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Preface

Preface
The Ground Lesson Guide for the Sport and Private Pilot Training Course Outlines is an aviation 
knowledge source for the primary flight instructor in outline form. It was developed with the 
instructor in mind but is also a useful study guide for use by students.

The Ground Lesson Guide is a part of Sporty’s Learn to Fly Course™. The Guide elaborates on 
the ground lesson content found in the Sport Pilot TCO (included digitally with the course) and the 
Private Pilot TCO (M437A or digital copy with the course). Sporty’s TCOs are also available for 
free download from sportys.com/syllabus. The Ground Lesson Guide gives the instructor and the 
student an expanded explanation for the ground lessons in these TCOs. It is intended to complement 
the TCOs and Sporty’s Learn To Fly Course (Online, Apps, and TV).

The first 16 ground lessons in the Sport Pilot TCO and the Private Pilot TCO are the same with 
only minor exceptions related to the discussion of privileges and limitations and items unique to 
Sport pilot training. These lessons are covered in this book under the same reference numbers except 
for the last 3 of the 16. The ground lesson numbering in the Sport Pilot TCO and the Private Pilot 
TCO vary slightly around the first stage check. This numbering variation is shown in the title of the 
lessons within this book by using dual reference numbers.

Lesson 44 in the Sport Pilot TCO is unique to that TCO and does not have a corresponding lesson in 
the Private Pilot TCO.

Sporty’s Academy Staff
Batavia, Ohio
September, 2025

https://www.sportys.com/learn-to-fly-course-private-pilot-test-prep-online-app-and-tv.html
https://www.sportys.com/sporty-s-private-pilot-training-course-outline-and-syllabus.html
https://sportys.com/syllabus
https://www.sportys.com/learn-to-fly-course-private-pilot-test-prep-online-app-and-tv.html
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Many of the FAA and Sporty’s Academy references below were used in the preparation of this 
manual. Most of the references listed may be purchased from Sporty’s by calling 1.800.SPORTYS 
(776.7897) from the USA or by logging on to sportys.com.

FAA References:
14 CFR Part 43 Maintenance, Preventive Maintenance, Rebuilding, and Alteration
14 CFR Part 61 Certification: Pilots and Flight Instructors
14 CFR Part 91 General Operating and Flight Rules
14 CFR Part 141 Pilot Schools
NTSB Part 830 Notification and Reporting of Aircraft Accidents and Incidents
FAA-H-8083-1 Aircraft Weight and Balance Handbook
FAA-H-8083-3 Airplane Flying Handbook
FAA-H-8083-15 Instrument Flying Handbook
FAA-H-8083-25 Pilot’s Handbook of Aeronautical Knowledge
FAA-H-8083-28-Aviation Weather Handbook
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AC 00-63 Use of Cockpit Displays of Digital Weather and Aeronautical Information
AC 61-65 Certification: Pilots and Flight Instructors
AC 61-67 Stall Spin Awareness Training
AC 90-48 Pilots’ Role in Collision Avoidance
AC 91-92 Pilot’s Guide to a Preflight Briefing
AC 120-51 Crew Resource Management Training
AIM Aeronautical Information Manual
Chart Supplements
NOTAMs Notice to Airmen
AFM/POH - FAA-Approved Flight Manual / Pilot Operating Handbook

Sporty’s Academy References:
Sport Pilot TCO (digital only)
M437A Private Pilot TCO
Sporty’s Learn To Fly Course - Private Pilot Test Prep (Online, Apps, and TV)

https://sportys.com
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Sport and Private TCOs – Stage I

LESSON 1 – TRAINING AIRCRAFT

Dispatch Procedures
	 The procedure for dispatching on a flight lesson will differ between flight school operations
	 You should discuss the procedures in use at your operation with the student
	 Your discussion might include the following:
	 Scheduling procedures
	 Aircraft key control procedures
	 Aircraft and airport security / access procedures
	 Handling of aircraft discrepancies found during preflight including re-dispatch in a new 

aircraft, if appropriate

Use of Checklists
	 Checklists are the foundation of pilot standardization and cockpit safety
	 Memory aid to help ensure that critical items necessary for the safe operation of aircraft are 

not overlooked or forgotten
	 Checklists are of no value if the pilot is not committed to their use

	 You must promote a positive attitude toward the use of checklists, and the student pilot must 
realize its importance

	 At a minimum, prepared checklists should be used for the following phases of flight:
	 Preflight Inspection
	 Before Engine Start
	 Engine Starting
	 Before Taxiing
	 Before Takeoff
	 After Takeoff

	 Cruise
	 Descent
	 Before Landing
	 After Landing
	 Engine Shutdown and Securing
	 Emergencies (discussed in a later lesson)

	 Be certain that your student understands the basic use of the checklist used in your training 
aircraft

Certificates and Documents Location and Use
	 Show the student where the following certificates and documents are located in the training 

aircraft:
	 Airworthiness certificate
	 Must be displayed and legible as required by 14 CFR §91.203

	 Registration certificate
	 Changes with the owner of the aircraft
	 Expires on the date shown on the certificate (must re-register every 7 years)

	 FCC radio station license, if required by the type of operation
	 Typically not required for flights within US airspace

	 Airplane operating limitations
	 May be in the form of an FAA-approved Airplane Flight Manual and/or Pilot’s Operating 

Handbook (AFM/POH), placards, instrument markings, or any combination thereof
	 Aircraft with a Special Airworthiness certificate such as an S-LSA will have operating 

limitations attached to the airworthiness certificate

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.203
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	 Other documents that should be discussed as part of a preflight but may be beyond the scope of 
the first lesson:
	 Aircraft logbooks
	 Location of these for inspection
	 Required inspections discussed later in this manual must be complete

	 Weight & Balance and other Performance calculation documents
	 Location of weight & balance data for the particular training aircraft
	 14 CFR §91.103 requires that a pilot become familiar with all information concerning the 

flight, including runway information and takeoff & landing data for all flights

LSA Flight Training Supplement (Sport)
	 S-LSAs will be supplied with a Flight Training Supplement
	 Review this document with your student

Aircraft Preflight
	 Discuss or demonstrate the procedure for a preflight inspection of the training aircraft including 

the use of the preflight checklist
	 Review any special emphasis areas for your training aircraft or flight school operation

	 Discuss or demonstrate appropriate ground handling of the aircraft that may be required prior to 
or during preflight

Aeronautical Decision Making & Judgment
	 There are a number of different types of decisions which must be made every time we fly
	 Some are easy, others are more difficult
	 Each must be made using sound judgment as they all may impact the outcome of the flight

	 Good judgment can be gained through experience, but this trial-and-error method of learning this 
important skill can also lead to disaster
	 A pilot must learn early in his or her flying career how to deal with decision making in 

general and learn strategies that will lead to effective judgment in a wide variety of situations

	 Basically, two types of decisions:
	 Decisions with a time constraint – events requiring immediate action
	 Decisions without a time constraint – allow more time to gather information and consider 

alternative courses of action

	 A large number of accidents could have been prevented if only the pilot had taken more time 
during preflight to consider the alternatives for these non-time constrained decisions

	 Discuss the impact of the pilot’s attitude on decision making along with the five hazardous 
attitudes which the student must learn to recognize in himself or herself:
	 Antiauthority
	 Impulsivity
	 Invulnerability
	 Macho
	 Resignation

	 Discuss and have the student develop a Personal Minimums checklist for the next lesson
	 You will need to help your student fill in the blanks
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Figure 1-1. – Sample of FAA Aviation Safety Program personal minimums checklist.

	 Additional aeronautical decision making (ADM) and judgment information is available in 
Chapter 2 of the Pilot’s Handbook of Aeronautical Knowledge

Recovery Procedures
	 The procedure for returning the aircraft to the flightline after a flight lesson will differ between 

flight school operations
	 You should discuss the procedures in use at your operation with the student
	 Your discussion might include the following:
	 Ground handling of the aircraft after the flight
	 Securing the aircraft
	 Return and securing of aircraft keys
	 Paperwork to be completed after a flight
	 Method for proper notification regarding aircraft discrepancies
	 Courtesy items such trash removal and return of the aircraft to the way it was found (or 

better)

Engine Controls
	 Introduce the student to the basic engine controls and engine instruments
	 Keep the discussion basic at this point but include enough information for the student to be 

able to operate the engine controls on the first flight

Flight Controls
	 Introduce the student to the operation and function of the flight controls
	 Keep the discussion basic at this point but include enough information for the student to be 

able to operate the flight controls on the first flight

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/PHAK
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Emergency Equipment & Survival Gear
	 Discuss any emergency equipment and survival gear and its use that may be found in or is 

typically brought into your training aircraft
	 Items such as the Emergency Locator Transmitter are required by the regulations
	 Other products may include fire extinguishers, emergency flotation gear, equipment to 

protect you from the elements, a personal locator beacon, or any other supplies
	 Refer to the documentation supplied with the equipment for its operating instructions, 

servicing requirements, and safe storage methods

	 The type of emergency equipment and survival gear you should carry will be highly dependent 
on the environment in which you will be flying
	 Some general suggestions include:
	 Aviation fire extinguisher
	 Small first aid kit
	 Your mobile telephone (for use after an emergency landing)
	 A personal locator beacon (PLB)
	 Emergency strobe light and flashlight with adequate batteries are good to keep onboard

	 Some cold weather suggestions include:
	 Coats, hats, and gloves
	 Blankets

	 Some hot weather suggestions include:
	 Water
	 Sun protection

	 Some over water suggestions include:
	 Personal flotation device (inflatable is preferred)
	 Inflatable raft and water for extended over water flights

	 Some mountainous terrain suggestions include:
	 Clothing appropriate for the season and elevation
	 Other gear for the appropriate temperatures as listed above

	 Some desert suggestions include:
	 Water
	 Sun protection including appropriate clothing and head covering

	 Flying over remote locations may require additional equipment

Aircraft Servicing
	 Aircraft servicing will differ between flight school operations
	 You should discuss the procedures in use at your operation with the student
	 Your discussion might include the following:
	 Requesting fuel and oil including types to request
	 Safely adding fuel and oil if the operation is self-service
	 Proper cleaning of the windscreen and windows
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Fuel Grades
	 The only widely available aviation gasoline (AVGAS) grade in the United States is 100LL
	 Low-lead 100-octane
	 Dyed blue
	 Distinctive AVGAS odor
	 May be used in engines certificated for grades 80/87 or 91/96 AVGAS

	 Jet-A, or jet fuel, is a kerosene-based fuel for turbine powered airplanes
	 Clear or straw colored
	 Distinctive kerosene scent and oily to the touch when rubbed between fingers

	 Automotive gasoline or MOGAS may only be used in an airplane with an appropriately issued 
supplemental type certificate (STC) to both the airframe and engine allowing its use or when 
approved by the manufacturer in the AFM/POH
	 Discuss the appropriateness and policy on MOGAS in your training aircraft

	 There are a number of unleaded alternatives being developed, some are currently available with 
limited distribution
	 Some of these may require an STC
	 If available at a nearby location, discuss any limitations related to the fuel and the training 

aircraft along with the color used for identification
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LESSON 3 – AIRPORTS

Note to Instructor
	 Review the student’s personal minimums checklist from Lesson 1

Wind Direction Indicators
	 A wind cone, wind sock, or wind tee may be installed near the operational runway to indicate 

wind direction
	 The large end of the wind cone / wind sock points into the wind as does the large end (cross 

bar) of the wind tee

Figure 3-1. – Runway wind direction indicators.

	 Pilots are cautioned against using a tetrahedron to indicate wind direction
	 The tetrahedron typically points into the wind and indicates the landing direction but may be 

ineffective in light winds

	 The wind direction indicator is often located within a segmented circle that is designed to 
provide traffic pattern information
	 Landing strip indicators are installed in pairs and used to show the alignment of landing strips
	 Traffic pattern indicators are arranged in pairs in conjunction with landing strip indicators 

and used to indicate the direction of turns when there is a variation from the normal left 
traffic pattern

Figure 3-2. – Wind direction indicator in segmented circle with traffic pattern indicators.
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Airport, Runway, and Taxiway Signs
	 Review AIM Chapter 2, Section 3 and other training aids with the student

	 Airport Signs – color is key
	 Red – mandatory
	 Black / yellow letters – position
	 Yellow / black letters – direction or destination

Airport, Runway, and Taxiway Markings
	 Review AIM Chapter 2, Section 3 and other training aids with the student

Figure 3-4. – Examples of runway markings.

	 Ensure that the student understands that runway numbering is based on magnetic heading

Airport, Runway, and Taxiway Lighting
	 Review AIM Chapter 2, Section 1 with the student

	 Ensure that the student understands VASIs and PAPIs along with other lighting

Radio Calls and Checks
	 Review AIM Chapter 4, Section 2 with the student

	 Emphasis should be placed on listening and thinking before transmitting, order of wording, the 
phonetic alphabet, numbers, altitudes, and directions

	 Use the “4 W’s”
	 Who you’re calling
	 Who you are
	 Where you are
	 What your intentions are
	 Add who you’re calling on the end for clarification when appropriate

Figure 3-3. – Example of a destination sign.

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap2_section_3.html
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap2_section_1.html
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap4_section_2.html
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CTAF
	 The Common Traffic Advisory Frequency (CTAF) is a frequency designed for the purpose of 

carrying out airport advisory practices while operating to or from an airport without an operating 
control tower

	 The CTAF may be a UNICOM, Multicom, FSS (only in Alaska), or tower frequency (when 
closed) and is identified in appropriate aeronautical publications
	 UNICOM – A nongovernment communication facility which may provide airport 

information at certain airports
	 Multicom – A mobile service not open to public correspondence used to provide 

communications essential to conduct the activities being performed by or directed from 
private aircraft

	 Flight Service Station (FSS) – Air traffic facilities which provide
	 Pilot briefings
	 En route communications
	 VFR search and rescue services
	 Assist lost aircraft and aircraft in 

emergency situations
	 Relay ATC clearances

	 Process Notice to Airmen
	 Broadcast aviation weather and NAS 

information
	 Receive and process flight plans
	Issue airport advisories (Alaska only)

Obtaining Airport Advisories
	 Airport Advisories common at non-tower airports may be obtained over the CTAF from traffic in 

the pattern or through the UNICOM

	 Pilots landing at non-tower airports should begin monitoring the CTAF at least 10-20 miles out 
from the airport, if practical, to attempt to learn the information required
	 If unable to determine the required information, an airport advisory should be requested at 

least 5-10 miles out from the airport
	 Pilots stating, “Traffic in the area, please advise” is not a recognized Self−Announce Position 

and/or Intention phrase and should not be used under any condition

	 Review the phraseology for an airport advisory radio call with the student

Runway Incursion Avoidance
	 A runway incursion is any occurrence at an aerodrome involving the incorrect presence of an 

aircraft, vehicle, or person on the protected area of a surface designated for the landing and take 
off of aircraft

	 The potential for runway incursions can be reduced through adequate planning, coordination, and 
communication

	 Knowledge and situational awareness are the keys to prevention

	 Never taxi onto any runway without first looking for traffic landing on or using that runway

	 Always monitor the CTAF and/or appropriate ATC frequencies while operating on the surface of 
an airport
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Use of Aircraft Lighting during Taxi and Traffic Pattern Operations
	 AC 91-73 & AC 120-74 provide guidance on the use of aircraft lighting during taxi and traffic 

pattern operations. These guidelines should be infused with a dose of common sense; if the 
operation of bright lights will be a distraction to or adversely affect the vision of the pilot or 
other pilots nearby, they should not be used
	 Engines Running – Turn on the rotating beacon whenever an engine is running
	 Taxiing – Prior to commencing taxi, turn on navigation, position, anti-collision, and logo 

lights, if available. To signal intent to other pilots, consider turning on the taxi light when 
the aircraft is moving or intending to move on the ground, and turning it off when stopped, 
yielding, or as a consideration to other pilots or ground personnel

	 Crossing a Runway – All exterior lights should be illuminated when crossing a runway
	 Entering the Departure Runway for Takeoff – When entering a runway after being cleared 

for takeoff or for line up and wait, pilots should make their aircraft more conspicuous to 
aircraft on final behind them and to ATC by turning on lights (except landing lights) that 
highlight the aircraft’s silhouette

	 Takeoff – Landing lights should be turned on when takeoff clearance is received, or when 
commencing takeoff roll at an airport without an operating control tower

	 Day or night, landing lights should be left on until well clear of the traffic pattern when departing 
an airport and should be turned on well before reaching the pattern when approaching an airport 
for landing

Collision Avoidance
	 At non-towered airports and while flying en route, the pilot alone is responsible for avoiding 

mid-air collisions!

	 Even at towered airports and under ATC control, the pilot should “back up” the controller by 
practicing good collision avoidance techniques

	 Eyes are the best defense against a mid-air collision
	 Look outside the aircraft
	 Use the radio
	 Don’t expect everyone else to use their radios

	 Pilots should also be familiar with the following information to reduce the possibility of mid-air 
collisions
	 Determine relative altitude using the horizon as a reference point
	 Take Appropriate Action – Pilots must be familiar with rules on right-of-way, so if an aircraft 

is on an obvious collision course, one can take immediate evasive action, preferably in 
compliance with applicable Federal Aviation Regulations

	 Consider Multiple Threats – The decision to climb, descend, or turn is a matter of personal 
judgment, but one should anticipate that the other pilot may also be making a quick 
maneuver
	 Watch the other aircraft during the maneuver and begin scanning again immediately since 

there may be other aircraft in the area
	 Collision Course Targets – Any aircraft that appears to have no relative motion and stays in 

one scan quadrant is likely to be on a collision course
	 Recognize High Hazard Areas – Airports and airways, especially near VORs, are places 

where aircraft tend to cluster

https://www.faa.gov/regulations_policies/advisory_circulars/
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	 Flight Deck Management – Studying maps, checklists, and manuals before flight, with other 
proper preflight planning, can reduce the amount of time required to look at these items 
during flight, permitting more scan time

	 Windshield Conditions – Dirty or bug-smeared windshields can greatly reduce the ability of 
pilots to see other aircraft

	 Visibility Conditions – Smoke, haze, dust, rain, and flying towards the sun can also greatly 
reduce the ability to detect targets

	 Visual Obstructions in the Cockpit – Pilots need to move their heads to see around blind 
spots caused by fixed aircraft structures, such as door posts, wings, etc.

	 Lights On – Day or night, use of exterior lights can greatly increase the conspicuity of any 
aircraft

	 ATC Support – ATC facilities often provide radar traffic advisories on a workload-permitting 
basis

	 Digital Traffic Information – ADS-B In and other traffic services provide good information, 
but not all aircraft may be displayed for various reasons

	 Check Blind Spots – Wings and posts can hide other aircraft

Scanning for Traffic
	 Scanning the sky for other aircraft is a key factor in collision avoidance

	 Pilots must develop an effective scanning technique which maximizes one’s visual capabilities

	 While the eyes can observe an approximate 200 degree arc of the horizon at one glance, only a 
very small center area called the fovea, in the rear of the eye, has the ability to send clear, sharply 
focused messages to the brain
	 An aircraft at a distance of 7 miles which appears in sharp focus within the foveal center of 

vision would have to be as close as 7/10 of a mile in order to be recognized if it were outside 
of foveal vision

	 Because the eyes can focus only on this narrow viewing area, effective scanning is accomplished 
with a series of short, regularly spaced eye movements that bring successive areas of the sky into 
the central visual field
	 Each movement should not exceed 10 degrees, and each area should be observed for at least 

1 second to enable detection

	 Pilots should realize that their eyes may require several seconds to refocus when switching views 
between items on the flight deck and distant objects
	 The eyes will also tire more quickly when forced to adjust to distances immediately after 

close-up focus, as required for scanning the instrument panel
	 Eye fatigue can be reduced by looking from the instrument panel to a wing, past the wing tip, 

to the center of the first scan quadrant when beginning the exterior scan
	 After having scanned the exterior, allow the eyes to return to the cabin along the other wing 

from its tip inward
	 Once back inside, one should commence the panel scan

	 Effective scanning also helps avoid “empty-field myopia”
	 This condition usually occurs when flying above the clouds or in a haze layer that provides 

nothing specific to focus on outside the aircraft
	 This causes the eyes to relax and seek a comfortable focal distance which may range from 10 

to 30 feet
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Traffic Pattern Operations
	 Traffic patterns are designed to provide standardization so that everyone knows what to expect

	 Traffic pattern legs
	 Entry
	 Upwind
	 Crosswind
	 Downwind
	 Base
	 Final
	 Departure

	 Radio calls in the pattern should be made 
when entering a new leg

	 DON’T expect everyone to always fly standard patterns or use the radio!

Practice Area Operations
	 Review any established practice area with the student

	 Many airports used extensively for training and most larger flight schools will define an area of 
airspace near the airport as a practice area
	 This keeps the students within an area with which they should be familiar to limit getting lost
	 It can have the negative effect of concentrating the training aircraft in a smaller area

	 Regardless of whether there is a predefined area for practice, students and instructors must 
remain vigilant for other traffic when performing maneuvers

	 Clearing turns should be performed before each maneuver to help ensure that there is no traffic 
in the immediate area, to ensure that the maneuver will not be performed over a concentration of 
dwellings, and to assist in locating an emergency landing area in case it is needed

	 Scanning the area for traffic should continue throughout the maneuver

Figure 3-5. – Traffic pattern legs.
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LESSON 4 – AERODYNAMICS

4 Forces of Flight
	 Lift
	 Supporting force for flight in an atmosphere
	 Acts perpendicular to the relative wind
	 Generated through Bernoulli’s Principle and 

Newton’s Laws
	 Discuss leading edge, trailing edge, chord 

line, relative wind, camber, camber line, and 
stagnation point

	 Thrust
	 Considered to act parallel and just about on 

the Longitudinal axis
	 Produced by movement of the air by propeller 

or expansion of air in a turbine

	 Weight
	 Mass x Acceleration (Gravity)
	 Always acts towards the center of the Earth
	 Considered to act from the Center of Gravity
	CG is the point on the aircraft, that if 

suspended, it would balance

	 Drag
	 Two Types – Parasite & Induced
	 Retarding force
	 Acts parallel to the relative wind

	 During Straight & Level
	 Lift = Weight (and tail down force)
	 Thrust = Drag

	 Other circumstances of steady state flight
	 Upward acting forces are equal to downward forces
	 Forward forces = retarding forces

Angle of Attack
	 Angle of attack is the acute angle between the 

chord line of the airfoil and the direction of the 
relative wind (opposite the flight path)

	 At angles less than the critical angle of attack, 
an increase in angle of attack will increase lift 
provided that all other factors are the same

Figure 4-1. – Four forces acting on an aircraft in flight.

