Calibrated airspeed corrected for compressibility factor.
d.

Markings:

e.

Errors:

i.
ii.
iii.
iv.
i.
ii.

iii.
iv.
v.

Red: Velocity never exceed (VNE)
Yellow: Caution (VNO)
Green: Normal (VSL )
White: Flaps (VFE)
Density:
atmospheric density varies and as a result
this will change the accuracy of the ASI.
Position:
Eddies that form as air passes over the
wing are responsible for error
OHP#6
Lag:
the slowness of the working parts are
responsible for this error.
Icing:
ice formation blocking either the pitot or
static tube could give inaccurate readings.
Water:
could block the tubes causing inaccurate
readings.

2-10-2
Confirm Stage 1
1.
Which instrument is used to indicate height above sea level?
A.
Altimeter
2.
What is the Pitot Tube?
A.
measures dynamic pressure and is positioned to be clear of the
slipstream and facing the line of flight.
3.
What are some errors of the Airspeed Indicator?
A.
Density, Position, Lag, Icing, Water
Stage 2:
2.1
Vertical Speed Indicator:
a.

OHP#7

Indicates the rate of climb and descent and is measured in feet per minute.

b.
Measures the change in pressure between the capsule (atmospheric pressure)
and the case of the instrument. The capsule will expand and contract which is
then transmitted by linkage to the dial of the instrument.
c.
The instrument tends to lag and will only show an accurate rate after 6-9
seconds.
2.2

Variometer:
a.
A very sensitive rate of climb indicator that is used to find thermals. Works on
the same principle as the altimeter: the higher the altitude the less the static
pressure.
b.

2.3

To a soaring pilot it is one of the most important instruments.

Magnetic Compass:

OHP#8

a.
Consists of two north seeking magnets which are attached to a float which is
also attached to a compass card. This complete magnet system is mounted on
a pivot and is free to rotate. The whole assembly is mounted within the
compass bowl which is filled with alcohol to reduce the weight of the compass
card and the magnets.
b.
The lubber line indicates the direction the a/c is heading and is in line with or
parallel to the longitudinal axis of the aircraft.
2.4

Gyroscope:

OHP#9

a.
It is a rotor, or spinning wheel, rotating at high speed in a universal mounting,
called a gimbal, so its axle can be pointed in any direction.

b.
Gyroscopic Inertia:
motion.

2-10-3
the tendency of a rotating body to maintain its plane of

c.
Precession: the tendency of a rotating body, when a force is applied
perpendicular to its plane of rotation, to turn in the direction of its rotation 90° to its axis
and take up a new plane of rotation parallel to the force applied.
2.5

Gyro Instruments:

OHP#10

a. The Heading Indicator:
The heading indicator or directional gyro is an instrument designed to indicated the
heading of the airplane and because it is steady and accurate, to enable the pilot to steer
that heading with the least effort.
b. The Artificial Horizon:

OHP#11

The artificial horizon or attitude indicator provides the pilot with an artificial
horizon as a means of reference when the natural horizon cannot be seen because of cloud,
fog, rain or other obstructions to visibility. It shows the pilot the relationship between the
wings and nose of the airplane and the horizon at the earth.
c. Turn and Slip Indicator:

OHP#12

i.Needle indicates the direction and rate of turn.
ii.Ball indicates slipping or skidding
iii.If the ball is opposite to the needle in a turn you are skidding. With the ball and
needle on the same side the turn is slipping.
Confirm Stage 2
1.
What is the VSI?
A.
Indicates the rate of climb and descent and is measured in feet per minute.
2.
What is a gyroscope?
A.
It is a rotor, or spinning wheel, rotating at high speed in a universal mounting,
called a gimbal, so its axle can be pointed in any direction.
3.
What instruments work on a gyroscope?
A.
Heading Indicator, Artificial Horizon, Turn and Slip Indicator
Performance Check:
1.
Which instrument is used to indicate height above sea level?
A.
Altimeter

2-10-4
2.

3.
4.
5.

6.

What is the Pitot Tube?
A.
measures dynamic pressure and is positioned to be clear of the
slipstream and facing the line of flight.
What are some errors of the Airspeed Indicator?
A.
Density, Position, Lag, Icing, Water.
What is the VSI?
A.
Indicates the rate of climb and descent and is measured in feet per minute.
What is a gyroscope?
A.
It is a rotor, or spinning wheel, rotating at high speed in a universal mounting,
called a gimbal, so its axle can be pointed in any direction.
What instruments work on a gyroscope?
B.
Heading Indicator, Artificial Horizon, Turn and Slip Indicator.

Conclusion:
Summary
The student should now be aware of the instruments used to help control the aircraft while in
motion.
Remotivation
We are now finished with our study of the principles of flight. The students should now have a
good understanding of how an airplane flies and should use this knowledge as they study to
become future pilots.

2-10-5

Pitot/Static System
Pitot Tube:measures dynamic pressure and
is positioned to be clear of the slipstream and
facing the line of flight.
THE AIRSPEED INDICATOR IS THE
ONLY INSTRUMENT CONNECTED TO
THE PITOT SOURCE.
Static Tube: the tube is vented to allow air
pressure to equalize with the outside air
pressure. The vents are located on opposite
sides so as to not be affected by turbulence.
ASI, ALTIMETER, VSI USE STATIC
PRESSURE.

OHP#1
402.10

Altimeter

Measures the pressure in the atmosphere, which
is the weight of the air above you at any given
altitude. This weight will change as the a/c
climbs or descends causing the altimeter to
register a change.
Made up of a stack of aneroid capsules each set
at standard sea level. As the altitude changes
these capsules expand and contract moving
gears and thus the hands on the altimeter
change.

Errors:
i. Pressure: the atmospheric pressure changes
when flying from place to place. If not
corrected for the altimeter will be inaccurate
OHP#2
402.10

ii. Temperature: the altimeter is constructed to
work on the values of the ICAO standard
atmosphere (15°C) and the temp is not always at
this value.
iii. Mountain Effect: winds when flying near
mountains can be gusty and this will not give an
accurate indication of atmospheric conditions.

OHP#3
402.10

Airspeed Indicator

Tells the pilot how fast they are travelling
through the air and not over the ground and is
measured in knots and miles per hour. Indicates
the difference between pressures in the pitot and
static tubes.
The reading on the airspeed indicator is referred
to as the Indicated Airspeed (IAS). True
airspeed (TAS) is the calibrated airspeed
corrected for airspeed indicator error due to
density and temperature.
OHP#4
402.10

The instrument is made up of an aneroid capsule
which measures the pitot pressure. The interior
of the case is sealed and the static pressure is
measured there. The changes in dynamic
pressure (pitot) cause the aneroid capsule to
expand and contract and this is registered and
connected to a linkage that moves the hand on
the ASI.
Calibrated airspeed:
Is indicated airspeed corrected for
instrument errors and installation errors
in the pitot static system
Equivalent airspeed:
Calibrated airspeed corrected for
compressibility factor.

Markings:
i.
ii.
iii.
iv.
OHP#5
402.10

Red:Velocity never exceed (Vne)
Yellow: Caution (Vno)
Green: Normal (Vsl)
White: Flaps (Vfl)

Errors:
i. Density: atmospheric density varies
and as a result this will change the accuracy of
the ASI.
ii. Position: Eddies that form as air passes
over the wing are responsible for error.
iii. Lag: the slowness of the working parts
are responsible for this error.
iv. Icing:
ice formation blocking either
the pitot or static tube could give inaccurate
readings.
v. Water: could block the tubes causing
inaccurate readings.
OHP#6
402.10

Vertical Speed Indicator

Indicates the rate of climb and descent and is
measured in feet per minute.
Measures the change in pressure between the
capsule (atmospheric pressure) and the case of
the instrument. The capsule will expand and
contract which is then transmitted by linkage to
the dial of the instrument.
The instrument tends to lag and will only
show an accurate rate after 6-9 seconds.

Variometer
A very sensitive rate of climb indicator that is
used to find thermals. Works on the same
principle as the altimeter: the higher the altitude
the less the static pressure.
OHP#7
402.10

Magnetic Compass

Consists of two north seeking magnets
which are attached to a float which is also
attached to a compass card. This complete
magnet system is mounted on a pivot and is free
to rotate. The whole assembly is mounted
within the compass bowl which is filled with
alcohol to reduce the weight of the compass card
and the magnets. The lubber line indicates the
direction the a/c is heading and is in line with or
parallel to the longitudinal axis of the aircraft.

OHP#8
402.10

Gyroscope
It is a rotor, or spinning wheel, rotating at high
speed in a universal mounting, called a gimbal,
so its axle can be pointed in any direction.
Gyroscopic Inertia: the tendency of a rotating
body to maintain its plane of motion.
Precession: the tendency of a rotating
body, when a force is applied perpendicular to
its plane of rotation, to turn in the direction of
its rotation 90° to its axis and take up a new
plane of rotation parallel to the force applied.

OHP#9
402.10

Gyro Instruments
The Heading Indicator

The heading indicator or directional gyro is
an instrument designed to indicated the
heading of the airplane and because it is
steady and accurate, to enable the pilot to
steer that heading with the least effort.

OHP#10
402.10

The Artificial Horizon

The artificial horizon or attitude indicator
provides the pilot with an artificial horizon
as a means of reference when the natural
horizon cannot be seen because of cloud,
fog, rain or other obstructions to visibility. It
shows the pilot the relationship between the
wings and nose of the airplane and the
horizon at the earth.

OHP#11
402.10

Turn and Slip Indicator

i.Needle indicates the direction and rate of turn.
ii.Ball indicates slipping or skidding
iii.If the ball is opposite to the needle in a turn
you are skidding. With the ball and needle on
the same side the turn is slipping.

Straight and Level

Skidding Left Turn
OHP#12
402.10

Coordinated Left Turn

Slipping Left Turn
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Meteorology
Properties of the atmosphere
403.01
50 min.
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss the composition, properties and divisions of the
atmosphere.

Why:

To give you a basic knowledge of the atmosphere that will help you better
understand weather phenomena.

Where:

A basic knowledge of weather will aid you in your flying.

Body:
Stage 1:
OHP # 1
1.1 Composition of the atmosphere:
The atmosphere is a mixture of invisible gases. The
most significant gases in the mixture are: a) Nitrogen
78%
b) Oxygen
21%
c) Other
1%
(Argon, Water Vapour,
Carbon Dioxide, etc.)
From the standpoint of weather water vapour is the most important component of the air.
1.2

Properties of the Atmosphere:

a)
mobility
OHP # 2
b)
expansion
c)
compression
The most important property of the atmosphere is expansion. Air is forced to rise by lifting
agents into areas of lower pressure. This rising air expands and cools. This cooling process will
lower the temperature towards the dewpoint where condensation may occur. If condensation
occurs clouds may form and precipitation may fall.
Confirm Stage 1:
1.
Name the gases that make up the atmosphere.
A.
Nitrogen
78%
Oxygen
21%
Other
1% (Argon, Carbon Dioxide, Water Vapour, etc.)
3-1-1

2.

What is the most important gas from the standpoint of weather?
A.
Water vapour.
3.
Name the three properties of the atmosphere.
A.
Mobility,
Expansion, and
Compression.
4.
What is the most important property and why?
A.
The most important property of the atmosphere is expansion. Air is
forced to rise by lifting agents into areas of lower pressure. This rising air
expands and cools. This cooling process will lower the temperature
towards the dewpoint where condensation may occur. If condensation
occurs, clouds may form and precipitation may fall.
Stage 2:
2.1
Divisions of the atmosphere:
OHP # 3
a)
Troposphere is the lowest layer of the atmosphere
- most weather occurs here
- temperature decreases with height
- pressure decreases with height
- top layer is known as Tropopause
b)

c)

Stratosphere is the second layer of the atmosphere
- pressure continues to decrease
- temperature remains constant at around -56 degrees Celsius
- water vapour and air currents are almost nonexistent
- top layer is called Stratopause
Mesosphere is the third layer of the atmosphere:
OHP # 4
-marked increase in temperature which reaches 10 degrees Celsius
(this is due to the presence of the ozone)
-top layer is called the mesopause
-temperature drops rapidly to -100 degrees Celsius at the
mesopause

d)

Thermosphere is top layer of the atmosphere
OHP#5
-temperature increases as high as 3000 degrees Celsius
-there are two layers within the thermosphere:
1. ionosphere - reflects low, medium and high frequency
waves effecting radio communications.
2. exosphere - little more than a vacuum and molecules
are able to escape from the atmosphere.
2.2
Divisions of the atmosphere:
Show layer diagram
OHP#6

3-1-2

2.3

Tropopause

- averages 5 miles high over the poles: 11 miles high over equator
- Higher in summer than in winter
- temperature remains steady (isothermal) near –56°C
- acts as a cap on weather.

Confirm Stage 2
1.

2.

What are the divisions of the atmosphere?
A.
Troposphere
Stratosphere
Mesosphere
Thermosphere
Name one characteristic of each.
A.
Use information above for answer.

Performance Check :
1.
From the standpoint of weather, what is the most important gas?
A.
Water vapour.
2.
What is the composition of the atmosphere?
A.
Nitrogen
78%
Oxygen
21%
Other
1% (Argon, Carbon Dioxide, water vapour, etc.)
3.
What are the three properties of the atmosphere?
A.
Expansion,
Compression, and
Mobility.
4.
Describe the tropopause.
A.
- averages 5 miles high over poles:11 miles high over equator
- higher in summer than in winter
- temperature remains steady (isothermal) near –56°C
- acts as a cap on weather
5.
What causes the increased temperature in the Mesosphere?
A.
Radiation from the presence of ozone.
6.
What does the ionosphere do and where is it located?
A.
It reflects low, medium and high frequency waves. It is located in the
thermosphere.
Summary:
During this class, we have learned the composition, properties and divisions of the atmosphere.
Re-motivation:
A basic knowledge of the atmosphere will help you understand meteorology.
3-1-3

The Atmosphere
COMPOSITION:
Made up of invisible gases. These gases are:
A) 78%

Nitrogen

B) 21%

Oxygen

C) 1%

Other (Argon, Carbon
Dioxide, Water Vapour
and several others).

From the standpoint of weather, water
vapour is the most important component of the
air.
OHP#1
403.01

Properties of the Atmosphere
A)

Mobility

b)

Expansion

C)

Compression

These in combination are the cause of
almost all atmospheric weather phenomena.
The most important property of the
atmosphere is Expansion.

OHP#2
403.01

Troposphere
- Temperature and pressure decrease with
height.
- Lowest layer of the atmosphere.
- Most weather occurs here!
- Top layer is known as Tropopause. Here the
temperature stops dropping.

Stratosphere
-Pressure still decreases but temperature stays
constant in the vicinity of -56°C.
-Water vapour and air currents are almost
non-existent
-Top layer is called Stratopause
OHP#3
403.01

Mesosphere
-Marked by increasing temperature that reaches
10°C. This is due to presence of the ozone layer
(the ozone layer absorbs radiation from the sun).
-Top layer is called Mesopause.
-Temperature drops rapidly to -100°C at the
Mesopause.

OHP#4
403.01

Thermosphere
Thermosphere is the highest layer of the
atmosphere. Temperature increases as high as
3000 degrees Celsius. There are two layers
within the thermosphere:
1. Ionosphere - reflects low, medium and
high frequency waves
affecting radio
communications.
2. Exosphere -

little more than a vacuum
and molecules are able to
escape from the atmosphere.

OHP#5
403.01
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Meteorology
Clouds-Classification and family
403.02
50 min.
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will learn about various clouds, their heights, classification and
families.

Why:

Clouds are an indication of what is happening in the atmosphere. The location
and type of cloud are evidence of such weather phenomena as fronts,
turbulence, thunderstorms, and tell the pilot what type of conditions may be
expected during flight.

Where:

A knowledge of clouds will help a pilot predict approaching weather.

Body:
Stage 1:

OHP # 1

1.1

Clouds are identified by the way in which they form. There are two basic types of cloud:
a) cumulus - form in rising air currents and have a lumpy, cotton-ball appearance. They
are evidence of unstable air.
b) stratus form in horizontal layers and are evidence of stable air.

1.2

Classification of clouds
(a)

OHP # 2

High clouds (Cirro): bases range from 16,500 to 45,000 feet and are composed of
ice crystals. There are three types of high cloud:
(1)
Cirrus (CI) - very high, thin delicate wisps
(2)
Cirrocumulus (CC) - thin cottonball like clouds. They indicate high
level instability.
(3)
Cirrostratus (CS) – a thin high sheet of cloud through which the
sun or moon is visible (produces a "halo" effect). Often indicates
an approaching warm front.

3-2-1

(b)

Middle clouds (Alto) bases range from 6,500 to 23,000 feet and are composed of
ice crystals or water droplets. There are three types of middle cloud:
1)
Altocumulus (AC) - layers of rounded masses of clouds,
2)
Altostratus (AS) - thick gray clouds that often cover the entire sky.
May give some light rain or snow.
3)
Altocumulus Castellanus (ACC) - altocumulus with turrets.
Instability, turbulence, and showery activity are characteristics of
this cloud.

Confirm Stage 1:
1.
How do cumulus clouds form? Stratus Cloud?
A.
Cumulus
- rising air.
Stratus
- horizontal layers.
2.
What are the height of the bases of high clouds?
A.
16,500-45,000 feet.
3.
What type of cloud produces a halo effect?
A.
Cirrostratus.
4.
What are middle clouds composed of?
A.
Water droplets and/or ice crystals.
Stage 2:
2.1

Classification of clouds continued :

OHP # 3

(a)

Low Clouds (Strato); bases range from surface to 6,500 feet. They are composed
of water droplets (which may be supercooled) and sometimes ice crystals. There
are five types of low clouds:
1)
Stratus (ST)-a uniform layer resembling fog but not resting on the
ground. Drizzle often falls from stratus.
2)
Stratocumulus (SC)-a thin layer of rounded masses of cloud. May
give some light rain or snow showers.
3)
Nimbostratus (NS)-a thick layer, of uniform, dark gray cloud.
Normally associated with a warm front. Usually gives continuous
precipitation which may at times be heavy.
4)
Stratus Fractus (SF)- pieces of stratus.
5)
Cumulus Fractus (CF)- pieces of cumulus.

(b)

Clouds of vertical development bases as low as 1,500 feet and can be composed
of water droplets, supercooled water droplets and ice crystals. There are three
stages of vertical development:
OHP # 4

3-2-2

1)

Cumulus (CU) - form during the warm part of the day and dissipate during
the evening
- thick, rounded and lumpy in appearance
- have flat dark bottoms and white rounded sides
- look like cotton balls
- flight at base is usually bumpy

2)

Towering Cumulus (TCU)

- cumulus clouds that build up into
high towering masses
- rough air underneath
- heavy icing in cloud
3)
Cumulonimbus (CB) -heavy masses of cumulus
-anvil top
-violent vertical currents
-heavy icing within cloud
-electrical activity
- may be embedded in stratiform clouds.
- usually gives heavy showers with possible hail.
CB cloud should be avoided because of its severe hazards to aviation.
Confirm Stage 2
1.
What heights are low cloud bases?
A.
Surface - 6500 feet
2.
What are clouds of vertical development composed of?
A.
Water droplets (above freezing) and ice crystals and/or supercooled
water droplets (below freezing).
Performance Check :
1.
What type of weather can you expect from cumuliform clouds?
A.
Showers.
2.
What is the height of high cloud bases?
A.
16,500 - 45,000 feet.
3.
Describe altostratus cloud.
A.
Thick gray cloud that often cover the entire sky.
4.
What type of weather can you expect from nimbostratus cloud?
A.
Steady precipitation.
Summary:
During this class, we have learned the various clouds, their height, classification and
families.
Re-motivation:
Knowing about clouds and their individual characteristics will be helpful for you as pilots
to predict weather conditions.
3-2-3

CLOUDS
TYPE
Cumulus -

form in rising air currents and
indicate unstable air.

Stratus

form in horizontal layers and
indicate stable air.

-

FAMILIES:

HEIGHT of BASES:

-

LOW (STRATO)

surface - 6,500 ft

-

MIDDLE (ALTO)

6,500 ft - 23,000 ft

-

HIGH (CIRRO)

16,500 ft - 45,000 ft

-

VERTICAL
1,500 ft & above
DEVELOPMENT

OHP#1
403.02

HIGH CLOUDS
1. Cirrus (CI) - thin delicate wisps
2. Cirrocumulus (CC) - thin cottonball like
3. Cirrostratus (CS) - thin, high sheet
- produces "Halo" effect
- often indicates the
approach of a warm front

MIDDLE CLOUDS
1. Altocumulus (AC) - layers of rounded
masses of cloud
2. Altostratus (AS) -

covers whole sky
near approach of
warm front

3. Altocumulus Castellanus (ACC)
-altocumulus with turrets
OHP#2
403.02

LOW CLOUDS
1. Stratus (ST)

- a uniform layer, like fog,
but not resting on the ground
- drizzle often falls from
stratus

2. Stratocumulus (SC)- a thin layer of
rounded masses of
cloud
3. Nimbostratus (NS)

-

a low layer of
uniform, dark
grey cloud

4. Stratus Fractus (SF)

-

broken stratus

5. Cumulus Fractus (CF)-

OHP#3
403.02

broken cumulus

CLOUDS OF VERTICAL
DEVELOPMENT
1. Cumulus (CU)- dense
- rounded tops
- surface hard and clear cut
2. Towering Cumulus (TCU)
- cumulus that builds up
into high towering masses
- rough air underneath
- heavy icing in cloud
3. Cumulonimbus (CB) -

heavy masses of
Cumulus
anvil top
violent vertical
currents

CB clouds should be avoided by all aircraft.
OHP#4
403.02
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Meteorology
Atmospheric Pressure and Density
403.03
50min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss atmospheric pressure and density, and
how it effects the altimeter.

Why:

In learning pressure and density and keeping a record of both, we can
determine what weather may occur.

Where:

During every flight, a pilot must set the altimeter. The altimeter is affected by
atmospheric pressure.

Body:
Stage 1:
1.1

There are three units of measure. They are:
a)

Inches of Mercury ("Hg) - the length of a column of mercury
the weight of which will balance a column of air extending
from the ground to the top of the atmosphere.

b)

Millibar (mb) - the pressure exerted on an area of 1 square cm by a
force of 1000 dynes.
Kilopascal (kPa) – equals 10 hectopascals (hPa)
1 hPa equals 1 mb

c)

1.2

OHP # 1

Standard Atmosphere

OHP # 2

The ICAO standard atmosphere:
a)
b)
c)
d)

MSL pressure = 29.92 Hg = 1013.2 mb = 101.3 kPa
MSL sea level temperature = 15oC
Lapse rate = 1.98oC /1000ft.
Air is a perfectly dry gas

3-3-1

1.3

Atmospheric Density
a)
Density is mass per unit volume.
Cold air is dense because the molecules are
moving slowly and are packed closely together. Warm
air is less dense because the molecules are
moving about rapidly and therefore they take up more space.
This means that there are fewer molecules in a given volume.
Since cold air is more dense it is heavier and tends to sink.
b)

Relationship between Pressure and Density:
They are directly proportional: As density increases so does pressure.

Confirm Stage 1:
1.
2.

3.

What are the units of measure of pressure?
A.
Inches of Mercury, millibars and kilopascals.
Describe the ICAO standard atmosphere.
A.
15oC
29.92"Hg = 1013.2 mb = 101.3 kPa
1.98oC/1000ft
What is density?
A.
Density is mass per unit volume.

Stage 2:
2.1

Altimeter Setting:
OHP # 3
- The barometric pressure reading is used to adjust the altimeter for variations in current
atmospheric pressure or to the standard atmospheric setting.
- If adjusted for the current pressure it will read the true elevation of the aerodrome
"above sea level (ASL)".
- It measures in inches of mercury

2.2

The Meteorological Aspects of the Altimeter:
OHP # 4
- When flying from an area of high pressure to an area of low pressure the altimeter
will read higher than what the aircraft is actually flying.
"HIGH TO LOW - LOOK OUT BELOW"
- When flying from an area of low pressure to an area of high pressure the altimeter will
read lower than the aircraft is actually flying.
"LOW TO A HIGH - CLEAR BLUE SKY"
3-3-2

Confirm Stage 2
1.
What unit of measure is the altimeter expressed in?
A.
Inches of Mercury.
2.
What meteorological errors can be experienced with the altimeter?
A.
Low to high - clear blue sky
High to low - look out below.
3.
Will the altimeter read ASL or AGL?
A.
If adjusted for the current pressure it will read the true elevation of the
aerodrome "above sea level (ASL)".
Performance Check:
1.
What are the units of measure of pressure?
A.
Inches of Mercury, millibars and kilopascals.
2.
Describe the ICAO standard atmosphere.
A.
15oC
29.92"Hg
1.98oC/1000ft
3.
What is density?
A.
Density is mass per unit volume.
4.
What unit of measure is the altimeter expressed in?
A.
Inches of Mercury.
5.
What meteorological errors can be experienced with the altimeter?
A.
Low to high-clear blue sky
High to low-look out below.
6.
Will the altimeter read ASL or AGL?
A.
If adjusted for the current pressure it will read the true elevation of the
aerodrome "above sea level (ASL)".
Summary:
During this class, we have learned the atmospheric pressure and density.
Re-motivation:
Knowledge of this material will help you better understand meteorology.