Figure 4-3. – Types of drag.

Figure 4-2. – Parts of an airfoil.

Figure 4-4. – Angle of attack and force vectors.
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Airframe Construction (Components)

Figure 4-5. – Parts of an airplane.

	 Fuselage
	 Monocoque Construction – Skin carries all of the stress
	 Truss Construction – Internal structure with a non-load carrying skin
	 Semi-Monocoque – Combination, inside formers & stringers carry some of the structure

	 Wings
	 Provide lift that supports the aircraft in flight
	 Full Cantilever – Internal support structure, no external bracing
	 Internal bracing of the wing – ribs, spar, stringers, leading edge “D” cell, wing root, & 

wing tip
	 Semi-Cantilever – Some external bracing, compression & tension

	 Empennage (Tail Group)
	 Vertical Stabilizer – Provides directional balance
	 Rudder – Controls direction of yaw
	 Horizontal Stabilizer – Longitudinal balance
	 Elevator (or Stabilator) – Controls the pitch

	 Flight Controls
	 Primary Flight Controls
	 Rudder – Yaw about the vertical axis
	 Elevator – Pitch about the lateral axis
	 Ailerons – Bank (Roll) around the longitudinal axis
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	 Secondary Flight Controls
	 Trim Tabs – Used in trimming & balancing the 

aircraft
	 Trim Tabs
	 Servo Tabs
	 Balance Tabs
	 Anti-Servo Tabs

	Spoilers & Dive Brakes – Increase descent without 
an increase in speed

	Wing Flaps
	 Plain
	 Split
	 Slotted
	 Fowler

Figure 4-6. – Effects of the rudder on the aircraft.

Figure 4-7. – Effects of the ailerons on the aircraft.

Figure 4-8. – Effects of the elevator on the aircraft.

Figure 4-9. – Effect of trim tabs on the aircraft.
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	 Landing Gear
	 Retractable vs. Fixed
	 Tricycle vs. Conventional
	Discuss advantages and disadvantages of each

	 Types
	Spring
	Strut (piston)
	Rubber shock donut

	 Brakes
	 Stopping
	 Hold for run up
	 Steering

	 Steering
	 Rudder pedal linkage
	 Wheel (tiller)
	 Switch

Three Axes of Flight
	 Lateral Axis – Wingtip to Wingtip

	 Longitudinal Axis – Nose to Tail

	 Vertical Axis – Straight up through the body at the junction of 
Lateral & Longitudinal

	 All meet at Center of Gravity

Forces Acting on a Climbing Aircraft
	 Direction of flight is away from the Earth

	 Different types
	 VY – Best Rate
	Most altitude per unit of time

	 VX – Best Angle
	Most altitude per unit of distance

	 Cruise Climb
	Used for improved cooling & visibility

	 Steady State Climb (Constant Rate & Airspeed 
Climb)
	 Lift is greater for the entry
	Stabilized

	 Weight is the same
	Portion is acting in the same direction as drag

	 Drag may be about the same
	Remember it is acting parallel to the relative 

wind
	 Thrust
	Supporting drag and a component of weight

Figure 4-10. – Three axes of the aircraft.

Figure 4-11. – Forces acting on a climbing aircraft.
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	 Torque Effect
	 P-Factor
	Descending propeller blade produces 

more lift (thrust), while the aircraft is 
at a high angle of attack, creating yaw

	 Torque Reaction
	Twisting of engine creates roll & yaw

	 Spiraling Slipstream
	Twisting air around fuselage creates 

yaw & roll
	 Gyroscopic Precession
	Propeller acts as gyroscope

Forces Acting on a Descending Airplane
	 Lift
	 May be the same as level
	 Component acts forward from vertical due to the line of flight

	 Thrust
	 Pilot’s prerogative

	 Weight
	 Always acts towards the center of the Earth

	 Drag
	 May go up

	 Best glide
	 Most distance per unit of altitude
	 Review for current training aircraft

Forces Acting on a Turning Airplane
	 Bank the aircraft in order to change the direction of flight
	 Rudder yaws but does not create the unbalance of forces needed to change direction
	 Slip – tail inside
	 Skid – tail outside

	 Adverse Yaw
	 Yawing moment opposite the direction of turn
	 Bad because of added drag
	 Corrections
	 Proper rudder usage
	 Frise-type ailerons
	 Differential ailerons
	 Use of spoilers to bank the aircraft

Figure 4-12. – Various factors of torque acting on the aircraft.
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	 Horizontal Turns
	 Lift vector is tilted
	 Creates an acceleration

	 Lift
	 Vertical = Lift X Cosine Angle of Bank (AoB)
	 Horizontal = Lift X Sine AoB

	 Types of Turns
	 Shallow Bank – 0° to 20°
	 Medium Bank – 20° to 45°
	 Steep Bank – More than 45°

	 Level Turns
	 Vertical = Weight
	 Horizontal is called centripetal force
	 G’s are the acceleration
	 Combination of acceleration sideways & down

Effects of Flaps
	 Extending the flaps increases:
	 Wing camber
	 Wing area (some types)
	 Angle of attack of the wing

	 These changes increase lift and drag (induced and parasite)

	 Allows pilot to make a steeper approach without increasing airspeed

	 May provide increased lift required for certain maneuvers

Critical Angle of Attack / Stalls
	 An airplane will fly as long as the wing is creating sufficient lift to counteract the load imposed 

on it

	 The angle of attack at which a wing stalls regardless of airspeed, flight attitude, or weight is 
known as the critical angle of attack
	 The direct cause of every stall is an excessive angle of attack
	 The smooth flow of air over the top of the wing is disturbed at this critical angle of attack
	 The stalling speed of a particular airplane is not a fixed value for all flight situations
	 A given airplane in a particular configuration will always stall at the same angle of attack 

regardless of airspeed, weight, load factor, or density altitude
	 The angle is typically from 16° to 20°, depending on the airplane’s design

Figure 4-14. – Angle of attack at various airspeeds.

Figure 4-13. – Forces acting on a turning aircraft.
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Figure 4-15. – Four Phases of a Spin.

	 The critical angle of attack can be exceeded at any attitude or airspeed
	 At a low airspeed, the attitude will tend to be high
	 Abrupt control application and/or higher bank angles will be involved with exceeding the 

critical angle of attack at higher airspeeds or lower pitch attitudes

	 Recovery from a stall requires the pilot to reduce the angle of attack to allow a smooth flow of 
air over the wing to begin again
	 Considerable altitude may be lost during recovery

Spin Awareness
	 A spin may be defined as an aggravated stall that results in what is termed “autorotation” 

wherein the airplane follows a downward corkscrew path

	 The autorotation results from an unequal angle of attack on the airplane’s wings
	 The rising wing has a decreasing angle of attack, where the relative lift increases and the 

drag decreases (in effect, this wing is less stalled)
	 The descending wing has an increasing angle of attack, past the wing’s critical angle of 

attack (stall) where the relative lift decreases and drag increases

	 Spins may occur during stalls with a sideslip or yaw acting on the airplane at the time of the stall

	 There are four phases of a spin: entry, incipient, developed, and recovery

	 The following recovery procedure should be used unless otherwise recommended by the 
manufacturer:
	 Reduce the power 

(throttle) to idle
	 Position the ailerons 

to neutral
	 Apply full opposite 

rudder against the 
rotation

	 Apply a positive 
and brisk, straight 
forward movement 
of the elevator 
control forward of 
neutral to break the stall

	 After spin rotation stops, neutralize the 
rudder

	 Begin applying back-elevator pressure to raise the 
nose to level flight

	 Spin avoidance and spin recovery require 
positive control applications
	 You must break the stall to prevent or recover from a spin
	 DO NOT RELY on the “just let go method” of spin recovery as this may only aggravate a 

fully developed spin in some airplanes

	 Intentional spins should only be practiced within the limitations of a properly rigged airplane 
with a qualified instructor at an altitude allowing recovery prior to descent below 3000’ AGL
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LESSON 6 – AIRPLANE STABILITY, LOAD FACTORS, & WAKE 
TURBULENCE

Static Stability (Positive / Negative)
	 Key definitions
	 Stability is the inherent quality of an airplane to correct for conditions that may disturb it 

from equilibrium
	 Controllability is the airplane’s capabilities to respond to a pilot’s control inputs
	 Maneuverability is the ability of the aircraft to change direction about the three axes and 

withstand the forces imposed by these maneuvers

	 Key relationships
	 Too much stability is detrimental to maneuverability
	 Too little stability can be detrimental to controllability

	 Static stability is the initial 
tendency of the aircraft’s reaction 
to the disturbance from equilibrium
	 An aircraft with positive static 

stability will tend to react 
in the direction back toward 
equilibrium when disturbed

	 An aircraft with neutral static 
stability will tend to stay in the 
direction that the disturbance 
has taken it

	 An aircraft with negative static stability will tend to continue further from equilibrium when 
disturbed

Dynamic Stability (Positive / Negative)
	 Dynamic stability is the result which occurs over time when reacting to a disturbance from 

equilibrium

	 Dynamic stability requires positive static stability as the initial reaction
	 An aircraft with positive dynamic stability will tend to return to equilibrium through smaller 

and smaller oscillations
	 An aircraft with neutral dynamic stability will tend to continue oscillating with the same 

magnitude for each oscillation
	 An aircraft with negative dynamic stability will tend to continue oscillating with the 

magnitude of each oscillation increasing

Dihedral Effect
	 Dihedral is the angle at which the wings are slanted upward from the root to the tip

	 Dihedral’s stabilizing effect is the result of a slight 
sideslip which occurs when one wing is forced down
	 The sideslip creates a difference between the 

angle of attack (AOA) on the upper and lower 
wings with the lower wing having a greater 
AOA and tending to raise this wing

Figure 6-1. – Types of static stability.

Figure 6-2. – Dihedral.
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Ground Effect
	 A condition of improved performance 

encountered when the aircraft is 
operated near the ground
	 The ground changes the airflow 

around the wing by restricting the 
vertical component
	 This reduces the upwash, 

downwash, & wingtip vortices
	 Results in a reduction of 

induced drag

	 Uses and dangers of ground effect
	 Good stuff
	 Allows the pilot to reduce 

wear and tear on the aircraft 
and increase acceleration when 
operating from a soft-field

	 May be utilized to soften a 
landing

	 Bad stuff
	 May allow the aircraft to takeoff before the aircraft is ready to continue flying which can 

result in settling
	 May cause excessive float on landing

Wing Tip Vortices
	 All flying airplanes create a wake off of their 

wingtips (rotors)
	 Air slipping from the higher pressure below 

the wing to the lower pressure above creates 
a swirling trail behind the aircraft

Figure 6-3. – Ground effect.

Figure 6-4. – Wingtip vortices.

Figure 6-5. – Vortex movement near ground – no wind.
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Wake Turbulence & Avoidance
	 Wing tip vortices are the primary source of wake turbulence and contribute to induced drag

	 Strongest wake
	 Heavy (larger AOA)
	 Clean (no abrupt changes in the wing)
	 Slow (large AOA)

	 Another type of wake turbulence is jet blast
	 The exhaust from a jet can easily flip a light aircraft
	 Stay back 500 feet

	 Wake turbulence avoidance in flight
	 Avoid 5+ miles behind the aircraft
	 Avoid 1,000 feet below the aircraft

	 Wake turbulence avoidance during landing
	 Approach above the larger aircraft’s path
	 Even if a crossing path

	 Touchdown beyond the larger aircraft’s touchdown point
	 Land prior to larger aircraft’s rotation point
	 Be cautious of crosswinds that can make wake turbulence drift

	 Wake turbulence avoidance while departing
	 Rotate prior to and climb above the larger aircraft’s flight path
	 Wait 2-3 minutes if departing to allow the turbulence to dissipate

Figure 6-6. – Wake turbulence on takeoff and landing.

Load Factor & Gusts
	 A load is a force which is supported by the wings of the aircraft
	 The load in straight-and-level, unaccelerated flight is the weight of the aircraft and its 

contents

	 A load factor is a ratio of the total load supported by the wings to the actual weight of the aircraft 
and its contents
	 Also referred to as “G’s” (gravities)

	 In straight-and-level, unaccelerated flight, the load factor is 1 G

	 Maneuvers such as pulling up into a climb or turning the airplane will increase the G load

	 The load factor in a coordinated, level-flight turn may be determined by the bank angle of the 
turning aircraft
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Figure 6-7. – Increase of load factor as bank increases.

	 In order to maintain level-flight during a turn, the wings must produce enough lift to support the 
weight of the aircraft multiplied by the load factor

	 The increased angle of attack required to produce the extra lift at any given bank angle will 
increase the stall speed of the airplane
	 Multiply the straight-and-level stall speed by the square-root of the load factor to determine 

the higher stall speed

	 The aircraft was designed to handle a certain load factor without breaking
	 Normal = +2.5 to +3.8 / -1.0 to -1.52 (range is weight dependent)
	 Utility = +4.4 / -1.76
	 Acrobatic = +6.0 / -3.0
	 Transport = +2.5 to +3.8 / -1.0 (range is weight dependent)

	 If the aircraft experiences a higher load while still above the stall speed for that load factor, 
damage or complete failure may result
	 A stall will tend to relieve the load and prevent damage
	 VA (design maneuvering speed) is the maximum speed at which the aircraft will stall before a 

damaging load factor results
	 Another definition for VA: The maximum speed at which full or abrupt control 

movements may be used without overstressing the airframe
	 VA changes with the weight of the aircraft and its contents
	 VA is typically published for maximum gross weight
	 At weights less than maximum gross weight, VA will be lower
	 VA is a function of the square root of the limit load factor and the stall speed of the 

aircraft thus as stall speed decreases at lower weights, VA must go down to maintain the 
same limit load factor

	 Vertical air currents or gusts may impose an increased load factor on an airplane
	 These gusts are felt by the pilot and passengers as turbulence
	 The aircraft’s speed must be kept below VNO in any turbulence to prevent damage
	 It should be kept below VA in severe or greater turbulence to allow an additional safety 

factor
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LESSON 8 – AIRCRAFT PERFORMANCE

Factors Affecting Performance
	 Additional weight has the following performance effects:
	 Higher takeoff speed
	 Longer takeoff run
	 Reduced rate & angle of climb
	 Higher landing speed
	 Longer landing roll

	 Wind is like extra or less airspeed depending upon the conditions
	 Headwind – Decrease takeoff & landing distance
	 Tailwind – Increase takeoff & landing distance
	 Crosswind – Increase takeoff & landing distance when direct
	 Crosswind component will modify the headwind or tailwind effect based upon magnitude

	 Runway Surface Condition
	 The friction of the landing surface plays a major factor – more friction usually means longer 

takeoff rolls and shorter landing rolls
	 Gravel & “farmer’s mix” pavement may cause longer takeoff & landing rolls

	 Runway Gradient
	 Upslope – increase takeoff roll & decrease landing roll distances
	 Downslope – decrease takeoff roll & increase landing roll distances
	 All other conditions being the same it is preferred to takeoff downhill & land going uphill

	 Density Altitude & Humidity
	 The less dense the air is, the less performance from the aircraft
	 The engine produces less power
	 The propeller is less efficient
	 The wing is less efficient

	 Density Altitude is calculated 
based on the following:
	 Pressure
	 Temperature

	 High Density Altitude
	 Low density of the air (like 

being at a high altitude)
	 Low Density Altitude
	 High air density (like 

being at a low altitude)
	 Humidity
	 A water vapor molecule 

has less mass than N2 or O2 
molecule therefore the air 
is less dense when humid

	 Usually not accounted for in calculations, but beware of its effects

	 Pilot Technique
	 How the pilot flies the aircraft can greatly affect the distance of the takeoff & landing rolls

Figure 8-1. – Effects of density altitude on an aircraft.
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Takeoff Data Card
	 Contains convenient place for all performance calculations

	 Required for commercial airline operations

Airplane Weight and Balance
	 Failure to compute an appropriate weight and balance 

could result in injury or death

	 14 CFR 91.103 (b)(2) – “...other reliable information 
appropriate to the aircraft, relating to aircraft performance 
under expected values of airport elevation and runway 
slope, aircraft gross weight, and wind and temperature”

	 Adverse effects of overloaded aircraft
	 Higher takeoff speed
	 Longer takeoff run
	 Reduced rate & angle of climb
	 Lower maximum altitude
	 Shorter range
	 Lower cruise speed
	 Less maneuverability
	 Higher stall speeds
	 Higher landing speed
	 Longer landing roll
	 Additional stress on landing gear & structure

	 Primary concerns
	 Gross weight – Too much and the aircraft may not fly
	 Forward or aft CG
	 Forward – Degraded cruise & climb performance and more difficult to rotate & flare due 

to larger taildown force requirement
	 Aft – Better cruise performance, less stability, difficulty in recovering from stalls

Aircraft Weight & Balance 

N_______ Limits: (Fore/Aft)  
____________/____________ 

Index:       10      100      1000 Weight Arm Moment 
Basic Empty Weight    
Pilot & Passenger    
Rear Passengers Station 1    
Rear Passengers Station 2    
Baggage    
Zero Fuel Weight    
Fuel (6 PPG)    
Ramp Weight    
Start/Taxi/Run up    
Takeoff Weight    

Passenger    
Baggage    Lo

ad
 

Ad
ju

st
m

en
ts

 

Fuel    
Adjusted Takeoff Weight    
Fuel Burn    
Landing Weight    

Aircraft Performance Data 
Takeoff Distance Normal_________ 50’ Obstacle_________ 
Landing Distance  Normal_________ 50’ Obstacle_________ 
Vs0  Vy  Vne  
Vs  Vle  Best Glide  
Vfe  Vlo  App. Speed  
Vx  Va  Endurance ___H___M 
RPM/MP  GPH  TAS  
Active Runway  
Windspeed & Direction  
Crosswind Component   
Pressure Altitude  
Density Altitude  
Frequencies: 

 

Figure 8-2. – Takeoff data card.
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Figure 8-3. – Sample weight and balance graphs.

	 Important Terms
	 Arm – Horizontal distance of an item from datum
	 C.G. – Center of Gravity – The point that the aircraft would balance
	 Datum – Reference line for arm measurements
	 Moment – Weight x Arm
	 Station – Location designated by arm
	 Useful Load – Weight carrying capability
	 Empty Weight – Aircraft w/ equipment, ballast, hydraulic fluid, undrainable oil, & unusable 

fuel
	 Basic Empty Weight – Empty weight with full oil

	 Max Gross Weight – Maximum weight of the aircraft at any time
	 Maximum Takeoff – Maximum weight of the aircraft for takeoff
	 Maximum Landing – Maximum weight of the aircraft for landing
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	 Useful weights
	 Avgas – 6# / gal
	 Oil – 7.5# / gal (1.875# / quart)
	 Jet – 6.7# / gal

	 Work through a number of sample problems with the student

	 Equipment List
	 Review the equipment list for the training aircraft with the student

Basic Performance Charts
	 Review the performance charts for the training aircraft with the student

	 Work through several practice problems ensuring that the student understands the impact of 
density altitude factors

Headwind / Crosswind Calculations
	 Need to determine the angle between the runway & wind direction
	 If the wind direction is variable use the largest angle
	 Remember that printed wind directions are true direction & runway orientation is magnetic
	 Add or subtract variation as required

	 Variable winds
	 If the speed of the wind is variable
	 If focusing on headwind component use the lowest wind speed
	 If focusing on crosswind component use the highest wind speed
	 If focusing on both equally use the mean (average) wind speed

	 Ways to do it
	 Graph
	 E6B flight computer
	 Electronic
	 Manual

	 Mathematically

	 Sample chart shows
	 Runway - 17
	 Wind - 140° at 25 knots
	 Using runway direction 

of 170°; subtract the 140° 
wind direction from this 
for a 30° wind angle

	 Find where the 25 knot 
wind arc intersects the 30° 
wind angle line

	 Draw a line straight down 
and a line straight across 
for a headwind component 
of 22 knots and a 
crosswind component of 
13 knots Figure 8-4. – Crosswind component chart.
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LESSON 10 – WEATHER

The Atmosphere
	 Earth is surrounded by a thin layer of air
	 Air is composed of oxygen, nitrogen, carbon dioxide, and trace elements of other gases
	 Air also contains evaporated water
	 Water vapor is directly involved in all weather phenomena

	 50% of Earth’s atmosphere is contained below 18,000’

	 Parts of the atmosphere (where most flying 
occurs)
	 Troposphere – portion of atmosphere from the 

surface up to 5-10 miles
	 On average, the temperature decreases 

about 2° C for every 1,000’ up
	 This is called the “standard lapse rate”

	 Cooling is due to decreased air pressure
	 Tropopause is a thin layer with a sudden 

decrease in temperature lapse rate
	 Acts as a lid for water vapor
	 Thin division between troposphere and 

stratosphere
	 Confines most weather phenomena to the 

troposphere
	 Stratosphere
	 Layer of air above the tropopause
	 Extends from tropopause to 160,000’
	 Very little temperature change with 

altitude
	 Troposphere and stratosphere are where most 

flight takes place

	 Causes of Weather
	 Every physical process of weather is 

accompanied by, or is the result of, heat 
exchanges

	 Unequal heating of Earth’s surface causes 
differences in pressure

	 Wind is the flow of air from areas of high 
pressure to areas of low pressure

	 Tendency of the atmosphere is to flow from 
the poles to the equator, heat up, rise and flow 
back to the poles

	 Coriolis force deflects wind to the right 
(northern hemisphere)

	 Surface friction also influences wind flow

Figure 10-1. – Lower parts of the atmosphere.

Figure 10-2. – General global air flow (static).
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	 Coriolis Force
	 Force caused by spinning of the Earth
	 Varies in strength with latitude
	 Zero at equator
	 Strongest at poles
	 Responsible for changing north-south tendency 

of atmosphere into a west-east pattern in the mid 
latitudes

Pressure
	 Heating and cooling of air causes it to change 

pressure
	 Hot air rises and expands, causing lower surface 

pressure
	 Cold air descends and contracts, causing higher surface pressure

Wind
	 Wind is created as air moves from areas of high pressure to areas of low pressure

	 Coriolis force causes air flowing into or out of a pressure system to rotate
	 Rotates clockwise around a high
	 Rotates counterclockwise around a low

	 Air flows counterclockwise, up, and into a low

	 Air flows clockwise, down, and out of a high

Moisture
	 Earth’s atmosphere contains 1% – 4% water vapor
	 This water vapor, interacting with the heat exchange, is responsible for all weather

	 Moisture also retards the ambient lapse rate
	 An ambient moist-air lapse rate might be 1° C per 1,000’ vs. the standard lapse rate of 2° C 

per 1,000’

	 Moisture influences “dew point”
	 Dew point = temperature to which air must be cooled to become saturated by water vapor 

already present in the air
	 Low temperature dew point spread = high humidity

Figure 10-3. – 3 cell circulation patterns in the 
Northern Hemisphere.

Figure 10-4. – Circulation around highs and lows. Figure 10-5. – Use of favorable winds in flight.
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Humidity
	 Water vapor content of the air

	 May be expressed as:
	 Relative humidity – The ratio of the existing amount of water vapor in the air at a given 

temperature to the maximum amount that could exist at that temperature; usually expressed 
as a percent

	 Mixing ratio – The ratio by weight of the amount of water vapor in a volume of air to the 
amount of dry air; usually expressed as grams / kilogram

	 Specific humidity – The ratio by weight of water vapor in a sample of air to the combined 
weight of water vapor and dry air

Stability
	 Stability is the tendency of the atmosphere to resist upward movement

	 Things which cause instability:
	 Heating from below – convective current (heat rises)
	 Low pressure – because of its lifting tendency
	 Cold air aloft – greater than normal ambient lapse rate
	 When unsaturated air rises, it cools at a rate of 3° C (5.4° F) per 1,000’
	 Rising air will be warmer than the surrounding air creating a density differential between 

the rising air parcel and the surrounding air
	 Humidity – due to its slower lapse rate

	 Characteristics of Stable Air
	 Smooth air
	 Poor visibility
	 Continuous precipitation (if any)
	 Stratus clouds

	 Characteristics of Unstable Air
	 Turbulence
	 Good visibility
	 Showery precipitation (if any)
	 Cumulus clouds

	 Temperature Inversions
	 A temperature inversion is an increase in temperature as altitude increases
	 Inversions are a very stable condition
	 Tend to produce low visibility
	 “Capping” effect on pollution
	 Can develop near ground on cool, clear nights

Clouds
	 Clouds are divided into four families, based on height
	 High – cirrus
	 Middle – alto
	 Low – (no prefix)
	 Extensive vertical development – towering cumulus (turbulent)
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	 Also grouped according to appearance
	 Cumulus = ragged or puffy; good indications of instability
	 Stratus = smooth and even; good indication of stability

	 Combined description examples
	 Cirrostratus – high stratus
	 Altostratus – medium stratus
	 Stratus – low stratus

	 Towering cumulus have extensive vertical development
	 Can quickly develop into thunderstorms
	 Visual indicator of heavy turbulence

	 Rain Clouds
	 Rain clouds denoted by “nimbus”
	 Thunderstorms are called 

“cumulonimbus”
	 Cumulonimbus contain greatest 

turbulence

	 When unsaturated air rises, it cools at a 
rate of 3° C (5.4° F) per 1,000’
	 Dew point decreases at 5/9° C (1° 

F) per 1,000’
	 Thus, temperature and dew point 

are converging at 2.5° C (4.4° F) per 
1,000’

	 Use this formula to estimate base of convective clouds
	 If temperature = 15° C and dew point = 5° C, where are the bases?
	 4000’
	 ((Temp - dew point) / 2.5) x 1000’ or (Temp - dew point) x 400

Air Masses
	 Large areas of air that are formed over specific Earth regions
	 Polar regions
	 Tropical regions
	 The oceans

	 Air masses are constantly changing
	 Heating or cooling from below
	 Lifting or subsiding
	 Absorbing or losing moisture

	 Its temperature is measured in relation to the temperature of the surface over which it is passing
	 A cold air mass has a colder temperature than the surface
	 Warmed from below, convective currents will be set up, causing turbulence
	 Improved visibility
	 Unstable
	 Types of clouds – cumulus and cumulonimbus
	 Ceilings – generally unlimited
	 Precipitation – occasional local thunderstorms or showers

Figure 10-6. – Basic cloud types.
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	 A warm air mass has a warmer temperature than the surface
	 No tendency for convective currents to form, resulting in smooth air
	 Poor visibility
	 Stable
	 Types of clouds – stratus and stratocumulus
	 Ceilings – generally low
	 Type of precipitation – drizzle

	 Dissimilar air masses don’t readily mix
	 They set up boundaries called frontal zones – fronts
	 The colder air mass projects under the warmer air mass
	 A warmer air mass rises over the colder air mass

Fronts
	 There are four types of fronts
	 Warm front
	 Cold front
	 Occluded front
	 Stationary front

	 Warm Front
	 The edge of an advancing warm air mass is called a warm front
	 Warmer air is overtaking and replacing the colder air

	 Cold air is more dense than warm air – the cold air hugs the ground
	 The warm air slides up and over the cold air
	 The cold air is slow to retreat in advance of the warm air

	 This slowness of air to retreat produces a more gradual frontal slope than the one in the cold 
front
	 Thus, a warm front, at the surface, is seldom as well marked as cold fronts
	 They move about half as fast

Figure 10-7. – Warm front: cross-section, as shown on weather map, as it appears on a METAR.
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	 Cold Front
	 The leading edge of an advancing cold air mass is called a cold front
	 The cold air is overtaking and replacing the warmer air
	 They move at about the speed of the wind component perpendicular to the front just above 

the frictional layer

Figure 10-8. – Cold front: cross-section, as shown on weather map, and as reported on a METAR.

	 Stationary Front
	 When neither air mass is replacing the other, the front is stationary
	 The opposing forces of the two air masses nullify one another and very little motion 

occurs
	 The surface winds tend to blow parallel to the frontal zone
	 The slope of the stationary front is shallow

	 Occluded Front
	 When a cold front catches up with a warm front the two collide – where they collide is called 

an occluded front
	 The warm air, trapped between the two cold air masses, is forced aloft

	 The weather in an occlusion is a combination of both the warm front and the cold front
	 Warm – Lowered ceilings, lowered visibilities, precipitation
	 Cold – Squalls, turbulence, thunderstorms
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Figure 10-9. – Occluded front: cross-section, as shown on weather map, and as reported on a METAR.

Frontal Weather
	 Warm Front weather (See Figure 10-7)
	 St. Louis weather: drizzle and fog
	 Indianapolis weather: overcast, nimbostratus, and continuous rain
	 Columbus weather: overcast, stratus and altocumulus, start of steady rain
	 Pittsburgh weather: high cirrus and cirrostratus

	 Flying toward a warm front
	 600 miles before the front – bright skies, unlimited visibility and ceiling
	 400 miles before the front – ceiling and visibility decrease rapidly
	 Rain begins shortly thereafter

	 200 miles before the front – the ceilings would be low enough to stop VFR flight and 
visibilities lowered to almost zero

	 As the front is approached, there is a gradual temperature increase and an increase in dew 
point, and atmospheric pressure would lessen

	 Cold front weather (See Figure 10-8)
	 A narrow band of weather at the front
	 Scattered thunderstorms and showers
	 Could contain a continuous line of thunderstorms – squall line
	 Extremely turbulent air

	 Behind the front there is rapid clearing, gusty and turbulent wind, and cooler temperatures

	 Flight toward a cold front
	 Beginning the flight in the warm air mass, sky likely overcast, stratocumulus clouds, smooth 

air, and relatively low ceilings and visibilities until the flight was approaching the front
	 If the flight is continued into the frontal area, a few altostratus clouds and a dark layer of 

nimbostratus would likely be seen
	 Gusty wind and wind shifts
	 Possibility of squalls and cumulonimbus clouds
	 Too high to fly over, unsafe below them, and nearly impossible to fly through them
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	Occluded front weather (See Figure 10-9)
	 The worst weather for the pilot
	 A combination of the warm front and cold front conditions

	 As it approaches, the warm front conditions are prevalent
	 Lowering ceilings, lowering visibilities, and precipitation

	 Followed almost immediately by cold front conditions
	 Squalls, turbulence, and thunderstorms

Thunderstorms
	 The cumulonimbus cloud – thunderhead
	 Produce strong updrafts, large raindrops, hail, lightning, thunder, downdrafts, and strong 

turbulence
	 May exceed 50,000 feet in height

	 Three Stages
	 Cumulus Stage
	 Updrafts and growth

	 Mature Stage
	 Up and downdrafts produce gusty surface winds
	 Precipitation begins

	 Dissipating Stage
	 Downdrafts

Figure 10-10. – Three stages of a thunderstorm cell.

	 Air mass thunderstorms
	 Often result from surface heating
	 Tend to self-destruct
	 20-90 minute life-cycle

	 Steady state thunderstorms
	 Associated with a weather system but may be intensified by afternoon heating
	 Tend to grow
	 Can last for hours
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	 Physically, in its mature stage, the top of the cloud begins to flatten to an anvil shape and 
point in the direction the cloud is moving
	 There are strong updrafts at the leading edge of the cloud
	 Within the cloud and directly beneath it there are updrafts and downdrafts
	 The rear of the cloud generates strong downdrafts

Other Hazardous Weather Conditions
	 Freezing rain is a real hazard to the pilot
	 Supercooled water droplets adhere rapidly on the surfaces of the aircraft and the windshield
	 Can obscure vision quickly
	 Do a 180 to where there was no freezing rain

	 Icing – other than that caused by freezing rain – only occurs in the clouds
	 There is no reason for the VFR pilot to be in this situation

	 Ground fog can form rapidly with the right conditions
	 It is especially dangerous at the time of takeoff and landing

	 Fog can form
	 By cooling air to its dew point
	 Beware when the temperature / dew point spread is less than 3 degrees – can happen as 

night approaches
	 Adding moisture to the air near the ground

	 Frost on the wings of the aircraft can cause the aircraft to stall at a higher speed than normal
	 Frost can disrupt the smooth flow of air over the wing’s surface
	 Don’t fly with frost on the lifting surfaces of the aircraft

	 Clear air turbulence implies turbulence which occurs outside of the clouds
	 Jet stream
	 Large thunderstorms – cumulonimbus clouds
	 Mountain waves
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LESSON 12 – WEATHER REPORTS & FORECASTS

Note to Instructor
	 Ensure that the student has current copies of each of these weather reports and forecasts available 

for this lesson
	 It may be beneficial to do this lesson in front of a computer or with a tablet available so that 

obtaining these reports and forecasts can also be demonstrated

	 Ensure that current copies of the Aviation Weather Handbook and the AIM are available for 
decoding reference
	 METAR decoding key Figures 7-1-8 and 7-1-9 in AIM
	 PIREP decoding key Table 7-1-8 in AIM
	 TAF decoding key Paragraph 7-1-28 in AIM
	 See also, Paragraph 7-1-29 International Civil Aviations Organization (ICAO) Weather 

Formats in AIM
	 Please note that FAA testing, the Aviation Weather Handbook, the AIM, and this Ground Lesson Guide may 

not be up to date with the latest weather products on aviationweather.gov and other sites; refer to current sites 
for updated products

	 Emphasize the importance of learning to read and understand these reports!

Surface Analysis Charts
	 Representation of the “big picture”
	 Graphically shows where highs, lows, & fronts are located

	 Rules of thumb for surface analysis charts:
	 Highs usually (not always) bring good weather
	 Lows usually (not always) imply bad weather
	 Worst weather usually found near fronts
	 Fronts usually associated with Low Pressure

	 Review the current Surface Analysis Chart with the student, focusing on the “big picture”
	 Depending on the source, the Surface Analysis Chart used may vary from that pictured below and in the 

Aviation Weather Handbook; the concept is the same

Figure 12-1. – Surface Analysis Chart.

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AVIATION_WEATHER_HANDBOOK
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#KND9r2aeatcn
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#xND9r29atcn
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#Gm9beROBE
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#$paragraph7-1-28
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#$paragraph7-1-29
https://www.faa.gov/air_traffic/publications/atpubs/aim_html/chap7_section_1.html#$paragraph7-1-29
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AVIATION_WEATHER_HANDBOOK
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://aviationweather.gov
https://www.wpc.ncep.noaa.gov/html/sfc2.shtml
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Low-Level Prognostic Charts
	 On a 2-Panel Low-Level Prognostic Chart, the panel on the left is a 12 hour prog and the panel 

on the right is a 24 hour prog
	 Provides forecast conditions from the surface to 400mb (FL240)

	 Forecast information includes expectations for:
	 Areas of VFR, MVFR, & IFR
	 Areas of moderate or greater turbulence
	 The height of the freezing levels

	 Review the current 2-Panel Low-Level Prognostic Chart or the individual charts with the student

Figure 12-2. – 2-Panel Low-Level Prognostic Chart.

	 The Surface Prognostics, which were once included on a 4-panel prog, have been separated into 
individual product panels
	 The new surface progs use a simplified color coding, explained on the chart, to show 

precipitation type and probability

	 Forecast information on the surface prognostics include expectations for:
	 Location of the highs, lows, and fronts
	 Weather phenomena

Graphical Forecasts for Aviation (GFA)
	 The Graphical Forecasts for Aviation (GFA) are a set of web-based displays that provide 

observations and forecasts of weather phenomena critical for aviation safety
	 Covers the continental United States (CONUS) from the surface up to FL480
	 Wind, icing and turbulence forecasts are available in 3,000’ increments from the surface up 

to FL180, and in 6,000’ increments from FL180 to FL480
	 Turbulence forecasts are also broken into LO (below FL180) and HI (FL180 and above) 

graphics
	 Maximum icing and maximum wind velocity graphics are also available

	 Updated hourly with forecast products ranging from 1 hour to 18 hours in the future
	 Observation and warning products are available from 14 hours in the past until the present

https://aviationweather.gov/graphics/
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Figure 12-3. – GFA overview with tutorial labels.

	 Localized Aviation MOS (Model Output Statistics) Program (LAMP) Flight Category 
definitions:
	 VFR – Visibility > 5 statute miles & ceiling > 3,000’
	 MVFR – Visibility 3-5 statute miles or ceiling 1,000-3,000’
	 IFR – Visibility 1 to < 3 statute miles or ceiling 500 to < 1,000’
	 LIFR – Visibility < 1 statute miles or ceiling < 500’

	 Review the current GFA and discuss it with the student

TAFs
	 Terminal Aerodrome Forecast

KSHV 191722Z 1918/2018 11006KT P6SM SCT040 BKN070 OVC250 
FM192100 10005KT P6SM VCTS SCT025CB BKN060 OVC250 
TEMPO 1921/1924 VRB15G20KT 5SM -TSRA SCT025CB BKN060 
FM200000 12005KT P6SM SCT040 SCT250 
FM201200 12005KT P6SM SCT030 BKN250 
PROB30 2012/2018 5SM TSRA SCT020CB BKN060=

Figure 12-4. – TAF.

	 Weather Forecast for selected airports
	 TAF – routine forecast
	 TAF AMD – amended forecast

https://aviationweather.gov/gfa/
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	 Issued four times daily
	 Issued at 0000, 0600, 1200, and 1800 (UTC)
	 Valid for 24 or 30 hours, depending on the station (refer to valid time)
	 There is some overlap between forecasts
	 Some stations routinely issue a mid-period amendment even without significant changes

	 Review several of the current TAFs and decode them with the student

METARs
	 Aviation Routine Weather Report
	 Use abbreviations similar to TAFs

METAR KLAX 140651Z AUTO 00000KT 1SM R35L/4500V6000FT -RA BR BKN030 10/10 A2990 RMK A02

Figure 12-5. – METAR.

	 Report of conditions at time of observation
	 METAR = regular hourly report
	 SPECI = special report necessitated by rapidly changing weather conditions

	 Review several of the current METARs and decode them with the student

Winds and Temperatures Aloft (FB)
	 Winds aloft are forecast for specific locations in the US

DATA BASED ON 010000Z
VALID 010600Z FOR USE 0500-0900Z. TEMPS NEG ABV 24000
FT	 3000	 6000	 9000	 12000	 18000	 24000	 30000	 34000	 39000
MKC	 2426	 2726-09	 2826-14	 2930-21	 2744-32	 2751-41	 275550	 276050	 731960
ABQ			   1912+15	 1914+07	 1917-06	 1820-17	 172132	 171942	 192054

Figure 12-6. – Winds and Temperatures Aloft.

	 Four-digit group used to represent wind direction and speed
	 2525 = 250° at 25 knots
	 0315 = 030° at 15 knots

	 Six-digit group is wind and temperature aloft
	 353515 = 350° at 35 knots, temperature = 15° C

	 Wind speed over 100 knots, forecaster adds 50 to direction and subtracts 100 from the speed
	 7306-49 = 230° at 106 kts, temp = -49° C

	 When wind speed is less than 5 knots, forecast is coded as 9900, which means light and variable

	 Review several of the current FBs (formerly called FDs) with the student

Pilot Reports
	 Reports, also known as Aircraft Reports or AIREPs, given to FSS or ATC by pilots in flight

UA /OV KMRB-KPIT/TM 1600/FL100/TP BE55/SK BKN024-TOP032/BKN-OVC043-TOPUNKN /TA M12/
IC LGT-MOD RIME 055-080

Figure 12-7. – Pilot Report.

	 Can be a source of real-time, real life info
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	 Drawbacks:
	 Not everyone reports everything
	 In really bad weather, no one else has been a “trailblazer”
	 Age of report can be a factor
	 Applicability depends on aircraft type

	 PIREPs are encouraged if unexpected weather is encountered

	 Review several current PIREPs and decode them with the student

Obtaining a Weather Briefing from FSS / Online
	 Aviation weather reports given in Universal Coordinated Time (UTC) using 24 hour clock
	 Also referred to as “Zulu”
	 Obsolete term: “Greenwich Mean Time”
	 UTC is the time in Greenwich, England
	 A standard reference to eliminate time-zone confusion

	 Weather Briefings
	 Anywhere in US, call 1-800-WX-BRIEF
	 Routed to an Automated Flight Service Station (AFSS)

	 When calling, make sure briefer knows:
	 You are a pilot (or student pilot)
	 The intended route (or “local”)
	 The departure / destination airports
	 Whether planning to fly VFR or IFR
	 Type of aircraft
	 Proposed departure time (UTC) and time en route

	 Standard Briefings give info in this order:
	 Is there any bad weather happening?
	 What’s the “big picture?”
	 Where are the highs, lows, and fronts?

	 What are the current conditions?
	 What’s forecast for the near future?
	 Any needed data re: airport closures, etc.

	 Online and App based self-briefing weather sources
	 Commercial Computer Briefing Services
	 Web-based briefings (many others available as well)
	 www.1800wxbrief.com – Leidos Flight Services, FAA supported
	 https://aviationweather.gov – Aviation Weather Center in Kansas City, MO
	 https://www.weather.gov/ and https://www.weather.com – good for general (non-

aviation) weather info
	 App-based briefings (many others available as well)
	 Foreflight for iOS
	 FltPlan Go for iOS and Android devices

	CAUTION: Computer and app based sources, other than Leidos, may not provide a record 
that you completed a briefing! Check with the provider

TIME
STANDARD TO UTC

Eastern		 + 5 hr = UTC
Central		  + 6 hr = UTC
Mountain	 + 7 hr = UTC
Pacific		  + 8 hr = UTC
Alaskan		 + 9 hr = UTC
Hawaii 		 + 10 hr = UTC

Subtract 1 hour for Daylight Time

Figure 12-8. – Time conversion.

https://www.1800wxbrief.com
https://aviationweather.gov
https://www.weather.gov/
https://www.weather.com
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Standard / Abbreviated / Outlook Briefings
	 Get a “Standard Briefing” before each flight

	 “Outlook Briefing” forecasts for flights more than 6 hours out

	 “Abbreviated Briefing” is used to
	 Supplement available data
	 Update a previous briefing
	 Find out some specific information

AWOS / ASOS Reports
	 Automated Weather Observing System (AWOS) and Automated Surface Observation System 

(ASOS) are automated weather reporting systems which may be used for the creation of a 
METAR or a recorded audio report of existing weather
	 Noted as AUTO on METAR unless reviewed by a human weather observer
	 Recording may be available via radio or telephone

	 Types of AWOS
	 AWOS-A only reports altimeter setting
	 AWOS-l usually reports altimeter setting, wind data, temperature, dew point, and density 

altitude
	 AWOS-2 provides the information provided by AWOS-l plus visibility
	 AWOS-3 provides the information provided by AWOS-2 plus cloud / ceiling data
	 May include precipitation indicator (AWOS 3-P) or lightening detector (AWOS 3-T) or 

both

	 ASOS provides the information of at least AWOS-3
	 May be designated as A01 or A02 (frozen precipitation discriminator)
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LESSON 14 – WEATHER REPORTS & FORECASTS

Note to Instructor
	 Ensure that the student has current copies of each of these weather reports and forecasts available 

for this lesson
	 It may be beneficial to do this lesson in front of a computer so that obtaining these reports 

and forecasts can also be demonstrated

	 Ensure that current copies of the Aviation Weather Handbook and the AIM are available for 
decoding reference
	 Please note that FAA testing, the Aviation Weather Handbook, the AIM, and this Ground Lesson Guide may 

not be up to date with the latest weather products on aviationweather.gov and other sites; refer to current sites 
for updated products

	 Emphasize the importance of learning to read and understand these reports!