3-3-3

Units of Measure
Inches of mercury
The length of a column of mercury the
weight of which will balance a column of air
extending from the ground to the top of the
atmosphere.
Millibars
The pressure exerted on an area of 1 square
cm by a force of 1000 Dynes.
Kilopascals
Equals 10 hectopascals
- one hectopascal equals one millibar

Pressure
Force per unit area.

OHP#1
403.03

Standard Atmosphere
MSL pressure
MSL temperature

29.92"Hg = 1013.2 mb
= 101.3 kPa
15°C

Lapse Rate

1.98°C/1000ft

Air

Perfectly dry gas
Density
Mass per unit volume.
Pressure and Density

are directly proportional. As density increases
so does pressure.

OHP#2
403.0

Altimeter Setting
The barometric pressure reading is used to
adjust the altimeter for variations in existing
atmospheric pressure or to the standard
altimeter setting.
If set to the existing pressure it will read the
true elevation of the airport above sea level.
It is measured in inches of mercury.

OHP#3
403.03

Meteorological Aspect of the Altimeter
When flying from an area of high pressure
to an area of low pressure the altimeter will read
higher than what the a/c is actually flying.
HIGH TO LOW - LOOK OUT BELOW
When flying from an area of low pressure to
an area of high pressure the altimeter will read
lower than what the a/c is actually flying.
LOW TO HIGH - CLEAR BLUE SKY

OHP#4
403.03
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Meteorology
Pressure Systems
403.04
50min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss pressure systems and how they appear on a surface
chart.
In learning pressure systems we will have an idea of expected winds and how
pressure distribution affects wind.
Surface charts show pressure systems.

Why:
Where:

Body:
Stage 1:
1.1
Pressure Systems:
Low

OHP # 1

-also known as a cyclone or a depression
-wind flows counterclockwise (anticlockwise) and inward
-pressure is lowest in the center
-expect poor weather

Secondary low-forms within a TROF from the main low
-revolves around main center in an anticlockwise direction
Trough(TROF) -U shaped area of low pressure with higher pressure on
either side.

OHP # 2

Ridge

-similar to a TROF but extends from a high with areas of lower pressure
on either side.

Col
High

-neutral area between two highs and two lows.
-also known as an anticyclone
-wind flows clockwise and outward
-pressure highest in center
-expect fine to fair weather

3-4-1

Show pressure systems with map.

Annex A

Winds always flow from an area of high pressure to an area of low pressure

Confirm Stage 1:
1.
What direction does the wind flow around a low pressure area?
A.
Anticlockwise and inward.
2.
In an area of high pressure what type of weather should be expected?
A.
Fine to fair.
3.
What is a trough (TROF)?
A.
A U shaped area of low pressure with areas of higher pressure on either
side.
Stage 2:
2.1
Forces Affecting Horizontal Air Movement

OHP # 3

Pressure gradient
- the rate of change of pressure over distance measured at right angles to the isobars
- is steepest when isobars are close
- determines wind velocity ( the closer the isobars the stronger the winds)
Coriolis force
- because the earth rotates beneath the atmosphere air is deflected to the right, in the
Northern Hemisphere, until it flows parallel to the isobars.
Surface friction
friction between the surface of the earth and the atmosphere will slow the movement
of air. This in turn increases the angle at which the air will cross the isobars.
2.2

Buy Ballots Law
In the Northern Hemisphere, when you stand with your back to the wind, the center of the
low is to your left.

Confirm Stage 2:
1.
Name some forces that affect the movement of air.
A.
Pressure gradient, Coriolis force, and surface friction.
2.
What is Buy Ballots Law?
A.
With your back to the wind the center of the low will be to your left.

3-4-2

Performance Check :
1.
2.
3.
4.
5.
6.

What direction does the wind flow around a low pressure area?
A.
anticlockwise and inward.
In a high pressure area what type of weather should be expected?
A.
Fine to fair.
What is a trough(TROF)?
A.
A U shaped area of low pressure with higher pressure on either side.
Name some forces that affect the movement of air.
A.
Pressure gradient, Coriolis force and surface friction.
What is Buy Ballots Law?
A.
With your back to the wind the center of the low will be to your left.
What way does the wind flow around a high pressure area?
A.
Clockwise and outwards.

Summary:
During this class, we have learned about pressure systems and factors affecting horizontal
air movement.
Re-motivation:
A knowledge of this material will help you understand more in depth meteorology.

3-4-3

Pressure Systems
Low Pressure Area - Also known as a cyclone
or a depression,
- Wind flows
counterclockwise and
inward
L
- Pressure is lowest in the
center
- Expect poor weather

Secondary Low
depress
L
Trough-

OHP#1
403.04

- smaller disturbance of
cyclonic nature
- forms within a main
depression
L
U shape

TROUGH - U shaped area of low pressure with
higher pressure on either side.
Ridge – similar to a TROF but extends outward
from a high with lower pressure on
either side.
Col-

a neutral area between two highs and
two lows.

High Pressure Area - also known as an
anticyclone
- wind flows clockwise and
outward
- pressure highest in center
H
- expect fine to fair weather

OHP#2
403.04

OHP#2
403.04

Winds
Winds always flow from an area of high
pressure to an area of low pressure.

H

L

Forces Affecting Horizontal Air Movement
Pressure gradient
- the rate of change of pressure over distance measured at
right angles to the isobars
- it is steepest when isobars are close
- it determines wind velocity ( the closer the isobars the
stronger the winds)

Coriolis force
- because the earth rotates beneath the atmosphere, air is
deflected to the right in the Northern Hemisphere, until it
flows parallel to the isobars.
OHP#3
403.04

Surface friction
Friction between the surface of the earth and the
atmosphere will slow the movement of air. This in turn
increases the angle at which the air crosses the isobars.

Buys Ballots Law
In the Northern Hemisphere, when you stand with your back to
the wind, the low pressure area is to your left.

OHP#4
403.04
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Meteorology
Winds
403.05
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss winds.

Why:

To become familiar with winds so you can recognize systems associated with
them.

Where:

A basic knowledge of winds will aid you in your flying.

Body:
Stage 1:
1.1
Winds within high pressure systems:

OHP # 1

Wind direction - winds blow clockwise and outwards in a high.
Area of divergence:

1.2

a flow of air outwards from a region and is associated with highs.
Sinking air compensates for the flow of air outwards.

Winds within low pressure systems:

OHP # 2

Wind direction - winds blow counter-clockwise and inwards in a low.
Area of convergence: the flow of air into an area and is accompanied by rising air to
permit the excess accumulation to escape.
Confirm Stage 1:
.
1.
What is an area of divergence?
A.
A flow of air outwards from a region and is associated with highs.
Sinking air compensates for the flow of air outwards.
2.
What is an area of convergence?
A.
The flow of air into an area and is accompanied by rising air to permit the
excess accumulation to escape.
3-5-1

Stage 2:
2.1
Local winds
Land Breeze - occurs at night
OHP # 3
- land becomes cooler faster than water causing a high over the land
- wind blows from the land (high pressure area) towards the warm water
(low pressure area).
Sea Breeze

- occurs during the day
- land heats faster than water causing a low over the land
- wind blows from the sea (high pressure area) towards the warm land
(low pressure area).

Diurnal Variations

Gust

- a daily variation in the wind
- surface heating during the day causes
turbulence in the lower levels
- this turbulence causes the wind direction and speed at higher
levels to be transferred to the surface
- this transfer causes winds on the surface to veer and increase
- this process reverses at night when surface heating stops.

- a rapid and irregular change in wind speed of short duration
- often associated with rapid fluctuations in wind direction
- caused by mechanical turbulence and unequal heating of the earth's
surface.

OHP # 4

OHP#5

OHP # 6

Squall - similar to a gust but of longer duration
- may be accompanied by a rapid change in wind direction,
- caused by the passage of a fast moving cold front or thunderstorm.
Mechanical Turbulence - friction between the moving air and surface features
of the earth such as mountains, buildings or trees
- responsible for swirling vortices of air called "eddies".

Tornadoes

- violent whirlpools of air associated with severe thunderstorms
- they are deep concentrated lows
- shaped like a funnel hanging out of a cumulonimbus cloud and are dark
in appearance due to the dust and debris being sucked up
- high wind speeds ( up to 300 knots ).

3-5-2

OHP #7

Confirm Stage 2:
1.
What direction do winds blow around a low?
A.
Anti-Clockwise and inward.
2.
Explain convergence.
A.
Air blows into the centre of a low and is forced to rise.
Stage 3:
3.1
Wind Speed and Direction
Veer

-the wind changes direction clockwise,
-wind veers and increases speed during the day,
-wind veers and increases with increase in altitude.

Back

-the wind changes direction anti-clockwise
-wind backs and decreases speed at night
-wind backs and decreases with a descend in altitude.

Wind Shear

-sudden "tearing" or "shearing" effect encountered when
OHP # 9
there is a sudden change in wind speed or direction. Can be very violent.

Jet Stream

-narrow bands of exceedingly high speed winds
-exist in higher levels of the troposphere (from 20,000-40,000),
-speed is generally between 100-125 Kts (may get as high as 250 Kts).

Confirm Stage 3:
1.
What is a land breeze?
A.
At night land cools faster then water forming a higher pressure area. The
wind blows from the land to the sea.
2.
What is a sea breeze?
A.
During the day land heats rapidly forming a low pressure area. The wind
blows from the sea to the land.
3.
What is mechanical turbulence?
A.
Friction between moving air and surface features causes a swirling
motion.

3-5-3

OHP # 8

Performance Check :
1.
What direction do the winds flow around lows?
A.
Counter-clockwise and inwards.
2.
What is a land breeze?
A.
Winds flow from cool land to warmer water at night.
3.
What is a gust?
A.
Rapid change in wind speed of short duration.
4.
What is veering?
A.
Clockwise change in the direction of the wind.
Summary:
During this class we have discussed winds.
Re-motivation:
A basic knowledge of the winds will aid you in your flying.

3-5-4

WINDS WITHIN A HIGH

H

Winds blow
clockwise
and
outwards

Area of Divergence
A flow of air outwards from a region and is
associated with highs. Sinking air
compensates for the flow of air outwards.

OHP#1
403.05

WINDS WITHIN A LOW
Winds blow
Counter-clockwise
and
Inwards

L

Area of convergence
The flow of air into an area of low
pressure is accompanied by rising air allowing
the excess accumulation to escape.

:
OHP#2
403.05

Land Breeze
-blows at night,
-land becomes cooler faster than water
causing a high over the land
-wind blows from the land (high pressure
area) towards the water (low
pressure area).

Cool Land causes
High Pressure over
the land

Warm Sea causes
Low Pressure over
the sea

Wind blows from a high to a low

LAND
OHP#3
403.05

SEA

Sea Breeze
-occurs during the day,
-land heats faster than water
causing a low over the land
-wind blows from the sea (high pressure
area) towards the land (low pressure
area).

Warm Land causes
Low Pressure over
the land

Cool Sea causes
High Pressure over
the sea

Wind blows from a high to a low

LAND
OHP#4
403.05

SEA

Diurnal Variations
-daily variation of the wind
-caused by surface heating during the day
-causes turbulence in lower levels which
transfers the stronger upper level winds to the
surface
- this causes surface winds to veer an increase
during the day
- surface winds back an decrease during the
evening when daytime heating stops.
OHP#5
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Gust
A rapid and brief increase in the wind
speed. It is often associated with rapid
fluctuations in the wind direction.

Squall
Similar to a gust but of longer duration.
Caused by passage of a fast moving cold
front or thunderstorm.

OHP#6
403.05

Mechanical Turbulence
-friction between the air and surface features
of the earth is responsible for the swirling
vortices of air called "EDDIES"

Tornadoes
-violent, circular whirlpools of air associated
with severe thunderstorms and are very deep
concentrated LOWS.

OHP#7
403.05

Veer
-The wind changes direction clockwise.
-Wind veers and increase as altitude increases
e.g.
From 270o to 300o

Back
-The wind changes direction
counter-clockwise.
-Wind backs and decreases as altitude decreases
e.g.From 90o to 60o

The wind VEERS and increases during the
day.
It BACKS and decreases at night

OHP#8
403.05

Wind Shear
Sudden "tearing" or "shearing" change in wind
speed or direction. Can be very violent.

Jet Stream
Narrow band of exceeding high speed winds
known to exist in higher levels of the
troposphere at altitudes ranging from 20,00040,000 feet. Wind speed is usually 100-125
knots but may get as high as 250 knots.

OHP#9
403.05
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Meteorology
Humidity, Temperature, and Stability
403.06
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss humidity, temperature, and stability.

Why:

Humidity, temperature, and stability are very important components of the
weather.

Where:

An understanding of these components is essential for safe cross country
flight.

Body:
Stage 1:
1.1 Humidity:

amount of water vapour present in the air.

Relative Humidity:

the ratio of water vapour present in the air compared to the
amount the same volume could hold if it were saturated.

Dew Point:

the temperature to which air must be cooled at a
constant pressure to become saturated.

Saturation:

Condensation:

Sublimation:

Evaporation:

OHP # 2
when a mass of air is holding the maximum amount of water
vapour it can hold, at a given temperature, it is said to be
saturated.
when invisible water vapour cools it condenses in the form of
visible water droplets.
OHP # 3
the water vapour changes directly into ice crystals without
passing through the visible water droplet stage.
when water droplets are heated and form water vapour.

3-6-1
1.2

OHP # 1

Temperature:

The temperature of a body of air is affected by the sun’s heating. The sun heats the
surface of the earth and the surface heats the air.
Isotherm
Freezing Point:
Boiling Point:

-lines joining places of equal temperature.
-point at which water freezes 0 C
-the point at which water boils 100 C

OHP # 4

Temperature has an effect on air density:
cold air is more dense - warm air is less dense.
Confirm stage 1:
1.
What is relative humidity?
A.
The ratio of water vapour present in the air compared to the
amount the same volume could hold if it were saturated.
2.
What is condensation?
A.
When invisible water vapour cools it condenses in the form of visible
water droplets.
3.
What are isotherms?
A.
Lines joining places of equal temperature.
Stage 2:
2.1

Atmospheric Heating: THE ATMOSPHERE IS HEATED FROM BELOW OHP#5
Radiation

Short wave radiation from the sun is absorbed by the earths surface and is
re-radiated to the atmosphere in long waves. This long wave radiation
heats the atmosphere from below.
Advection:
as colder air moves over a warmer surface it is heated by contact with this
surface.
Compression: as air sinks it moves into an area of higher pressure and is compressed.
As it compresses it heats up.

Heat distribution Aloft
OHP # 6
Conduction: when heat gradually diffuses through an object moving from warm to
cold. Plays a very minor role in weather.
Convection: when warm air rises colder air moves in to replace it creating a vertical
circulation resulting in heat distribution.
Turbulence: friction between the moving air and the earths surface causes mechanical
turbulence which results in heat distribution aloft.

3-6-2
2.2

Atmospheric Cooling:

OHP # 7

Advection:
Expansion:
Radiation:

as warm air moves over a cooler surface it is cooled by contact with the
surface.
as air rises it moves into an area of lower pressure and expands.
As it expands it cools.
as the sun sets the short wave radiation is no longer present but the earth
continues to lose its heat by long wave radiation. This causes cooling of
the earths surface which in turn cools the surrounding air.

2.3

Vertical Distribution of Temperature:
OHP # 8
Temperature decreases with altitude. This change is known as a lapse rate.
An inversion is an increase in temperature with altitude. Creates very stable air.

2.4

Types of lapse rates:
Dry adiabatic
Moist Adiabatic
ICAO Standard

-cooling rate when air is dry.
3.0oC / 1000'
-cooling rate when air is saturated.
1.5oC / 1000'
-Standard atmosphere
1.98oC / 1000'

Confirm Stage 2:
1.
What is radiation heating?
A.
Earth absorbs the suns short wave radiation then re-radiates this heat to the
atmosphere in long waves.
2.
What is advection cooling?
A.
Warm air moves over a cooler surface and cools down by contact.
3.
What are the lapse rates?
A.
Dry adiabatic
3.0oC / 1000'
Moist Adiabatic
1.5oC / 1000'
ICAO Standard
1.98oC / 1000'
4.
What is an inversion?
A.
An increase in temperature with altitude.
STAGE 3:
3.1
Relationship between lapse rate and stability:
OHP # 9
Stability is the tendency of air to return to its original horizontal level if disturbed.
Instability is the tendency of air to move farther away from its original horizontal level if
disturbed.

3-6-3

Lapse rate is the rate of change of temperature with altitude:
***Unstable air is indicated by a steep lapse rate.
***Stable air is indicated by a shallow lapse rate.

- Heating from below causes instability.
- Cooling from below causes stability.

3.2

Weather Characteristics:

OHP # 10

Stable and unstable air have several characteristics:
Characteristic

Stable Air

Unstable Air

Lapse Rate

Shallow

Steep

Cloud

Stratus Type

Cumulus Type

Precipitation

Steady

Showers

Visibility

Poor

Good

Confirm Stage 3:
1.
What is stability?
A.
The tendency of air to return to its original horizontal level if disturbed.
2.
What does a steep lapse rate indicate?
A.
Unstable air.
3.
What type of visibility is associated with stable air
A.
Poor

3-6-4

Performance Check :

1.

2.

3.
4.
5.

6.

What is relative humidity?
A.
The ratio of water vapour present in the air compared to the
amount the same volume could hold if it were saturated.
What is condensation?
A.
When invisible water vapour cools it condenses to the form of visible
water droplets.
What are isotherms?
A.
Lines joining places of equal temperature.
What is advection cooling?
A.
Warm air moves over a cooler surface and cools down by contact.
What are the lapse rates?
A.
Dry adiabatic
3.0oC / 1000'
Wet Adiabatic
1.5oC / 1000'
ICAO Standard
1.98oC / 1000'
What does a shallow lapse rate indicate?
A.
Stable air.

Summary:
During this class, we have learned about humidity, temperature and stability of air.
Re-motivation:
A knowledge of this material will help you understand atmospheric weather.

3-6-5

Humidity:
Amount of water vapour present in the air.

Relative Humidity:
The ratio of water vapour present in the air
compared to the amount the same volume
could hold if it were saturated.

Dew Point:
The temperature to which air must be
cooled, at a constant pressure, to become
saturated.
OHP#1
403.06

Saturation:
When a mass of air is holding the
maximum amount of water vapour it can hold,
at a given temperature, it is saturated.

Condensation:
When invisible water vapour cools it
condenses to the form of visible water droplets.

OHP#2
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Sublimation:
The water vapour changes directly into ice
crystals without passing through the visible
water droplet stage.

Evaporation:
When water droplets heat and form water
vapour.

Isotherm:
Lines joining places of equal temperature.
OHP#3
403.06

Freezing Point:
Point at which water freezes (0 C)

Boiling Point:
The point at which water boils (100 C)

Temperature has an effect on air density:
Cold air is more dense (heavier)
Warm air is less dense (lighter)
OHP#4
403.06

Atmospheric Heating
The atmosphere is heated from below
Radiation – short wave radiation from the sun is
absorbed by the earths surface and re-radiated to
the atmosphere in long waves. This long wave
radiation heats the troposphere from below.
Advection – as cool air moves over a warmer
surface it is heated by contact with this surface.
Compression – as air sinks it moves into an area
of higher pressure and is compressed. As it
compresses it heats up.

OHP#5
403.06

Heat Distribution Aloft
Conduction – heat gradually diffuses through an
object, moving from hot to cold. Plays a very
minor role in weather.

Convection – when warm air rises colder air
moves in to replace it causing a vertical
circulation resulting in heat distribution.

Turbulence – friction between the earth surface
and the moving air causes mechanical
turbulence which results in heat distribution.

OHP#6
403.06

Atmospheric Cooling
Advection:

Warm air moves over a
cooler surface and cools down by contact with
this surface.

Expansion:

As air is forced to rise it

expands and cools.

Radiation:

After sunset the earth
continues to radiate its heat thus becoming
cooler. Air in contact with this cooler surface
becomes cooler.

OHP#7
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Vertical Distribution of Temperature
-Decrease of temperature with altitude is
known as Lapse Rate.
- Increase in temperature with altitude is
known as an inversion.

Types of lapse rates:
Dry Adiabatic:

3.0oC / 1000'

Wet Adiabatic:

1.5oC / 1000'

ICAO Standard:

1.98oC / 1000'

OHP#8
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Stability and Instability
(Stable and Unstable)
Stability: The tendency of air to remain at its
horizontal level when disturbed. It resists
upward or downward displacement.
Instability: The tendency of air to continue to
move away from its original horizontal level
when disturbed.
Unstable air is indicated by a steep lapse rate.
Stable air is indicated by a shallow lapse rate
and/or and inversion.
Heating from below causes instability
Cooling from below causes stability
OHP#9
403.06

Weather Characteristics:
Characteristi

Stable Air

Unstable Air

Lapse Rate

Shallow

Steep

Cloud

Cumulus

Precipitation

Stratus
Steady

Visibility

Poor

Good

OHP#10
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Meteorology
Air Masses
403.07
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss air masses.

Why:

To understand where they form and what type of weather to expect in them.

Where:

A basic knowledge of air masses can be used during transits and cross country
flights.

Body:
Stage 1:
1.1 Air Mass:

1.2

OHP # 1
- a large section of the troposphere with uniform properties of temperature
and moisture in the horizontal. An air mass may be several thousand
miles across.

Classification: - Air masses are classified by their moisture content and temperature:
Continental – Dry
Arctic – cold

Maritime – moist
Polar – moderate

Tropic – hot

1.3

Where Air Masses form:
- Arctic Region – ranges from the poles to the permafrost line
- Polar Region - extends south from the permafrost line to where the mean
temperature is 10°C
- Tropical Region – below latitude 30°N

1.4

Weather in an Air Mass: - Air Mass weather is determined by three factors:
- moisture content
- cooling process
- stability

3-7-1

1.7

Principal Air Masses of Canada:

OHP #2

a)

Continental Arctic (cA)

- forms over the arctic
- remains over land as it moves south
- dry and cold
- very low Tropopause

b)

Maritime Arctic (mA)

-forms over the arctic
-absorbs moisture as it briefly moves over
the north Pacific or north Atlantic oceans
-moist and cold
-low Tropopause.

c)

Maritime Polar (mP) - forms over the arctic
- spends a longer time over open water than mA
- moist and cool
- medium Tropopause.

d)

Maritime Tropical (mT)

- forms over southern Pacific and southern
Atlantic oceans
- causes fog that effects Atlantic Provinces
- moist and hot
- high Tropopause.

Confirm Stage 1:
1.
What does the word Arctic mean in an air mass name?
A.
Cold
2.
What is the abbreviation for Maritime Arctic?
A.
mA.
3.
Where are Continental Arctic air masses formed?
A.
Over the arctic
4.
What does the word maritime mean in an air mass name?
A.
moist
Stage2
2.1
Characteristics of warm and cold air masses:

OHP #3

-air masses take on the characteristics of the surface over which they form.
Cold air mass

- inherently stable but heating from below creates instability
- turbulent
- good visibility
- cumuliform clouds
- shower type precipitation
- thunderstorms may occur
3-7-2

Warm air mass

2.2

- stable
- smooth air
- poor visibility
- stratiform clouds
- steady type precipitation
Modification: - air mass characteristics are modified as they move over different
surfaces.
- if the modification is extensive the air mass may be given a new name
(example –mA air mass modified to mP as temperature moderates)

Confirm Stage 2:
1.
What type of air does a Maritime Tropical air mass have?
A.
Moist and hot
2.
How are air masses modified?
A.
By the surfaces over which they pass.
3.
What type of stability is associated with cold air masses?
A.
Unstable.
Performance Check:
1.
How does the Great Lakes affect a cA air mass in winter?
A.
Heat and moisture from the Great Lakes cause cumuliform clouds and
locally heavy snow showers.
2.
How do the Rocky Mountains affect a mP or mA air mass?
A.
As the air masses are lifted by the mountains their moisture condenses out
causing rain.
3.
Where are Maritime Arctic air masses formed?
A.
Over the arctic.
4.
What causes the extensive fog along the Atlantic Coast?
A.
mT air being cooled by the Labrador current.
Summary:
During this class we have discussed air masses and their characteristics.
Re-motivation:
This knowledge will help predict what type of weather to expect from different air masses.