Radar Wx Reports
	 WSR-88D (NEXRAD) radar network consists of 160 radar sites operated by the NWS, FAA, 

and Department of Defense (DOD)
	 Indicates the intensity of echos in decibels (dBZ) 

using a scale of over 20 colors
	 Used for a variety of radar products
	 A delay is common from the radar sweep until it 

appears via online and data linked sources
	 Many of the older radar products have been replaced on AviationWeather.gov by the radar 

observations available on the GFA
	 Other radar products are available at https://radar.weather.gov/

	 The GFA allows the selection of the following useful observations
	 Radar lowest
	 Radar composite

	 Echo top (18 dBZ)
	 Global lightning

	 Precipitation intensity is shown on the lowest and composite observations
	 The intensity is obtained from the amount of energy returned to the radar from the target and 

is indicated on the radar by colors
	 Refer to the legend for the interpretation of the colors

	 Precipitation coverage is the area covered by echoes, best observed on the lowest and composite 
observations

	 Echo Tops (18 dBZ)
	 Echo tops are displayed for precipitation tops
	 Echo tops are the maximum heights of the precipitation in thousands of feet MSL
	 Refer to the legend colors for the heights

	 They should be considered only as approximations because of radar wave propagation 
limitations

	 Echo Movement is shown through animation of the various observation layers

	 Global lightning uses color coding to display the number of lightning events within an area per 5 
minutes

Figure 14-1. – dBZ terminology. 

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AVIATION_WEATHER_HANDBOOK
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://aviationweather.gov
https://aviationweather.gov/gfa/#obs
https://radar.weather.gov/
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	 Using the Observations
	 Radar observations aid in preflight planning by identifying general areas and movement of 

precipitation and / or thunderstorms
	 Radar displays drops or ice particles of precipitation size only; it does not display clouds 

and fog
	 Therefore, the absence of echoes does not guarantee clear weather
	 Cloud tops will most likely be higher than the tops of the precipitation echoes 

detected by radar
	 Radar observations must be used in conjunction with other charts, reports, and forecasts for a 

more complete weather picture

Figure 14-2. – GFA with composite radar.

Severe Wx Reports and Forecasts
	 Convective Outlooks (AC)
	 National forecast of thunderstorms
	 Flight planning tool used to avoid thunderstorms
	 Multiple forecasts:
	 Day 1 Convective Outlook (first 24 hours) issued at 0600Z, 1300Z, 1630Z, 2000Z, and 

0100Z
	 Day 2 Convective Outlook (next 24 hours) issued at 0700Z (ST) / 0600Z (DT) and 

updated at 1730Z
	 Day 3 Convective Outlook (next 24 hours) issued at 0830Z (ST) / 0730Z (DT) for day 3 

at 1200Z to day 4 at 1200Z
	 Day 4-8 Convective Outlook issued for day 4 at 1200Z until day 9 at 1200Z

	 Define areas at risk for severe and general (non-severe) thunderstorms
	 Severe thunderstorm criteria:
	 Winds equal to or greater than 50 knots at the surface
	 Hail equal to or greater than 1 inch in diameter at the surface
	 Tornadoes

	 Also plotted on Convective Outlook Charts
	 Day 4-8 available on a single chart with color coding or as individual charts

https://aviationweather.gov/gfa/#obs
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Figure 14-3. – Sample Day 1 Convective Outlook (AC).

https://www.spc.noaa.gov/products/outlook/
https://www.spc.noaa.gov/products/outlook/
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	 Severe Weather Watch Bulletin (WW)
	 Define areas of possible severe thunderstorms or tornado activity
	 A severe thunderstorm watch describes areas of expected severe thunderstorms
	 A tornado watch describes areas where the threat of tornadoes exists

	 Unscheduled and issued as required
	 Preliminary notification of a watch called the Alert Severe Weather Watch bulletin (AWW) 

is sent before the WW to alert necessary personnel

	 Hurricane Advisory (WH)
	 Advisory issued when hurricane threatens a coastline, but is located at least 300 nautical 

miles offshore
	 Issued to alert aviation interests
	 Gives the location of the storm center, its expected movement, and the maximum winds in 

and near the storm center
	 Does not contain details of associated weather

	 Center Weather Advisory (CWA)
	 Aviation warning for use by air crews to anticipate and avoid adverse weather conditions in 

the en route and terminal environments
	 Not a flight planning product
	 Reflects current conditions expected at the time of issuance and/or is a short-range 

forecast for conditions expected to begin within 2 hours of issuance
	 Valid for a maximum of 2 hours
	 If conditions are expected to continue beyond the 2-hour valid period, a statement will be 

included in the CWA

AIRMETs
	 Airmen’s Meteorological Information

	 Issued to warn of weather hazards to small aircraft
	 Moderate icing (AIRMET Zulu)
	 Moderate turbulence (AIRMET Tango)
	 IFR conditions (AIRMET Sierra)
	 Sustained surface winds of more than 30 kts (Tango)
	 Extensive mountain obscuration (Sierra)
	 Non-Convective low-level windshear potential below 2,000’ AGL (Tango)

	 AIRMETs over the CONUS are displayed graphically on websites such as https://
aviationweather.gov and https://www.1800wxbrief.com and equipment receiving FIS-B 
information
	 AIRMETs over the CONUS provide a higher forecast resolution than AIRMETs issued in 

text format
	 AIRMETs over Alaska and Hawaii are in text format per the Aviation Weather Handbook 

though graphical versions do appear to be available for Alaska on the AWC

https://aviationweather.gov
https://aviationweather.gov
https://www.1800wxbrief.com
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	 The Graphical-AIRMET (G-AIRMET) is a decision-making tool based on weather “snapshots” 
displayed at short time intervals
	 G-AIRMET provides more precise and informative weather hazard depictions than the text 

only AIRMET
	 G-AIRMETs are issued by the Aviation Weather Center (AWC) every 6 hours and updated / 

amended as necessary, coincident with the text AIRMET products
	 G-AIRMET Snapshots are graphical forecasts of en route weather hazards valid at discrete 

times no more than 3 hours apart for a period of up to 12 hours into the future (00, 03, 06, 09 
and 12 hours)

Figure 14-4. – G-AIRMET with layers menu.

SIGMETs / Convective SIGMETs
	 Significant Meteorological Information

	 Issued for weather hazards to ALL aircraft
	 Severe turbulence
	 Severe icing
	 Dust storms, sand storms, or volcanic ash
	 Volcanic eruption

BOSR WS 050600
SIGMET ROMEO 2 VALID UNTIL 051000
ME NH VT
FROM CAR TO YSJ TO CON TO MPV TO CAR
MOD TO OCNL SEV TURB BLW 080 EXP DUE TO STG NWLY FLOW. CONDS CONTG BYD 1000Z.

Figure 14-5. – Example of a SIGMET.
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	 Convective SIGMETs (WST)
	 Special type of SIGMET related to thunderstorms, issued for:
	 Embedded or severe thunderstorm(s) expected to occur for more than 30 minutes during 

the valid period, regardless of the size of the area
	 A line of thunderstorms at least 60 miles long with thunderstorms affecting at least 40 

percent of its length
	 An area of active thunderstorms judged to have a significant impact on the safety of 

aircraft operations covering at least 40 percent of the area concerned and exhibiting a 
very strong radar reflectivity intensity or a significant satellite or lightning signature

	 Issued on a scheduled basis, hourly at 55 minutes past the hour and are valid for 2 hours or 
until superseded by the next hourly issuance

	 A special Convective SIGMET may be issued for:
	 Tornado, hail ≥ ¾ inch (at surface), or wind gusts ≥ 50 knots (at surface) are reported
	 Indications of rapidly changing conditions not sufficiently described in existing 

Convective SIGMETs

	 Graphical images are available at https://aviationweather.gov/gfa/#sigmet
	 The textual desciption will be found by clicking the polygon of a SIGMET or Convective 

SIGMET

NOTAMs
	 Notice to Airmen

	 Method of transmitting important information to all pilots
	 Airport or runway closures
	 Maintenance of navigation beacons
	 Radio tower light outages
	 Any other safety issues which pilots need to know about

	 Types of NOTAMs
	 NOTAM (D) – Domestic NOTAMs
	 Affect cross-country pilots and local airport users
	 Closed airports
	 Navigation aids off the air

	 Grass cutting operations
	 Taxiways closed

	 Pointer NOTAMs – highlight or point out another NOTAM
	 Assist users in cross-referencing important information that may not be found under 

an airport or NAVAID identifier
	 NOTAM (FDC) – Flight Data Center
	 Changes in regulations or charts
	 Emergency flight restrictions
	 National airspace closure information (due to September 11, 2001 terrorist attacks) 

was conveyed via FDC NOTAM system
	 Wide-spread traffic delays or closures

	 International NOTAMs – published in ICAO format per Annex 15 and distributed to multiple 
countries

	 Military NOTAMs – pertaining to military navigational aids/airports that are part of the NAS

	 NOTAM information should be contained in Standard FSS briefing

https://aviationweather.gov/gfa/#sigmet
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	 Domestic and Pointer NOTAMs use common keywords to classify the individual NOTAM
	 AD – Aerodrome
	 AIRSPACE – Airspace
	 APRON – Apron / Ramp
	 COM – Communications
	 NAV – NAVAID
	 OBST – Obstructions
	 RWY – Runway
	 SVC – Services
	 TWY – Taxiway
	 ODP – Obstacle Departure Procedure
	 SID – Standard Instrument Departure
	 STAR – Standard Terminal Arrival

	 CHART – U.S. Government chart correction
	 DATA – hazard associated with a data set change
	 IAP – Instrument Approach Procedure
	 VFP – Visual Flight Procedure
	 ROUTE – Route
	 SPECIAL – Special Instrument Flight Procedure
	 SECURITY – Security
	 GPS TESTING – Global Positioning System 

Testing
	 PRN (GPS) – Pseudo−random noise code used to 

differentiate GPS satellites

Wind Shear Reports
	 Wind shear is a change in wind speed and/or wind direction in a short distance resulting in a 

tearing or shearing effect

	 Report the loss or gain of airspeed and the altitudes at which it was encountered

	 Pilots should promptly volunteer reports to controllers of wind shear conditions encountered

	 A controller may issue a wind shear alert based upon information derived from equipment in the 
control tower

Wind Shear Recognition and Avoidance
	 Wind shear can exist in a horizontal or vertical direction and occasionally in both

	 Shows up as a momentary change in airspeed or altitude (or rate of altitude change)
	 Can be VERY DANGEROUS at low altitudes!

	 Avoidance
	 Key to avoidance is recognizing the problem then going elsewhere if possible
	 Understand conditions conducive to development
	Convective storms (thunderstorms, 

rain / snow showers)
	Fronts
	Strong surface winds

	Unstable (turbulent) air
	Strong winds on top of temperature 

inversion

	 Listen for reports from other pilots (or ATC)
	 Watch for conflicting wind indications

Weather Related Aeronautical Decision Making & Judgment
	 The best place to make a weather related aeronautical decision is on the ground

	 Responsibility
	 Early – Instructor
	 Later – Student

	 Develop alternative plans for unforecast weather before a decision becomes critical

	 Don’t delay utilizing the alternative plans

	 When in doubt, err on the conservative side

	 Encourage the student to develop a personal minimums checklist related to weather and stay 
within its guidelines
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LESSON 16 – EMERGENCIES

Note to Instructor
	 Review the following disclaimer with the student
	 The information below will discuss generally accepted procedures for handling emergencies 

and malfunctions both in the air and on the ground
	 These should only be considered guidelines
	 Follow the recommendations of the aircraft manufacturer whenever provided
	 Use the checklist if time permits

Emergency Procedures (AFM/POH)
	 Keys to Handling Emergencies
	 First and foremost, FLY THE AIRPLANE!! DO NOT PANIC!!
	 Follow the recommended procedures

	 Classifying Emergencies and Malfunctions
	 Annoyances
	 Malfunctions or conditions which will not endanger the flight

	 Urgencies
	 Malfunctions or conditions which may endanger the flight if not addressed in a timely 

manner
	 True Emergencies
	 Malfunctions or conditions which must be addressed immediately

	 Reacting to Annoyances
	 Fly the aircraft
	 Review and follow the checklist
	 Ensure that the problem will not escalate
	 Land as required

	 Reacting to Urgencies
	 Fly the aircraft and do not panic
	 Perform memorized tasks
	 Review and follow the checklist
	 Stabilize the problem to the extent possible
	 Land as required

	 Reacting to Emergencies
	 Fly the aircraft and do not panic
	 Perform memorized tasks as time permits
	 Review and follow the checklist as time permits
	 Stabilize the problem to the extent possible
	 Land as required
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	 Cover the causes and required reactions for the following emergencies with the student, referring 
to the Airplane Flying Handbook and AFM/POH for the training aircraft
	 Engine Fire on Start
	 Engine Roughness or Overheat
	 Partial Power Loss
	 Complete Power Loss
	 Carburetor or Induction Icing
	 Loss of Oil Pressure
	 Fuel Starvation
	 Smoke / Fire in Flight
	 Emergency Descent
	 Inadvertent Door Opening on Takeoff or in Flight
	 Split (Asymmetrical) Flap Condition or Other Flap Malfunction
	 Electrical Malfunction
	 Vacuum / Pressure and Associated Flight Instrument Malfunctions
	 Pitot-Static and Associated Flight Instrument Malfunctions
	 Inoperative Trim
	 Flight Control Malfunction
	 Ballistic Recovery System Malfunction, If Applicable
	 Any Other Emergency Appropriate to the Airplane

	 Selecting a Suitable Emergency Landing Area
	 Always be alert for a suitable landing area
	 Airports are preferred in an emergency
	 Otherwise, find a field of sufficient size, within gliding distance
	 Open fields with no obstacles are preferred
	 Cultivated fields are usually satisfactory
	 Plowed fields may be acceptable landing parallel to the furrows
	 Roadways should be a last resort
	 This endangers others and increases the pilot’s risk due to often invisible hazards

	 Plan to land into the wind if practical
	 DO NOT make any radical maneuvers to accomplish this
	 It is better to land downwind and under control than upwind and out of control

	 Obstacles may make a downwind landing more appropriate
	 It may be safer to land downwind and uphill than upwind and downhill

	 Complete a thorough review with the student of the emergency section of the AFM/POH for the 
appropriate training aircraft, typically section 3 of GAMA formatted manuals and section 6 of 
ASTM F 2245 formatted manuals

https://www.astm.org/f2245-20.html
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LESSON 18 – FAR / AIM, NTSB 830, ACS/PTS, & LOGBOOKS

14 CFR Part 1
	 Before getting started with the regulations, talk to the student about 14 CFR and FAR 

nomenclature

	 14 CFR Part 1 covers important definitions and abbreviations that may be used in other parts of 
the regulations

	 Ensure that the student understands the key definitions applicable to a Sport or Private Pilot and 
where to find them
	 Be sure to include a review of key V speed definitions

14 CFR Part 61 Sport / Student Limitations
	 14 CFR Part 61 covers the rules for the certification of pilots and flight instructors when not 

training under a 14 CFR Part 141 approved course of instruction

	 Student Pilot Certificate Privileges
	 May fly an aircraft as the sole occupant of the aircraft when logbook is properly endorsed 

and in accordance with limitations set by the flight instructor

	 Student Pilot Certificate Limitations (61.89)
	 No passengers
	 No compensation or hire
	 No furtherance of a business
	 No international

	 Minimum of 3 miles visibility (5 night)
	 Must see the surface
	 No required crewmember
	 Any limitations from flight instructor

	 Plastic student pilot certificates do not expire (61.19)

	 Sport Pilot Certificate Privileges (61.315)
	 May act as pilot in command of an aircraft meeting the provisions of §61.316
	 Carry up to one passenger
	 Share expenses (pro rata) for fuel, oil, airport expenditures, or rental

	 Sport Pilot Certificate Limitations (61.315)
	 May not act as PIC if:
	 The aircraft does not meet the provisions of §61.316
	 Carrying a passenger or property for compensation or hire
	 For compensation or hire
	 In furtherance of a business
	 While carrying more than one passenger
	 At night, except as provided in §61.329
	 In Class A airspace
	 In Class B, C, or D airspace
	 The pilot may act as PIC in this type of airspace with proper training and a logbook 

endorsement by an authorized instructor
	 On a flight outside the U.S., unless you have prior authorization from the country in 

which you seek to operate; a sport pilot certificate does not meet ICAO requirements
	 Demonstrating an aircraft in flight to a prospective buyer
	 Being used in a passenger-carrying airlift
	 Flying more than 10,000 feet MSL or 2,000 feet AGL, whichever is higher
	 The flight or surface visibility is less than 3 statute miles

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-A/part-1
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-H/part-141
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.89
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.19
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.315
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.315
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	 Without visual reference to the surface
	 The aircraft has a maximum speed in level flight with maximum continuous power (VH) 

greater than 87 knots CAS unless trained and endorsed for an aircraft with a VH greater 
than 87 knots CAS

	 The aircraft has a VH less than or equal to 87 knots CAS unless trained and endorsed for 
an aircraft with a VH less than or equal to 87 knots CAS

	 Contrary to any operating limitation placed on the airworthiness certificate of the aircraft 
being flown

	 Contrary to any limit on your pilot certificate or airman medical certificate, or any other 
limit or endorsement from an authorized instructor

	 Contrary to any restriction or limitation on your U.S. driver’s license or any restriction or 
limitation imposed by judicial or administrative order when using your driver’s license as 
a medical

	 Towing any object
	 The aircraft or operation requires more than one pilot
	 If the aircraft has retractable landing gear or a manual controllable pitch propeller
	 The pilot may act as PIC in these aircraft with proper training and a logbook 

endorsement by an authorized instructor
	 The aircraft requires a pilot to hold a type rating in accordance with §61.31(a)

	 Performance limits & design requirements for the aircraft that a sport pilot may operate (61.316)
	 If you hold a sport pilot certificate, you may act as pilot in command of an aircraft that, since 

its original certification, meets the following requirements:
	 A maximum clean configuration stalling or minimum steady flight speed (VS1) of not 

more than 45 knots CAS, except for airplanes, which must have a VS1 of not more than 59 
knots CAS at the aircraft’s maximum certificated takeoff weight and most critical CG

	 A maximum seating capacity of two persons, except for airplanes, which may have a 
maximum seating capacity of four persons

	 A non-pressurized cabin, if equipped with a cabin
	 For gyroplanes, a fixed-pitch, semi-rigid, teetering, two-blade rotor system
	 For powered aircraft other than balloons or airships, the loss of partial power would not 

adversely affect directional control of the aircraft and the design must allow the pilot the 
capability of establishing a controlled descent after a partial or total powerplant failure

	 For helicopters, they must be certificated with the simplified flight controls designation
	 For gliders, fixed or retractable landing gear
	 For powered-aircraft other than a glider, fixed landing gear except as indicated below
	 For powered-aircraft other than a glider, a fixed, ground-adjustable, or an automated 

controllable pitch propeller except as indicated below
	 If you hold a sport pilot certificate, you may act as PIC of an aircraft that has retractable 

landing gear or an airplane with a manual controllable pitch propeller if you have met the 
training and endorsement requirements specified in §61.331

	 Training and an endorsement are required for operating tailwheel airplanes (61.31)

	 Sport Pilot Currency (61.56 & 61.57)
	 Flight Review in an aircraft for which the pilot is rated – 24 calendar months; or FAA 

approved pilot proficiency course, checkride, etc.
	 To carry passengers – 3 Takeoffs and 3 Landings as sole manipulator of the controls within 

previous 90 days (Full stop landings for tailwheel)

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.315
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.31
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.56
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.57
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	 Notify the FAA within 30 days of a change of address (61.60)
	 If a post box, notify of permanent residence

	 A pilot must have an appropriate photo identification in his or her possession while acting as PIC 
of an aircraft (61.3)
	 Generally, this will be in the form of a valid driver’s license issued by a U.S. state, the 

District of Columbia, or a U.S. territory or possession
	 Other suitable forms of identification are a valid federal or state ID card, a U.S. armed forces’ 

ID, credentials that authorize access to airport secure areas, or other IDs that the FAA accepts

14 CFR Part 61 Private / Student Limitations
	 14 CFR Part 61 covers the rules for the certification of pilots and flight instructors when not 

training under a 14 CFR Part 141 approved course of instruction

	 Student Pilot Certificate Privileges
	 May fly an aircraft as the sole occupant of the aircraft when properly endorsed and in 

accordance with limitations set by the flight instructor

	 Student Pilot Certificate Limitations (61.89)
	 No passengers
	 No compensation or hire
	 No furtherance of a business
	 No international
	 Minimum of 3 miles visibility (5 night)
	 Must see the surface
	 No required crewmember
	 Any limitations from flight instructor

	 Plastic student pilot certificates do not expire (61.19)

	 Private Pilot Certificate Privileges (61.113)
	 Fly associated with a business as long as it is incidental
	 Candidates of federal elections
	 Share expenses (pro rata) for fuel, oil, airport expenditures, or rental
	 Fly an airlift for a charitable organization
	 Reimbursed for search & rescue
	 Demonstrate an aircraft (200 hours)
	 Tow a glider