3-7-3

AIR MASS
A large section of the troposphere with uniform properties
of temperature and moisture in the horizontal. May be several
thousands of miles across.

CLASSIFICATION
Air Masses are classified by moisture and temperature:
Continental
Maritime

-

dry
moist

Arctic
Polar
Tropical

-

cold
moderate
hot

OHP#1
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PRINCIPAL AIR MASSES OF CANADA:
Continental Arctic (cA)
- forms over the arctic
- dry and very cold
- remains over land as it moves south
- very low Tropopause

Maritime Arctic (mA)
- forms in the arctic
- spends short time over north Pacific or north Atlantic
- moist and cold
- low Tropopause

Maritime Polar (mP)
-forms in the arctic
-spends a long time over Pacific/Atlantic oceans
-moist and cool
-medium Tropopause

Maritime Tropical (mT)
-forms over the south Pacific and Atlantic oceans
-causes fog that effects Atlantic Provinces
-moist and hot
-high Tropopause

OHP #2
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CHARACTERISTICS OFAIR MASSES
COLD AIR MASS:
- inherently stable but heating from below creates
instability
- turbulent
- good visibility
- cumuliform clouds
- shower type precipitation
- thunderstorms may occur
WARM AIR MASS:
- stable
- smooth air
- poor visibility
- stratiform clouds
- steady type precipitation
Air masses take on the characteristics of the surface over which
they form but are modified, in whole or in part, as they move
over different surfaces.
If the modification is extensive the air mass may be given a new
name.

OPH #3
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Fronts
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From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss fronts and TROWALS.

Why:

Fronts have associated weather characteristics that are important to know as
pilots.

Where:

A good knowledge of fronts will help a pilot predict approaching weather.

Body:
Stage 1:

OHP # 1

1.1

Front:

-is a transition zone between two air masses as it appears on the
surface. The sloping side of the cold air is called the frontal surface.

1.2

Weather

- the weather at a front is determined by the characteristics of the warm
air that is being lifted and the degree of lift.

1.3

Cold Front:

- the leading edge of an advancing cold air mass
- the slope of the front is very steep (1 in 50)
- narrow weather band
- can be very severe

Clouds and Weather: - clouds of vertical development
- showers
- winds veer
- temperature decreases behind front
Fast moving cold fronts may produce severe thunderstorms and/or Squall Lines.

3-8-1

Confirm Stage 1:
1.
Define front.
A.
A transition zone between two air masses.
2.
What type of flying can be expected around cold fronts?
A.
Turbulent (rough flying).
3.
What precipitation can you expect at a cold front?
A.
Showers
Stage 2:
2.1

Warm Front: - the trailing edge of a retreating cold air mass
- warm air is forced aloft by “overrunning”
- shallow slope (1 in 200)
- extensive stratiform clouds
- wide weather band that may extend up to 500 miles,
- precipitation may lead front by up to 250 miles.

OHP # 2

Clouds and Weather: - stratus clouds
- steady precipitation
- winds veer
- temperature rises behind front.
- thunderstorms may be embedded in the stratus clouds
- in winter, ice pellets and freezing rain may develop ahead of front.

Sequence of clouds that indicating an approaching warm front are:
C – cirrus
C – cirrostratus
A – altostratus
N – nimbostratus
S – stratus
2.2

Occluded Fronts:

OHP # 3

- a cold front overtakes a warm front and lifts the warm air
entirely from the ground.
In Canada this is referred to as a TROWAL (TRof Of Warm Air ALoft)
Weather at a TROWAL has the combined characteristics of cold and warm fronts.

3-8-2

Confirm Stage 2
1.

What type of precipitation can you expect as a warm front passes?
A.
Steady possibly heavy if there are embedded cumuliform clouds.

2.

What clouds indicate the approach of a warm front?
A.
C - cirrus
C - cirrostratus
A - altostratus
N - nimbostratus
S – stratus

3.

What is a TROWAL?
A.
A Trof of warm air aloft.

Performance Check :
1.
2.
3.
4.
5.

Define front.
A.
A transition zone between two air masses.
Define cold front.
A.
The leading edge of an advancing cold air mass.
Define warm front.
A.
The trailing edge of a retreating cold air mass.
What determines the weather at a front?
A.
The characteristics of the warm air being lifted and the degree of lift.
What clouds indicate the approach of a warm front?
A.
C - cirrus
C - cirrostratus
A - altostratus
N - nimbostratus
S - stratus

Summary:
During this class we have learned about fronts and TROWALS
Re-motivation:
Knowing about fronts will help you to predict weather phenomena.

3-8-3

Front
A transition zone between two air masses.

Cold Front
- the leading edge of an advancing cold air mass
- the slope of the front is very steep (1 in 50)
- narrow weather band
- can be very severe
Clouds and Weather:
- clouds of vertical development
- showers
- winds veer
- temperature decreases behind front

FAST MOVING COLD FRONTS MAY PRODUCE
SEVERE THUNDERSTORMS AND/OR SQUALL LINES

OHP#1
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Warm Front
- the trailing edge of a retreating cold air mass
- warm air is forced aloft by ‘overrunning’
- shallow slope (1 in 200)
- wide weather band that may extend up to 500 miles
- extensive stratiform cloud
Clouds and Weather:
- stratus clouds
- steady precipitation
- winds veer
- temperature rises behind front
- thunderstorms may be embedded in the stratus clouds
- in winter, ice pellets and freezing rain may develop
Sequence of clouds indicating the approach of warm front are:
C - cirrus
C - cirrostratus
A - altostratus
N - nimbostratus
S – stratus
OHP#2
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TROWAL
A TRof Of Warm air ALoft
- a cold front overtakes a warm front and lifts the warm air
off the ground
Clouds and weather:
- combination of both warm front and cold front weather

OHP#3
403.08
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From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss clouds in relation to how they are formed,
the precipitation associated with them and fog.

Why:

To become aware of the dangers of flying in or near these occurrences.

Where:

A good knowledge of clouds will help a pilot predict weather and tell him/her
what weather to avoid.

Body:
Stage 1:
1.1
Cloud formation:
OHP # 1
When the relative humidity is high, condensation nuclei are present in the air and there is cooling
of the air, clouds are formed by the condensation of water vapour.
1.2

Lifting Agents:
Orographic Lift

- air blowing against a range of hills or mountains is forced
upward, reaches a region of lower pressure, expands and cools.
Condensation will occur when the dew point is reached.

Frontal Lift

- a mass of warm air is forced aloft and rises over the cold air. The
rising warm air cools by expansion and clouds are formed.

Convection

- as the sun heats the earth unevenly, rising currents of air will
occur. This is convection. The rising air expands and cools.
This produces condensation and cumuliform cloud forms at the
top of the column of air. Further ascent and cooling causes rain.
OHP # 2
- air is forced into a region, as at the center of a low. Convergence
is occurring. The excess air is forced to rise, as it rises it
expands and cools. When the condensation level is reached,
clouds form.

Convergence

3-9-1

Turbulence

1.3

Precipitation:
Precipitation

- as wind blows over an uneven or rough surface or when uneven
heating occurs, vertical currents are created. Air in the upward
motion expands and cools. If there is enough moisture
condensation occurs. This results in cumulus clouds.

-when water droplets (visible as a cloud) grow sufficiently in size
and weight to fall due to gravity.

Forms of precipitation

1.4

- drizzle, rain, freezing drizzle, freezing rain
- hail, snow pellets (soft hail)
- snow,
- ice prisms,
- ice pellets.

Precipitation and cloud type:

OHP # 3

Precipitation

Cloud Type

Drizzle, freezing drizzle, snow grains

Stratus and stratocumulus

Snow or rain (continuous)

Thick altostratus and nimbostratus

Snow or rain (intermittent)

Thick altostratus and stratocumulus

Snow showers, rain showers

Altocumulus, heavy cumulus, cumulonimbus

Hail, ice pellet showers

Cumulonimbus

Ice pellets (continuous)

Any rain cloud (below freezing)

Ice Prisms

No cloud necessary

Snow pellets

Heavy cumulus

Confirm Stage 1:
1.
How are clouds formed?
A.
When the relative humidity is high, when condensation nuclei are
present in the air and when there is cooling of the air, clouds form
by the condensation of water vapour.
2.
What is frontal lift?
A.
A mass of warm air is forced aloft and rises over
the cold air. The rising warm air cools by expansion and clouds are
formed.
3-9-2

Stage 2:
2.1
Fog: - Fog is a cloud, usually stratus, in contact with the ground. It forms when the air
is cooled to its dew point, or when the dew point is raised to the air temperature through
the addition of water vapour.
2.2

Types of fog:

OHP # 4

Radiation fog -usually forms in the early morning. The conditions that favor
the formation of radiation fog are:
a)
clear skies,
b)
moist air,
c)
light winds.
- at night, the ground cools by losing heat through radiation. The air in
direct contact with the earth's surface is cooled. If this air is moist and the
temperature is lowered to the dew point, fog will form. Radiation fog is
very shallow (low) but thickens up at sunrise for a short period of time.
Advection fog -forms when warm moist air moves over a cold surface. Can be very
extensive.
Upslope fog

-caused by air cooling due to expansion as it moves up a slope. A
light upslope wind is necessary.

Steam fog

-forms when cold air passes over a warm water surface.
Evaporation of the water into the cold air occurs until the air
becomes saturated. The excess water vapour condenses as fog.

Frontal fog

- warm frontal fog is caused by the cold air becoming saturated as
rain falls from the warm air above it. It is a form of precipitation induced
fog.
OHP # 5
Precipitation-induced fog -caused by the addition of moisture to the air through
evaporation of rain or drizzle.
Ice fog

- at very low temperatures, the air may become full of ice crystals.
The ice crystals form by sublimation. They may suddenly
appear when an aircraft engine has been started (the exhaust contains
water vapour, condensation nuclei and it creates mixing).

Confirm Stage 2
1.

How does fog form?
A.
It forms when the air is cooled to its dew point or when the
dew point is raised to the air temperature through the addition of water
vapour.
3-9-3

2.

3.

What conditions favor formation of radiation fog?
A.
a)
clear skies
b)
moist air
c)
light winds.
What is advection fog?
A.
Forms when warm moist air moves over a cold surface.

Performance Check :
1.

2.

3.
4.

5.

6.

How are clouds formed?
A.
When the relative humidity is high, when condensation nuclei are
present in the air and when there is cooling of the air, clouds form
by the condensation of water vapour.
What is orographic lift?
A.
Air blowing against a range of hills or mountains is forced
upward to a region of lower pressure which causes it to expand and cool.
Condensation will occur when the dew point is reached.
What type of weather can you expect from cumulonimbus?
A.
Showers of Rain, Hail and/or ice pellet showers.
What is precipitation?
A.
water droplets/ice crystals that have grown sufficiently in size and weight
to fall due to gravity
How is upslope fog formed?
A.
air cools by expansion as it moves up a slope. A light upslope wind is
necessary.
What is steam fog?
A.
Forms when cold air passes over a warm water surface.
Evaporation of the water into the cold air occurs until the air
becomes saturated. The excess water vapour condenses as fog.

Summary:
During this class, we have learned the clouds, precipitation, and fog.
Re-motivation:
Knowing about clouds will tell the pilot what type of precipitation, fog and other weather that
they can expect from them.

3-9-4

CLOUD FORMATION
When the relative humidity is high, condensation nuclei are
present, and there is cooling of the air, clouds form by the
condensation of water vapour.

LIFTING AGENTS
Orographic Lift:
Air blowing against a range of hills or mountains is forced
upward into a region of lower pressure, expands and cools.
Condensation will occur when the dew point is reached.
Frontal Lift:
A mass of warm air is forced aloft and rises over the cold air.
The rising warm air cools by expansion and clouds are formed.
Convection:
As the sun heats the earth unevenly, rising currents will occur.
This is convection. The rising air expands and cools. This
produces condensation and cumuliform cloud forms at the top of
the column of air. Further ascent and cooling causes rain.

OHP#1
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Convergence:
Air is forced into a region, as at the center of a low.
Convergence is occurring. The excess air is forced to rise, as it
rises it expands and cools. When the condensation level is
reached, clouds form.
Turbulence:
As wind blows over an uneven or rough surface or when uneven
heating occurs, vertical currents are created. Air in the upward
motion cools by expansion and if enough moisture is there
condensation occurs. This results in cumulus cloud.

PRECIPITATION
When water droplets (visible as a cloud) grow sufficiently in
size and weight to fall due to gravity.

Forms of precipitation:
- drizzle, rain, freezing drizzle, freezing rain
- hail, snow pellets (soft hail)
- snow,
- ice prisms,
- ice pellets.

OHP#2
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Precipitation and cloud type:
Precipitation

Cloud Type

Drizzle, freezing drizzle,
snow grains

Stratus and stratocumulus

Snow or rain (continuous)

Thick altostratus and
nimbostratus

Snow or rain (intermittent)

Thick altostratus and
stratocumulus

Snow showers, rain showers

Altocumulus, heavy cumulus,
cumulonimbus

Hail, ice pellet showers

Cumulonimbus

Ice pellets (continuous)

Any rain cloud (below
freezing)

Ice Prisms

No cloud necessary

Snow pellets

Heavy cumulus

FOG
Fog is a cloud, usually stratus, in contact with the ground. It
forms when the air is cooled to its dew point, or when the dew
point is raised to the air temperature through the addition of
water vapour.
OHP#3
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TYPES OF FOG:
Radiation fog:
Usually forms in the early morning. Conditions that favor the
formation of radiation fog are:
a) clear skies
b) moist air
c) light winds
The ground cools losing heat through radiation. The air in direct
contact with the earth's surface is cooled. If this air is moist and
the temperature is lowered to the dew point, fog will form.
Advection fog:
Forms when warm moist air moves over a cold surface.
Upslope fog:
Caused by the cooling of air due to expansion as it moves up a
slope. A light upslope wind is necessary.
Steam fog:
Forms when cold air passes over a warm water surface.
Evaporation of the water into the cold air occurs until the air
becomes saturated. The excess water vapour condenses as fog.
Pre-Frontal fog:
Warm frontal fog is the most extensive and is caused by the
cold air becoming saturated by the evaporation of rain falling
from the warm air above.

OHP#4
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Precipitation-induced fog:
Caused by the addition of moisture to the air through
evaporation of precipitation. (Example – pre frontal fog)
Ice fog:
At very low temperatures, the air may become full of ice
crystals. The ice crystals, which form by sublimation, may
suddenly appear when an aircraft engine has been started (the
exhaust contains water vapour, condensation nuclei and the
engine creates mixing).

OHP#5
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Thunderstorms
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1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will discuss thunderstorms. We will learn their
requirements, life, and their dangers.

Why:

Thunderstorms are very dangerous to us as pilots. They are associated with very
severe weather conditions.

Where:

Thunderstorm avoidance can be used at any time while flying.

Body:
Stage 1:
1.1
Thunderstorms:
OHP # 1
A weather phenomena whose presence creates extremely serious hazards to flying.
They may be accompanied by:
a)
thunder
e)
heavy rain
b)
lightning
f)
hail.
c)
strong vertical drafts
g)
micro/macrobursts
d)
severe gusts and turbulence
h)
tornadoes
i)
severe wind shear
It is a weather condition of which a pilot should be enormously respectful.
1.2

Conditions for CB (thunderstorm) development:
a)
Unstable air to high levels
b)
Lifting agent
c)
High moisture content.
The lifting agents for thunderstorms are:
a)
Convection
b)
Orographic lift
c)
Frontal lift

3-10-1

1.3

The life of a thunderstorm:
OHP # 2
Initial or Cumulus Stage
-strong up drafts prevail (unstable air to high levels)
-temperature is higher inside the cloud than the surrounding air
-diameter ranges from 1 to 2 miles (but may get as great as 6 miles)
-steep lapse rate.
Mature Stage
-up drafts penetrate to great heights
-down drafts start in middle and lower level of cell
-precipitation starts
-stage usually lasts 15 to 30 minutes (may last as long as 60 minutes).
Dissipating Stage
-down draft occupies all but top of cloud where up drafts persist
-rain starts to slow and stop
-Top of cloud frays into anvil shape.

1.4

Types: There are two types of thunderstorms:

Airmass – usually form either singly or in clusters on hot summer days. Relatively
easy to avoid. They form as a result of either convection or orographic lift.
Frontal – most commonly associated with an advancing cold front but do develop
at warm fronts as well. They usually form in a line that may extent for hundreds of miles along
the cold front. They are often embedded in other clouds and are impossible to see. An advancing
line of thunderstorms should be avoided. Squall Line thunderstorms in advance of a cold front
are very violent.
Confirm Stage 1:
1.
What are the requirements for a thunderstorm?
A.
a)
Unstable air to high levels
b)
Lifting agent
c)
High moisture content.
2.
What are the three stages to a thunderstorm?
A.
1)
Initial or Cumulus Stage
2)
Mature Stage
3)
Dissipating Stage.
3,
In what stage are updrafts the strongest?
A.
Mature Stage.

3-10-2

Stage 2:
2.1
Thunderstorms hazards:

OHP # 3

Turbulence

- could cause overstressing of the aircraft or loss of control
- down drafts as strong as 2000 feet per minute and up drafts as strong
as 6000 feet per minute that can severely cripple aircraft.
- strongest between 12,000 – 20,000 ft in cloud.
- can be expected up to 20 miles away from severe thunderstorms, in clear
air.
- can be severe in micro/macrobursts and at gust front.

Winds

- danger of gusts up to 80kts with rapid changes in direction.
- gust front generates strong, gusty winds near the surface which can
change direction by 180° and gust up to 50 knots in a matter of seconds.

Hail

- could cause serious structural damage.
- can be encountered outside of cloud as it is thrown upward and outward
by active cells.

Icing

- abundance of supercooled water droplets, which cause severe icing.
- most severe during the mature stage.

Lightning

- hampers vision for 30 – 50 seconds at a time
- greatest likelihood of strike at temperatures between –5°C to 5°C
- solid state circuitry is particularly vulnerable to strikes
- electrical circuits may be disrupted
- possibility of igniting fuel vapour in the fuel cells.

Pressure

- rapid changes in pressure cause unreliable altimeter readings.
-

2.2

Thunderstorm Avoidance:
OHP # 4
The best advise on how to fly through a thunderstorm is - DON’T
If you must fly past one, stay at least 15 miles away and pass to the right.
A thunderstorm is an area of low pressure (Anti-clockwise and inward) so you will
encounter more favorable winds (tailwind) if you pass to the right.
Never fly under a thunderstorm due to strong vertical currents.
Confirm Stage 2
1.
What is the danger of turbulence?
A.
Can severely cripple an aircraft.
2.
What is the danger of hail?
A.
Can cause serious structural damage.

3-10-3

Performance Check :
1.
What are the requirements for a thunderstorm?
A.
a)
Unstable air to high levels
b)
Lifting agent
c)
High moisture content.
2.
When does precipitation occur?
A.
Mature stage
3.
What are the dangers of wind?
A.
Rapid changes in speed and direction.
4.
What is the collision Avoidance of thunderstorms?
A.
If you must fly past one stay at least 15 miles away and pass to the right.
Summary:
During this class, we have learned about thunderstorms. We have learned their requirements,
life, and dangers.
Re-motivation:
Thunderstorms are very dangerous to us as pilots. They are associated with very severe weather
conditions. We as pilots should avoid them completely.

3-10-4

Thunderstorms
A weather phenomena whose presence creates extremely
serious hazards to flying. They may be accompanied by:
a) thunder
b) lightning
c) strong vertical drafts
d) severe gusts and turbulence
e) heavy rain
f) hail
g) micro/macrobursts
h) tornadoes
i) severe wind shear
It is a weather condition of which a pilot should be
enormously respectful.

Thunderstorms must have the following
requirements:
a)
b)
c)

OHP#1
403.10

Unstable air to high levels
Lifting agent
High moisture content

The Life of Thunderstorms
Initial or Cumulus Stage
-Strong updrafts prevail (unstable air to high levels)
-Temperature is higher inside the cloud than the surrounding air
-Diameter ranges from 1 to 2 miles (but may get as great as 6
miles)
-Steep lapse rate

Mature Stage
-Updrafts penetrate to great heights
-Downdrafts start in middle and lower level of cell
-Precipitation starts
-Stage usually lasts 15 to 30 minutes (may last as long as
60min).

Dissipating Stage
-Downdraft occupies all but top of cloud where updrafts persist
-Rain starts to slow and stop
-Top of cloud frays into anvil shape.
OHP#2
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Thunderstorms Hazards
Turbulence:
- could overstress aircraft or cause loss of control
- downdrafts as strong as 2000 feet per minute and updrafts as
strong as 6000 feet per minute that can severely cripple aircraft
-strongest between 12,000 – 20,000 feet in mature stage
- can be experienced, in clear air up, to 20 miles away from
severe cells
- can be severe in micro/macrobursts and at gust front.

Winds:
- danger of gusts up to 80kts with rapid changes in direction
- gust front generates strong, gusty winds near the surface which
can change direction by 180° and gust up to 50 kts in seconds.
- Hail:
- could cause serious structural damage
- can be encountered outside of cloud as it is thrown upward and
outward by active cells.

Icing:
- abundance of supercooled water droplets, will cause severe
icing
- most severe during the mature stage.
OHP#3
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Lightning:
- hampers vision for 30 – 50 seconds at a time
- greatest likelihood of strike at temperatures between
-5°C and + 5°C)
- solid state circuitry is particularly vulnerable to strikes
- electrical circuitry may be disrupted
- possibility of igniting fuel vapour in fuel cells.

Pressure:
- rapid changes in pressure cause unreliable altimeter readings.

Thunderstorm Avoidance
-If you must fly past one, stay at least 15 miles away and pass to
the right.
-A thunderstorm is an area of low pressure (Anti-clockwise and
inward). You will encounter more favorable winds (tailwind) if
you pass to the right.
- Never fly under a thunderstorm due to up/down drafts.

Best advise – stay on the ground

OHP#4
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Meteorology
Visibility and Ice Accretion
403.11
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will look at visibility, its relationship to stability, and the
restrictions to visibility. We will also look at icing, the different types that
effect an aircraft and what those effects are.

Why:

To make you aware of the dangers of icing and the importance of good
visibility.

Where:
Stage 1:

During every flight.

1.1

Visibility – is one of the most important aspects of weather from the standpoint of aircraft
operations. It, along with the cloud height, determines if an airport is open for flying.
Poor visibility greatly reduces a pilots judgment to navigate the aircraft safely.

1.2

Restrictions to visibility:
a)
b)
c)
d)

1.3

cloud
precipitation
fog (FG)
haze (HZ)

OHP # 1
e)
f)
g)
h)

smoke (FU)
blowing snow (BS)
blowing dust (BD)
blowing sand (BN)

Visibility in relation to stability:

Visibility is more of a problem in stable air since there are no vertical currents to disperse
impurities. In unstable air these vertical currents may cause blowing snow, sand or dust.
Stable Air

- impurities are trapped in the lower levels
- drizzle
- fog

Unstable Air -may cause blowing snow, sand or dust.

3-11-1

1.4

Terms:
Visibility

OHP #2
-

Flight Visibility -

the distance at which prominent objects may be seen and identified
by day and prominent lighted objects by night.
range of visibility forward from the cockpit of an aircraft in flight.

Slant Range Visibility – the distance a pilot can see over the nose of the airplane towards
the ground.
Ground Visibility -

the visibility at an airport as reported by an accredited observer.
Generally considered as visibility at eye level.

Prevailing Visibility – the distance at which objects of known distance are visible over at
least half the horizon.
Runway Visual Range – a devise called a transmissometer measures changes in light
intensity and converts this reading to an estimate of the visibility.
This is reported as RVR. RVR values are given for the runway
threshold (RVR “A”) and in some cases for the runway midpoint
(RVR “B”). The actual RVR reading is given to a pilot if the
reading is less than 6000 feet or the prevailing visibility is less than
one statute mile.

Confirm Stage 1:
1.

What is visibility?
A.
The distance at which prominent objects may be seen and identified by
day and prominent lighted objects by night.

2.

Name some restrictions to visibility.
A.
a)
cloud
b)
precipitation
c)
fog (FG)
d)
haze (HZ)

3.

e)
f)
g)
h)

smoke (FU)
blowing snow (BS)
blowing dust (BD)
blowing sand (BN)

What are some visibility problems with stable air?
A.
Impurities are trapped in the lower levels.
Fog
Drizzle
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Stage 2:
2.1

Icing:
In temperatures at or below freezing supercooled water droplets may strike your aircraft
and freeze. This is known as icing. Dangerous icing can occur in cloud, freezing rain or
freezing drizzle.

2.2

Types of icing:

OHP # 3

Hoar Frost

- a white, feathery, crystalline formation that covers the entire
surface of an aircraft
- forms by sublimation on cold clear nights
- must be removed before take-off since it can increase stall speed and
reduce lift
- can form in clear air when a cold aircraft enters warmer and damper air
during a steep descent
- may obscure vision by coating the windshield

Frozen Dew

- sometimes dew will form on an aircraft parked outside at night. If
the aircraft skin falls below freezing this dew will freeze
- must be removed before take-off

Rime Ice

- an opaque, or milky white ice
OHP#4
- forms by the almost instantaneous freezing of small supercooled water
droplets
- has no great weight
- alters the aerodynamics of the airfoils
- chokes off the orifices of the carburetor and instruments
- is very brittle and easily dislodged by de-icing equipment

Clear Ice

- a coating of glassy like ice
- forms as large supercooled water droplets freeze slowly and spread
- can form a strong, solid sheet of ice which is difficult to dislodge
- can increase drag by as mush as 300% to 500%
- increases the weight of the aircraft
- disrupts the smooth air flow over the wings and tail surfaces decreasing
lift
- unequal loading may cause vibrations
- as large blocks break off, the structure of the aircraft may be impaired.
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2.3

Protection from icing:
-Fluids
-Rubber Boots
-Heating Devices

Confirm Stage 2:
1.
What is hoar frost and how is it formed?
A.
A white semi-crystalline frost which covers the surface of the aircraft.
Forms by sublimation.
2.
What is rime ice?
A.
An opaque, or milky white ice that accumulates on the aircraft.
Forms by the almost instantaneous freezing of small supercooled water
droplets.
3.
What effect does icing have on windscreen and canopy?
A.
Reduces visibility.
Performance Check:
1.
2.
3.
4.

What are some visibility problems with unstable air?
A.
It may cause blowing snow, sand or dust.
What is clear icing?
A.
A heavy coating of glassy like ice which forms over the entire surface.
How does icing effect the control surfaces?
A.
Controls may become covered with ice and inoperative.
What things are used to protect against icing.
A.
Fluids
Rubber Boots
Heating Devices

Summary:
During this class, we have looked at visibility, its relationship to stability, and the restrictions to
visibility. We also looked at icing, the different types that effect an aircraft, and what those
effects are.
Re-motivation:
Ensure you are aware of the dangers of icing and the importance of good visibility.
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Restrictions to Visibility
a)
b)
c)
d)

cloud
precipitation
fog (FG)
haze (HZ)

e)
f)
g)
h)

smoke (FU)
blowing snow (BS)
blowing dust (BD)
blowing sand (BN)

Visibility in relation to stability
Stable Air:

-impurities are trapped in the lower levels
-drizzle
-fog

Unstable Air: -may cause blowing snow, sand or dust.

OHP#1
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Visibility Terms
Visibility
- the distance at which prominent objects
may be seen and identified by day and prominent lighted
objects by night.
Flight Visibility – range of visibility forward from the
cockpit of an aircraft.
Slant Range Visibility – the distance a pilot can see over
the nose of an aircraft towards the ground.
Ground Visibility – the visibility at an airport as reported
by an accredited observer. Generally considered as
visibility at eye level.
Prevailing Visibility – the distance at which objects of
known distance are visible over at least half of the
horizon.
Runway Visual Range – a mechanical devise measuring
changes in light intensity to estimate the visibility near the
touch down point or mid point of a runway.

OHP #2
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Icing
In temperatures at or below freezing, supercooled water
droplets may strike your aircraft and freeze. This is known as
icing. Dangerous icing can occur in cloud, freezing rain (ZR) or
freezing drizzle (ZL).

Types of icing:
Frozen Dew: - sometimes dew will form on an aircraft parked
outside at night. If the aircraft skin temperature
falls below freezing this dew will freeze
- must be removed before take-off
Hoar Frost: - a white, feathery, crystalline formation that
covers the entire surface of the aircraft
- forms by sublimation on cold clear nights
- must be removed before take-off since it can
increase stall speed and reduce lift
- can form in clear air when a cold aircraft enters
warmer, damper air during a steep descent
- may obscure vision by coating the windshield

OHP#3
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Rime Ice: - an opaque or milky white ice that forms on an
aircraft
- forms by the almost instantaneous freezing of small
supercooled water droplets
- has no great weight
- alters the aerodynamics of the airfoils
- chokes off the orifices of the carburetor and the
instruments
- is very brittle and easily dislodged by de-icing
equipment
Clear Ice: - a coating of glassy like ice
- forms as large supercooled water droplets freeze
slowly and spread
- can form a strong, solid sheet of ice which is
difficult to dislodge
- can increase drag by as much as 300% to 500%
- increases the weight of the aircraft
- disrupts the smooth air flow over the wings and tail
surfaces decreasing lift
- unequal loading may cause vibrations
- as large blocks break off, the structure of the
aircraft may be impaired

Protection From Icing
Fluids
Rubber Boots
Heating Devices
OHP#4
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Meteorology
Turbulence and Weather Signs
403.12
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will look at turbulence, the types and what causes it. We will
also look at some signs in the weather that will help us know what is
coming.

Why:

Turbulence is one of the most unpredictable of all the weather phenomena that
are of significance to pilots.

Where:

Having a better understanding of the weather signs will assist in the decision to
go flying or not.

Body:
Stage 1:
1.1

Turbulence:

-the irregular motion of air resulting from "EDDIES" and
vertical currents.

OHP # 1

1.2

Effects:

-light bumps or if strong enough could cause loss of control of
the aircraft.

1.3

Types/Causes of Turbulence:
Mechanical Turbulence
-friction between the air and the ground, especially
irregular terrain and man made obstacles, creates
“EDDIES” causing turbulence in the lower levels.
Thermal Turbulence

-happens on hot sunny days when the sun heats the
earth's surface unevenly. Isolated convective currents are
set in motion and this results in turbulence.

Frontal Turbulence

-the lifting of the warm air by the sloping frontal surface
and friction between the two opposing air masses produce
turbulence in the frontal zone.

Wind Shear

-marked changes in wind direction and /or speed, either
vertical or horizontal. When the change is great, you can
expect severe turbulence.
3-12-1

1.4.

Classification:

OHP #2

Light

- momentarily causes slight changes in altitude and/or attitude or a slight
bumpiness. Occupants may feel a slight strain against their seat belts.

Moderate

- occupants will feel a definite strain against their seat belts and unsecured
objects will be dislodged.

Severe

- large and abrupt changes in altitude and/or attitude and, usually, large
variations in indicated air speed. The airplane may momentarily be out of
control. Occupants will be forced violently against their seat belts.

Extreme

- airplane is tossed about violently and is impossible to control. May cause
structural damage.

Confirm Stage 1:
1.

2.

3.

Define turbulence.
A.
The irregular motion of air resulting from "EDDIES" and
vertical currents.
What is mechanical turbulence?
A.
Friction between the air and the ground, especially
irregular terrain and man made obstacles, causes eddies.
What is wind shear?
A.
Marked changes in wind direction and /or speed either vertical or
horizontal.

Stage 2:

Weather Signs:

2.1

Look For Unsettled Weather When:
OHP # 3
- barometer is falling
- temperature at night is higher is than usual
- clouds move in different directions at different levels
- cirrus clouds increase. A large ring appears around the sun or moon and stays there
until the overcast clouds thicken and obscure the sun or moon
-summer afternoon clouds darken.

2.2

Look For Steady Precipitation When:
- there have been signs of unsettled weather
- the wind is southeast to northeast and the pressure is falling. Rain or snow within a day
if pressure is falling slowly. If falling rapidly, rain or snow soon with winds increasing.
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2.3

Look For Showers When:
- cumulus clouds develop in a westerly wind
- cumulus clouds develop rapidly in the spring or summer early afternoon.

2.4

Look For Clearing Weather When:
- the barometer rises
- wind shifts into west or northwest
- the temperature falls

2.5

Look For Continued Bright Weather When:
- sun sets like a ball of fire
- barometer is steady or slowly rising
- cloudiness decreases after 3 PM to 4 PM
- morning fog breaks within two hours after sunrise
- light breeze from west or northwest
- there is a red sunset

OHP #4

Confirm Stage 2
1.
What weather can you expect when the barometer is falling?
A.
Unsettled weather.
2.
What weather can you expect when the wind shifts to the west or northwest?
A.
Clearing.
Performance Check :
1.
What effect does turbulence have on your aircraft?
A.
Light bumps or if strong enough could cause loss of control of
the aircraft.
2.
Describe frontal turbulence.
A.
The lifting of the warm air by the sloping frontal surface
and friction between the two opposing air masses produce
turbulence in the frontal zone.
3.
What type of weather can you expect when the barometer rises.
A.
Clearing weather.
Summary:
During this class, we have looked at turbulence, the types and what causes it. We have
look at some signs in the weather which will help us know what is coming.

also

Re-motivation:
Knowing about turbulence and weather signs will indicate the weather that can be expected.
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Turbulence
The irregular motion of air resulting from "EDDIES" and
vertical currents. Can cause light bumps or loss of control.

Types/Causes of Turbulence
Mechanical Turbulence (Eddies):
Friction between the air and the ground especially from irregular
terrain and man made obstacles, causes “EDDIES”
Thermal Turbulence:
Happens on hot sunny days when the sun heats the earths
surface unevenly. Isolated convective currents are set in motion
and this results in turbulence.
Frontal Turbulence:
The lifting of the warm air by the sloping frontal surface and
friction between the two opposing air masses produce turbulence
in the frontal zone.
Wind Shear:
Marked changes in wind direction and speed either vertical or
horizontal. If the change in wind is great you can expect severe
turbulence.
OHP#1
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Classification of Turbulence
Light

- momentary slight changes in altitude and/or attitude
or a slight bumpiness. Occupants may feel a slight
strain against their seat belts.

Moderate – occupants will feel a definite strain against their seat
belts and unsecured objects will be dislodged.
Severe

- large and abrupt changes in altitude and/or attitude
and usually, large variations in indicated air speed.
The airplane may momentarily be out of control.

Extreme - airplane is tossed about violently and is impossible to
control. May cause structural damage.
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Weather Signs
Look For Unsettled Weather When:
- barometer is falling
- temperature at night is higher is than usual
- clouds move in different directions at different levels
- cirrus clouds increase. A large ring appears around the sun or
moon and stays there until the overcast clouds thicken and
obscure the sun or moon
- summer afternoon clouds darken.
Look For Steady Precipitation When:
- here have been signs of unsettled weather
- the wind is southeast to northeast and the pressure is falling.
Rain or snow within a day if the pressure is falling slowly.
If falling rapidly, rain or snow soon, with strengthening winds.
Look For Showers When:
- cumulus clouds develop in a westerly wind
- cumulus clouds develop rapidly in spring or summer early
afternoon
Look For Clearing Weather When:
- the barometer rises
- wind shifts into west or northwest
- the temperature falls
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Look For Continued Bright Weather When:
- sun sets like a ball of fire
- barometer is steady or slowly rising
- afternoon cloudiness decreases after 3PM to 4PM
- morning fog breaks within two hours after sunrise
- light breeze from west or northwest
- there is a red sunset
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Meteorology
Weather maps and services
403.13
50 min
1.
From The Ground Up
2.
Weather Ways

Introduction:
What:

In this lesson we will learn about the weather maps and services provided by the
weather office and how to read an aviation weather report.

Why:

When it comes time for the student to gather weather information, he/she can
do so with little outside help.

Where:
Body:

To be not only able to read, but also to understand, the weather reports.

Stage 1:
1.1
Types of weather charts:

OHP # 1

Surface Weather Charts
- includes: isobars – high/low pressure areas – air masses – fronts
- shows actual conditions at a specific time
- the pressure pattern is representative of the atmosphere up to 3000 feet
- issued 4 times daily at 6 hour intervals
Upper Level Charts
- shows actual wind flow patterns and temperatures aloft at various altitudes at a
specific time
- measured twice a day at 0000Z and 1200Z.
Prognostic Surface Charts (PROG)
OHP #2
- is a graphic forecast
- shows expected weather a specified time in the future
- issued 48 hours before they are valid and a second revised chart is issued 12
hours later(36 hours before they are valid).
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Upper Level Prognostic Chart (PROG)
- a graphic forecast of winds and temperatures aloft for a specific time
- prepared for specific high level altitudes
- issued 4 times daily - 12 hours before they are valid
Significant Weather Prognostic Chart (PROG)
- shows forecast significant weather considered to be of concern to aircraft
operations
- issued 4 times daily - 12 hours before they are valid
Confirm Stage 1:
1.
When are surface weather charts issued?
A.
Four times daily at six hour intervals (00Z – 06Z – 12Z – 18Z).
2.
What is a prognostic chart?
A.
It is a graphic forecast.
Stage 2:
2.1

METAR (Meteorological Aviation Weather Report):
OHP # 3
- taken and issued on the hour, every hour, at weather stations all over the world
- an actual observation of current weather conditions taken by an accredited observer
- cloud heights are above ground

2.2

TAF (Terminal Aviation Forecast):
- states in specific terms the expected weather conditions at a specific aerodrome
- covers a radius of five nautical miles around the aerodrome
- issued four times daily at six hour intervals
- valid for up to 24 hours
- cloud heights are above ground

2.3

FA (Area Forecast):
- general forecast weather conditions over a particular area
- forecast for various regions within the forecast area
- all cloud heights are forecast above sea level unless noted
- issued every six hours
- valid for 12 hours with a further 12 hour outlook
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Confirm Stage 2:
1.
2.
3.

How often are METAR' s taken?
A.
Hourly
How often are TAF' s issued?
A.
4 times daily at 6 hour intervals.
How long are TAF' s valid?
A.
up to 24 hours.

Stage 3:
3.1
METAR - TAF – FA:
Refer to attached.

OHP # 4
OHP # 5
OHP # 6

Confirm Stage 3:
Ask appropriate questions regarding METAR – TAF - FA.
Performance Check:
1.
How often are METAR' s taken?
A.
Hourly
2.
How often are TAF' issued? annex A.
Summary:
During this class we have looked at METAR - TAF- FA.
Re-motivation:
As a pilot you will use weather services or briefings before every flight. It is important to
completely understand, and to be aware of, the weather. Your life depends on it.
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TAF Work Sheet
Describe each item in the TAF in the chart below.
TAF CYQY 031030Z 031123 17005KT 1SM BR OVC004 TEMPO 1418 6SM BR SCT005
BKN010 FM1800Z VRB03KT P6SM SCT010 SCT030 TEMPO 1823 BKN010 BKN 030 RMK
NXT FCST BY 17Z
ITEM
TAF

DESCRIPTION

CYQY
031030Z
031123
17005KT
1SM
BR
OVC004
TEMPO
1418
6SM
BR
SCT005
BKN010
FM1800Z
VRB03KT
P6SM
SCT010
SCT030
TEMPO
1823
BKN010
BKN030
RMK
NXT
FCST
BY
17Z

____________

________

Student Name

Date
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Types of weather charts
Surface Weather Charts
-includes: isobars- high and low pressure areas- air masses
-fronts.
- shows actual conditions at a specific time
- the pressure pattern is representative of the atmosphere
up to 3000 feet
- issued 4 times daily at 6 hour intervals

Upper Level Charts
- shows actual wind flow patterns and temperatures aloft at
various altitudes at a specific time
- Measured twice a day at 0000Z and 1200Z

OHP # 1
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METAR
Meteorological Aviation Weather Report
- taken and issued on the hour, every hour, at weather
stations around the world
- an actual observation of current weather conditions taken
by an accredited observer
- cloud heights are above ground

TAF
Terminal Aviation Forecast
- states in specific terms the expected weather conditions at a
specific aerodrome
- cover a radius of five nautical miles around the aerodrome
- issued four times daily at six hour intervals
- valid for up to 24 hours
- cloud heights are above ground

FA
Area Forecast
- general forecast conditions over a particular area
- forecasts for various regions within the area
- cloud heights above sea level unless noted
- issued every six hours
- valid for 12 hours with a further 12 hour outlook
OHP#3
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Prognostic Charts
(Graphic Forecasts)
Prognostic Surface Charts (PROG)
- is a graphic forecast
- shows expected surface weather at a specific time in the
future
- issued 48 hours before they are valid and a second revised
chart is issued 12 hours later (36 hours before they are
valid).
Upper Level Prognostic Chart (PROG)
- a graphic forecast of winds and temperatures aloft for a
specific time
- prepared for specific high level altitudes
- issued 4 times daily 12 hours before valid
Significant Weather Prognostic Chart (PROG)
- shows forecast significant weather considered to be of
concern to aircraft operations
- issued four time daily 12 hours before they are valid

OHP #2
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Navigation
Definitions
404.01
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will discuss the more important definitions that will be covered
during the course.

Why:

To get the student familiar with the definitions so that the rest of the lectures will
run more smoothly.

Where:

When the definitions are learned at first, it saves stopping halfway through a
lecture to explain a word or phrase.

Body:
Stage 1:
1.1
Definitions:
GREAT CIRCLE - A circle on the surface of the earth whose plane passes through the
center of the earth. It is also the shortest distance between two points on the surface of
the earth.
RHUMB LINE -A curved line on the surface of the earth cutting all meridians at the
same angle.
Headings:
HEADING -The direction in which the aircraft nose (longitudinal axis) is pointed,
measured clockwise from north.
TRUE HEADING -The direction in which the aircraft nose is pointed, measured
clockwise from true north.
MAGNETIC HEADING -The direction in which the aircraft nose is pointed, measured
clockwise from magnetic north.
VARIATION -The angle between true meridian and magnetic meridian.
ISOGONALS -Lines on a map joining places of equal variation.
4-1-1

AGONIC LINE - Lines on a map joining places of zero variation.
COMPASS HEADING - The direction that the needle in the compass is pointing.
DEVIATION -The angle between compass heading and magnetic heading. The
difference is caused by the magnetic fields generated from the metal airframe and engine.
Confirmation Stage:
1.
Define rhumb line.
A.
A curved line on the surface of the earth cutting all meridians at the same
angle.
2.
What is a magnetic heading?
A.
The direction in which the aircraft nose is pointing , measured clockwise
from magnetic north.
3.
What is an agonic line?
A.
Lines on a map joining places of zero variation.
Stage 2
2.1
Definitions continued
BEARING - The position of an object relative to your aircraft measured in degrees from
north. This has nothing to do with aircraft heading.
NAUTICAL MILE - Average length of one minute of latitude : 6080 feet.
STATUTE MILE - 5280 feet
KILOMETRE - 1000 meters.
SPEED - The rate at which an object moves in relation to a fixed object.
KNOTS - Speed in nautical miles per hour.
MPH - Speed in statute miles per hour.
KPH - Speed in kilometers per hour.
INDICATED AIRSPEED - Speed shown on the airspeed indicator.
TRUE AIRSPEED - Speed of the aircraft relative to the air. It is also calibrated airspeed
corrected for the airpseed indicator error due to density and temperature.
GROUNDSPEED - Speed of the aircraft relative to the ground.
TRACK - The direction the aircraft intended to take over the ground. (The line you
draw on your map.)
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TRACK MADE GOOD - The actual track the aircraft flies over the ground.
DRIFT - The angle between heading and track made good.
Confirmation Stage:
1.
What is the length of nautical mile?
A.
Average length of one minute of latitude, which is 6080 feet.
2.
What is the length of a statute mile?
A.
5280 feet.
3.
What is a track made good.
A.
The actual track the aircraft flies over the ground.
Performance Check:
1.
What is a great circle?
A.
A circle on the surface of the earth whose plane passes through the center
of the earth. It is also the shortest distance between two points on the
surface of the earth.
2.
What is a rhumb line?
A.
A curved line on the surface of the earth cutting all meridians at the same
angle.
3.
What is true heading?
A.
The direction in which the aircraft nose is pointing, measured clockwise
from true north.
4.
What is the difference between true and magnetic heading?
A.
The difference is true is measured from true north and magnetic is
measured from magnetic north.
5.
What is the difference between magnetic and compass heading?
A.
The difference is magnetic heading is measured from magnetic north and
compass heading is the direction the needle points.
6.
To what is true airspeed relative ?
A.
Speed of the aircraft relative to the air. It is also calibrated airspeed
corrected for airspeed indicator error due to density and temperature
errors.
Conclusion:
Summary
In this lesson we discussed the major definitions of navigation.
Remotivation
These definitions will give you the basic knowledge required to understand what goes on in
navigation. They should be reviewed periodically so they remain fresh in your mind throughout
the course.
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Definitions
GREAT CIRCLE A circle on the surface of the earth whose plane passes through
the center of the earth. It is also the shortest distance between
two points on the surface of the earth.
RHUMB LINE A curved line on the surface of the earth cutting all meridians at
the same angle.
HEADING The direction that the aircraft nose (longitudinal axis) is
pointing, measured clockwise from north.
TRUE HEADING The direction that the aircraft nose is pointing, measured
clockwise from true north.
MAGNETIC HEADING The direction that the aircraft nose is pointing , measured
clockwise from magnetic north.
VARIATION The angle between true heading and magnetic heading.
ISOGONALS Lines on a map joining places of equal variation.
OHP#!
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AGONIC LINE Lines on a map joining places of zero variation.
COMPASS HEADING The direction that the needle in the compass is pointing.
DEVIATION The angle between compass heading and magnetic heading. The
difference is caused by the magnetic fields generated from the
metal airframe and engine.
BEARING The position of an object relative to your aircraft measured in
degrees from north. This has nothing to do with aircraft
heading.
NAUTICAL MILE Average length of one minute of latitude: 6080 feet.
STATUTE MILE 5280 feet
KILOMETRE 1000 meters.
SPEED The rate at which an object moves in relation to a fixed object.
KNOTS Speed in nautical miles per hour.
OHP#2
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MPH Speed in statute miles per hour.
KPH Speed in kilometers per hour.
INDICATED AIRSPEED Speed shown on the airspeed indicator.
TRUE AIRSPEED Speed of the aircraft relative to the air. It is also calibrated
airspeed corrected for airspeed incidator error due to density and
temperature errors.
GROUNDSPEED Speed of the aircraft relative to the ground.
TRACK The direction the aircraft intended to take over the ground. (The
line you draw on your map.)
TRACK MADE GOOD The actual track the aircraft flies over the ground.
DRIFT The angle between heading and track made good.
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Navigation
Latitude, longitude, earth’s magnetism, and compass errors
404.02
50 min
1. From the Ground Up

Introduction:
What:
In this lesson we will discuss latitude and longitude, and how time and
longitude are related. We will also discuss the earth's magnetism, how it affects
compasses, and some compass errors.
Why:
An accurate understanding of latitude, longitude and the effects of the earth's
magnetic field are essential to navigation.
Where:
You will require this knowledge at every stage in your flying career even in the
simplest cross country flights
Body:
Stage 1
1.1
Meridians of longitude:
Semi great circles joining the true (or geographic) poles of the earth.
They are measured from 0 to 180 degrees East and West of the PRIME MERIDIAN,
which runs through Greenwich, England.
The meridian opposite the prime meridian (180) is called the INTERNATIONAL DATE
LINE and here time changes a day.
Meridians are measured in degrees, minutes and seconds.
There are 60 minutes in a degree and 60 seconds in a minute.
1.2
Parallels of latitude:
Circles on the earth's surface whose planes lie parallel to the equator.
Latitude is measured from 0 to 90 degrees North and South of the EQUATOR , which is
numbered 0 degrees.
Parallels of Latitude are also expressed in degrees, minutes and seconds.
1.3
Geographical coordinates:
The location of cities, airports, towns, etc. may be designated by their geographical
coordinates, that is, the intersection of the lines of latitude and longitude marking their
position on a map.
On a map, the lines representing the meridans and parallels are numbered. Each small
mark along the lines represents one minute.
One position on the surface of the earth is related to another by a change in latitude and
longitude between two places.
1.4
Time and Longitude:
The sun rotates about itself and alos around the sun.
SOLAR DAY - interval between two successive transits of the sun(ie. If the sun appears
overhead at noon, the next time the sun appears overhead at noon, a solar day will have
gone by. A solar day is divided into 24 hours.
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From the earth’s perspective, the sun appears to travels once around the earth every
day, so therefore it travels 360 degrees of longitude in one day. So, time can be
expressed in terms of longitude.
24 hours
1 hours
1 min
1 sec

=
=
=
=

360 degrees longitude
15 degrees longitude
15 minutes longitude
15 seconds longitude

360 degrees longitude =
1 degree longitude =
1 minute longitude =
1 second longitude =
1.4

24 hours
4 min
4 sec
1/15 sec

Coordinated Universal Time:
If everyone flew or worked at their own time it would be confusing. So the earth was
split into time zones.
A reference time zone was created and its time is called Coordinated Universal Time or
ZULU. This time zone is the one with the Prime Meridian in it.
Each time zone can be adjusted to match UTC.