	 Private Pilot Certificate Limitations (61.113)
	 Can not be paid as a pilot of an aircraft (even as second-in-command)
	 Exceptions listed previously

	 Private Pilot Currency (61.56 & 61.57)
	 Flight Review in an aircraft for which the pilot is rated – 24 calendar months; or FAA 

approved pilot proficiency course, checkride, etc.
	 To carry passengers – 3 Takeoffs and 3 Landings as sole manipulator of the controls within 

previous 90 days (full stop landings for tailwheel or night where night is considered 1 hour 
after sunset to 1 hour prior to sunrise)

	 Notify the FAA within 30 days of a change of address (61.60)
	 If a post box, notify of permanent residence

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.60
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.3
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-H/part-141
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.89
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.19
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.113
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.113
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.56
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.57
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.60
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	 Training and endorsements are required for operating complex or high-performance airplanes, 
pressurized aircraft capable of operating at high altitudes, and tailwheel airplanes (61.31)

	 A pilot must have an appropriate photo identification in his or her possession while acting as PIC 
of an aircraft (61.3)
	 Generally, this will be in the form of a valid driver’s license issued by a U.S. state, the 

District of Columbia, or a U.S. territory or possession
	 Other suitable forms of identification are a valid federal or state ID card, a U.S. armed forces’ 

ID, credentials that authorize access to airport secure areas, or other IDs that the FAA accepts

14 CFR Part 67
	 A Third Class or better Medical Certificate is required by 61.23 (unless exercising Sport 

privileges using a driver’s license substitute or operating under BasicMed as described in 61.23)
	 Valid for 60 Calendar Months if under age 40 at the time of the exam for Student, Sport 

(night), Recreational, and Private Pilot privileges
	 Otherwise it is valid for 24 Calendar Months

	 14 CFR Part 67 explains the requirements for the various classes of medical certificate

	 BasicMed is not described by name in the CFRs
	 Elements of the program are described under 61.23 with limitations described under 61.113
	 Additional information about this medical certificate alternative is available at https://www.

faa.gov/licenses_certificates/airmen_certification/basic_med/

14 CFR Part 91
	 14 CFR Part 91 covers the general operating and flight rules to which a pilot must adhere

	 During this lesson, be sure and cover sections 3, 7, 9, 13, 15, 17, 19, 103, 105, 107, 111, 113, 
119, 123, 125, 126, 127, 137, 141, 151, & 155 and any others deemed appropriate

14 CFR Part 141
	 14 CFR Part 141 covers the rules for certificated pilot schools

	 Ensure that the student knows which set of certification rules he or she is training under

NTSB 830
	 49 CFR Part 830 covers the rules regarding the notification and reporting required for aircraft 

accidents and serious incidents

	 An aircraft accident means an occurrence associated with the operation of an aircraft which takes 
place between the time any person boards the aircraft with the intention of flight and all such 
persons have disembarked, and in which any person suffers death or serious injury, or in which 
the aircraft receives substantial damage

	 Fatal injury means any injury which results in death within 30 days of the accident

	 Serious injury means any injury which:
	 Requires hospitalization for more than 48 hours, (within 7 days of injury)
	 Results in a fractured bone (except simple fractures of fingers, toes, or nose)
	 Causes severe hemorrhages, nerve, muscle, or tendon damage
	 Involves any internal organ
	 Involves second- or third-degree burns, or any burns affecting more than 5 percent of the 

body’s surface

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.31
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.3
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.23
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.23
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-67
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.23
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.113
https://www.faa.gov/licenses_certificates/airmen_certification/basic_med/
https://www.faa.gov/licenses_certificates/airmen_certification/basic_med/
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-H/part-141
https://courses.sportys.com/training/portal/course/far/title-49/subtitle-B/chapter-VIII/part-830
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	 Substantial damage means damage or failure which adversely affects the structural strength, 
performance, or flight characteristics of the aircraft, and which would normally require major 
repair or replacement of the affected component
	 Engine failure or damage limited to an engine if only one engine fails or is damaged, 

bent fairings or cowling, dented skin, small punctured holes in the skin or fabric, ground 
damage to rotor or propeller blades, and damage to landing gear, wheels, tires, flaps, engine 
accessories, brakes, or wingtips are not considered “substantial damage” for the purpose of 
this regulation

	 Immediately notify the NTSB when an aircraft accident or any of the following listed incidents 
occur:
	 Flight control system malfunction or failure
	 Inability of any required flight crewmember to perform normal flight duties as a result of 

injury or illness
	 Failure of any internal turbine engine component that results in the escape of debris other 

than out the exhaust path
	 In-flight fire
	 Aircraft collision in flight
	 Damage to property, other than the aircraft, estimated to exceed $25,000 for repair or fair 

market value in the event of total loss, whichever is less
	 For large multiengine aircraft there are other conditions requiring a report
	 Release of all or a portion of a propeller blade from an aircraft, excluding release caused 

solely by ground contact
	 A complete loss of information, excluding flickering, from more than 50% of an aircraft’s 

electronic cockpit displays (EFIS, EICAS, ECAM, PFD, PND, and other integrated displays)
	 Airborne Collision and Avoidance System (ACAS) resolution advisories for certain 

operations under IFR
	 Damage to helicopter tail or main rotor blades, including ground damage, that requires major 

repair or replacement of the blade(s)
	 For air carriers there are other situations and errors requiring a report

	 Immediately notify the NTSB when an aircraft is overdue and is believed to have been involved 
in an accident

	 Notification should include the following information, if available:
	 Type, nationality, and registration marks of the aircraft
	 Name of owner, and operator of the aircraft
	 Name of the pilot-in-command
	 Date and time of the accident
	 Last point of departure and point of intended landing of the aircraft
	 Position of the aircraft with reference to some easily defined geographical point
	 Number of persons aboard, number killed, and number seriously injured
	 Nature of the accident, the weather and extent of damage to the aircraft, so far as is known
	 A description of any explosives, radioactive materials, or other dangerous articles carried

	 To the extent possible, the wreckage should be protected and left undisturbed, except:
	 To remove injured or trapped persons
	 To protect the wreckage from further damage
	 To protect the public from injury
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AIM
	 The Aeronautical Information Manual (AIM) is designed to provide the aviation community 

with basic flight information and ATC procedures for use in the National Airspace System 
(NAS) of the United States

	 This manual contains items of interest to pilots concerning health and medical facts, factors 
affecting flight safety, a pilot / controller glossary of terms used in the ATC System, and 
information on safety, accident, and hazard reporting

	 The AIM is complemented by other operational publications:
	 Notice to Airmen
	 Chart Supplements, Alaska Supplement, and Pacific Chart Supplement

	 Ensure that the student understands the basic contents and usage of the AIM
	 Review the major chapter headings

Pilot Logbooks
	 A pilot must log the following time (61.51):
	 Training & aeronautical experience to meet the requirements for a certificate, rating, or flight 

review
	 The aeronautical experience required for currency

	 With regard to the required log, the following must be included:
	 Conditions of flight (day, night, actual instrument, simulated instrument)
	 Date
	 Total flight time or total lesson time
	 Locations
	 Type & ID of aircraft or sim / FTD
	 Name of safety pilot
	 Type of experience (solo, PIC, SIC, flight / ground training received, training received in a 

sim / FTD)

	 Though not a 61.51 required item, log takeoffs & landings to demonstrate meeting currency 
requirements

	 Falsification of a logbook or any document used to show compliance for obtaining a certificate, 
rating, or authorization, or any requirement to exercise the privileges of the certificate, may result 
in the suspension or revocation of any certificate, rating, or authorization

	 Student pilots must carry their logbook on any flight that they are the PIC

Aircraft Logbooks
	 Review a sample set of aircraft logbooks with the student

	 (Excerpt from 43.11) The person approving or disapproving for return to service an aircraft, 
airframe, aircraft engine, propeller, appliance, or component part after any inspection performed 
in accordance with the appropriate regulations shall make an entry in the maintenance record of 
that equipment containing the following information:
	 The type of inspection and a brief description of the extent of the inspection
	 The date of the inspection and aircraft total time in service
	 The signature, the certificate number, and kind of certificate held by the person
	 A statement regarding the airworthiness or unairworthiness of the aircraft

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.51
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-C/part-43/section-43.11


Sporty’s Complete Learn to Fly Course

Ground Lesson Guide		  Page 57

Sport and Private TCOs – Stage I

Airman Certification Standards / Practical Test Standards
	 Review the Airman Certification Standards or Practical Test Standards (as appropriate) with the 

student

	 Ensure that the student understands that these are the goals that he or she will be working toward 
during the course of training

	 Ensure that he or she understands how the video cross-reference works

FAA Advisory Circulars
	 The FAA provides guidance through Advisory Circulars (AC)

	 ACs are nonregulatory
	 They explain or amplify information in the FARs or procedures that require detailed 

explanation because of questions from the field, accidents, incidents, or for other reasons

	 Unless they are incorporated into a regulation by reference, ACs are not legally binding, but they 
should be heeded

	 ACs are issued:
	 Using a numbered subject system
	 The first two numbers in the id relate the subject to the applicable part of the regulations
	 The numbers and letters that follow the series number identify the publication and version

	 To provide guidance / information on a subject or to show an acceptable method for 
complying with a regulation

	 ACs are posted on the FAA’s web site

Single-Pilot Resource Management
	 Single-Pilot Resource Management (SRM) is defined as the art and science of managing all the 

resources (both onboard the aircraft and from outside sources) available to a single-pilot (prior 
and during flight) to ensure that the successful outcome of the flight is never in doubt
	 Although the flight is coordinated by a single person and not an onboard flight crew, the 

use of available resources such as air traffic control (ATC) and flight service station (FSS) 
replicates the principles of Crew Resource Management (CRM)

	 SRM skill competencies must be taught and demonstrated throughout a pilot’s education and 
as an element of most maneuvers and procedures covered during training

	 SRM includes the concepts of Aeronautical Decision Making (ADM), Risk Management (RM), 
Task Management (TM), Situational Awareness (SA), Controlled Flight Into Terrain (CFIT) 
Awareness, and Automation Management (AM)

Aeronautical Decision Making & Judgment
	 Information on aeronautical decision making & judgment may be found in Lesson 1

Risk Management
	 Risk management is the part of the decision-making process which relies on situational 

awareness, problem recognition, and good judgment to reduce risks associated with each flight

	 There are four fundamental risk elements associated with a given flight
	 Pilot
	 Aircraft

	 Environment
	 External Pressures
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	 One method of assessing the four fundamental risks is using the PAVE Personal Minimums 
checklist found in Lesson 1 – Aeronautical Decision Making & Judgment

	 Personal risks can be assessed using the I’M SAFE checklist or similar tool
	 Illness—Am I sick?
	 Medication—Am I taking any medicines 

that might affect me?
	 Stress—Am I under job, money, health, or 

family pressure?
	 Alcohol—Have I been drinking within 8 

hours? Within 24 hours?

	 Fatigue—Am I tired and poorly rested?
	 Eating/Emotion—Have I eaten enough 

to keep adequately nourished during the 
flight? Am I emotionally upset?

	 A Risk Matrix which compares the likelihood of an event 
occurring and the consequence of that event if it occurs can 
be a useful tool for determining if the risk is an issue for a 
flight, if cancellation is appropriate, or if additional action 
is required to mitigate, eliminate, or control the risk before 
a flight

	 As an example, a VFR pilot wanting to fly a cross-country in MVFR conditions has several ways 
to reduce or mitigate the risk:
	 Wait for the weather to improve to good 

VFR conditions
	 Take an IFR certified pilot on the trip

	 Delay the flight
	 Cancel the flight
	 Drive

	 The pilot must continue to recognize risks as they occur during the flight and take appropriate 
actions to mitigate those risks
	 Landing to refuel when the flight is taking longer than planned would be an example

	 The 5P model can be used to assess the risks associated with each of the five factors
	 The Plan
	 The Plane
	 The Pilot

	 The Passengers
	 The Programming

Task Management
	 Preflight and inflight tasks must be prioritized to minimize distractions from flying the aircraft
	 Aviate – Flying the airplane must be the pilot’s first priority
	 Navigate – Flying the airplane to a particular location should be the pilot’s second priority
	 Communicate – Talking to ATC, other pilots in the airplane, and passengers would be the 

third priority

	 Tasks required for a flight, such as checklists and other procedures, should be completed in a 
timely manner considering the phase of flight but without causing a distraction from flying the 
airplane
	 Workload should be minimized at critical times

Figure 18-1. – Risk assessment matrix.
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Situational Awareness
	 Situational awareness can be described as the pilot’s knowledge of where the aircraft is in regard 

to location, ATC, weather, regulations, aircraft status, and other factors that may affect flight
	 It can also be described as the accurate perception and understanding of all the factors and 

conditions within the five fundamental risk elements (flight, pilot, aircraft, environment, and 
type of operation) that affect safety before, during, and after the flight

	 Maintaining situational awareness requires an understanding of the relative significance of all 
flight related factors and their future impact on the flight
	 When a pilot understands what is going on and has an overview of the total operation, he or 

she is not fixated on one perceived significant factor
	 Monitoring radio communications for traffic, weather, and ATC can enhance situational 

awareness by helping the pilot develop a mental picture of what is happening
	 Not only is it important for a pilot to know the aircraft’s current location, it is also important 

he or she understand what is happening

	 Fixating on a particular problem to the exclusion of other aspects of the flight can lead to 
accidents
	 A distraction that diverts the pilot’s attention from monitoring the instruments or scanning 

outside the aircraft has been a contributing factor in many accidents
	 Many flight deck distractions begin as a minor problem, such as a gauge that is not reading 

correctly, but result in accidents as the pilot diverts attention to the perceived problem and 
neglects to properly control the aircraft

	 Fatigue, stress, and work overload can cause a pilot to fixate on a single perceived important 
item and reduce an overall situational awareness of the flight

	 Key to situational awareness on the ground is maintaining a continuous scan outside the airplane 
and avoiding extraneous tasks such as tuning radios or loading GPS flight plans while taxiing

Controlled Flight into Terrain Awareness
	 Controlled Flight into Terrain (CFIT) occurs when an airworthy aircraft is flown, under the 

control of a qualified pilot, into terrain (water or obstacles) with inadequate awareness on the 
part of the pilot of the impending collision

	 Pilots should use all available resources to ensure adequate terrain and obstacle clearance 
throughout every flight
	 Use current charts and procedures
	 Ensure adequate clearance during planning
	 Be aware of potential hazards along the 

intended route
	 Ensure understanding of terrain avoidance 

equipment available in the aircraft
	 Use available terrain avoidance equipment 

to maintain awareness and to avoid terrain 
and obstacles

	 Plan departures and arrivals to avoid 
terrain and obstacles

	 Practice appropriate visual scanning 
outside the aircraft

	 Alter flight as necessary to avoid terrain
	 Plan any course diversions to ensure 

proper terrain and obstruction clearances
	 Know aircraft performance limitations that 

could lead to CFIT accidents
	 Avoid “scud-running” and continued VFR 

flight into IMC
	 Maintain situational awareness
	 Avoid en route flight below 1000’ AGL 

(2000’ in mountainous terrain)
	 Use a current local altimeter setting
	 Verify all ATC clearances and question 

any that may put the aircraft at risk
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Automation Management
	 In a single-pilot environment, an autopilot system can greatly 

reduce workload allowing the pilot to focus his or her or her 
attention on other flight deck duties
	 When properly managed, this can improve situational 

awareness and reduce the possibility of a CFIT accident

	 Pilot familiarity with all equipment is critical in optimizing 
both safety and efficiency
	 Familiarity must go well beyond rote levels of key 

sequence execution
	 This level of proficiency is critical and should be looked 

upon as a requirement
	 If a pilot is unfamiliar with any aircraft systems, this will add to workload and may contribute 

to a loss of situational awareness

	 The pilot must understand how to recognize the current and anticipated modes and status of the 
automation features of the aircraft, including autopilot and flight management systems (FMS)
	 Mode and status changes should be recognized in a timely manner
	 Effect of navigation source changes on the autopilot and other systems must be understood
	 This will vary based upon the equipment installed in the training aircraft

	 The pilot must also recognize unanticipated mode changes in a timely manner and promptly 
return the automation to the correct mode
	 Avoid button pushing without stopping, looking, and reading the information displayed by 

the system

	 Before any pilot can master aircraft automation, he or she must first know how to fly the aircraft
	 Do not allow students to become over-reliant on the automation technology
	 The autopilot/FMS should be use to reduce workload as appropriate for the phase of flight

	 Automation management requires a thorough understanding and practices that ensure the 
systems are properly configured
	 Always double-check the system (Does the information presented make sense?)
	 Always perform verbal callouts to confirm the information and status

Figure 18-2. – Autopilot components.
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Figure 20-1. – Basic float type carburetor.

LESSON 20 – AIRCRAFT SYSTEMS

Note to Instructor
	 Ensure that the student has an AFM/POH for the training aircraft available for this discussion

	 Utilize the diagrams as required

	 Emphasize the importance of knowing these systems very well

	 If practical, pointing out the systems on an aircraft undergoing maintenance (cowling off or 
inspection ports open) can be helpful

Fuel System
	 Two major types of fuel delivery systems on reciprocating engines
	 Carbureted systems
	 Fuel injected systems

	 Float-Type Carbureted Fuel Systems
	 Filtered air drawn into carburetor
	 Drawn into a narrow “throat” or venturi
	 Low pressure area is created in the 

venturi
	 Low pressure area draws fuel into the 

airstream
	 Air and fuel mix are then drawn into the 

engine
	 Carburetors are very simple and reliable

	 Pressure-type carburetors operate on a similar principle to float-type but won’t be discussed here

	 Fuel / Air Mixture
	 At higher altitudes, fuel / air mixture must be leaned to decrease fuel flow in thinner air
	 Descending without enriching mixture, mixture will be too lean

	 At high altitude airports (above 3,000’), lean the mixture to give best RPM at full power

	 Constant depression / constant velocity carburetors, found in some S-LSAs, have a variable 
venturi that adjusts automatically to maintain the mixture as the density of the air changes

	 Fuel Injection Systems
	 Air enters through the intake manifold
	 Fuel is squirted directly into the cylinder or just prior to the cylinder’s intake valve
	 Injectors are more efficient than carburetors
	 Not prone to icing

	 Vapor lock / hot starts a problem

	 Review training aircraft’s fuel system with student

	 Fuel Types
	 Jet fuel
	 Kerosene based
	 Clear
	 Heavy, oily fuel

	 Aviation gasoline
	 100LL = Blue (Only widely available 

AVGAS grade in the United States)
	 Unleaded varients are being 

developed; distribution may be limited
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	 Fuel Sampling
	 Drain a fuel sample before every flight
	 Check for contamination
	 Don’t fly with colorless fuel in a recip!
	 It could mean mixed octanes
	 It could be jet fuel
	 It could be water
	 Water and fuel don’t mix
	 Water settles to bottom in a bubble-like globule

	 Use next higher octane grade if the proper grade for the aircraft is not available

	 Other Fuel System Considerations
	 Vents must be free of obstructions!
	 Electrically ground the airplane before fueling
	 Prevent static electricity buildup
	 Spark could cause fire

	 Filling tanks at the end of the day prevents condensation by eliminating air space in tanks
	 Electric pumps are provided in case engine-driven pumps fail

Electrical System
	 Electrical system runs radios, lights, etc.

	 Doesn’t run engine (ignition is separate)

	 Electrical system power components
	 Battery
	 Provides power for starting
	 Runs radios, lights, etc.

	 Alternator / generator
	 Recharges battery

	 Review the electrical system schematic for the training aircraft with the student

	 Master Switch
	 Switch controls electrical system
	 Often a two-part switch
	 Can isolate alternator from system, but leave battery on-line
	 In case of a defective alternator, this allows the aircraft’s electrical system to be run off 

the battery only

Environmental System
	 Ventilation provided by air flow being directed inside the cabin

	 Heat provided by airflow within a shroud over the outside of the exhaust system or a separate 
heater
	 Since most aircraft engines are air-cooled, there is no hot water to circulate into the flight 

deck
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Figure 20-2. – Types of flaps.

Primary Flight Controls and Trim Systems
	 Additional information on primary flight controls, trim, and flaps may be found in Lesson 4
	 The flight control system is comprised of cockpit controls, cables & pulleys or push rods, and 

linkages connected to the movable control surfaces outside the aircraft

	 Three primary flight control systems:
	 Elevator 	 Aileron 	 Rudder

	 Two secondary flight control systems:
	 Trim tabs
	 Allow the pilot to eliminate control pressures

	 Wing flaps
	 Allow the pilot to change the lifting characteristics of the wing and also to change the 

speed at which the wing stalls

Leading Edge Devices and Spoilers
	 Slots at the front of the wing may be used to energize the airflow over the wing at high angles of 

attack, delaying the stall separation
	 Fixed slots increase drag in cruise flight attitudes

	 Slats are devices that move to create leading edge slots at low speeds and high angles of attack 
and close during cruise flight to reduce drag
	 May be activated manually or by the shifting pressures at various angles of attack

	 Leading edge flaps are aerodynamic control surfaces on the front of the wing that increase the lift 
produced by the wing by increasing the curvature of the airfoil
	 Leading edge flaps are used to increase lift at low airspeeds

	 Stall strips are long, narrow, triangular-shaped 
wedges attached to some aircraft’s leading edges
	 The purpose of a stall strip is to “force” an 

aerodynamic stall close to the root area first
	 The strips cause separation of airflow over 

the wing to occur at a lower angle of attack 
than if the strips were not in place

	 Spoilers are flap like deflectors that can be raised 
into the air flowing over an airfoil
	 When raised into the airstream, the spoiler 

disturbs the smooth flow of air and destroys 
part of the lift

Wing Flap System
	 Training aircraft use three main types of flap 

actuators:
	 Electrical
	 Mechanical

	 Hydraulic

	 Types of flaps
	 Plain
	 Split

	 Slotted
	 Fowler
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LESSON 22 – AIRCRAFT SYSTEMS

Powerplant
	 Different types of aircraft powerplants (engines)
	 Turbine – pure jet and turbo fan engines
	 Turboprop – jet engine driving a propeller through a gearbox system
	 Reciprocating – internal combustion engines, similar to a car engine, driving a propeller
	 Back and forth motion of one or more pistons is converted to a rotational motion via a 

crankshaft

	 Parts of a Reciprocating Engine
	 Crankcase
	 Cylinders
	 Pistons
	 Wrist pins
	 Connecting rods
	 Intake valves
	 Exhaust valves

	 Rocker arms
	 Push rods
	 Crankshaft
	 Camshaft
	 Spark plugs
	 Magnetos (Ignition)

Figure 22-1. – Reciprocating engine parts.
Figure 22-2. – Four stroke engine.