Winter time is the same as DAYLIGHT SAVINGS TIME
.
Confirm Stage 1
1.
What are meridians of longitude?
A.
They are semi great circles joining the true (or geographic) poles of the
earth.
2.
What length of time equals 15° longitude?
A.
1 hour.
3.
A reference time zone was created. What is it called?
A.
Coordinated Universal Time or ZULU.
Stage 2
2.1
Earth's Magnetism:

2.2

True North is the North Pole of the earth. Magnetic North is the direction the compass
needle lies without considering deviation and is not at a fixed position. The magnetic
field of the earth changes as Magnetic North moves about in a circle.
Magnetic Variation:
The angle between the true meridian and the magnetic meridian in which the compass
needles lies, is called magnetic variation(also known as magnetic declination).
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The technique for calculating magnetic heading is adding or subtracting the variation
from the true heading.
True Heading
True Heading

-- East Variation
+ West Variation

= Magnetic Heading
= Magnetic Heading

***Helpful Reminder:
EAST IS LEAST
2.3

WEST IS BEST

Compass Deviation:
The angle between the magnetic heading and the compass heading, which is the magnetic
heading corrected for deviation.
The technique for calculating compass heading is adding or subtracting the deviation
from the magnetic heading.
Magnetic Heading
Magnetic Heading

-- East Deviation
+ West Deviation

= Compass Heading
= Compass Heading

All variation and deviation can be remembered by:
T
true track
V
variation
M
magnetic heading
D
deviation
C
compass heading
Confirm Stage 2
1.
What is magnetic north?
A.
The angle between the true meridian and the magnetic meridian in which
the compass needles lies, is called magnetic variation(also known as
magnetic declination).
2.
If your aircraft has a true heading of 240°, and there is a variation of 20°West, what is the
magnetic heading?
A.
260°.
3.
What information is needed to obtain a compass heading from a magnetic heading?
A.
Deviation.
Stage 3
3.1

Compass Errors:
A compass has several errors which cause the compass not to point directly to magnetic
north. These errors are overcome by the following acknowledgment of the errors.
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3.2

Magnetic Dip:
The magnetic lines of force are parallel to the earth near the equator, but become vertical
near the magnetic poles. This makes the compass needle dip toward the surface of the
earth at the higher latitudes making the compass unreliable.

3.3

Northerly Turning Error
When an aircraft banks so does the compass and this causes a small error.
On turns from NORTH the compass LAGS.
On turns from SOUTH the compass LEADS.
One way to remember this is that the compass always wants to swing toward north. So
when turning away it lags and when turning toward it leads.
There is no error on turns from EAST or WEST headings.

3.4

Acceleration and Deceleration Error:
When speeding up or slowing down the compass tilts and on east or west headings this
tilt makes the compass turn slightly.
On east or west headings:
ACCELERATION makes the compass turn NORTH.
DECELERATION makes the compass turn SOUTH.
***Helpful Reminder:
A
N
D
S

acceleration
north
deceleration
south

There is no error when accelerating or decelerating on north or south headings.
Confirm Stage 3
1.
What is northerly turning error?
A.
On turns from NORTH the compass LAGS.
On turns from SOUTH the compass LEADS.
2.
What is magnetic dip?
A.
At the poles, the compass needle dip toward the surface of the earth at the
higher latitudes making the compass unreliable.
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Performance Check
1.
What are meridians of longitude?
A.
They are semi great circles joining the true (or geographic) poles of the
earth.
2.
What length of time equals 15° longitude?
A.
1 hour.
3.
A reference time zone was created. What is it called?
A.
Coordinated Universal Time or ZULU.
4.
What is magnetic north?
A.
The direction the compass needle lies without considering deviation.
5.
If your aircraft has a true heading of 240°, and there is a variation of 20°West, what is the
magnetic heading?
A.
260°.
6.
What information is needed to obtain a compass heading from a magnetic heading?
A.
Deviation.
7.
What is northerly turning error?
A.
On turns from NORTH the compass LAGS.
On turns from SOUTH the compass LEADS.
8.
What is magnetic dip?
A.
At the poles, the compass needle dip toward the surface of the earth at the
higher latitudes making the compass unreliable.
Conclusion:
Summary
In this lesson we discussed latitude and longitude, how time and longitude are related, the earth's
magnetism and how it affects the compass.
Re-motivation
Knowing latitude and longitude will give you the fundamentals of map reading and navigation
and knowing how time works is important for flight planning purposes. The earth's magnetism
and the many ways it affects the compass are important since you need to know how to use the
compass correctly.
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Longitude and Latitude
MERIDIANS OF LONGITUDE
Semi great circles joining the true (or geographic) poles of the
earth.
They are measured from 0 to 180 degrees East and West of the
PRIME MERIDIAN, which runs through Greenwich, England.
The meridian opposite the prime meridian (180) is called the
INTERNATIONAL DATE LINE and here time changes a day.
Meridians are measured in degrees, minutes and seconds.
There are 60 minutes in a degree and 60 seconds in a minute.
PARALLELS OF LATITUDE
Circles on the earth's surface whose planes lie parallel to the
equator.
Latitude is measured from 0 to 90 degrees North and South of
the EQUATOR , which is numbered 0 degrees.
Parallels of Latitude are also expressed in degrees, minutes and
seconds.

OHP#1
404.02

Time and Longitude
SOLAR DAY - interval between two successive transits of the
Sun( ie. If the sun appears overhead at noon, the next time the
sun appears overhead at noon, a solar day will have gone by.) A
solar day is divided into 24 hours.
The sun travels once around the earth every day, so therefore it
travels 360 degrees of longitude in one day. So, time can be
expressed in terms of longitude.
24 hours
1 hours
1 min
1 sec

=
=
=
=

360 degrees longitude
15 degrees longitude
15 minutes longitude
15 seconds longitude

360 degrees longitude
1 degree longitude
1 minute longitude
1 second longitude

=
=
=
=

24 hours
4 min
4 sec
1/15 sec

Coordinated Universal Time:
If everyone flew or worked at their own time it would be
confusing. So the earth was split into time zones.
A reference time zone was created and its time is called
Coordinated Universal Time(UTC) or ZULU. This time
zone is the one with the Prime Meridian in it.
Each time zone can be adjusted to match UTC.
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Earth's Magnetism
True North is the north pole of the earth. Magnetic north is
the direction the compass needle lies without considering
deviation and is not at a fixed position. The magnetic field
of the earth changes as the magnetic north moves about in a
circle.
Magnetic Variation
The angle between the true meridian and the magnetic
meridian in which the compass needles lies, is called
magnetic variation(also known as magnetic declination).
The technique for calculating magnetic heading is adding
or subtracting the variation from the true heading.
True
Heading
True
Heading

- East
Variation
+ West
Variation

= Magnetic Heading
= Magnetic Heading

***Helpful Reminder:
EAST IS LEAST

WEST IS BEST

Compass Deviation
The angle between the magnetic heading and the compass
heading, which is the magnetic heading corrected for
deviation.
The technique for calculating compass heading is adding or
subtracting the deviation from the magnetic heading.
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Magnetic Heading
Magnetic Heading

- East
= Compass Heading
Deviation
+ West
= Compass Heading
Deviation

All variation and deviation can be remembered by:
T true track
V variation
M magnetic heading
D deviation
C compass heading
Compass Errors
A compass has several errors which cause the compass
to not point directly to magnetic north. These errors are
overcome by the following acknowledgments of the errors.
Magnetic Dip
The magnetic lines of force are parallel to the earth near the
equator, but become vertical near the magnetic poles. This
makes the compass needle dip toward the surface of the
earth at the higher latitudes making the compass unreliable.
Northerly Turning Error
When an aircraft banks so does the compass and this causes
a small error.
On turns from NORTH the compass LAGS.
On turns from SOUTH the compass LEADS.
One way to remember this is that the compass always
wants to swing toward north. So when turning away it lags
and when turning toward it leads.
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There is no error on turns from EAST or WEST headings.
Acceleration and Deceleration Error
When speeding up or slowing down the compass tilts and
on east or west headings this tilt makes the compass turn
slightly.
On east or west headings:
ACCELERATION makes the compass turn NORTH.
DECELERATION makes the compass turn SOUTH.
***Helpful Reminder:
A
N
D
S

acceleration
north
deceleration
south

There is no error when accelerating or decelerating on
north or south headings.
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Navigation
Projections
404.03
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will discuss two types of PROJECTIONS, the PROPERTIES of
a map, TYPES of charts and how to read the symbols on a VNC.

Why:

As an aviator it is important to know what types of maps are available and for
what purposes they are used

Where:

You will require this knowledge at every stage in your flying career even in the
most basic cross country flights

Body:
Stage 1
1.1
Introduction to Maps:
The surface of a sphere cannot be accurately projected onto a flat piece of paper, like a
map. So maps show some portion of the earth with distortion.
The four elements of a map are (1) AREAS, (2) SHAPES, (3) BEARINGS, and (4)
DISTANCES.
Depending on the purpose of the map one or more of these is preserved.
There are two basic map types used for air navigation.
(1) LAMBERT CONFORMAL CONIC PROJECTION
(2) MERCATOR PROJECTION
1.2

Lambert Conformal Conic Projection:
Put a cone over the surface of the earth and imagine a light shining from inside the earth
projecting an image outwards onto the cone. Then unroll the cone and you have a
Lambert Conformal Conic Projection.

1.3

Properties:
(1)
Meridians of longitude converge toward the nearer pole.
(2)
Parallels of latitude are curves which are concave towards the nearer pole.
(3)
The scale is almost perfectly uniform.
(4)
A straight line drawn on this map is a GREAT CIRCLE. Therefore when drawing
a straight line less than 300 NM take the track from the center.
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1.4

Mercator Projection:
Place a cylinder over the earth so the only place it is touching is the equator. Imagine a
light shining from the center of the earth projecting an image outwards onto the cone.
Unroll the cylinder and you have a Mercator Projection.

1.5

Properties:
(1)
Meridians of longitude are straight and parallel.
(2)
Parallels of latitude are straight and parallel.
(3)
There is no constant scale.
(4)
A straight line drawn on this map is a RHUMB LINE.
(5)
Areas in high latitudes are greatly exaggerated.
(6)
Distances shown near the equator are fairly precise.

1.6

Transverse Mercator Projection:
Your can overcome the problems of properties (3) and (5) by modifying the technique
slightly.
Pick a meridian of longitude and turn the cylinder sideways so it touches the earth at only
the chosen meridian.
Now distance is accurate along this meridian and the distortion occurs at the edges of the
map. This is called a Transverse Mercator Projection.

Confirm Stage 1
1.
What are the basic types of maps?
A.
There are two basic map types used for air navigation.
(1) LAMBERT CONFORMAL CONIC PROJECTION
(2) MERCATOR PROJECTION
2.
What is a Lambert Conformal Conic Projection
A.
Put a cone over the surface of the earth and imagine a light shining from
inside the earth projecting an image outwards onto the cone. Then unroll
the cone and you have a Lambert Conformal Conic Projection.
Stage 2
2.1
Properties of a Map:
(1)
Represents a portion of the earth.
(2)
Has meridians of longitude and parallels of latitude.
(3)
Scale.
(4)
Relief
(5)
Isogonic Lines.
(6)
Communities, roads and railways.
(7)
Aerodromes.
(8)
Restricted areas.
(9)
Compass Rose.
(10) Aeronautical Information.
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2.2

Scale:
Scale is shown by a (1) representative fraction and a (2) graduated scale.
Representative fraction : 1: 500,000 means that one inch on the map is equal to 500,000
inches on the ground.
Graduated scale : printed on the border of the map, one line represents km, one SM, and
on NM.

2.3

Relief:
There are three ways to show relief on a map.
(1)

LAYER TINTING
Certain colors mean a certain range of elevations. On some maps it is called a
hypsometric tint scale.
Water is always colored blue.

(2)

CONTOUR LINES
They join places of equal elevation above mean sea level. The closer the contour
lines the steeper the slope.

(3)

SPOT HEIGHTS
High elevations are marked by a dot with the spot height written beside the dot.
The highest spot height in a quadrant is usually printed in larger numbers than the
other spot heights.

Confirm Stage 2
1.
What is scale?
A.
Scale is shown by a (1) representative fraction and a (2) graduated scale.
2.
What are contour lines?
A.
They join places of equal elevation above mean sea level. The closer the
contour lines the steeper the slope.
Stage 3
3.1
Types of Aviation Charts:
VFR Navigation Charts (VNC)
It is for slow speeds at low altitudes. It's scale is 1:500,000, and it's a Lambert Conformal
Conic Projection.
World Aeronautical Charts (WAC)
They are used for visual navigation at high speeds and high altitudes.
It's scale is 1:1,000,000 and it's a Lambert Conformal Conic Projection.
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VFR Terminal Area Charts (VTA)
They are published for those airports around which terminal class C airspace has been
designated.
It's scale is 1:250,000 and it's a Transverse Mercator Projection.
Enroute Charts
Low altitude charts are for altitudes less than 18,000 feet and high altitude charts are for
altitudes equal to or greater than 18,000 feet.
They have information for radio navigation and very little visual information.
It's scale is not constant.
Canadian Flight Supplement
It is a supplement to AIP Canada and lists all aerodromes shown on VNC’s, and WAC’s.
It also contains all kinds of valuable information related to aviation and is absolutely
INVALUABLE to a pilot.
Confirm Stage 3
1.
What is a VFR Navigation Charts (VNC)?
A.
It is for slow speeds at low altitudes.
It's scale is 1:500,000, and it's a Lambert Conformal Conic Projection
2.
What is a World Aeronautical Charts (WAC)?
A.
They are used for visual navigation at high speeds and high altitudes.
It's scale is 1:1,000,000 and it's a Lambert Conformal Conic Projection.
Performance Check
1.
What are the basic types of maps?
A.
There are two basic map types used for air navigation.
(1) LAMBERT CONFORMAL CONIC PROJECTION
(2) MERCATOR PROJECTION
2.
What is a Lambert Conformal Conic Projection
A.
Put a cone over the surface of the earth and imagine a light shining from
inside the earth projecting an image outwards onto the cone. Then unroll
the cone and you have a Lambert Conformal Conic Projection.
3.
What is scale?
A.
Scale is shown by a (1) representative fraction and a (2) graduated scale.
4.
What are contour lines?
A.
They join places of equal elevation above mean sea level. The closer the
contour lines the steeper the slope.
5.
What is a VFR Navigation Charts (VNC)?
A.
It is for slow speeds at low altitudes.
It's scale is 1:500,000, and it's a Lambert Conformal Conic Projection
6.
What is a World Aeronautical Charts (WAC)?
A.
They are used for visual navigation at high speeds and high altitudes.
It's scale is 1:1,000,000 and it's a Lambert Conformal Conic Projection.
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Conclusion:
Summary
In this lesson we discussed the types of projections that we use and their properties, the general
properties of a map, types of aviation charts and how to read the aeronautical information on a
map.
Re-motivation
Knowing the types of map available to us and how to correctly use them are necessary to ensure
that we navigate correctly and can accurately predict the route and things we will encounter
along the way.
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Introduction to Maps
The surface of a sphere cannot be accurately projected onto
a flat piece of paper, like a map. So maps show some
portion of the earth with distortion.
The four elements of a map are (1) AREAS, (2) SHAPES,
(3) BEARINGS, (4) DISTANCES.
Depending on the purpose of the map one or more of these
is preserved.
There are two basic map types used for air navigation.
(1) LAMBERT CONFORMAL CONIC PROJECTION
(2) MERCATOR PROJECTION
Lambert Conformal Conic Projection
Put a cone over the surface of the earth and imagine a light
shining from inside the earth projecting an image outwards
onto the cone. Then unroll the cone and you have a
Lambert Conformal Conic Projection.
Properties
(1) Meridians of longitude converge toward the nearer
pole.
(2) Parallels of latitude are curves which are concave
toward the nearer pole.
(3) The scale is almost perfectly uniform.
(4) A straight line drawn on this map is a GREAT
CIRCLE. Therefore when drawing a straight line less than
300 NM take the track from the center.
OHP#1
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Mercator Projection
Place a cylinder over the earth so the only place it is
touching is the equator. Imagine a light shining from the
center of the earth projecting an image outwards onto the
cone. Unroll the cylinder and you have a Mercator
Projection.
Properties
(1) Meridians of longitude are straight and parallel.
(2) Parallels of latitude are straight and parallel.
(3) There is no constant scale.
(4) A straight line drawn on this map is a RHUMB LINE.
(5) Areas in high latitudes are greatly exaggerated.
(6) Distances shown near the equator are fairly precise.
Transverse Mercator Projection
Your can overcome the problems of properties (5) and (6)
by modifying the technique slightly.
Pick a meridian of longitude and turn the cylinder sideways
so it touches the earth at only the chosen meridian.
Now distance is accurate along this meridian and the
distortion occurs at the edges of the map. This is called a
Transverse Mercator Projection.

OHP#2
404.03

Properties of a Map
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

Represents a portion of the earth.
Has meridians of longitude and parallels of latitude.
Scale.
Relief
Isogonic Lines.
Communities, roads and railways.
Aerodromes.
Restricted areas.
Compass Rose.
Aeronautical Information.

Scale
Scale is shown by a (1) representative fraction and a (2)
graduated scale.
Representative fraction : 1: 500,000 means that one inch on
the map is equal to 500,000 inches on the ground.
Graduated scale : printed on the border of the map

Relief
There are three ways to show relief on a map.
(1) LAYER TINTING
Certain colors mean a certain range of elevations. On
some maps it is called a hypsometric tint scale.

Water is always colored blue.
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(2) CONTOUR LINES
They join places of equal elevation above mean sea
level. The closer the contour lines the steeper the
slope.
(3) SPOT HEIGHTS
High elevations are marked by a dot with the spot
height written beside the dot. The highest spot height
in a quadrant is usually printed in larger numbers than
the other spot heights.

Types of Aviation Charts:
VFR Navigation Charts (VNC)
It is for slow speeds at low altitudes.
It's scale is 1:500,000, and it's a Lambert Conformal Conic
Projection.
World Aeronautical Charts (WAC)
They are used for visual navigation at high speeds and high
altitudes.
It's scale is 1:1,000,000 and it's a Lambert Conformal
Conic Projection.
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VFR Terminal Area Charts (VTA)

They are published for those airports around which
terminal class C airspace has been designated.
It's scale is 1:250,000 and it's a Transverse Mercator
Projection.
Enroute Charts
Low altitude charts are for altitudes less than 18,000 feet
and high altitude charts are for altitudes equal to or greater
than 18,000 feet.
They have information for radio navigation and very little
visual information.
It's scale is not constant.
Canadian Flight Supplement
It is a supplement to AIP Canada and lists all aerodromes
shown on, VNC’s, and WAC’s. It also contains all kinds
of valuable information related to aviation and is absolutely
INVALUABLE to a pilot.
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Navigation
CR-3 or E6-B Flight Computer
404.04
50 min
1. From the Ground Up
2. CR-3 or E6-B Handbook

Introduction:
What:

In this lesson we will learn how to use the FLIGHT COMPUTER CR-3 or E6-B.
We will learn basic exercises on the Appleyard Scale as well as how to use the
Wind Side of the computer.

Why:

The above information is required to plan and fly cross countries.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
The Appleyard Scale
Use CR - 3 or E6-B
The outside ring is distance and velocity
The inside ring is time.
All calculations can be done without using the flight computer by using the following
formula:
V = D
V-velocity
T
D-distance
T-time
Time scale - The number 9 stands for 9 min, 90 min, 900 min, etc. You must use
common sense to figure out which one applies. Notice on the time scale under the 9,
1:30 and 15:00h are also written. They stand for 90 min and 900 min respectively.
Distance Scale -

1.2
1.3

Same as time scale in that the number 6 stands for 6, 60, 600, 6000
etc. Once again common sense applies.

If you have two of the three components, it is possible to find the last one.
The “One-in-Sixty” Rule
An error in the track of one degree will cause an error in position af about one
mile in a distance of 60 miles.
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Confirm Stage 1
Use appropriate questions on the CR-3 or E6-B.
EXERCISE # 1
Find the missing element.
1.
2.
3.

speed = 120 mph
speed = 50 Kts
speed =

distance = 90 SM
distance =
distance = 60 SM

time =
time = 10 min
time = 50 min

Stage 2
2.1

Conversions
Many conversions are possible with the flight computer. Some of the conversions are:
a) MPH
To
KPH
b) KPH
To
MPH
c) US GAL To
IMP GAL
d) LBS.
To
Kg

Confirm Stage 2
Ask appropriate questions on the CR-3 or E6-B
EXERCISE # 2
1.
2.
3.

20 NM
50 SM
100 KM

= _______
=
=

SM
NM
SM

=
=
=

KM
KM
NM

Stage 3
3.1
Wind Side of the E6-B Flight Computer:
Steps to use the E6-B Flight Computer
i.
Set wind direction opposite true index
ii.
Place grommet over 100
iii.
Mark wind dot up from grommet
iv.
Place true Course under true index
v.
Slide true airspeed under wind dot
vi.
Read ground speed under grommet
vii.
Read WCA under wind dot
viii. Complete problem by using formula
3.2
Break lesson down to calculate head/tailwind component and ground speed, then find
cross wind component, drift correction angle, and true heading.

Go through some examples.
eg.1

TAS = 100kts
W/V = 120deg @ 20kts
Answers
ground speed 82
WCA
-6°
TH
144°

TT = 150deg

eg.2

TAS = 60kts
W/V = 280deg @ 15kts
Answers
ground speed 51
WCA
-13°
TH
127°

TT = 340deg

Can use wind vector to explain how drift correction angle works. If the wind is coming
from the right one must crab into wind and therefore the heading increases. A diagram
on the board will help if required.
Confirm Stage 3
Ask appropriate questions on the CR-3 or E6-B
EXERCISE # 3
Given true airspeed and true wind vector (W/V) and true track find ground speed (G/S) and true
heading.
1.
2.
3.
4.
5.

TAS = 70 Kts
TAS = 160 Kts
TAS = 80 Kts
TAS = 100 Kts
TAS = 60 Kts

W/V = 150deg / 20kts
W/V = 340deg/ 15kts
W/V = 270deg/ 13kts
W/V = 120deg/ 20kts
W/V = 280deg/ 15kts

TT = 200deg
TT = 090deg
TT = 165deg
TT = 150deg
TT = 340deg

Performance Check
Ask appropriate questions
Conclusion:
Summary
In this lesson we learned how to use the Appleyard Scale and the Wind Side of the CR-3 or E6B Flight Computer.

Re-motivation
Knowing how to use the Flight Computer is necessary for cross country planning, especially
when flying powered aircraft.

The Appleyard Scale
The outside ring is distance and velocity
The inside ring is time.
All calculations can be done without using the flight computer
by using the following formula:
V =

Time scale -

D
T

V-velocity
D-distance
T-time

The number 9 stands for 9 min, 90 min, 900 min,
etc. You must use common sense to figure out
which one applies. Notice on the time scale
under the 9, 1:30 and 15:00h are also written.
They stand for 90 min and 900 min respectively.

Distance Scale -

Same as time scale in that the number 6
stands for 6, 60, 600, 6000 etc. Once again
common sense applies.

If you have two of the three components, it is possible to find
the last one.
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EXERCISE # 1
Find the missing element.
1.

speed
= 120 mph
distance = 90 SM
time
=

2.

speed
= 50 Kts
distance =
time
= 10 min

3.

speed
=
distance = 60 SM
time
= 50 min

Conversions
Many conversions are possible with the flight computer. Some
of the conversions are:
a) MPH

To

KPH

b) KPH
c) US GAL
d) LBS.

To
To
To

MPH
IMP GAL
Kg
EXERCISE # 2

1.
2.
3.
OHP#2

20 NM
50 SM =
100 KM

=
=

_______ SM
NM
=
SM

=

KM
KM

=

_

NM

Wind Side of the E6-B Flight Computer:

Steps to use the E6-B Flight Computer:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.

Set wind direction opposite true index
Place grommet over 100
Mark wind dot up from grommet
Place true Course under true index
Slide true airspeed under wind dot
Read ground speed under grommet
Read WCA under wind dot
Complete problem by using formula

Break lesson down so find head/tailwind component and ground
speed, then find cross wind component, drift correction angle
and true heading.
EXERCISE # 3
TAS = 100kts

W/V = 120deg @ 20kts TT = 150deg

ground speed
WCA
TH
TAS = 60kts

________
________
________

W/V = 280deg @ 15kts TT = 340deg

ground speed
WCA
TH

________
________
________

OHP#3

EXERCISE # 4
Given true airspeed and true wind vector (W/V) and true track
find ground speed (G/S) and true heading.
1.

TAS = 70 Kts
W/V = 150deg / 20kts
TT = 200deg

GS _________
TH _________

2.

TAS = 160 Kts
W/V = 340deg/ 15kts
TT = 090deg

GS _________
TH _________

3.

TAS = 80 Kts
W/V = 270deg/ 13kts
TT = 165deg

GS _________
TH _________

4.

TAS = 100 Kts
W/V = 120deg/ 20kts

GS _________
TH _________

TT = 150deg
5.

TAS = 60 Kts
W/V = 280deg/ 15kts
TT = 340deg

GS _________
TH _________

OHP#4
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The Appleyard Scale

The outside ring is distance and velocity
The inside ring is time.
All calculations can be done without using the flight computer by using the following formula:

V = D
T

V-velocity
D-distance
T-time

Time scale - The number 9 stands for 9 min, 90 min, 900 min, etc. You must use common
sense to figure out which one applies. Notice on the time scale under the 9, 1:30 and 15:00h are
also written. They stand for 90 min and 900 min respectively.

Distance Scale -

Same as time scale in that the number 6 stands for 6, 60, 600, 6000 etc.
Once again common sense applies.

If you have two of the three components, it is possible to find the last one.

EXERCISE # 1
Find the missing element.
1.

speed
distance
time

= 120 mph
= 90 SM
=

2.

speed
distance
time

= 50 Kts
=
= 10 min

3.

speed
distance
time

=
= 60 SM
= 50 min
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Conversions
Many conversions are possible with the flight computer. Some of the conversions are:
a)
b)
c)
d)

MPH
KPH
US GAL
LBS.

To
To
To
To

KPH
MPH
IMP GAL
Kg

EXERCISE # 2
1.
2.
3.

20 NM
50 SM
100 KM

=
=
=

_______ SM
NM
SM

=
=
=

KM
KM
_______ NM

Wind Side of the E6-B Flight Computer:

Steps to use the E6-B Flight Computer:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.

Set wind direction opposite true index
Place grommet over 100
Mark wind dot up from grommet
Place true Course under true index
Slide true airspeed under wind dot
Read ground speed under grommet
Read WCA under wind dot
Complete problem by using formula

Break lesson down so find head/tailwind component and ground speed, then find cross wind
component, drift correction angle and true heading.

EXERCISE # 3
TAS = 100kts

W/V = 120deg @ 20kts
ground speed
WCA
TH

TAS = 60kts

________
________
________

W/V = 280deg @ 15kts
ground speed
WCA
TH

TT = 150deg

TT = 340deg

________
________
________
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EXERCISE # 4
Given true airspeed and true wind vector (W/V) and true track find ground speed (G/S) and true
heading.
1.

TAS = 70 Kts
W/V = 150deg / 20kts
TT = 200deg

GS
TH

_________
_________

2.

TAS = 160 Kts
W/V = 340deg/ 15kts
TT = 090deg

GS
TH

_________
_________

3.

TAS = 80 Kts
W/V = 270deg/ 13kts
TT = 165deg

GS
TH

_________
_________

4.

TAS = 100 Kts
W/V = 120deg/ 20kts
TT = 150deg

GS
TH

_________
_________

5.

TAS = 60 Kts
W/V = 280deg/ 15kts
TT = 340deg

GS
TH

_________
_________
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Airmanship
Wake Turbulence
405.01
50 min.
From The Ground Up

Introduction:
What:

In this lesson we will learn about wake turbulence and human factors

Why:

To give you, the student pilot, basic knowledge of wake turbulence, human
factors and how it will effect your flight performance.

Where:

A basic knowledge of wake turbulence and human factors will make your flying
safer.

Body:
Stage 1:
1.1 Wake Turbulence:
OHP # 1
As the lift producing airfoil passes through the air, the air rolls up and back about each
wing tip producing two distinct counter rotating vortices, one trailing each wing tip. The
intensity of the turbulence within these vortices is directly proportional to its weight and
inversely proportional to its wing span and speed of the airplane.
1.2

Intensity of wake turbulence
The heavier an slower the airplane the greater intensity of air circulation in the vortex
cores. The most violent vortices are generated during take-off and landing.

1.3

Air density:
In cold air the vortices can be expected to be more severe.

1.4

Vortex strength:
The greatest vortex strength occurs under conditions of clean configuration, high weight
and slow speed.

1.6

Factors that effect vortex strength:
a.
Configuration of the airplane
b.
Flaps
c.
Undercarriage
d.
Location of engine
e.
Tail configuration
5-1-1

Confirm Stage 1:
1.
What factors effect vortex strength?
A.
Configuration of the airplane
Flaps
Undercarriage
Location of engine
Tail configuration
2.
When does the greatest intensity of wake turbulence occur?
A.
The heavier an slower the airplane the greater intensity of air circulation in
the vortex cores. The most violent vortices are generated during take-off
and landing.
Stage 2:
2.1
Hazards:
OHP # 2
Vertical gusts when encountered when crossing laterally through the vortex can impose
structural loads as high as ten G’s on a small airplane. The combination of up gusts and
down gusts has been estimated as high as 80’/sec. Most small airplanes are designed to
handle 30’/sec.
2.2

Structural Damage:
There is a possibility of structural failure when an aircraft crosses a pair of vortices. The
strong up and down forces combined and the pilot’s attempt to counteract them will result
in loss of control and airframe design limits being exceeded.

2.3

Vortex Generation:
a.
Vortex generation starts at rotation (the raising of the nose from the runway) and
increases in intensity at lift off when full weight of the aircraft is sustained by the
wings.
b.
It ends when the airplane touches down.
c.
Vortices may trail as far as 10 to 16 miles depending on the airspeed of the
aircraft.
d.
Wake turbulence usually dissipates after two minutes. But can remain as long as
five minutes.

2.4

Crosswind:
OHP #3
Vortices tend to move laterally outward over the ground at a speed of about 5 knots. This
means that the vortices may position themselves parallel to the runway and constitute a
hazard to aircraft operating in that area. Crosswind effects wake turbulence. The
stronger the crosswind, the more vortices get blown to the side.

Confirm Stage 2
1.
What amount of force can be expected passing through a vortices?
A.
When crossing laterally through the vortex, it can impose structural loads
as high as ten G’s on a small airplane.
5-1-2

2.

What effect does crosswind have on vortices?
A.
The stronger the cross wind, the more vortices get blown to the side.

Stage 3:
3.1
Wake turbulence avoidance:
a.
During Flight
Although wake turbulence is most likely to be encountered
during arrival and departure, it can be a hazard at cruising
altitudes as well. Avoid crossing behind and less than
1000’ below the flight path of large, heavy aircraft,
especially at low altitudes.
b.

During Taxi

Stay well behind large aircraft that are taxiing or
maneuvering on the ground. As well avoid going behind
aircraft doing a run-up. Avoid taxiing below a hovering
helicopter (the down wash is significant and hazardous).

c.

During Take-off:

Stay up wind of a large airplane. This action and normal
climb should keep you above the descending vortices of the
descending airplane. When following an aircraft that
has just landed plan to be airborne beyond the point of
touchdown of that aircraft. For an intersecting runway,
plan to be airborne before you cross the intersection.

d.

During Landing

When following a heavier aircraft that has just taken off,
plan to touch down before the rotation point. When
following an aircraft that has just landed plan to touch
down beyond the point where the preceding aircraft
touched down.
OHP # 4

e.

Above All

Avoid a long dragged in approach. The largest number of
dangerous encounters with wake turbulence has been in the
last half mile of approach.

3.2

ATC Advisement:
ATC can not guarantee that wake turbulence will not be encountered. When the ATC
advises, “Caution wake turbulence”, he is warning you of the possible existence of wake
turbulence.

3.3

Avoidance Responsibility:
It is the sole responsibility of the pilot in command (PIC) Even though you have received
a clearance to land of take off, if you believe it is safer to wait then ask the controller to
do so.

5-1-3

Confirm Stage 3:
A.

A.

What are the dangers during flight
A.
Although wake turbulence is most likely to be encountered during arrival
and departure, it can be a hazard at cruising altitudes as well. Avoid
crossing behind and less than 1000’ below the flight path of large, heavy
aircraft, especially at low altitudes.
Who has the responsibility to avoid wake turbulence?
A.
The pilot in command (PIC).

Stage 4 :
4.1

Human factors
i. Hypoxia : is a lack of sufficient oxygen in the body cells or tissues. The Canadian
Aviation Regulations rule that when flying, by day, over 10 000 feet to 13
000 feet for more than 30 minutes or above 13 000 feet, you must carry a
supply of oxygen of at least 2 hours for every crew member.
ii. Blood donation : It is recommended to wait 48 hours before flying after blood
donation.
iii. Alcohol : The rule for both pilot and passenger in relation to alcohol quite simply
should be “No alcohol in the system when you fly”. Canadian Aviation
Regulations require that a plito allow at least 8 hours between the
consumption of alcohol and flying and 48 hours after excessive drinking.
iv. Drugs : Do not self-medicate. Drugs, as well as the conditions for which they are
taken, can interfere with the efficiency of the pilot and can be extremely
dangerous.

Confirm Stage 4 :
1.
What is hypoxia and how can you prevent it ?
A.
Lack of sufficient oxygen in the body cells or tissues. The Canadian Aviation
Regulations rule that when flying, by day, over 10 000 feet to 13 000 feet for more than 30
minutes or above 13 000 feet, you must carry a supply of oxygen of at least 2 hours for every
crew member.
2.
How long should you wait before flying after excessive drinking ?
A.

At least 48 hours

Performance Check :
1.
What factors effect vortex strength?
A.
Configuration of the airplane
Flaps

Undercarriage
Location of engine
Tail configuration
2.
When does the greatest intensity of wake turbulence occur?
A.
The heavier and slower the airplane the greater intensity of air circulation
in the vortex cores. The most violent vortices are generated during takeoff and landing.
3.
What amount of force can be expected passing through a vortices?
A.
When crossing laterally through the vortex, it can impose structural loads
as high as ten G’s on a small airplane.
4.
What effect does crosswind have on vortices?
A.
The stronger the crosswind, the more vortices get blown to the side.
5.
What are the dangers during flight
A.
Although wake turbulence is most likely to be encountered during arrival
and departure, it can be a hazard at cruising altitudes as well. Avoid
crossing behind and less than 1000’ below the flight path of large, heavy
aircraft, especially at low altitudes.
6.
Who has the responsibility to avoid wake turbulence?
A.
The pilot in command (PIC).
7.
How long should you wait before flying after a blood donation ?
A.
At least 48 hours
Summary:
During this class, we have learned about wake turbulence.
Re-motivation:
A basic knowledge of wake turbulence and how it will effect you will aid you in dangerous
situations.

5-1-4

Wake Turbulence:
As the lift producing airfoil passes through the air, the air
rolls up and back about each wing tip producing two distinct
counter rotating vortices, one trailing each wing tip. The
intensity of the turbulence within these vortices is directly
proportional to its weight and inversely proportional to its wing
span and speed of the airplane.

Intensity of wake turbulence
The heavier an slower the airplane the greater intensity of
air circulation in the vortex cores. The most violent vortices are
generated during take-off and landing.

Air density:
In cold air the vortices can be expected to be more severe.

Vortex strength:
The greatest vortex strength occurs under conditions of
clean configuration, high weight and slow speed.

Factors that effect vortex strength:
a.
b.
c.
d.
e.
OHP#1

Configuration of the airplane
Flaps
Undercarriage
Location of engine
Tail configuration

405.01

Hazards:
Vertical gusts when encountered when crossing laterally
through the vortex can impose structural loads as high as ten G’s
on a small airplane. The combination of up gusts and down
gusts has been estimated as high as 80’/sec. Most small
airplanes are designed to handle 30’/sec.

Structural Damage:
There is a possibility of structural failure when an aircraft
crosses a pair of vortices. The strong up and down forces
combined and the pilot’s attempt to counteract them will result
in loss of control and airframe design limits being exceeded.

Vortex Generation:
a. Vortex generation starts at rotation (the raising of the nose
from the runway) and increases in intensity at lift off when full
weight of the aircraft is sustained by the wings.
b.

It ends when the airplane touches down.

c. Vortices may trail as far as 10 to 16 miles depending on the
airspeed of the aircraft.
d. Wake turbulence usually dissipates after two minutes. But
can remain as long as five minutes.
OHP #2
405.01

Crosswind
Vortices tend to move laterally outward over the ground at
a speed of about 5 knots. This means that the vortices may
position themselves parallel to the runway and constitute a
hazard to aircraft operating in that area. Crosswind effects wake
turbulence. The stronger the cross wind, the more vortices get
blown to the side.

Wake turbulence avoidance:
During Flight
Although wake turbulence is most likely to be encountered
during arrival and departure, it can be a hazard at cruising
altitudes as well: Avoid crossing behind and less than
1000’ below the flight path of large, heavy aircraft,
especially at low altitudes.
During Taxi
Stay well behind large aircraft that are taxiing of
maneuvering on the ground. As well avoid going behind
aircraft doing a run-up. Avoid taxiing below a hovering
helicopter (the down wash is significant and hazardous).
During Take-off:
Stay up wind of a large airplane. This action and normal
climb should keep you above the descending vortices of the
descending airplane. When following an aircraft that has
just landed plan to be airborne beyond the point of
touchdown of that aircraft. For an intersecting runway,
plan to be airborne before you cross the intersection.
OHP#3
405.01

During Landing
When following a heavier aircraft that has just taken off,
plan to touch down before the rotation point. When
following an aircraft that has just landed plan to touch
down beyond the point where the preceding aircraft
touched down
Above All
Avoid a long dragged in approach. The largest number of
dangerous encounters with wake turbulence has been in the
last half mile of approach.

ATC Advisement:
ATC can not guarantee that wake turbulence will not be
encountered. When the ATC advises, “Caution wake
turbulence” , he is warning you of the possible existence of
wake turbulence.

Avoidance Responsibility:
It is the sole responsibility of the pilot in command (PIC)
Even though you have received a clearance to land of take off, if
you believe it is safer to wait then ask the controller to do so.

OHP#4
405.01

Human factors
i. Hypoxia : is a lack of sufficient oxygen
in the body cells or tissues. The Canadian
Aviation Regulations rule that when flying,
by day, over 10 000 feet to 13 000 feet for
more than 30 minutes or above 13 000 feet,
you must carry a supply of oxygen of at
least 2 hours for every crew member.
ii. Blood donation : It is recommended to
wait 48 hours before flying after blood
donation.
iii. Alcohol : The rule for both pilot and
passenger in relation to alcohol quite simply
should be “No alcohol in the system when
you fly”. Canadian Aviation Regulations
require that a plito allow at least 8 hours
between the consumption of alcohol and
flying and 48 hours after excessive drinking.
iv. Drugs : Do not self-medicate. Drugs, as
well as the conditions for which they are
taken, can interfere with the efficiency of the
pilot and can be extremely dangerous
OHP#5
405.01
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Radio
Radio Waves And Signals
406.01
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about radio waves and signals.

Why:

The information is required to fly in an aircraft. Good communication leads to
safer flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Definitions:
Wave length Crest Trough Cycle Frequency Hertz 1.2

OHP # 1
the linear measurement of a wave
highest part of the wave.
lowest part of the wave.
one complete vibration from trough to trough or crest to crest.
number of vibrations per second.
measurement of frequencies. Usually measured in kilohertz or megahertz

Low and Medium Frequency:
Frequencies between 200KHz and 535KHz are known as low or medium frequencies.
Commercial broadcasts, radio stations, and homing devices all transmit
on low or medium frequencies.

1.3

High Frequency:
OHP #2
Frequencies between 2,500KHz and 30,000KHz are known as high frequencies.
They are excellent for air/ground communication facilities in the northern remote areas of
Canada.

1.4

Very High Frequencies:
Frequencies between 30MHz and 300MHz are known as very high frequencies.
Use for aviation of commercial and private aircraft.
6-1-1

1.6

Ultra High Frequency:
Frequencies between 300MHz and 3000MHz are known as ultra high frequencies.
Used for upper level aircraft and special government use.

Confirm Stage 1
1.
Define Trough.
A.
The lowest part of a radio wave.
2.
What are low/medium waves used for?
A.
Commercial broadcasts, radio stations, and homing devices.
Stage 2
2.1
Ground Wave:
Travel along the surface of the earth and are dulled by obstacles. They do not follow the
curvature of the earth.
2.2

Sky Waves:
Travel upward into the air and are reflected back to the surface from the ionosphere.

2.3

Skip Zone:
An area located between the ground waves and the sky waves. Transmissions are very
erratic or unheard.

2.4

Line of sight:
VHF radio waves travel straight through the air. Therefore, an aircraft must be able to
see the station in order to receive their transmission. This is know as “line of sight”.

2.5

Emergencies:
The emergency frequency is 121.50MHz
Distress-

OHP #3

the first distress call should be placed on the current frequency, if there no
response then transmit on the emergency frequency.
Distress calls can be used when the flight is threatened by grave or
imminent danger and requires immediate assistance.
The call format is the word MAYDAY repeated three times. A pilot
should include present position, nature of emergency, and intentions.

Urgency-

the urgency call should be placed to a specific station.
Urgency calls can be used with concerns of the safety of the aircraft
or any person on board or within sight.
The call format is the word PAN repeated three times. A pilot
should include present position, nature of urgency, and intentions.
6-1-2

Safety-

Message concerning the safety of navigation or important meteorological
warning to aircraft in flight.
The call format is the word SECURITY repeated three times.

Confirm Stage 2
1.
What is a sky waves?
A.
Waves travel upward into the air and are reflected back to the surface from
the ionosphere.
2.
What signal word for an urgency call?
A.
PAN repeated three times.
Stage 3
3.1
Priority of Communication:
The following are the priority of calls by Flight Service Station (FSS):
1)
Emergency Communications
2)
Flight Safety Communications
3)
Scheduled Broadcasts
4)
Unscheduled Broadcasts
5)
Other air/ground Communications
3.2

Communication Check
The readability scale employed is as follows:
Symbol
Meaning
1
Unreadable
2
Readable now and then
3
Readable with difficulties
4
Readable
5
Perfectly readable

OHP # 4

Scale
Bad
Poor
Fair
Good
Excellent

Confirm Stage 3
1.
What is priority of calls by Flight Service Station (FSS):
A.
1)
Emergency Communications
2)
Flight Safety Communications
3)
Scheduled Broadcasts
4)
Unscheduled Broadcasts
5)
Other air/ground Communications
2.
What does 3 mean on communication check scale?
A.
Readable with difficulties (Fair)
Performance Check
1.
Define Trough.
A.
The lowest part of a radio wave.
A.
What are low/medium waves used for?
A.
Commercial broadcasts, radio stations, and homing devices.
6-1-3

3.

4.

5.

6.

What is a sky wave?
A.
Waves travel upward into the air and are reflected back to the surface from
the ionosphere.
What signal word for an urgency call?
A.
PAN repeated three times.
What is priority of calls by Flight Service Station (FSS):
A.
1)
Emergency Communications
2)
Flight Safety Communications
3)
Scheduled Broadcasts
4)
Unscheduled Broadcasts
5)
Other air/ground Communications
What does 3 mean on communication check scale?
A.
Readable with difficulties (Fair)

Conclusion:
Summary
In this lesson we have learned about radio waves and signals.
Re-motivation
It is important to know the rules for communication because good communication leads to good
safety.

6-1-4

Definitions:
Wave length -

the linear measurement of a wave

Crest

-

highest part of the wave.

Trough

-

lowest part of the wave.

Cycle

-

one complete vibration from trough to
trough or crest to crest.

Frequency

-

number of vibrations per second.

Hertz

-

measurement of frequencies. Usually
measured in kilohertz or megahertz

Low and Medium Frequency:
Frequencies between 200KHz and 535KHz are known as low or
medium frequencies.
Commercial broadcasts, radio stations, and homing devices all
transmit on low or medium frequencies.

OHP#1
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High Frequency:
Frequencies between 2,500KHz and 30,000KHz are known as
high frequencies.
They are excellent for air/ground communication facilities in the
northern remote areas of Canada.

Very High Frequencies:
Frequencies between 30MHz and 300MHz are known as very
high frequencies.
Use for aviation of commercial and private aircraft.

Ultra High Frequency:
Frequencies between 300MHz and 3000MHz are known as ultra
high frequencies.
Used for upper level aircraft and special government use.
Ground Wave:
Travel along the surface of the earth and are dulled by obstacles.
Sky Waves
Travel upward into the air and are reflected back to the surface
from the ionosphere.
OHP#2
406.01

Emergencies:
The emergency frequencies are 121.50MHz
Distress- the first distress call should be placed on the current
frequency, if there no response then transmit on the
emergency frequency.
Distress calls can be used when the flight is threatened
by grave or imminent danger and requires immediate
assistance.
The call format is the word MAYDAY repeated three
times. A pilot should include present position, nature
of emergency, and intentions.
Urgency- the urgency call should be placed to a specific station.
Urgency calls can be used with concerns of the safety
of the aircraft or any person on board or within sight.
The call format is the word PAN repeated three times.
A pilot should include present position, nature of
urgency, and intentions.
Safety-

Message concerning the safety of navigation or
important meteorological warning to aircraft in flight.
The call format is the word SECURITY repeated three
times.

OHP#3
406.01

Priority of Communication:
The following are the priority of calls by Flight Service
Station(FSS):
1)
2)
3)
4)
5)

Emergency Communications
Flight Safety Communications
Scheduled Broadcasts
Unscheduled Broadcasts
Other air/ground Communications

Communication Check
The readability scale employed is as follows:
Symbol
1
2
3
4
5

OHP#4
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Meaning
Unreadable
Readable now and then
Readable with difficulties
Readable
Perfectly readable

Scale
Bad
Poor
Fair
Good
Excellent
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Radio
Radio Phraseology and Procedures
406.02
50 min
1. From the Ground Up

Introduction:
What:

In this lesson we will learn about radio phraseology and Procedures.

Why:

The information is required to fly in an aircraft. Good communication leads to
safer flying.

Where:

You will require this knowledge at every stage in your flying career.

Body:
Stage 1
1.1
Phonetic Alphabet:
A
B
C
D
E
F
G
H
I
J
K
L
M
1.2

Alfa
Bravo
Charlie
Delta
Echo
Foxtrot
Golf
Hotel
India
Juliet
Kilo
Lima
Mike

OHP # 1
N
O
P
Q
R
S
T
U
V
W
X
Y
Z

November
Oscar
Papa
Quebec
Romeo
Sierra
Tango
Uniform
Victor
Whiskey
X-ray
Yankee
Zulu

Numbers:
Number are pronounced as follows:
0
ZEE-RO
1
WUN
2
TOO
3
TREE
4
FOW-er
5
FIFE

6
SIX
7
SEV-en
8
AIT
9
NIN-er
Decimal
DAY-SEE-MAL
Thousand
TOU-SAND
6-2-1

1.3

Time:
The 24 hour clock is used to express time.
Examples:
12:00 AM
- 0000hrs
12:30 AM
- 0030hrs
09:00 AM
- 0900hrs
02:30 PM
- 1400hrs
05:45 PM
- 1745hrs

OHP # 2

1.4

Money:
The word “dollars” always is stated first before speaking of money. For example $45.32
would be spoken as “Dollars FOW-er Fife Decimal Tree Too”.

Confirm Stage 1
1.
Spell Cadet in phonetic alphabet.
A.
C
Charlie
A
Alpha
D
Delta
E
Echo
T
Tango
2.
What would 09:30 PM be for the 24hr clock?
A.
2130hrs.
Stage 2
2.1
Standard Phases:
Acknowledge
Affirmative
Break
Confirm
Correction
Do you read?
Go ahead
How do you read me?
I say again
Negative
Out
Over
Read back

“Let me know you have received and understood this
message.”
“Yes.”
“I hereby indicate the separation between portions of the
message.”
“My version is…is that correct.”
“I have made an error. The Correction is…” OHP # 3
“I have called you more than once. If you are receiving
me, Reply.”
“Proceed with your message.”
“Self explanatory.”
“I will Repeat.”
“No.”
“My transmission is ended. I do not expect a reply from
you.”
“My transmission is ended. I expect a reply from
you.”
“Repeat this message back to me after I have given
‘Over’.”
6-2-2

Roger
Say Again
Speak slower
Stand By
That is correct
Verify
Wilco

“Okay, I have received your message.”
“Repeat.” NEVER USE REPEAT ON THE RADIO.
Self explanatory.
“I must pause for a few seconds.”
OHP # 4
Self explanatory.
“Check with the originator.”
“Your instructions received, understood and will be
complied with.”