Figure 22-3. – Various cylinder arrangements.

	 4-Stroke – 5-Event per Cycle
	 Intake stroke / event
	 Compression stroke / event
	 Ignition event
	 Power stroke / event
	 Exhaust stroke / event

	 Basic Types of Recips
	 In-Line
	 Upright or inverted

	 V-Type
	 Upright or inverted

	 Opposed
	 Horizontal or vertical

	 Radial
	 Single or multi row
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	 Engine may be geared or drive the propeller directly
	 Most traditional aviation reciprocating engines directly drive the propeller but some newer 

engine designs found in many S-LSAs have a gearbox between the engine and propeller

	 Engine Cooling
	 Combustion in cylinders produces heat
	 Heat must be removed to avoid damaging engine
	 Types of cooling:
	 Air cooled
	 Most common type of aircraft cooling
	 Simple, safe, light-weight

	 Liquid cooled
	 Some newer engine designs found in many S-LSAs use liquid cooling

	 Air-Cooled Engines
	 Engine cooling occurs two ways
	 Air flowing over the cylinder cooling fins
	 Oil circulating through the engine
	 Provides a type of “liquid cooling”
	 Lubrication
	 Oil circulation is responsible for majority of engine cooling

	 Engine overheating caused by
	 Operating with too much power, especially on the ground
	 Climbing too steeply in hot weather
	 Using fuel with lower octane than specified
	 Operating with mixture too lean
	 Low oil level

	 Effects of high heat
	 Can warp metal parts in the engine
	 Parts are “bent out of shape” and cause...
	 Loss of power
	 Excessive oil consumption
	 Excessive internal wear

	 Reduce overheating by reversing the causal conditions
	 Reduce power
	 Reduce the climb angle
	 Use fuel with correct octane
	 Enrich the mixture
	 Make sure oil level and pressure are sufficient

	 Combustion Problems – Detonation
	 Occurs when fuel / air mixture explodes violently 

instead of rapidly burning smoothly
	 Generally caused by lower-than recommended octane 

or too lean a mixture
	 Causes engine damage
	 Causes higher operating temperatures

Figure 22-4. – Normal combustion and 
explosive combustion.
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Figure 22-5. – Ice reduces or blocks 
the flow of air & fuel to the engine.

	 Combustion Problems – Pre-Ignition
	 Fuel / air charge burns early and in an uncontrolled fashion
	 Caused by hot spots on the cylinder walls or piston head
	 Hot spots may be due to previous detonation damage

	 Causes pronounced loss of power

	 Preventing Combustion Problems
	 Keep the temperature under control
	 Enrich mixture
	 Reduce power
	Lower the nose and increase speed

	 Use the correct fuel!

Oil System
	 Lubricating oil serves two purposes:
	 It coats the surfaces of the moving parts to:
	 Reduce friction
	 Dissipate heat build up

	 It absorbs and dissipates much of the heat generated by the engine

	 Engine oil is stored in a sump at the bottom of the engine crankcase or an external tank
	 A pump forces oil from the sump or tank to the various parts of the engine

	 The engine has an oil pressure gauge to monitor its workings
	 The oil pressure gauge indicates specific pressure and has an arc to indicate normal operating 

range with marks to indicate high and low oil pressure

	 Loss of oil pressure is usually followed by engine failure

	 There is an oil temperature gauge as well
	 It is calibrated in Celsius or Fahrenheit and is color coded

	 Check the oil level before each flight

	 Follow the manufacturer’s recommendation for the proper grade of oil to use

Ignition System
	 System which provides a spark, at the correct moment, for the fuel / air mixture

	 Aircraft use dual ignition systems
	 Two spark plugs per cylinder improves performance
	 Increases safety by providing redundancy
	 Each plug is fired by a different magneto or ignition circuit

Carburetor Heat / Air Induction System
	 Carburetor Icing Problems
	 Vaporizing fuel lowers temperature of air
	 Moisture in the air can freeze in venturi
	 Carb icing likely when…
	 Using low throttle settings
	 Operating in extremely humid conditions

	 Visible moisture and low air temp are not required for carb icing
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	 Carbureted aircraft have air preheaters which prevents / melts carb ice
	 Use carb heat as recommended by manufacturer

	 Carb heat cautions
	 Carb heat makes air hotter and less dense
	 Enriches the mixture, affects performance
	 Don’t operate for extended periods of time with carb heat on
	 Make sure carb heat is off for takeoffs and go-arounds

	 Fuel injected engines are not prone to icing in the air and fuel delivery system though the 
primary air induction system may become blocked in icing conditions
	 An alternate air source is incorporated in the cowling
	 Typically operates automatically with a manual backup
	 May also heat the air

Propeller
	 Rotating airfoil

	 Blade is twisted
	 Angle changes from the hub to the tip to produce 

uniform lift

	 Currently two major types
	 Fixed-pitch
	 Has only a throttle control

	 Controllable-pitch
	 May be a simple two position system or a more complex constant-speed system
	 Typically has both a throttle and a propeller control
	 Some S-LSAs have a ground adjustable propeller system

Hydraulic System
	 Types of Hydraulic Brake Systems
	 Independent
	 Generally used on small aircraft
	 Independent of any other hydraulic system
	 Consists of:
	 Reservoir
	 1-2 Master cylinder(s)
	 Mechanical linkage from each pedal to its master cylinder
	 Connecting fluid lines
	 Brake assembly on each main landing gear wheel

	 Power control
	 Used on large aircraft requiring a large volume of brake fluid to activate the brakes

	 Power boost
	 Used on fast but smaller aircraft

	 Other types of hydraulic systems
	 Landing gear
	 Flaps
	 Flight controls on larger aircraft

Figure 22-6. – Changes in propeller 
blade angle from hub to tip.
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Landing Gear System
	 Landing gear must be capable of:
	 Steering
	 A steerable or castering nose gear or tailwheel

	 Braking
	 Individual brakes are installed on each main gear
	 Can be applied together or separately

	 Absorbing shock
	 Hydraulic shock struts or leaf springs help absorb the impact of landing

	 Two basic types of landing gear:
	 Conventional
	 Comprised of two main gear and a tailwheel

	 Tricycle
	 Comprised of two main gear and a steerable nose wheel
	 Provides better ground handling characteristics

	 Some aircraft have retractable landing gear
	 Reduces drag
	 Increases airspeed
	 Increases cost and complexity
	 Accomplished electrically or hydraulically
	 Flight deck indicators provide information on the status of the gear

Aircraft Equipment List
	 Aircraft equipment list is more restrictive than 91.205

	 It specifies required equipment for a specific airplane based upon its certification

	 Also specifies optional equipment, standard, etc.

	 Generally provides station arms required for weight and balance calculations

VFR Required Equipment
	 14 CFR Section 91.205 specifies required equipment for day VFR operations in aircraft with 

Standard Category airworthiness certificates

	 A TOMATO FLAMES (memory aid)
	 A – Anti-collision lights (if certified after 1996)
	 T – Tachometer for each engine
	 O – Oil pressure gauge for each engine
	 M – Magnetic direction indicator (compass or similar)
	 A – Airspeed Indicator
	 T – Temperature gauge for liquid cooled engines
	 O – Oil temperature gauge for air-cooled engines
	 F – Fuel Gauge
	 L – Landing gear indicator (if applicable)
	 A – Altimeter
	 M – Manifold pressure gauge for altitude engines
	 E – ELT
	 S – Shoulder belt / lap belt for each occupant

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
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	 Special Light Sport Aircraft (S-LSA airplanes) must meet the equipment requirements defined in 
ASTM F 2245, the Standard Specification for Design and Performance of a Light Sport Airplane
	 Airspeed indicator
	 Altimeter
	 Fuel quantity indicator
	 Tachometer (RPM)
	 Engine “kill” switch
	 Engine instruments that the engine manufacturer requires
	 If an electrical system is installed it must include a master switch and devices to protect the 

system from overload (fuses or circuit breakers)
	 The electric wiring must be the appropriate size
	 The battery installation must be secure and the battery containers must be vented outside of 

the airplane
	 There must be a seat belt and harness for each occupant and adequate means to restrain the 

baggage

Inoperative Equipment
	 If there is an approved Minimum Equipment List (MEL) for a specific aircraft, it must be 

followed

	 If no MEL, the small airplane pilot may elect to continue operations under certain conditions
	 The inoperative instruments and equipment must not:
	 Be required by airworthiness regulations
	 Be indicated as required on the aircraft’s equipment list or kinds of operations list
	 Be required by 14 CFR Section 91.205 or other rules
	 Be required to be operational by an airworthiness directive
	 Constitute a hazard to the aircraft as determined by a pilot or mechanic

	 The inoperative equipment must be handled in one of the following ways:
	 Removed, the cockpit control placarded, and the maintenance recorded
	 Deactivated and placarded “Inoperative”
	 For the anti-collision light system, may continue to a repair location

	 Special Flight Permits
	 Special flight (ferry) permit may be issued to:
	 Fly an aircraft to a repair or storage facility
	 Deliver or export an aircraft
	 Flight test new production aircraft
	 Evacuate aircraft from area of impending danger
	 Conduct customer demonstration flights in new production aircraft
	 Allow operations over the maximum gross weight for an over water flight

	 Pilot must submit the following to the FAA:
	 The purpose of the flight
	 The proposed itinerary
	 The crew required
	 The ways the aircraft is non-compliant with regs
	 Restrictions required for safety
	 Other information requested

https://www.astm.org/f2245-20.html
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
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LESSON 24 – AIRCRAFT SYSTEMS

Vacuum System
	 Vacuum or pressure system may be used to power gyroscopic instruments
	 Also, other systems on advanced aircraft

	 Draws a stream of air over rotor vanes to spin 
the gyro inside the instrument
	 Engine driven vacuum pump
	 Regulator
	 Air filter
	 Gauge
	 Manifold and tubing

	 Airplanes with a glass cockpit may or may not 
have a vacuum system, depending on if there 
is a need for backup instruments that utilize this technology
	 Glass cockpit instruments typically receive information from advanced sensors without gyros

Gyroscopic Instruments
	 What is a gyroscope?
	 Rotating body of mass
	 Principles are based on Newton’s Laws
	 A body at rest will remain at rest..... unless acted upon by an outside force
	 F=M x A
	 For every force there is an equal & opposite force
	 Not the most important here

	 Gyroscopic Inertia
	 Weight
	 Angular velocity (speed)
	 Radius for the location of mass
	 Bearing friction

	 Principles of a Gyroscope
	 Rigidity in space
	 Precession

	 Attitude Indicator
	 Also called artificial horizon
	 Shows movement around the lateral & 

longitudinal axis
	 Pitch & roll

	 Gyro mounted on double gimbal
	 Erecting mechanism
	 Used at start
	 Corrects precession errors

	 Slight error may be apparent after 
180 degrees of turn

Figure 24-3. – Erecting mechanism using pendulous vanes.

Figure 24-2. – Gyroscopic precession.

Figure 24-1. – Typical pump-driven vacuum system.
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	 Heading Indicator
	 Also called the directional gyro
	 Used to overcome the errors 

associated with the magnetic 
compass

	 Vertically mounted gyro
	 Errors due to precession
	 Reset to magnetic heading

	 Turn Coordinator
	 Older version called turn-and-slip 

indicator
	 Indicates a standard rate turn
	 3° / second
	 May indicate a half-standard rate turn of 1½° / second in 

faster aircraft
	 Stops at about 45° of bank
	 Inclinometer
	 Slip / skid indicator – at base of turn coordinator 

instrument
	 Ball in curved glass tube
	 Indicates quality of turn
	 Not a gyro

Pitot-Static System
	 Instruments
	 Airspeed Indicator
	 Altimeter
	 Vertical Speed Indicator (VSI)

	 Parts
	 Static Port (Source)
	 Measures pressure that is 

“static” (not moving) – the 
ambient air pressure

	 Located to avoid any burbling 
of the air and have the least 
disturbance

	 Alternate Static Source
	 Pitot Tube (pee-toe)
	 Measures impact, or dynamic, 

pressure (ram air)
	 Located to avoid disturbances

	 Static & Pitot Lines

Figure 24-5. – Turn coordinator.

Figure 24-4. – Heading indicator.

Figure 24-6. – Pitot-static system with instruments.
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	 Ports used
	 Static Port
	 Altimeter
	 VSI
	 Airspeed indicator

	 Pitot Tube
	 Airspeed indicator

Pitot-Static Instruments
	 Airspeed Indicator
	 Measures the speed at which the aircraft is moving through the air
	 Measured in knots, MPH, or metric units
	 Knot = Nautical Mile per hour
	 1 Nautical Mile = 1.15 Statute Miles

	 Measures the difference between the static pressure & impact pressure through a 
diaphragm

	 Types of Airspeeds
	 Indicated – What is read off of the instrument
	 Calibrated – Corrections for installation errors
	 Equivalent – High speed compensation
	 True – How fast the aircraft is actually moving through the air

	 Airspeed Markings
	 White arc – Full flap operating range
	 Green arc – Normal operating range
	 Yellow arc – Operations in smooth air only
	 Red line – Never exceed speed

	 Discuss the important V-speeds for the training aircraft with 
the student
	 VS0 – Stall speed in landing configuration
	 VS – Stall speed in clean configuration
	 VGLIDE – Best glide speed
	 VX – Best angle of climb
	 VY – Best rate of climb
	 VFE – Flaps extended speed
	 VA – Maneuvering speed
	 VNO – Maximum structural cruising 

speed
	 VNE – Never exceed speed

	 Vertical Speed Indicator
	 Gives an indication of climb or descent
	 Has a few seconds lag

	 An internal diaphragm and the 
instrument case are connected to 
the static line with a calibrated leak 
connecting the case to the line

Figure 24-7. – Airspeed indicator.

Figure 24-8. – Vertical speed indicator.
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	 Altimeter
	 Reports the height above a calculated pressure level 

(mean sea level)
	 Three pointers on an analog altimeter
	 10,000
	 1,000
	 100 (20 feet)

	 Kollsman window

	 Types of Altitude
	 Absolute (AGL) – Height above terrain
	 Indicated – Face of the altimeter
	 True (MSL) – Actual height above mean sea level
	 Pressure – Altitude above the standard 29.92” Hg plane
	 Density – Pressure altitude corrected for nonstandard temperature

	 Altimeter Construction
	 Geared to aneroid wafers
	 More than one wafer means that it is sensitive

	 May have a temperature compensation spring
	 Cold means the true altitude is lower than indicated
	 Hot is vice versa

Electric Instruments
	 Gyroscopic instruments may be powered by a vacuum / pressure system or they may be 

electrically powered
	 There may be a mix within an instrument panel
	 Typical training aircraft using gyroscopic instruments will have vacuum attitude and heading 

indicators and an electric turn coordinator

	 Instruments in a glass cockpit airplane are also electrically powered with indications displayed 
on an LCD type screen known typically as the primary flight display (PFD)
	 Information may be displayed in a traditional round-dial format, through the use of tape 

displays, via numeric output, or a combination of the three
	 The system may use one or more cockpit displays
	 Advanced sensors and systems feed the information to the displays

Avionics Systems
	 Aviation electronics

	 These may consist of:
	 Annunciator panel
	 Radios
	 Communication
	 VOR
	 ADF
	 GPS

	 Radar
	 Auto pilot
	 HSI
	 Flight director
	 PFD and/or MFD and associated systems

	 Review the equipment installed in the training aircraft with your student

Figure 24-9. – Sensitive altimeter.



		  What You Should Know

Page 74		  Sport and Private Pilot

Sport and Private TCOs – Stage I

Deicing and Anti-icing Systems
	 Anti-ice systems are designed to prevent the formation of ice

	 De-ice systems remove accumulated ice

	 For an aircraft to be certificated for flight in “known ice” conditions, it must at least have ice 
protection for the wings, propellers, and the windshield
	 Aircraft certified for flight in instrument meteorological conditions (IMC) must have ice 

protection for the pitot-static system

	 Pitot-static heat is common on light general aviation aircraft
	 It uses an electrical resistance heater to warm the pitot tube and, on some aircraft, the static 

source thus preventing ice accumulation

	 Wing Protection
	 Pneumatic de-ice boots are reinforced rubber devices attached to the wing’s leading edges, 

and possibly to the horizontal and vertical stabilizers
	 Inflatable tubes within the boots expand to break up accumulated ice

	 Weeping wings use a perforated metal strip to pump a liquid solution over the leading edge 
of the wing
	 May prevent ice forming on the entire wing surface

	 Hot wings use a system of vents or electrical heating elements along the leading edge to 
provide the necessary heat to prevent ice formation

	 Propeller Ice Protection
	 May use resistance heaters bonded to the propeller’s leading edge or a weeping system

	 Windshield Protection:
	 May use a heat based or liquid system

Magnetic Compass and Associated Errors
	 Measures the Earth’s magnetic field
	 Seeks magnetic north

	 Construction
	 Magnetic bars
	 Compass card
	 Pedestal
	 White kerosene

	 Magnetic Compass Errors
	 Variation
	 Difference between magnetic north & true north

	 Acceleration & turning errors
	 Deviation
	 Errors introduced by the aircraft’s magnetic field
	 Compass correction card

Figure 24-10. – Magnetic compass.
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Maintenance Requirements
	 Maintenance means the inspection, overhaul, and repair of aircraft

	 Owner / operator is responsible for maintaining in airworthy condition
	 Must ensure maintenance personnel have made the appropriate logbook entries

	 Pilot is responsible for ensuring in airworthy condition prior to use

	 Preventative maintenance may be performed by a certificated pilot with a Recreational or higher
	 A Sport pilot may perform preventative maintenance on an S-LSA aircraft owned or operated 

by that pilot
	 Other maintenance requires maintenance certifications

	 Types of Inspections
	 Annual Inspection (known as an Annual Condition Inspection for S-LSA aircraft)
	 Required for all aircraft unless covered by another inspection program
	 Must be performed by an airframe and powerplant rated mechanic with inspection 

authorization (see S-LSA Condition Inspection note below)
	 100-Hour Inspection (known as a 100-Hour Condition Inspection for S-LSA aircraft)
	 Required for aircraft used to carry passengers or for flight instruction for hire
	 Must be performed by an airframe and powerplant rated mechanic (see S-LSA note)
	 Annual inspection is also required and may substitute for a 100-hour inspection

	 Progressive Inspection
	 Approved inspection program used in lieu of a 100-hour / annual program

	 S-LSA Condition Inspections may be performed by a certificated repairman with a light-
sport aircraft maintenance rating, an airframe and powerplant rated mechanic (inspection 
authorization not required), or an appropriately rated repair station.

	 Other Maintenance Requirements
	 Batteries used in the emergency locator transmitters (ELT) must be replaced (or recharged, if 

the batteries are rechargeable)
	 When the transmitter has been in use for more than 1 cumulative hour; or
	 When 50 percent of their useful life has expired

	 ELTs must be inspected every 12 calendar months
	 ATC transponders must be tested, inspected, and approved within the preceding 24 calendar 

months
	 Static systems, altimeters, and automatic altitude reporting systems, must be tested, 

inspected, and approved within the preceding 24 calendar months for certain operations

Service Bulletins / Airworthiness Directives / Safety Directives
	 Airworthiness Directives (ADs) are regulatory notices issued by the FAA requiring the 

correction or prevention of an unsafe condition found in an aircraft, aircraft engine, propeller, or 
appliance
	 Mandatory and have force of law

	 The regulations require that a record be maintained showing the current status of the applicable 
ADs
	 This record is typically found in the aircraft logbooks
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	 Service Bulletins are notices issued by the aircraft manufacturer recommending a maintenance or 
procedural action
	 No force of law
	 May become AD

	 Safety Directives (SDs) are similar to ADs but are issued by special light-sport aircraft 
manufacturers to correct conditions that may adversely affect safety of flight for aircraft that are 
already in service.
	 14 CFR §91.327(a)(4) requires compliance with all Safety Directives
	 14 CFR §91.327(a)(4) allows the owner or operator to utilize an alternative method of 

compliance approved by the manufacturer or obtain an FAA waiver under certain conditions
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LESSON 26 / 27 – AIRSPACE

Uncontrolled Airspace
	 ATC services are not provided

	 Class G airspace

Controlled Airspace
	 ATC services provided to IFR aircraft & VFR aircraft
	 Separation of aircraft provided with ATC services
	 VFR aircraft may not be required to use ATC services

	 Traffic Advisories
	 Safety Alerts

	 Types of Controlled Airspace
	 Class A
	 Class B
	 Class C
	 Class D
	 Class E

Class A
	 High altitude traffic 

and jet routes

	 Including that airspace 
overlying the waters 
within 12 nautical miles of the coast, 
from 18,000 feet to FL600 over the 48 states & Alaska

	 Not charted

Class B
	 Surrounding the nation’s busiest airports in terms of IFR operations or passenger enplanements

	 Typical dimensions
	 Surface to 10,000 feet MSL
	 Exceptions are numerous (7,000’ – 12,500’)

	 Lateral dimensions are adjusted to the specific airport(s)
	 Contain all instrument approaches

Class C
	 Airport with operating control tower, approach radar, and a certain number of IFR operations or 

passenger enplanements

	 Typically, surface to 4,000 feet AGL

Figure 26-1. – Airspace classes.
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	 Typical lateral dimensions
	 Inner circle – 5 nautical mile radius
	 Outer circle – 10 nautical mile radius
	 Altitude is generally 1,200 feet AGL to 4,000 feet AGL

	 Outer Area – 20 nautical mile radius
	 Not shown on chart

Class D
	 Airports that have an operational control tower

	 Typically, surface up to and including 2,500 feet AGL

	 Lateral dimensions
	 Vary at each Class D
	 4 to 8 nautical mile radius (mostly) plus extensions
	 Extensions
	 Class D
	 Class E

Class E
	 Other controlled airspace including that airspace overlying the waters within 12 nautical miles of 

the coast of the 48 contiguous states and Alaska

	 Lateral dimensions vary tremendously

	 Vertical dimensions – for start
	 Surface
	 700 feet AGL
	 1,200 feet AGL
	 14,500 feet MSL unless below 1,500 feet AGL
	 Other as indicated
	 Above FL600

	 Types
	 Surface based (NAV, ATC, & WX)
	 Extensions (instrument approaches)
	 Imposes higher weather minimums than uncontrolled

	 Transition (700 feet & 1,200 feet)
	 En route domestic areas
	 Federal airways
	 Offshore

Class G
	 Dimensions vary
	 From the surface to overlying controlled airspace if controlled airspace does not start at the 

surface

	 No ATC services
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Special Use Airspace
	 Prohibited Areas
	 Entry not allowed
	 Areas like around the White House

	 Restricted Areas
	 Not allowed unless permission is received from the controlling agency
	 This is usually not ATC

	 Contains things like live firing!
	 Can fly in it when it is not active
	 This means the airspace has been released to the FAA

	 Warning Areas
	 Contains the same hazards as Restricted, but is in international territory
	 Greater than 3 nautical miles offshore
	 Can fly in it, but are forewarned

	 Military Operations Area
	 Area of military activity that does not contain live firing
	 Can enter under VFR

	 Clearance is NOT needed
	 See and avoid
	 Military pilots may be doing aerobatics!!!!