Confirm Stage 2
1.
What does the phase Wilco mean?
A.
“Your instructions received, understood and will be
complied with.”
2.
What does the phrase Correction mean?
A.
“I have made an error. The Correction is…”
Stage 3
3.1
Radio Procedure:
1)
Call-up
Example:
2)
Reply
Example:
3)
Message
Example:
4)

5)

3.2

Sydney Radio this is Glider Bravo Juliet Hotel.
Bravo Juliet Hotel this is Sydney Radio.
Sydney Radio this is Bravo Juliet Hotel on left downwind for
runway 19 over.

Acknowledge
Example: Juliet Hotel this is Sydney Radio, Roger, the winds are 200 at
15Kts over.
End transmission
Example: Sydney Radio this is Juliet Hotel, Roger, out.

Good Radio Technique:
a)
Pronounce words clearly
b)
Speak at moderate rate
c)
Use constant pitch
d)
Hold microphone 1”from mouth
e)
Avoid “Ums” and “Ahs”
f)
Acknowledge all transmissions
g)
Profanity is prohibited
h)
Do not use for personal use

6-2-3

OHP # 5

Confirm Stage 3
1.
What are the 5 steps in radio procedures?
A.
1)
Call-up
2)
Reply
3)
Message
4)
Acknowledge
5)
End transmission
2.
What rate should you speak at?
A.
Moderate.
Performance Check
1.
Spell Cadet in phonetic alphabet.
A.
C
Charlie
A
Alpha
D
Delta
E
Echo
T
Tango
2.
What would 09:30 PM be for the 24hr clock?
A.
2130hrs.
3.
What does the phase Wilco mean?
A.
“Your instructions received, understood and will be
complied with.”
4.
What rate should you speak at?
A.
Moderate.
5.
What are the 5 steps in radio procedures?
A.
1)
Call-up
2)
Reply
3)
Message
4)
Acknowledge
5)
End transmission
Conclusion:
Summary
In this lesson we have learned about radio phraseology and procedures.
Re-motivation
It is important to know the rules for communication because good communication leads to
safety.

6-2-4

Phonetic Alphabet:
A
B
C
D
E
F
G
H
I
J
K
L
M

-Alfa
-Bravo
-Charlie
-Delta
-Echo
-Foxtrot
-Golf
-Hotel
-India
-Juliet
-Kilo
-Lima
-Mike

N -November
O -Oscar
P -Papa
Q -Quebec
R -Romeo
S -Sierra
T -Tango
U -Uniform
V -Victor
W -Whiskey
X -X-ray
Y -Yankee
Z -Zulu

Numbers:
Number are pronounced as follows:
0
ZEE-RO
5
1
WUN
6
2
TOO
7
3
TREE
8
4
FOW-er
9
Decimal
Thousand
OHP#1
406.02

DAY-SEE-MAL
TOU-SAND

FIFE
SIX
SEV-en
AIT
NIN-er

Time:
The 24 hour clock is used to express time.
Examples:
12:00 AM
0000hrs
12:30 AM
0030hrs
09:00 AM
0900hrs
02:30 PM1400hrs
05:45 PM1745hrs

Money:
The word “dollars” always is stated first before speaking of
money.
For example $45.32 would be spoken as:
“Dollars FOW-er Fife Decimal Tree Too.”

Standard Phases:
Acknowledge

“Let me know you have received and
understood this message.”

Affirmative

“Yes.”

Break

“I hereby indicate the separation
between portions of the message.”

Confirm

“My version is…is that correct.”

OHP#2
406.02

Correction

“I have made an error. The Correction
is…”

Do you read?

“I have called you more than once. If
you are receiving me, Reply.”

Go ahead

“Proceed with your message.”

How do you read me?

“Self explanatory.”

I say again

“I will Repeat.”

Negative

“No.”

Out

“My transmission is ended. I do not
expect a reply from you.”

Over

“My transmission is ended. I expect a
reply from you.”

Read back

“Repeat this message back to me after I
have given ‘Over’.”

Roger

“Okay, I have received your message.”

Say Again

“Repeat.” NEVER USE REPEAT
OVER THE RADIO.

Speak slower

Self explanatory.

OHP#3
406.02

Stand By

“I must pause for a few seconds.”

That is correct

Self explanatory.

Verify

“Check with the originator.”

Wilco

“Your instructions received,
understood and will be complied with.”

Radio Procedure
1)

2)
3)

Call-up
Example:
Reply
Example:
Message
Example:

Sydney Radio this is Glider Bravo Juliet
Hotel
Bravo Juliet Hotel this is Sydney Radio
Sydney Radio this is Bravo Juliet Hotel on
left downwind for runway 19 over

4)

Acknowledge
Example: Juliet Hotel this is Sydney Radio, Roger, the
winds are 200 at 15Kts over

5)

End transmission
Example: Sydney Radio this is Juliet Hotel, Roger, out

OHP#4
406.02

Good Radio Technique:
a)
b)
c)
d)
e)
f)
g)
h)

OHP#5
406.02

Pronounce words clearly
Speak at moderate rate
Use constant pitch
Hold microphone 1”from mouth
Avoid “Ums” and “Ahs”
Acknowledge all transmissions
Profanity is prohibited
Do not use for personal use
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Engines
Basic construction and four stroke cycle
407.01
50 min
1. From The Ground Up

Introduction:
What:

The basic construction and four stroke cycle of an aircraft engine will be covered.

Why:

A pilot must know the basic working of his engine to ensure proper running and
handling procedures.

Where:

This information will be used during every powered aircraft flight.

Body:
Stage 1:
1.1
Types of combustion engines:
There are three types of piston engines currently used. They are:

OHP # 1

a. Horizontally opposed:
Two rows of cylinders directly opposite on a flat plane. One crankshaft is driven by both rows.
The advantages are: less drag because of its small frontal shape and good pilot visibility. It is the
most common type of engine used.
b. Radial:
OHP # 2
Cylinders are arranged around the crankshaft similar to bicycle spokes around a hub. As a result,
the crankshaft is short, compact and light. However, the front has a large flat area that causes
considerable parasite drag and obstructs pilot visibility.
c. In-line:
OHP # 3
All cylinders are arranged in a row side by side. This is similar to most cars. Usually there is a
maximum of six cylinders. If more are required they are arranged as V, X and H type, with two
crankshafts side by side. Little drag is produced but the engine is heavier and size is limited.
1.2
Construction of a reciprocation Engine:
OHP # 4
Piston
-Cylinder shaped object that moves up and down.
Piston rings
-wrap around the piston and provide a seal between the piston and
cylinder.
Connecting rod
-joins the piston to the crankshaft, which turns the propeller.
7-1-1

Cylinder head
Camshaft
Magnetos
Intake valve ports
exhaust valve ports

-contains the inlet (intake) valve, exhaust valve and two spark plugs.
-turned by the crankshaft and operates the push rods and rocker arms.
The camshaft turns at half the speed at which the crankshaft turns.
-provide electrical current to ignite Fuel/air mixture through the distributor.
OHP # 5
-allow air to enter the cylinder and is connected to the carburetor where the
air and fuel are mixed
-connected to the exhaust pipe, which vents the exhaust fumes away from
the cabin.

Use diagram to explain construction.

OHP # 6

Confirm Stage 1
1.
What type of engine is the commonly used in aviation?
A.
Horizontally opposed.
2.
To what part of the engine is the piston attached?
A.
Connecting rod.
Stage 2
2.1
The Four Stroke Cycle:
OHP # 7
Piston engines used on a/c work on the four stroke principle of intake, compression, power and
exhaust.
a. Intake:

During intake, the inlet valve is open and the piston moves down the
cylinder. In doing this, air/fuel mixture is drawn in. One half revolution of
the crankshaft has been made.

b. Compression:

Both valves are closed and the piston moves up the cylinder, compressing
the air/fuel mixture. One complete revolution of the crankshaft has now
been made.
OHP # 8
Compression ratio: the ratio of the cylinder volume when the piston
is as low as it will go ("Bottom Dead Center" BDC) to the volume
when it is as high as it will go ("Top Dead Center" TDC). Example
80 cubic inches to 10 cubic inches is a compression
ratio of 8:1.

c. Power:

The spark plug ignites the fuel/air mixture just as the piston reaches the top
of the cylinder. Resulting expansion forces drive the piston down during
this power stroke. The crankshaft has made one and one-half revolutions.
Both valves are closed.
OHP # 9

d. Exhaust:

The exhaust valve opens and the piston again moves to the top of the
cylinder. Burned gas is driven out of the cylinder. The second revolution
of the crankshaft is now completed. The cycle starts again.
7-1-2

2.2
Timing:
OHP # 10
Valves must be timed to open and close at the proper time. Performance is improved by the use
of valve lead, lag and overlap.
a. Valve lead:

timing the valve to open early.

b. Valve lag:

timing the valve to close late.

c. Valve overlap:

allowing both valves to remain open at the same time.

2.3
Valve Clearances:
Valve clearances (or Tappet Clearance) is a space that must be provided between the valve stem
and rocker to allow for heat expansion of the metal.
- Clearances too wide cause a loss of power and excessive wear.
- Clearances too close can warp the valves.
Confirm Stage 2
1.
Name the four strokes of an engine.
A.
Intake
Compression
Power
Exhaust
2.
During which stroke do the spark plugs fire?
A.
Power
3. What is the definition of valve lag?
A.
Valve closes too late.
Performance Check
1.
What are the basic components of an a/c engine?
A.
Piston
Piston rings
Connecting rod
Cylinder head
Camshaft
Fins
Magnetos
Intake valve ports
Exhaust valve ports
2.
How many total spark plugs does a modern 4-cylinder aeroengine have?
A.
8
3.
Name 3 types of cylinder arrangements.
A.
In-line
Horizontally Opposed
Radial
7-1-3

4.

Explain the four stroke cycle of a reciprocating engine.
Use information above.

Conclusion:
Summary
In this class, we reviewed the basic construction and the four stroke principle of an aircraft
engine.
Re-motivation
You should now have a basic understanding of the parts of an aircraft engine and how they work.
This will help you to ensure proper running and handling procedures for your aircraft.
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Types of combustion engines
There are three types of piston engines
currently used. They are:

Horizontally opposed
Two rows of cylinders directly opposite on a
flat plane. One crankshaft is driven by both
rows.

Advantages:
-less drag because of its small frontal shape, and
-good pilot visibility.
It is the most common type of engine used.
OHP#1
407.01

Radial
Cylinders are arranged around the crankshaft
similar to bicycle spokes around a hub.

Advantages:
the crankshaft is short, compact and light.
Disadvantages:
causes considerable parasite drag
obstructs pilot visibility.
OHP#2
407.01

In-line
All cylinders are arranged in a row side by side.
This is similar to most cars. Usually there is a
maximum of six cylinders. If more are required
they are arranged as V, X and H type, with two
crankshafts side by side.

Advantage:
little drag is produced
Disadvantage:
the engine is heavier and size is limited.
OHP#3
407.01

Construction of a reciprocation Engine:
Piston

-Cylinder shaped object that
moves up and down.

Piston rings

-wrap around the piston and
provide a seal between the
piston and cylinder.

Connecting rod

-joins the piston to the
crankshaft, which turns the
propeller.

Cylinder head

-contains the inlet (intake)
valve, exhaust valve and two
spark plugs.

Camshaft

-turned by the crankshaft and
operates the push rods and
rocker arms.

The camshaft turns at half the speed at
which the crankshaft turns.
OHP#4
407.01

Magnetos

-provide electrical current to
ignite Fuel/air mixture
through the distributor.

Intake valve ports -allow air to enter the
cylinder and is connected to
the carburetor where the air
and fuel are mixed
exhaust valve

OHP#5
407.01

-connected to the exhaust
pipe, which vents the exhaust
fumes away from the cabin.

Construction of Engine

OHP#6
407.01

The Four Stroke Cycle
Piston engines used on aircraft work on the
four stroke cycle. The cycles are:

Intake
During intake, the inlet
valve is open and the piston
moves down the cylinder. In
doing this, air/fuel mixture is
drawn in. One half revolution
of the crankshaft has been
made.

OHP#7
407.01

Compression
Both valves are closed and the
piston moves up the cylinder,
compressing the air/fuel mixture.
One complete revolution of the
crankshaft has now been made.

Compression ratio: the ratio of the cylinder
volume when the piston is as low as it will go
("Bottom Dead Center" BDC) to the volume
when it is as high as it will go ("Top Dead
Center" TDC).
Example 80 cubic inches to 10 cubic
inches is a compression ratio of
8:1.
OHP#8
407.01

Power
The spark plug ignites the
fuel/air mixture just as the
piston reaches the top of the
cylinder. Resulting expansion
forces drive the piston down
during this power stroke. The
crankshaft has made one and
one-half revolutions. Both
valves are closed.

Exhaust
The exhaust valve opens
and the piston again moves to
the top of the cylinder.
Burned gas is driven out of the
cylinder. The second
revolution of the crankshaft is
now completed. The cycle
starts again.
OHP#9
407.01

Timing
Valves must be timed to open and close at
the proper time. Performance is improved by
the use of valve lead, lag and overlap.
Valve lead:

timing the valve to open
early.

Valve lag:

timing the valve to close late.

Valve overlap:

allowing both valves to
remain open at the same time.

Valve Clearances
Valve clearances (or Tappet Clearance) is a
space that must be provided between the valve
stem and rocker to allow for heat expansion of
the metal.
- Clearances too wide cause a loss of power
and excessive wear.
- Clearances too close can warp the valves.
OHP#10
407.01
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Cooling, fuel and lubrication systems
407.02
50 min
1. From The Ground Up

Introduction:
What:

The topics of an airplane engine's cooling system, fuel and lubrication systems will
be covered in this period.

Why:

It is essential for a pilot to know how these systems function such that possible
malfunctions and problems can be rectified.

Where:

This information can be used during every flight.

Body
Stage 1
1.1
Cooling System:
OHP # 1
In an internal combustion engine, fuel is burned, causing a great amount of heat. This terrific heat
generated is absorbed partly by all the metal engine parts. If it were not for some type of engine
cooling system, melting could even occur. Air cooled engines are most common, but in large, old
reciprocating engines, antifreeze liquid was used.
The following are used to cool an aircraft engine:
a. Fins:
Added to engine cylinders to provide a greater surface area for heat
to be absorbed. Ram air enters through the engine cowls and cools
the fins as it passes by. Openings in the rear of the cowls expel this
air.
b. Fans:

Gear-driven fans mounted on the front of the engines assist the flow
of cooling air at higher altitudes.

c. Aug-mentor
Tubes:

OHP # 2
Exhaust gases are ducted through tubes. The developed suction
increases the flow of cooling air.

d. Cowl Flaps:

Devices that control the openings of baffles, that in turn force the
cooling air around the cylinders.
7-2-1

1.2
Lubrication System:
Lubrication oil has four important functions to perform:

1.3

1) Cooling:

Carries away excessive heat generated by the engine.

2) Sealing:

Provides a seal between the piston rings and cylinder
walls, preventing "blow-by" loss of power and excessive oil
consumption.

3) Lubrication:

Prevents wear and tear of metal parts by maintaining a
film to reduce friction.

4) Flushing:

Cleans and flushes engine interior of contaminants that
enter of are formed during combustion.

Requirements of good oil:
1) Viscosity:
Resistance to flow, stickiness or body.

OHP # 3

- Good viscosity gives proper distribution of oil throughout the engine and
prevents rupturing of the oil film which lubricates the engine parts over the wide
range of temperatures in which aero engines work.
- Oil with high viscosity index: changes in viscosity due to widely varying
temperatures are small.
- Use of oil with too high a viscosity for existing climatic temperatures will cause
low oil pressure.
2) High Flash Point: Temperatures beyond which a fluid will ignite
(this should be in excess of the highest engine temperature).
3) Low Pour Point: Temperature at which a fluid solidifies
(this is necessary for cold weather starting).
4) Low Carbon Content:

1.4

To leave as little carbon as possible if the oil should work
past the scraper ring and burn. Oil should also have a low
wax content.

Methods of Lubrication:
OHP # 4
1)
Force Feed by Dry Sump or Wet Sump:
Dry Sump:
Oil is contained in a separate tank and is forced under pressure from
a pressure pump through a hollow crankshaft to lubricate the
engine.
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Wet Sump:

The oil supply is contained in a sump or pan under the crankcase.
The oil passes through a filter at the bottom of the sump and into a
suction type pressure pump. Steady pressure is insured through all
phases of the engine.

Confirm Stage 1
1)
How do fins work to cool the engine?
A.
Increased surface area
2)
Name the requirements of good oil.
A.
Viscosity
High Flash Point
Low Pour Point
Low Carbon Content:
3)
Name a method of lubrication.
A.
Force feed
Stage 2
2.1
Fuel Systems:
The function of an aircraft fuel system is to store and deliver at all times the proper amount of fuel
required by the aircraft's engine.
2.2

Types of fuel systems:
1) Gravity Feed:
The most simple type of fuel system as it uses gravity to provide the
flow of fuel to the carburetor from fuel tanks in the wings mounted
above the carburator. Fuel is filtered before reaching the
carburetor.
2) Fuel Pump:

2.3

A pump driven by the engine provides sufficient pressure to
maintain fuel flow to the carburetor. Auxiliary or booster pumps
are also used in case of main pump failure. All high performance
engines use a fuel pump.

Other Components of the Fuel System:
OHP #5
Fuel Tanks:
They vary in size, shape and location, Depending on the type of
aircraft. Tank construction material is light and chemically inert to
fuel. Most tanks have a drain at the extreme bottom and have
internal baffles to prevent spilling during sudden changes in altitude.
The tops of the tank are vented to maintain atmospheric pressure
inside the tanks.
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Fuel Selector Control:

This device permits the pilot to select from which tank he
wishes to draw fuel.

Fuel Line and Filters:

Connecting the fuel tanks to the carburetor are fuel lines
made of varying materials. Prior to reaching the carburetor,
fuel is filtered by one or several filters.

Fuel Grades:

Fuel grades are indicated by two numbers:
First no.
Second no.

OHP # 6

octane rating at lean
octane rating at rich

USAGE

GRADE OR TYPE

COLOR

Low power output
Medium power output Grade
Medium power output Grade
Jet fuel

Grade 80 (or 80/87)
100 (high lead)
100 LL (low lead)
Kerosene

Red
Green
Blue
Clear or straw

If proper grade of fuel is not available, you always use the next (higher) grade (never a
lower one).
The pilot is responsible to see that the proper fuel is used and this can be found in the
airplane flight manual.
Fuel:

Aviation fuel contains more energy than do most automobile fuels. An
aircraft's performance engine requires slow burning and an even expansion
of gases rather than a quick explosion. A fuel's ability for slow burning is
rated by an octane number from 0 to 100 (slowest). A number greater than
100 is called a performance number and means 100% octane with additives
to slow the burning even more.

OCTANE is a substance which possesses minimum detonating qualities. The fuel with octane
will burn slower.
OHP # 7
HEPTANE is a substance qhich ossesses maximum detonating qualities. The fuel with heptane
will burn faster
Aviation fuel is a mixture of these two sustances in the gas, with the octane number indicating the
percentage of octane, e.g., fuel of octane number contains 96% octane, 4% heptane, therefore a
slow burning fuel with little detonation.
Confirm Stage 2
1)
Name the two types of fuel systems.
A.
Gravity Feed
Fuel Pump
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2)

If the proper grade of fuel is not available, which grade would you use?
A.
The next higher grade.
3)
What is the difference between octane and heptane?
A.
OCTANE is a substance which possesses minimum detonating qualities. The
fuel with octane will burn slower.
HEPTANE is a substance qhich ossesses maximum detonating qualities. The fuel
with heptane will burn faster
Performance Check
1)
What are the four functions of lubrication?
A.
Cooling
Flushing
Lubricating
Sealing
2)
Why is cooling of the engine necessary and how is it accomplished?
A.
To prevent over heating and possible melting. This is accomplished through air
cooling and liquid cooling.
3)
What are the main components of the fuel system?
A.
Fuel Tanks
Fuel Selector Control
Fuel Line and Filters:
Conclusion:
Summary:
In this class, we have reviewed the main components and characteristics of the cooling,
lubrication and fuel systems.
Re-motivation:
A good understanding of why cooling and lubrication of an engine is necessary should now be
known. Also, you should have understanding of the components and functioning of the fuel
system.
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Cooling System
In an internal combustion engine, fuel is
burned, causing much heat. This heat is
absorbed partly by all the metal engine parts.
Some method of cooling must occur. Air cooled
engines are most common, some use antifreeze
liquid cooling.

Methods of Cooling
FINS:
Metal plates on the outside of the cylinders that
increases the surface area exposed to the air.
COWL FLAPS:
They vary the size of the opening at the front of
the engine cowling. They control the amount of
air entering the engine, so controlling the
amount of DRAG produced.
COOLING FANS:
Powered by crankshaft, they increase airflow
over the engine.
OHP#1
407.02

AUGMENTOR TUBES:
Jet pumps powered by escaping exhaust gases,
they increase airflow over the engine.

Lubrication System
Lubrication oil has 4 important functions:
1) Cooling:

Carries away excessive heat
generated by the engine.

2) Sealing:

Provides a seal between the
piston rings and cylinder
walls, preventing "blow-by"
loss of power and excessive
oil consumption.

3) Lubrication:

Prevents wear and tear of
metal parts by maintaining a
film to reduce friction.

4) Flushing:

Cleans and flushes engine
interior of contaminants that
enter of are formed during
combustion.

OHP#2
407.02

REQUIREMENTS OF THE OIL
1. VISCOSITY:
Resistance to flow.
2. HIGH FLASH POINT:
Temperature at which to oil burns.
3. LOW CARBON CONTENT:
Less carbon, less deposit in engine.
4. LOW POUR POINT:
Temperature at which oil solidifies.

OHP#3
407.02

METHODS OF LUBRICATION
DRY SUMP (FORCED FEED)
Oil is injected into the crankcase through
hoses by pump. Oil reservoir is a tank separate
from the engine.
WET SUMP (SPLASH)
Oil is kept in a pan below the engine.
Crankshaft sits in oil and churns it into a heavy
mist that covers all parts of the engine.
TYPES OF FUEL SYSTEMS
1. GRAVITY FEED: Used in high-wing
aircraft (when fuel tanks are above engine).
Gravity does the work.
2. FUEL PUMP: Used in low wing aircraft
(when tanks are not above engine). Electric
and/or engine driven pump does the work.
OHP#4
407.02

COMPONENTS OF THE FUEL SYSTEM
Fuel Tanks:
- carry aircraft’s fuel
- vary in size and shape
- usually located in the wings
Fuel Selector Control:
- permits the pilot to select which tank he
wishes to draw fuel
Fuel Line and Filters:
- connecting the fuel tanks to the carburetor fuel is filtered by one or several filters.

OHP#5
407.02

FUEL GRADES
FIRST NO.

Octane content at LEAN.

SECOND NO.

Octane content at RICH.

GRADES OF FUEL
USAGE
Low power output
Medium power output
Medium power output
Jet fuel

GRADE OR TYPE
Grade 80 (or 80/87)
Grade 100 (high lead)
Grade 100 LL (low lead)
Kerosene

COLOR
red
green
blue
clear/straw

IF PROPER GRADE IS NOT AVAILABLE, USE THE
NEXT HIGHER GRADE.

OHP#6
407.02

OCTANE
OCTANE is a substance which possesses
minimum detonating qualities. The fuel
with octane will burn slower.

HEPTANE
HEPTANE is a substance which possesses
maximum detonating qualities. The fuel with
heptane will burn faster

THE PROPORTION OF OCTANE TO
HEPTANE IN A FUEL IS EXPRESSED AS A
PERCENTAGE.
EXAMPLE73 OCTANE MEANS 73% OCTANE AND
27% HEPTANE CHARACTERISTICS IN THE
FUEL.

OHP#7
407.02
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Carburetor and exhaust system
407.03
50 min
1. From The Ground Up

Introduction:
What:

This class will cover the carburetor and exhaust systems of an aircraft piston
engine.

Why:

These two systems are essential components of the overall working of the piston
engine.

Where:

During every powered aircraft flight.

Body
Stage 1
1.1
Carburation:
OHP # 1
The function of the carburetor is to vaporize the liquid fuel and to mix it with the proper
proportion of air.
1.2

Components of the carburetor:
Venturi:
air is drawn into the ventri and because of the smaller area, speed
is increased and pressure is reduced.
Nozzle:

provides a passage for fuel from the float chamber to the venturi.
The reduced pressure draws fuel into the venturi where it is
vaporized.

Throttle Valve:

regulates the volume of air/fuel mixture.

Intake Manifold:

this distributes the air/fuel mixture from the carburetor to the
cylinders.
OHP # 2

Float Chamber:

this contains a constant level of fuel in order to keep
the air/fuel mixture constant.

Needle Valve:

opens and closes the fuel line that is controlled by the float.
7-3-1

Vent:

allows tank pressure to be equal to the changing outside air
pressure.

Idle Jet:

used to keep the engine going when there is insufficient airflow to
draw fuel from the nozzle.

Diagram of carburetor

OHP # 3

1.3
Mixture:
OHP # 4
Engine temperature is greatly affected by the ratio of fuel to air. An engine will run hotter with a
lean mixture than with a rich mixture because the lean mixture is faster burning.
A lean mixture has a fuel/air ratio that is less than a rich mixture.
Too rich a mixture has a lower combustion temperature but wastes fuel and
contributes to fouled spark plugs and combustion chamber deposits. This can result in
engine failure.
Too lean a mixture causes rough operation, sudden cutting out, detonation and possible
engine failure.
The mixture ratio is measured by weight.
Confirm Stage 1
1)
What does the throttle valve do in a carburetor?
A.
Regulates the volume of air/fuel mixture.
2)
How is the mixture ratio measured?
c.
By weight.
c.
What is the difference between a rich mixture and a lean mixture?
c.
A rich mixture has more fuel than a lean mixture.
Stage 2
2.1
Mixture control:
OHP # 5
Mixture control adjusts the fuel ratio between idle cut-off and a rich mixture. Idle cut-off is
reducing the fuel/air ratio to shut down the engine. Also, as air density changes with altitude the
mixture must be changed to keep the fuel ratio within a certain range. Specific instructions for
mixture control and ratios are given for each type of a/c in the a/c manual.
The engine should be run lean under the following conditions:
a. When operating below 75% of the rated RPM it can be used for economy. At higher
RPM the excessive heat from leaning can cause engine damage.
b. For take-off at high altitude, and at normal settings the less dense air would cause a
loss of power due to an over rich mixture.
c. When climbing to a higher altitude the mixture should be leaned due to less dense air
(and enriched during descent).
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2.3

Reasons to Lean the Engine:
- Fuel economy
- Smoother running engine
- Better performance
- Extended range
- Longer spark plug life
- More desirable engine temperature
- Cleaner engine

OHP # 6

Confirm Stage 2
1)
When do you lean your engine?
A.
Use information above.
2)
Name 3 reasons to lean your engine.
A.
Fuel economy
Smoother running engine
Better performance
Extended range
Longer spark plug life
More desirable engine temperature
Cleaner engine
Stage 3
3.1
Carburetor Icing:
It is possible for ice to form under moist conditions from approximately -5°C and 30°C.
Carburetor ice is usually indicated by a loss of power (RPM drop).
3.2

There are three forms of carburetor ice:
1)
Fuel ice
2)
Impact ice
3)
Throttle ice

Diagram of carburetor icing.

OHP # 7

3.3
Prevention of Carburetor icing:
OHP # 8
Modern aircraft use a means of directing heated air into the carburetor. This air is heated by the
exhaust system.
3.4
Exhaust System:
The exhaust system collects and disposes of the dangerous gases, preventing them form entering
the cabin.
3.5

Two types of exhaust systems:
1)
The short stack system:
2)
Collector system:

each side has its own collector tube.
exhaust is collected to drive the turbocharger.
7-3-3

Confirm Stage 3
1)
Name 3 forms of carburetor icing.
A.
Fuel ice
Impact ice
Throttle ice
2)
What is the function of the exhaust system?
A.
The exhaust system collects and disposes of the dangerous gases, preventing them
form entering the cabin.
Performance Check
1)
2)

3)
4)
5)

6)

What is the function of the carburetor?
A.
To combined the fuel/air mixture.
Name 8 parts of a carburetor.
A.
Venturi:
Nozzle:
Throttle Valve:
Intake Manifold:
Float Chamber:
Needle Valve:
Vent:
Idle Jet:
What is the common result of too lean or too rich a mixture?
A.
Engine Failure.
At approximately what temperature range can carburetor ice form?
A.
Approximately -5°C to 30°C
Why would a pilot lean the engine?
A.
Fuel economy
Smoother running engine
Better performance
Extended range
Longer spark plug life
More desirable engine temperature
Cleaner engine
What are the 2 types of exhaust systems?
A.
1)
The short stack system:
each side has its own collector tube.
2)
Collector system:
exhaust is collected to drive the
turbocharger.
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Conclusion:
Summary
In this class, we have covered the carburetor's function, parts and its main problem, carburetor
icing. We also reviewed mixture control and the different types of exhaust systems.
Re-motivation
Students should now be familiar with the carburetor, mixture control and exhaust system. This is
useful for problem solving during flight, for example, how to react to carburetor icing in flight.
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Carburation
The function of the carburetor is to vaporize the
liquid fuel and to mix it with the proper
proportion of air.

Components of the carburetor
Venturi:
Air is drawn into the ventri and because of
the smaller area, speed is increased and
pressure is reduced.
Nozzle:
Provides a passage for fuel from the float
chamber to the venturi. The reduced
pressure draws fuel into the venturi where it
is vaporized.
Throttle Valve:
Regulates the volume of air/fuel mixture.
OHP#1
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Intake Manifold:
This distributes the air/fuel mixture from the
carburetor to the cylinders.
Float Chamber:
This contains a constant level of fuel in
order to keep the air/fuel mixture constant.
Needle Valve:
Opens and closes the fuel line that is
controlled by the float.
Vent:
Allows tank pressure to be equal to the
changing outside air pressure.
Idle Jet:
Used to keep the engine going when there is
insufficient airflow to draw fuel from the
nozzle.

OHP#2
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OHP#3
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Mixture
Engine temperature is greatly affected by the
ratio of fuel to air. An engine will run hotter
with a lean mixture than with a rich mixture
because the lean mixture is faster burning.
A lean mixture has a fuel/air ratio that is less
than a rich mixture.
Too rich a mixture has a lower combustion
temperature but wastes fuel and contributes to
fouled spark plugs and combustion chamber
deposits. This can result in engine failure.
Too lean a mixture causes rough operation,
sudden cutting out, detonation and possible
engine failure.
The mixture ratio is measured by weight.

OHP#4
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Mixture control
Mixture control adjusts the fuel ratio
between idle cut-off and a rich mixture. Idle cutoff is reducing the fuel/air ratio to shut down the
engine.
The engine should be run lean under the
following conditions:
a. When operating below 75% of the rated
RPM it can be used for economy. At
higher RPM the excessive heat from
leaning can cause engine damage.
b. For take-off at high altitude, and at
normal settings the less dense air would
cause a loss of power due to an over rich
mixture.
c. When climbing to a higher altitude the
mixture should be leaned due to less
dense air (and enriched during descent).
OHP#5
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Reasons to Lean the Engine
-

Fuel economy
Smoother running engine
Better performance
Extended range
Longer spark plug life
More desirable engine temperature
Cleaner engine

Carburetor Icing
Under moist conditions icing can occur between
approximately -5°C and 30°C.
Carburetor ice is usually indicated by a loss of
power (RPM drop).
There are three forms of carburetor ice:
1) Fuel ice
2) Impact ice
3) Throttle ice
OHP#6
407.03

OHP#7
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Prevention of Carburetor icing:
Modern aircraft use a means of directing
heated air into the carburetor. This air is heated
by the exhaust system.

Exhaust System
The exhaust system collects and disposes of
the dangerous gases, preventing them form
entering the cabin.
Two types of exhaust systems:
1) The short stack system
Each side has its own collector tube.
2) Collector system:
Exhaust is collected to drive the
turbocharger.

OHP#8
407.03
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1. From The Ground Up

Introduction:
What:

This period will examine fuel problems, ignition and basic electrical systems.

Why:

A pilot must understand these items to ensure proper operation and foresee
possible problems.

Where:

During every powered aircraft flight.

Body
Stage 1
1.1
Problems associated with the fuel system:
OHP # 1
a.
Detonation - a very rapid and violent burning of fuel in the cylinder. This
causes overheating and damage to the metal of the engine.
SIGNS:

1) rapid rise in cylinder pressure
2) rapid increase in cylinder head temperature.

CAUSES:

1) incorrect fuel
2) overheating ( lack of air flow )
3) too lean of mixture
This can be solved by making the mixture rich.

b.

Pre – Ignition- premature burning of fuel mixture due to glowing carbon particles
or local hotspots. Damage can be serious, such as cracked cylinder
heads.

c.

Vapor Lock- high atmospheric temperatures vaporize the liquid fuel inside the
fuel lines, blocking the normal flow.
OHP # 2
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1.2

The Ignition System:
The function of the ignition system is to supply a spark to ignite the fuel/air
mixture in the cylinders. The system consists of:
1)
Two magnetos
2)
Two spark plugs per cylinder
3)
Ignition leads
4)
A magneto switch

1.3
Magneto:
OHP # 3
Magnetism and electricity are inseparable. If a coil of wire is rotated in a magnetic field, the
current will be induced in the coil. This is a basic principle of a magneto.
The magneto does three things:
1)
Generates a low tension current.
2)
Transforms this to high tension.
3)
Provides current, through the distributor, to the individual spark plugs at
the desired time.
Confirm Stage 1
1.
What is vapor lock?
A.
High atmospheric temperatures vaporize the liquid fuel inside the fuel lines,
blocking the normal flow
2.
What does a magneto do?
A.
The magneto does three things:
1)
Generates a low tension current.
2)
Transforms this to high tension.
3)
Provides current, through the distributor, to the individual spark plugs at
the desired time.
3.
Name 2 causes of detonation.
A.
1)
incorrect fuel
2)
overheating (lack of air flow )
3)
too lean of a mixture
Stage 2
2.1
Dual Ignition:
Modern aero engines are normally fitted with 2 magnetos and 2 spark plugs for each cylinder.
One magneto fires one spark plug in each cylinder and the second magneto the other set of spark
plugs.
2.2

Purpose of dual Ignition 1) Safety
- if one system fails, the engine will still operate.
2) Performance
- improve combustion.
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2.3

The magneto switch has four settings:
Left,
Right, and
Both
Off (it also has a start position)

OHP # 4

When checking the magnetos go from both to right, both, to left, and back to both
to check RPM changes.
In the event of rough engine operation in flight, switch to the smoothest
operating magneto.
2.4
Shielding:
Parts of the ignition system are surrounded with a metal covering that is grounded. This is
shielding and is used to prevent interference with the radio.
2.4
Ignition Timing:
OHP # 5
This is when the timing of the magneto to fire the spark plugs at the proper time. Too early firing
can result in loss of power, pre - ignition, piston burning, scored cylinders and broken rings (NO
FIRING DURING INTAKE STROKE).
Confirm Stage 2
1.
What is the purpose of dual ignition?
A.
1) Safety
- if one system fails, the engine will still operate.
2) Performance
- improve combustion.
2.
What is shielding?
A.
Parts of the ignition system are surrounded with a metal covering that is grounded.
This is shielding and is used to prevent interference with the radio.
Stage 3
3.1
The Electrical System:
The electrical system consists of the following parts:
a) Storage Battery -

stores electrical energy required for engine starts.

b) Master Switch -

overall on/off switch for the electrical system.

c) Starter Motor -

turns the engine over after it receives current from the
battery.

d) Generator/ Alternator -

supplies current to the system and the battery. Driven by
the engine. Once the battery supplies the energy to the
motor the alternator will take over and transfer the energy.
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e) Voltage Regulator -

prevents the system from being overloaded and the
battery from overcharging.
OHP # 6

f) Bus Bar -

receives from the battery and the generator/alternator and
distributes it to various circuits.

g) Circuit Breakers -

prevents component damage resulting from system
overloads.

h) Ammeter/Voltmeters -

indicates current and voltage storage and drain of the
system.

i) Generator Warning Light - indicates only of generator failure. Aircraft
without ammeters/voltmeters have this.
Confirm Stage 3
1.
What is the purpose of the starter motor?
A.
It turns the engine over after it receives current from the battery
2.
What is the purpose of the voltage regulator?
A.
Prevents the system from being overloaded and the
battery from overcharging.
Performance Check
1.
What is the purpose of the ignition
A.
Safety - if one system fails, the engine will still operate and
Performance - improve combustion.
2.
Why is the ignition timed?
A.
Too early firing can result in loss of power, pre - ignition, piston burning, scored
cylinders and broken rings.
3.
What is detonation, pre-ignition?.
A.
Detonation - a very rapid and violent burning of fuel in the cylinder. This
causes overheating and damage to the metal of the engine.
Pre – Ignition Premature burning of fuel mixture due to glowing carbon
particles or local hotspots. Damage can be serious, such as
cracked cylinder heads.
4.
How is the battery recharged?
A.
Generator/ Alternator supplies current to the system and the battery.
Driven by the engine. Once the battery supplies the
energy to the motor the alternator will take over and
transfer the energy.
5.
What is the purpose of the bus bar?
A.
Receives from the battery and the generator/alternator and distributes it to various
circuits.
6.
How is electrical energy in the system monitored?
7.
Ammeter/Voltmeters.
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Conclusion:
Summary
In this class, fuel problems, the ignition system and electrical systems were reviewed. These
systems that have been discussed are very much more complex. However, with a basic
knowledge a pilot should be able to detect a malfunction in these systems.
Re-motivation
It is important to be able to identify the nature of fuel problems and to be able to prevent them
before they become a hindrance to the normal function of the fuel system. Also, understanding
the basic workings of the ignition and electrical systems can help the pilot identify problems in
time to remedy or prevent them.
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PROBLEMS WITH THE FUEL SYSTEM
1. DETONATION:
Rapid and violent burning of fuel
(explosion). Causes overheating and
damage to metal of the engine.
SIGNS:

rapid rise in cylinder head
temperature and pressure.

CAUSES: - incorrect fuel
- overheating (lack of airflow)
- too lean a mixture
SOLUTION: making the mixture richer
2. PRE-IGNITION:
Premature burning of fuel in cylinders
can cause serious damage.
CAUSES: - glowing carbon particles,
otherwise known as "local hot
spots".
OHP#!
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3. VAPOUR LOCK:
High atmospheric temperatures vaporize
liquid fuel inside the fuel lines, blocking
normal flow.

IGNITION SYSTEM
SUPPLIES A SPARK TO IGNITE THE
FUEL/AIR MIXTURE IN THE CYLINDERS.
CONSISTS OF: - TWO MAGNETOS
- TWO SPARK PLUGS PER
CYLINDER
- IGNITION LEADS
- MAGNETO SWITCH

OHP#2
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MAGNETO
The magneto does three things:
- generates a low voltage current
- transforms this to high tension
- sends it, through the distributor to the spark
plugs

Dual Ignition
An aircraft engine has two magnetos. Each
magneto is connected to one spark plug per
cylinder. Therefore, there are two spark plugs in
each cylinder. This system is called dual
ignition.
DUAL IGNITION IS NECESSARY FOR:
(1) SAFETY: if one system fails, you have a
back up (if one magneto fails, there will only be
a 3% drop in power).
(2) PERFORMANCE: more complete
combustion.
OHP#3
407.04

MAGNETO SWITCH
Lets the engine run on either one, both or no
(turned off) magneto.
To check magnetos, the switch should be
switched to:
BOTH--RIGHT--BOTH--LEFT--BOTH

SHIELDING
Parts and wires of ignition system are
surrounded with a metal covering. This
prevents interference with the radio.

OHP#4
407.04

IGNITION TIMING:
TIMING THE MAGNETOS TO FIRE THE
SPARK PLUGS AT THE RIGHT TIME.
COMPONENTS OF THE ELECTRICAL SYSTEM

1. Battery:
Stores electrical energy required to start
engine.
2. Master switch:
Overall on/off switch for the electrical
system.
3. Starter motor:
Turns engine over. Receive current from
battery.
4. Generator/alternator:
Supplies current to system. Recharges
batteries.
OHP#5
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5. Voltage regulator:
Prevents system from being overloaded and
the battery from overcharging.
6. Bus bar:
Receive current and distributes it to the
various circuits.
7. Circuit breaker:
Prevents damage from overload.
8. Ammeter/voltmeter:
Indicates current, voltage storage and drain
of the system.
Generator warning light:
Indicates generator failure.

OHP#6
407.04
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1. From The Ground Up

Introduction:
What:

The topic of the airplane propeller and basic instruments of an engine will be
dealt with in this period.

Why:

The propeller takes more care than most people think. The engine
instruments are an important indicator of the condition of the engine.

Where:

During every powered aircraft flight.

Body
Stage 1
1.1
The Propeller:
OHP # 1
The function of the propeller is to convert the turning of the crankshaft into thrust. As the
propeller extends from the hub it twists. Because the tip of the propeller travels at a faster speed
than the hub, this twist provides uniform thrust along the length of the propeller, some with the
ability to vary their pitch.
a. Pitch:
The distance, in feet of the propeller travels forward in one revolution. Some propellers
are fixed, while others have a variable pitch to compensate for different flying conditions.
(1)
Coarse Pitch: Blades have a large angle of attack (takes a large "bite of
air". Provides greater power (more forward motion) RPM.
Good cruise and better fuel economy.
(2)

Fine Pitch:

Blades have a small angle of attack (takes a small "bite of
air"). This produces a higher blade RPM which results in
greater forward pull. This is used for take-off and climb.
OHP # 2

b. Types of propellers
(1)
Fixed:

(2)

Adjustable Pitch:

Constant angle of attack. No pitch setting control.
Pitch angle is chosen to provide good climb and
cruise.
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Pitch can be adjusted on the ground.

(3)

Controllable Pitch:

Pitch can be adjusted in flight by the pilot.

(4)

Constant Speed:

Engine speed is set and blades automatically adjust
to keep speed constant. This is controlled by the
throttle.

c. Propeller Control Systems:

OHP # 3

(1)

Mechanical:

Hand controlled by linkage.

(2)

Hydraulic:

A fluid under pressure pushes or pulls on a cam that uses
gears to turn the propellers.

(3)

Electric:

Operated by an electric motor

1.2
Feathering:
This is turning the propeller to an extreme coarse pitch. It is used in the event of an engine failure
to stop the propeller from "wind milling", as this can damage the engine.
1.3
Thrust Reversing:
OHP # 4
Done by changing the pitch past the feathered position. Thrust now works in the reverse
direction. This is used to slow down the a/c after it has landed and to maneuver the a/c on the
ground.
Confirm Stage 1
1)
What is the definition of propeller pitch?
A.
The distance, in feet of the propeller travels forward in one revolution. Some
propellers are fixed, while others have a variable pitch to compensate for different
flying conditions.
2)
Name the four types of propellers and describe them.
A.
(1)
Fixed:
Constant angle of attack. No pitch setting control.
Pitch angle is chosen to provide good climb and
cruise.
(2)

Adjustable Pitch:

Pitch can be adjusted on the ground.

(3)

Controllable Pitch:

Pitch can be adjusted in flight by the pilot.

(4)

Constant Speed:

Engine speed is set and blades automatically adjust
to keep speed constant. This is controlled by the
throttle.
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Stage 2

2.1
Basic Engine Instruments.
Although an aircraft has many complex instruments, the basic instruments are perhaps the simplest
yet most important. These gauges monitor essential components of the engine, perhaps indicating
a worsening situation or malfunction. The color code ranges between green, yellow and red to
indicate normal, caution and danger operating settings respectively.
a) Oil Pressure Gauge:
Monitors oil pressure supplied by the oil pump low pressure (low in oil) and high
pressure.
b) Oil Temperature Gauge:
OHP # 5
Monitors temperature of oil. Oil temperature and pressure are related, but it
should be remembered that oil acts as a coolant as well as a lubricant.
c) Carburetor Air Temperature Gauge:
Enables the pilot to monitor the temperature of intake air or air/fuel mixture in the
carburetor. If icing condition exists, the carburetor heat control unit can be
activated by the pilot.
d) Tachometer (RPM indicator)
OHP # 6
Monitors the number of revolutions per minute the engine crankshaft is turning.
On a/c with fixed or controlled pitch propellers, RPM is controlled by the throttle.
e) Cylinder Head Temperature Gauge:
Records the temperature of one or more of the engine cylinder heads.
f) Manifold Pressure Gauge:
OHP # 7
Monitors engine power controlled by throttle. Usually beside the tachometer
because both indicate engine power output. A drop in manifold pressure usually
indicates carburetor icing.

Confirm Stage 2
1.
What does the tachometer monitor?
A.
It monitors the number of revolutions per minute the engine crankshaft is turning.
2.
Which engine instruments indicate engine power output?
A.
Tachometer and manifold pressure gauge.
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Performance Check

1.

What is the difference between coarse and fine pitch?
A.
(1)
Coarse Pitch: Blades have a large angle of attack (takes a large "bite of
air". Provides greater power (more forward motion) RPM.
Good cruise and better fuel economy.
(2)

2.
3.

Fine Pitch:

Blades have a small angle of attack (takes a small "bite of
air"). This produces a higher blade RPM which results in
greater forward pull. This is used for take-off and climb.
What actually happens when a propeller is feathered?
A.
The propeller is turned to an extreme coarse pitch.
Which engine instruments indicate engine power output?
A.
Tachometer and manifold pressure gauge.

Conclusion:
Summary
Students must now be familiar with the functioning of an airplane engine's propeller and with
basic engine instrumentation.
Re-motivation
It is important to understand the different types of propellers in order to be able to use them to
improve engine performance. Also knowing what information is provided by the different engine
instruments will help the pilot identify engine problems.
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The Propeller
The function of the propeller is to convert
the turning of the crankshaft into thrust. As the
propeller extends from the hub it twists.
Because the tip of the propeller travels at a
faster speed than the hub, this twist provides
uniform thrust along the length of the propeller,
some with the ability to vary their pitch.

Pitch
The distance, in feet of the propeller travels
forward in one revolution. Some propellers are
fixed, while others have a variable pitch to
compensate for different flying conditions.
(1) Coarse Pitch:
Blades have a large angle of attack (takes
a large "bite of air". Provides greater power
(more forward motion) RPM. Good cruise
and better fuel economy.
OHP#1
407.05

(2) Fine Pitch:
Blades have a small angle of attack
(takes a small "bite of air"). This produces
a higher blade RPM which results in greater
forward pull. This is used for take-off and
climb.

Types of propellers
(1) Fixed:
Constant angle of attack. No pitch
setting control. Pitch angle is chosen to
provide good climb and cruise.
(2) Adjustable Pitch:
Pitch can be adjusted on the ground.
(3) Controllable Pitch:
Pitch can be adjusted in flight by the
pilot.
(4) Constant Speed:
Engine speed is set and blades
automatically adjust to keep speed constant.
This is controlled by the throttle.
OHP#2
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Propeller Control Systems
(1) Mechanical:
Hand controlled by linkage.
(2) Hydraulic:
A fluid under pressure pushes or pulls on
a cam that uses gears to turn the
propellers.
(3) Electric:
Operated by an electric motor

Feathering
This is turning the propeller to an extreme
coarse pitch. It is used in the event of an engine
failure to stop the propeller from "wind milling",
as this can damage the engine.

OHP#3
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Thrust Reversing
Done by changing the pitch past the
feathered position. Thrust now works in the
reverse direction. This is used to slow down the
a/c after it has landed and to maneuver the a/c
on the ground.

Basic Engine Instruments
The basic instruments are perhaps the
simplest yet most important. These gauges
monitor essential components of the engine.
Oil Pressure Gauge
Monitors oil pressure
supplied by the oil pump
low pressure (low in oil)
and high pressure.

OHP#4
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Oil Temperature Gauge
Monitors temperature of
oil. Oil temperature and
pressure are related, but it
should be remembered
that oil acts as a coolant as
well as a lubricant.

Carburetor Air Temperature Gauge
Enables the pilot to monitor
the temperature of intake air
or air/fuel mixture in the
carburetor. If icing
condition exists, the
carburetor heat control unit
can be activated by the
pilot.
OHP#5
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Tachometer
Monitors the number of
revolutions per minute the
engine crankshaft is
turning. On a/c with fixed
or controlled pitch
propellers, RPM is
controlled by the throttle.

Cylinder Head Temperature Gauge

Records the temperature
of one or more of the
engines cylinder heads.

OHP#6
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Manifold Pressure Gauge
Monitors engine power
controlled by throttle.
Usually beside the
tachometer because both
indicate engine power
output. A drop in
manifold pressure usually
indicates carburetor icing.

OHP#7
407.05