	 Alert Areas
	 Area of unusual activities & flight training
	 Keep your eyes open

	 Controlled Firing Areas
	 Areas of operations which would be hazardous to nonparticipating aircraft if not controlled
	 Not charted
	 Spotters stop the firing any time an aircraft is near

Other Airspace Areas
	 National Security Area
	 Areas where aircraft are asked to avoid due to the sensitivity of national security
	 May be expected to avoid entirely or at certain altitudes
	 This is voluntary
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	 Military Training Routes (MTR)
	 Special low level training routes for the military
	 In excess of 250 knots
	 Visual vs. instrument
	 IFR Military Training Routes (IR) – Operations on these routes are conducted in 

accordance with IFR regardless of weather conditions
	 VFR Military Training Routes (VR) – Operations on these routes are conducted in 

accordance with VFR except flight visibility shall be 5 miles or more; and flights shall 
not be conducted below a ceiling of less than 3,000 feet AGL

	 Numbering system
	 MTRs with no segment above 1,500 feet AGL shall be identified by four number 

characters; e.g., IR1206, VR1207
	 MTRs that include one or more segments above 1,500 feet AGL shall be identified by 

three number characters; e.g., IR206, VR207
	 Alternate IR / VR routes or route segments are identified by using the basic / principal 

route designation followed by a letter suffix, e.g., IR008A, VR1007B, etc.

	 Temporary Flight Restrictions (TFR)
	 Generally a NOTAM restriction
	 Prohibited
	 Restricted
	 National security

	 Special Flight Rules Area or Airspace (SFRA or SFR)
	 Descriptions of these areas and flight requirements vary but should be studied and understood 

if in effect in an area where the pilot will be flying
	 The DC SFRA requires special training when flying within 60 NM of the Washington DC 

VOR/DME (91.161); this training is recommended within 100 NM

	 Parachute, Glider, Ultralight
	 Description and symbology on Sectional

	 Terminal Radar Service Area (TRSA)
	 Similar to Class C but non-regulatory
	 Class D airspace surrounded by an area where ATC services can be and would prefer that it 

was provided to all aircraft

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.161
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Cloud Clearance & Visibility Requirements

Airspace Minimum Flight 
Visibility

Minimum Distance from 
Clouds

Class A Not Applicable Not Applicable 
Class B 3 statute miles Clear of Clouds 
Class C 3 statute miles 500 feet below

1,000 feet above
2,000 feet horizontal 

Class D 3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal 

Class E
Less than 10,000 feet MSL 3 statute miles 500 feet below

1,000 feet above
2,000 feet horizontal 

At or above 10,000 feet MSL 5 statute miles 1,000 feet below
1,000 feet above
1 statute mile horizontal 

Class G
1,200 feet or less above the surface 
(regardless of MSL altitude). 
Day, except as provided in section 
91.155(b) 

1 statute mile Clear of clouds 

Night, except as provided in section 
91.155(b) 

3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal 

More than 1,200 feet above the surface but 
less than 10,000 feet MSL. 
Day 1 statute mile 500 feet below

1,000 feet above
2,000 feet horizontal 

Night 3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal 

More than 1,200 feet above the surface and 
at or above 10,000 feet MSL. 

5 statute miles 1,000 feet below
1,000 feet above
1 statute mile horizontal 

Figure 26-2. – Basic VFR weather minimums.

	 Sport pilots are limited beyond the Part 91 visibility requirements by §61.315
	 Sport pilots may not fly in any airspace when the flight or surface visibility is less than 3 

statute miles
	 Students are limited by §61.89 and may not fly in any airspace with a flight or surface 

visibility of less than 3 statute miles during daylight hours or 5 statute miles at night

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.315
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.89
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LESSON 28 / 29 – CHARTS & PUBLICATIONS

Note to Instructor
	 Ensure that a current local sectional and Chart Supplements or an electronic equivalent are 

available for this lesson

	 Try to have a few advisory circular samples or an electronic equivalent available for the student’s 
review

	 Digital versions of charts and publications are available through a number of sources
	 If your student elects to use an EFB product, he or she must thoroughly understand its 

operation and limitations before using it in flight
	 Always ensure that your student understands the importance of not being over reliant on a 

single electronic device for charts and navigation
	 Just like with paper charts, the data should be up to date and reliable
	 While not required by law, a backup source of information is highly recommended

VFR Sectionals
	 Most commonly used

	 1” = 6.86 nautical miles

	 Review the following with the student
	 Sectional Area of Coverage Page
	 Expiration date
	 Areas of coverage
	 Contour levels

	 Sectional Legend Items
	 Most explanations of legend items can be found directly on the legend
	 Many other symbols can be found in the Aeronautical Chart User’s Guide
	 Tick marks around airport symbols
	 Airport Data in detail
	 Navigation
	 Frequency boxes, including FSS frequencies

	 All the rest
	 Airspace
	 MTRs
	 Obstructions, Miscellaneous, & Topographic

	 Information Inside
	 Plotting direct route
	 Frequencies
	 Approach control facilities & frequencies
	 Maximum Elevation Figures
	 Special use airspace tables
	 Charting errors

	 Degrees, minutes, seconds
	 Where’s our airport?
	 Where’s the highest obstacle on the chart?
	 What else is around here?
	 Big white box on sectional shows coverage of Terminal Area Chart

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERO_CHART_GUIDE
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Chart Supplements
	 Many pilots and instructors learned about these when they were the Airport/Facility Directory 

(A/FD) booklets 
	 Airport/Facility Directory still refers to the front section of the books where the airports, 

NAVAIDs, and weather devices are listed but Chart Supplements refers to the entire volume

	 Cover to cover
	 Effective dates and area covered
	 Back cover – index
	 Open-end pages index

	 Contents / Abbreviations

	 Additional information
	 Seaplane landing areas
	 Flight Standards District Office (FSDO) addresses and telephone numbers
	 Directory legend
	 Aeronautical chart bulletin

Planning for Alternatives
	 14 CFR §91.103, regarding preflight action, requires the pilot-in-command to become familiar 

with all available information concerning the flight prior to embarking

	 For a flight not in the vicinity of an airport, the information must include “alternatives available 
if the planned flight cannot be completed”

	 What does it mean to have an available alternative?
	 Having other airports to land at within a safe distance and with adequate fuel reserves
	 Having a plan of action if things don’t go as originally planned
	 Being prepared for almost anything

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.103
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LESSON 30 / 31 – HUMAN FACTORS / AEROMEDICAL

14 CFR Part 67
	 14 CFR Part 67 prescribes the medical standards and certification procedures for issuing and for 

remaining eligible for a medical certificate

	 Used by an aviation medical examiner (AME) to determine if a medical certificate can be issued

The Inner Ear
	 Contains tiny semicircular 

canals

	 The canals consist of tiny 
hollow tubes bent to form a 
half-circle

	 Each tube is positioned 
approximately at a right 
angle to the other two canals

	 Each tube is filled with fluid

	 Acceleration, in any direction, sets the fluid in motion

	 The moving fluid bends a mass of fine hairs near the expanded ends of each tube

	 The motion of the hairs is transmitted via the vestibular nerve to the brain for interpretation as 
pitch, roll, and yaw
	 Sense of balance

Middle Ear and Sinus Problems
	 The middle ear is the area between the ear drum and the inner ear
	 This area is vented to the external air pressure through the Eustachian tube which opens into 

the throat

	 Sinuses are hollow cavities in the forehead and cheek bones
	 These are vented to the external air pressure through the nasal cavities

	 The “vents” can become blocked and equalization can become difficult when influenced by an 
upper respiratory infection or nasal allergic condition
	 Do not fly with an upper respiratory infection or nasal allergic condition

	 Ear Block
	 Normal pressure equalization for the middle ear is accomplished through the Eustachian tube 

by:
	 Swallowing
	 Yawning

	 Tensing muscles in the throat
	 Valsalva maneuver

	 Ear block occurs when congestion in the Eustachian tube prevents proper equalization
	 This can produce severe ear pain and loss of hearing that can last from several hours to 

several days
	 If not cleared shortly after landing, see an aviation physician

Figure 30-1. – Inner ear orientation.

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-67
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	 Sinus Block
	 Sinus pressure equalization normally occurs automatically
	 Sinus block occurs when the small opening between the sinus cavities and nasal passages 

become blocked
	 Produces excruciating pain over the sinus areas, including the upper teeth
	 Bloody mucus may discharge from the nasal passage
	 If not cleared shortly after landing, see an aviation physician

Spatial Disorientation
	 Lack of orientation with 

regard to position in space 
and to other objects

	 Orientation is maintained 
through the body’s sensory 
organs in three areas:
	 Visual (eyes)
	 Vestibular (inner ear)
	 Postural (nerves in skin, 

joints, & muscles)

	 Conflicting information from the three areas may result in disorientation if not overcome

	 Illusions in Flight
	 The Leans
	 May occur when a banked attitude is entered too slowly to set the fluid in the vestibular 

system in motion but an abrupt correction is used to level the aircraft which produces the 
sensation of a bank in the opposite direction

	 Coriolis Illusion
	 May occur when a pilot has been in a turn long enough to allow the fluid of the inner ear 

to stabilize, a movement of the head in a different plane of motion may cause the illusion 
of turning or accelerating on a different axis

	 Graveyard Spin
	 Recovering from a spin produces the feeling that the aircraft is turning or spinning in the 

opposite direction
	 Pilot either spins or turns the airplane back in the original direction

	 Graveyard Spiral
	 Observed loss of altitude will cause the pilot to increase the elevator back pressure to 

correct the situation
	 This tightens the spiral and increases the loss of altitude

	 Somatogravic
	 Acceleration on takeoff will give the illusion of a nose-up pitch attitude
	 Deceleration will give the illusion of a nose-down pitch attitude

	 Inversion
	 The feeling that the aircraft is tumbling backwards, caused by an abrupt change from 

climb to straight-and-level flight while in situations lacking visual reference
	 Elevator Illusion
	 The feeling of being in a climb or descent, caused by the kind of abrupt vertical 

accelerations that result from up- or downdrafts

Figure 30-2. – Sensations from centrifugal force.
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	 False horizon
	 Inaccurate visual information for aligning the aircraft caused by various natural and 

geometric formations that disorient the pilot from the actual horizon

The Eye
	 The eye converts light to images which may interpreted by the brain as objects

	 Light enters the eye through the pupil at the front of the eye and is focused on the retina at the 
back of the eye by a lens

	 The retina transmits the image to the brain via the optic 
nerve

	 The retina at the back of the eye contains two types of 
light-sensitive nerve endings
	 Cones
	 Distinguish color and distant items
	 Require considerable light to function
	 Clustered at the center of retina
	 Center of vision & daytime vision

	 Rods
	 Detect objects only in shades of gray
	 Can operate in very dim light
	 Concentrated in a ring around cones
	 Peripheral vision and night vision

Visual Illusions / Landing Illusions
	 Runway width illusion
	 A narrower-than-usual runway can create an illusion that the aircraft is at a higher altitude 

than it actually is thus causing the pilot to fly a lower approach; a wider-than-usual 
runway can have the opposite effect with the risk of leveling out high and landing hard, or 
overshooting the runway

Figure 30-4. – Runway width illusion.

	 Runway and terrain slopes illusion
	 An upsloping runway or terrain can 

create an illusion the aircraft is at 
a higher altitude than it actually is; 
downsloping runway or terrain can 
create an illusion the aircraft is at a 
lower altitude than actual

	 Featureless terrain illusion
	 An absence of features such as an 

over-water approach or an approach 
over snow covered terrain can create 
an illusion the aircraft is higher than it 
actually is

Figure 30-3. – Rods & cones in the eye.
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Hypoxia
	 Oxygen deficiency in the bloodstream that may cause lack of clear thinking, fatigue, euphoria, or 

unconsciousness
	 Caused by an increase in altitude
	 As altitude is increased, the amount of oxygen is decreased (fewer molecules)

	 Certain medications, smoking, alcohol, emotional stress, and similar factors can cause the 
same effect at a lower altitude than normal

Carbon Monoxide Poisoning
	 Carbon monoxide is a colorless and odorless gas that is 200 times more attractive to the 

hemoglobin in red blood cells than oxygen
	 Product of combustion found in exhaust or cigarette smoke

	 The oxygen molecules required cannot attach to the red blood cells when carbon monoxide 
molecules are already present

	 Symptoms include:
	 Headache
	 Drowsiness

	 Dizziness
	 Feeling hot

	 Stop the flight and seek medical attention
	 Use oxygen if available

Hyperventilation
	 Occurs when an excessive amount of air is breathed out of the lungs, such as when one becomes 

excited or undergoes stress, tension, fear, or anxiety

	 Results in an excessive amount of carbon dioxide passed out of the body and too much oxygen 
retained

	 Symptoms include:
	 Rapid breathing
	 Light-headedness
	 Feeling of suffocation
	 Drowsiness

	 Tingling extremities
	 Coolness
	 Unconsciousness can happen

Figure 30-5. – Runway slope illusion.

	 Water refraction
	 Rain on the windscreen can create an 

illusion of being at a higher altitude 
due to the horizon appearing lower 
than it is

	 Haze
	 Atmospheric haze can create an 

illusion of being at a greater distance 
from the runway resulting in the pilot 
being high on the approach

	 Fog
	 Penetration of fog can create an 

illusion of pitching up
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	 Slow the breathing rate
	 Paper bag
	 Oxygen mask (with oxygen turned off)

Alcohol and Drugs
	 The body requires about 3 hours to rid itself of the alcohol in one drink
	 1 oz liquor
	 12 oz bottle of beer
	 4 oz wine

	 Regulations require waiting at least 8 hours before flying after even one drink
	 Less than 0.04 alcohol concentration in a blood or breath specimen
	 In grams of alcohol per deciliter of blood or grams of alcohol per 210 liters of breath

	 No longer under the influence including hangovers
	 12-24-48
	 Recommend 12 hours from bottle-to-throttle
	 No overindulgence within 24 hours of a flight; 24 hours is also the general rule with 

many commercial airlines
	 Studies have shown that some functions may require up to 48 hours for recovery 

following a “binge”

	 Alcohol or a hangover can intensify the effects of hypoxia

	 Prescribed and over-the-counter medications can severely impair a pilot’s performance
	 Flying is prohibited while using any drug that affects the faculties in any way contrary to 

safety

	 Safest way to approach it
	 Don’t fly when taking any medication
	 Only fly if the medication was given by an AME with the instruction that it is safe for 

flying
	 DO NOT TRUST any non-AME MD for this advice

	 The FAA recommends waiting to fly until at least five maximal dosing intervals have passed 
after taking a medication if the label warns of significant 
side effects
	 Example, if the label says to take it every 4-6 hours, 

wait at least 30 hours from the last dose to fly

Stress and Fatigue
	 A little stress can be good

	 Too much stress can detract from ones ability to concentrate 
and make appropriate decisions
	 Everyday living can take its toll
	 Learning how to deal with stress can be key
	 Delay flight if the pilot is having a hard time dealing with 

the stress
	 Other people may notice it before you

	 Fatigue is a depletion of body energy reserves, leading to 
decreased performance Figure 30-6. – Stress and performance.
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	 Acute fatigue – short-term
	 Adequate rest and sleep
	 Regular exercise and nutrition

	 Chronic fatigue – long-term
	 Often has psychological roots
	 Consult a doctor
	 It takes time to recover

Dehydration
	 Prolonged dehydration can impair judgment and may lead to debilitating conditions

	 Contributors to severity may include:
	 Being in a hot and dry climate
	 Breathing dry air or oxygen at altitude
	 Being sick or sunburned
	 Wearing improper clothing for hot conditions
	 Intake of diuretics such as drinks with caffeine or alcohol

	 Avoid dehydration while flying by:
	 Drinking plenty of water
	 Avoiding foods and drinks which promote the condition
	 Being dressed for the weather conditions
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LESSON 33 – PRINCIPLES OF NAVIGATION

Effect of Wind in (1) Hour
	 An aircraft, when airborne, becomes a part of the atmosphere and is directly affected by the wind

	 An aircraft, in flight, is acted upon by two 
motions
	 The movement of the air mass in reference 

to the ground
	 The forward movement of the aircraft 

through the air mass

	 Assuming that no correction is made to counteract the wind’s motion, an aircraft heading east at 
a speed of 120 knots in an air mass moving southward at 20 knots, will be 120 miles east of its 
starting point but 20 miles south of the desired point at the end of one hour

Drift and Drift Correction
	 If the wind drift is not compensated for, the aircraft will not go where the pilot wishes

	 Points to consider regarding drift correction:
	 On a flight from point A to B, pointing the nose 

of the aircraft in the same direction as the course, 
will rarely get the pilot to point B

	 Any wind blowing in a direction off the course 
line, will cause the aircraft to drift to the right or 
left of the course

	 In order to fly from point A to B with a crosswind, the aircraft must be turned into the wind 
enough to prevent drift

	 While flying ground reference maneuvers, the drift or wind correction angle is typically 
determined by trial and error

	 For cross-country flight, trial and error is rarely acceptable

Various Types of Aircraft Speeds
	 Airspeed – The speed of an aircraft relative to its surrounding air mass
	 Indicated Airspeed (IAS) – The speed shown on the aircraft airspeed indicator
	 This is the speed used in pilot / controller communications under the general term 

“airspeed”
	 Calibrated Airspeed (CAS) – The indicated airspeed of an aircraft, corrected for position and 

instrument error
	 Calibrated airspeed is equal to true airspeed in a standard atmosphere at sea level

	 Equivalent Airspeed (EAS) – equivalent airspeed is calibrated airspeed corrected for errors 
caused by the compressibility of the air
	 This airspeed designation is not meaningful for the pilot flying slower / lower aircraft

	 True Airspeed (TAS) – The airspeed of an aircraft relative to undisturbed air

	 Groundspeed – The speed of an aircraft relative to the surface of the Earth
	 Groundspeed can be computed by the time required to fly between two points a known 

distance apart

Figure 33-1. – Effect of wind in one hour.

Figure 33-2. – Establishing a wind correction angle.
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	 It makes no difference to the aircraft whether the air mass is moving or stationary
	 An aircraft’s wings will generate lift
	 By moving through a stationary air mass
	 Or by an air mass moving over its wings

Latitude and Longitude
	 The surface of the Earth is divided into an imaginary grid pattern consisting of parallels of 

latitude (East / West running lines) and meridians of longitude (North / South running lines)
	 Both latitudinal and longitudinal lines are needed to 

determine a precise location on the Earth
	 Measured in degrees (°), minutes (’), and 

seconds (”)
	 There are 360 meridians of longitude – 180° East of 

the “Prime Meridian” and 180° West of the “Prime 
Meridian”
	 The “Prime Meridian” is the longitudinal line 

that represents the zero meridian and from which 
the East / West measurements begin
	 The “Prime Meridian” runs through the 

Royal Observatory, located in Greenwich, 
England, close to London

	 The 180 lines running East and West are called 
parallels of latitude – 90 parallels to the north of the 
Equator and 90 parallels to the south of the Equator
	 The North Pole is 90° North latitude and the South Pole is 90° South latitude
	 These lines do not converge, but are parallel to each other
	 The Equator is the East / West line that divides the Earth into two halves and is the zero 

degree latitude line
	 Each minute tick mark, measured North and South between the parallels, represents one 

nautical mile
	 The United States is West of the “Prime Meridian” and North of the Equator

	 With the system of latitude and longitude, any point on the surface of the Earth can be pinpointed

Earth’s Magnetism
	 The Earth has magnetic properties

	 Around it, are magnetic lines of force running generally 
North and South
	 These lines of force are not straight, but curve this way 

and that depending on the composition of the Earth at 
various geographical locations

	 Because of the variance in the magnetic lines of 
force surrounding the Earth, and that True North and 
Magnetic North are not in the same location, variation 
compass errors occur

Figure 33-4. – Earth’s magnetic field.

Figure 33-3. – Meridians and parallels – the basis 
of measuring time, distance, and direction.
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Variation – Isogonic and Agonic Lines
	 Variation error – The angular difference between True 

North and the direction indicated by the magnetic compass, 
excluding deviation error
	 The compass needle does not point to True North but 

points to Magnetic North, located some 1,300 miles 
away
	 Magnetic north moves ever so slightly from time to 

time
	 Isogonic lines – equal angle – are drawn across 

aeronautical charts connecting points having the same 
magnetic variation

	 The Agonic line – no angle – connects points having no magnetic variation
	 VFR aeronautical charts show the isogonic and agonic lines
	 A rule of thumb for applying the correction for compass variation is, West is best (add) 

and East is least (subtract)

Magnetic Compass
	 The magnetic compass is a self-powered instrument

	 Since the magnetic compass works on the principle of magnetism, it is independent of the 
aircraft’s pitot-static system, electrical system, and vacuum system

	 Besides the error of compass variation, the magnetic compass is prone to various other 
disturbances which must be understood for its proper use

Magnetic Compass Errors
	 Deviation error is defined as the difference between the direction indicated by the magnetic 

compass not installed in the aircraft compared to its reading installed in an aircraft
	 Errors can be caused by the metal in the aircraft, and the electrical equipment operating in the 

aircraft
	 The direction that the aircraft is pointing may change the deviation error
	 The aircraft technician will reduce this error by “swinging the compass”
	 The pilot must make the final correction by applying the difference found on the deviation 

card

	 Northerly turning error – a compass card dip error
	 Not apparent on a heading of east or west
	 If, on a northerly heading, the pilot turns the 

aircraft toward east or west, the compass 
indication will lag the turn, or show a turn in the 
opposite direction
	 When turning toward a heading of north, 

begin the rollout before the desired heading is 
reached

	 If a turn is made from south toward east or west, the compass will lead the turn
	 Turning toward a heading of south, wait until the compass passes the desired heading 

before beginning the rollout
	 N O S E – North, Opposite / South, Exaggerate

Figure 33-6. – Northerly turning error.

Figure 33-5. – Isogonic lines 
are lines of equal variation.
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	 Acceleration error – a compass card dip error
	 If the aircraft is accelerating or decelerating 

when on a heading of either east or west, the 
compass will indicate either a turn toward north 
or south respectively

	 A N D S – Accelerate, North / Decelerate, South
	 There is no acceleration error on a heading of 

north or south

	 Read the compass only when the aircraft is flying 
straight-and-level and is at a constant airspeed

	 The compass is the best instrument to use to determine actual heading in a non-glass cockpit
	 An older style heading indicator is prone to gyroscopic precession
	Adjust it to the magnetic compass every 15 minutes during the flight

	 In glass cockpit airplanes and those with an HSI, the heading indication is typically slaved to 
a sensor elsewhere in the airplane and does not require manual adjustment

Figure 33-7. – The effects of acceleration error.
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LESSON 35 – PUBLICATIONS & EQUIPMENT

Aircraft Equipment List
	 As stated in 91.205 or ASTM F2245, the aircraft needs the required instruments and equipment 

for both day and/or night flight
	 Check in the aircraft’s AFM/POH or aircraft equipment list
	 There is an aircraft-specific equipment list for each individual aircraft

	 The aircraft equipment list includes required items for FAA certification or ASTM 
compliance, standard equipment items, and optional items

	 Equipment obviously basic to airplane airworthiness such as wings, rudders, flaps, engines, 
landing gear, may not be listed and must be operative for all flights

	 All items which are related to the airworthiness of the airplane and not included on the list are 
automatically required to be operational

VFR Sectional Chart
	 Has a scale of 1:500,000 (1 inch = 6.86 nautical miles or 8 statute miles) which allows for more 

detailed information to be included on the chart
	 Sectional charts are printed on both sides
	 Instructions on the chart tell the pilot how to plot a course from one side of the chart to 

the other
	 Sectional charts are revised and published every 56 days

Chart Supplements
	 Chart Supplements are a 7-volume booklet series
	 They contain data on airports, seaplane bases, heliports, NAVAIDs, communications data, 

weather data sources, airspace, special notices, and operational procedures
	 Chart Supplements are published every 56 days

VFR Terminal Area Charts
	 Are helpful when flying near or in Class B airspace
	 They have a scale of 1:250,000 (1 inch = 3.43 nautical miles or 4 statute miles) which 

provides the pilot with more detail than the Sectional Chart
	 The terminal area chart is half the scale, twice the detail, of sectionals
	 They depict the airspace surrounding the busiest airports

	 Terminal charts display IFR arrival and departure routes
	 VFR terminal charts are printed on one side, with VFR routes on the other
	 Terminal area charts are revised and published every 56 days

Plotter
	 The aviation plotter comes in various shapes and designs
	 It is a combination of a ruler for measuring 

distance and a protractor for measuring 
direction (true course)

Figure 35-1. – Sporty’s navigational flight plotter.

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
https://www.astm.org/f2245-20.html


Sporty’s Complete Learn to Fly Course

Ground Lesson Guide		  Page 95

Sport and Private TCOs – Stage II

Flight Computer
	 A flight computer determines time, speed, distance, and fuel amounts
	 These computations can be calculated using math alone, however, it 

is much more convenient to use a flight computer, such as the E6B
	 The E6B may have other functions as well

	 App based flight computers can very handy and may be a part of a pilot’s 
EFB package or on the same device
	 While useful for actual flying, app based flight computers may not 

be used on the FAA Knowledge exam due to the other functions 
available on the host device

VFR Use of an Electronic Flight Bag (EFB)
	 Electronic Flight Bags or EFBs, take a number of forms and may be used  

by your students on the ground, in flight, and on their practical exams
	 There are dedicated EFB systems available that include both hardware and software; these 

may be portable or installed systems
	 Most students that use an EFB will use an app based version on a personal electronic device 

such as their phone or tablet
	 EFB use is not a requirement but the FAA allows their use as described in AC 91-78 and the 

Private Pilot ACS

	 EFBs can be used to replace paper reference material as long as it is functionally equivalent to 
the paper that it is replacing and it is current, up to date, and valid, as verified by the pilot
	 A backup to the EFB is not required, but backup options should be considered when it will be 

displaying important information such as checklists or charts
	 A backup could be an additional device, charging capability, paper, or other options

	 Ensure that your student thoroughly understands the needed functions of their particular EFB 
before using them in flight
	 EFBs can greatly enhance situational awareness, but can be a distraction if not understood
	 A proper preflight check of the device is critical to ensure appropriate charging and updates

Flight Deck Management
	 Thorough preflight planning and good flight deck management are necessary for a pleasant, 

efficient, and safe flight
	 Organize the charts in proper sequence according to their order of use
	 Charts that will not be used should be put away so they don’t contribute to the cabin 

clutter
	 Fold the charts so that only the part used is in view
	 Place the chart, along with flight plan, on a kneeboard or a clipboard to keep them from being 

lost on the floor
	 Keep the plotter and flight computer within easy reach
	 Don’t use the top of the instrument panel as a storage place
	 Pencil and note pad should also be kept close and secured
	 After using an item put it back where it belongs so it can be found when needed

	 EFBs simplify chart organization and calculations but introduce additional management issues 
such as battery life and managing updates

Figure 35-2. – Sporty’s 
electronic flight computer.

https://www.faa.gov/regulations_policies/advisory_circulars/
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/PRIVATE_ACS
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Minimum Equipment List
	 Minimum equipment list (MEL) procedures allow operation of an aircraft with specific items of 

equipment inoperative under certain circumstances
	 An MEL takes into consideration an operator’s particular aircraft configuration, operational 

procedures, and conditions
	 It is the specific inoperative equipment document for a particular make and model aircraft 

by serial and registration numbers
	 The MEL must be derived from the master MEL (MMEL) for the aircraft type
	 MMELs for many aircraft are on file with the FAA

	 A letter of authorization is issued by the FAA for operation of the aircraft under the MEL
	 The MEL and the letter of authorization constitute a supplemental type certificate for the 

aircraft and must be in the aircraft
	 If an aircraft has an approved MEL, the aircraft must be operated in accordance with the 

provisions of the MEL

	 Most general aviation training aircraft do not have an MEL, but the concept should be 
understood.

Supplemental Oxygen
	 Per 14 CFR §91.211, no person may operate an aircraft at cabin pressure altitudes above:
	 12,500 feet (MSL) up to and including 14,000 feet (MSL) unless the pilot(s) uses 

supplemental oxygen after 30 minutes
	 14,000 feet (MSL) unless the pilot(s) uses supplemental oxygen
	 15,000 feet (MSL) unless each occupant of the aircraft is provided with supplemental oxygen

	 Additional regulations may apply to pressurized aircraft

	 There is an increased risk of fire while using oxygen
	 Oils and greases may be more susceptible to catching fire
	 Do not use on oxygen equipment or fittings

	 No smoking!

	 Oxygen system must be inspected according to the manufacturer’s recommendations prior to use

	 Types of systems
	 Diluter demand systems supply oxygen when the user inhales through the mask
	 May be used up to 40,000 feet

	 Pressure demand systems supply oxygen to the mask under pressure when above 34,000 feet
	 May be used above 40,000 feet
	 System may function similar to a diluter demand system at lower altitudes

	 Continuous flow systems are typically supplied to passengers or used by pilots in lower 
altitude situations
	 May use a simple mask or nasal cannula

	 While supplemental oxygen is not required at altitudes flown by Sport pilots, it can be helpful at 
lower altitudes especially if the pilot is a smoker or has other restrictions to the oxygen carrying 
capacity of the blood

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.211
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LESSON 37 – CROSS-COUNTRY FLIGHT PLANNING

Applicable FARs
	 Solo cross-country flight requirements (61.93)
	 Received required ground and flight training from an instructor
	 Demonstrated cross-country proficiency
	 Satisfactorily accomplished the pre-solo flight maneuvers and procedures required by §61.87
	 Solo flights may be made to another airport, within 25 nautical miles, if:
	 The student pilot has received training at the other airport
	 Received an instructor’s endorsement

	 Repeated specific solo cross-country flights may be made within 50 nautical miles of the 
student’s home base, provided
	 Instructor has given flight training in both directions over the route
	 Instructor endorsed the student’s logbook

	 Endorsements for solo cross-country flight
	 Logbook endorsement
	 Make and model of aircraft flown
	 Approval of preflight planning for route
	 Any limitations

	 Pilot logbooks (61.51)
	 A student pilot must carry his or her pilot logbook and student pilot certificate
	 A recreational pilot must carry a logbook with instructor endorsements on all solo flights if:
	 They exceed 50 nautical miles from home base
	 Within airspace that requires communication with ATC
	 Conducted between sunset and sunrise

	 PIC must become familiar with all available information concerning the flight (91.103)

	 Minimum safe altitudes (91.119)
	 If an emergency ensues, the pilot must not be so low that it would cause danger to persons or 

property on the ground
	 Over any congested area, or over any open air assembly of persons, an altitude of 1,000 feet 

above the highest obstacle within a horizontal radius of 2,000 feet of the aircraft
	 500 feet over other than congested areas
	 Over open water or sparsely populated areas, the aircraft may not be operated closer than 

500 feet to any person, vessel, vehicle, or structure

	 For a VFR flight, the aircraft must have enough fuel to fly to the first point of intended landing 
(91.151)
	 During the day, to fly after that for at least 30 minutes
	 At night, to fly after that for at least 45 minutes

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.93
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.87
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.51
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.103
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.119
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.151
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	 Information required on a VFR flight plan (91.153)
	 The aircraft identification number
	 The type of the aircraft
	 The full name and address of the pilot in command
	 The point and proposed time of departure
	 The proposed route, cruising altitude, and true airspeed at that altitude
	 The point of first intended landing and the estimated elapsed time until over that point
	 The amount of fuel on board in hours
	 The number of persons in the aircraft
	 Any other information the PIC or ATC believes is necessary for ATC purposes
	 Cancel flight plan with an FSS or ATC facility

	 See Lesson 26 / 27 for basic VFR weather minimums (91.155)

	 Special VFR operations may be conducted below 10,000 feet MSL within the airspace contained 
by the upward extension of the lateral boundaries of the controlled airspace designated to the 
surface for an airport (91.157)
	 Special VFR operations may only be conducted
	 With an ATC clearance
	 Clear of clouds

	 Student, Sport, and Recreational pilots may not participate in Special VFR operations due to 
certificate limitations defined in Part 61

	 While in VFR flight, more than 3,000 feet above the surface and below 18,000 feet MSL, 
maintain the appropriate prescribed altitude (91.159)
	 On a magnetic course of 0° through 179°, any odd thousand foot MSL altitude +500 feet
	 On a magnetic course of 180° through 359°, any even thousand foot MSL altitude +500 feet

	 See Lesson 35 for supplemental oxygen requirements (91.211)

Measuring True Course and Distance
	 Choose the most direct course possible
	 Check to determine that the terrain and airspace are free of obstacles

	 Draw a bold line on the chart with straight edge from the departure point to the destination
	 If there is an obstructed area, use an intermediate landmark to bypass the problem, and 

continue with the planning

	 Use the protractor part of the plotter to find true course (TC)

	 Use the ruler portion of the plotter to measure the distance
	 For long distances, measure to an intermediate tick mark and add the measurements together

Picking Checkpoints and Altitudes
	 Divide the flight into checkpoints roughly 20 miles apart
	 Checkpoints will help keep the aircraft on course and confirm its location
	 Choose prominent landmarks that can be easily identified from the air
	 Try to choose landmarks on the left side and not too far laterally from the course
	 Note the landmarks on the flight log

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.153
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.155
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.157
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.159
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.211
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	 Choose an en route altitude based on the hemispheric rule and other factors
	 When possible, it is a good idea to fly at a higher altitude
	 A higher altitude will improve the useful range of communication and navigation radios
	 Faster TAS for BHP
	 Improve radar coverage
	 Better view of terrain and landmarks
	 More time to troubleshoot and pick a safe landing site in case of an engine failure

	 Must provide adequate terrain and obstacle clearance
	 Must not violate airspace restrictions
	 Must be able to maintain VFR visibility and cloud clearance requirements
	 Must be appropriate for supplemental oxygen availability
	 Should provide best time for existing wind conditions
	 Should provide an adequate safety margin beyond the regulatory requirements

Pilotage
	 Pilotage consists of noting prominent landmarks on a chart, locating them on the ground, and 

then flying from landmark to landmark
	 Pick easily identifiable landmarks
	 What looks prominent on a chart may be almost invisible from the aircraft
	 Look for multiple characteristics that will help in the identification of the landmark

	 Landmarks used for pilotage would tend to be closer together than checkpoints selected for 
dead reckoning

Airplane Flight Manual / Pilots Operating Handbook (AFM/POH)
	 Many aircraft manufacturers follow the General Aviation Manufacturers Association (GAMA) 

standard format for pilot handbooks
	 Section 1 – General contains measurements and descriptive data for the aircraft
	 Section 2 – Limitations contain items like: airspeed, powerplant, and weight limits
	 Section 3 – Emergency Procedures gives the airspeeds and checklists for emergency 

operations
	 Section 4 – Normal Procedures provides airspeeds and checklists for normal operations
	 Section 5 – Performance introduces performance problems and performance charts
	 Section 6 – Weight & Balance / Equipment List deals with weight and balance information 

and charts and has a comprehensive aircraft equipment list
	 Section 7 – Airplane & Systems Description discusses details relating to the aircraft systems
	 Section 8 – Airplane Handling, Service, & Maintenance includes topics on owner 

advisories, inspection periods, ground handling, servicing, fuel, and cleaning
	 Section 9 – Supplements expand operational procedures for both standard and optional 

equipment
	 Many AFM/POHs have an additional Safety Section covering various topics
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	 S-LSAs should have a POH compliant with ASTM F 2245 (the following sections should be 
included though the order varies in some manuals)
	 Section 1 – General Information contains measurements and descriptive data for the aircraft
	 Section 2 – Airplane & Systems Description discusses details relating to the aircraft systems
	 Section 3 – Operating Limitations contain items like: airspeed, load factor, and maneuver 

limits
	 Section 4 – Weight & Balance Information deals with weight and balance information and 

charts
	 Section 5 – Performance introduces performance problems and performance charts
	 Section 6 – Emergency Procedures gives the airspeeds and checklists for emergency 

operations
	 Section 7 – Normal Procedures provides checklists and procedures for normal operations
	 Section 8 – Aircraft Ground Handling & Service includes topics on ground handling, 

servicing, fuel, and cleaning
	 Section 9 – Required Placards and Markings indicates the placards and markings that are 

required in the airplane including the S-LSA passenger warning
	 Section 10 – Supplementary Information includes familiarization flight procedures and any 

pilot operating advisories

Performance Calculations
	 True Airspeed (TAS) is the speed at which an aircraft is moving through the air
	 It varies according to altitude, temperature, power setting, and engine performance
	 For flight-planning purposes, to find the TAS for the approximate altitude, outside air 

temperature, and engine rpm, check the AFM/POH for the aircraft being flown
	 The TAS, adjusted for wind correction and true course, yields estimated groundspeed

https://www.astm.org/f2245-20.html
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LESSON 39 – CROSS-COUNTRY FLIGHT PLANNING

The Wind Triangle
	 The wind triangle, the pilot’s version of vector analysis, is the backbone of dead reckoning
	 The wind triangle is a graphic explanation of the effect of the wind on the aircraft’s flight

	 By constructing a wind triangle the pilot can determine:
	 Groundspeed
	 Heading
	 Time

	 A wind triangle is comprised of the following:
	 A line representing the direction of the track 

over the ground
	 A line showing the direction the aircraft is 

heading
	 Its length represents the aircraft’s airspeed 

over one hour
	 A line showing the wind direction
	 Its length represents the wind velocity over one hour

	 The following example will illustrate the concept and demonstrate the actual drawing
	 Suppose the aircraft is to fly from point A to point B
	 Draw a line connecting these two points on the sectional chart
	 Measure its direction with the plotter
	 This measurement represents the true course
	 For our example let’s assume it is 090°

	 In the weather briefing, it was determined that the wind, at our intended flight altitude, will 
be 40 knots from the northeast (045°)

	 Assume that the airspeed of the 
aircraft is 120 knots

	 On a plain sheet of paper, draw a 
vertical line representing north and 
south – label the end of the line “N” 
and “S”

	 Place the base of the protractor along 
the vertical line with the curved part 
facing east – the direction of flight
	 At the center point of the base 

of the protractor, mark a dot and 
label it “E”, the point of departure

	 Along the curved edge, at 90°, 
mark another dot
	 This dot represents the direction of the true course

	 Also along the curved part, mark a dot at 45°
	 This dot represents the wind direction

	 With a ruler, draw a line from point “E” through the 90° dot out a few inches beyond the dot 
– label the line “TC 090°”

Figure 39-2. – Steps in drawing the wind triangle.

Figure 39-1. – Wind triangle as drawn.
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	 Align the ruler with point “E” and the 45° dot and draw a line from point “E” and away from 
the 45° dot
	 This line represents the direction the wind is blowing
	 Label the end of this line “W”, to represent the direction of the wind
	 In our example, this line is measured 40 units long, representing the 40 knot wind
	 These units can be in any unit length that is convenient
	 The unit of measure decided on must be consistent throughout the problem

	 On the ruler, count out 120 units and mark this spot with a dot
	 Place the ruler so that the left end is on the “W” and the 120 unit dot intersects the TC 

line
	 Draw the line and label it “AS 120” and label its intersection point on the TC line as “P” 

for position of the aircraft after one hour of flight
	 Measure the length of the TC 090° line from point “E” to point “P”
	 This measurement represents groundspeed in knots – in our example it would measure 88 

knots (not to scale in Figure 39-1)
	 The direction of the AS line represents the true heading – in our example this angle would 

measure 076°
	 To arrive at this figure, place the base of the protractor on the north-south line with its 

center point at the intersection of the airspeed line and north-south line
	 Read the true heading (076°) directly from the protractor

	 The wind correction angle can be determined by subtracting 76° from 90°
	 Thus, the WCA for our example is 14° to the left

	 This calculation is easier using an E6B flight computer or an appropriate flight planning app

Dead Reckoning
	 Dead Reckoning (DR) is defined in the Pilot / Controller Glossary as “…the navigation of an 

airplane solely by means of computations based on airspeed, course, heading, wind direction and 
speed, groundspeed, and elapsed time.”
	 DR can be both reliable and accurate
	 Because DR involves many calculations, it is easy to make mistakes
	 DR allows the pilot to calculate a position using elapsed time, true airspeed, wind direction 

and speed, and compass heading
	 DR is often combined with pilotage for cross-country flying

	 Navigation Sequence Formula:
	 The basic sequence formula is, TC ± WCA = TH ± VAR = MH ± DEV = CH
	 Step One: TC ± WCA = TH (True Course ± Wind Correction Angle = True Heading)
	 Add right wind correction angle; subtract left wind correction angle

	 Step Two: TH ± VAR = MH (True Heading ± Variation = Magnetic Heading)
	 Step Three: MH ± DEV = CH (Magnetic Heading ± Deviation = Compass Heading)

	 If the wind correction angle is not applied, use the following: TC ± VAR = MC ± DEV = CC 
(True Course ± Variation = Magnetic Course ± Deviation = Compass Course)

	 Time, Speed, and Distance Formulas
	 Time = Distance / Groundspeed
	 Groundspeed = Distance / Time
	 Distance = Groundspeed x Time
	 Time conversion note: 6 minutes = 0.1 hour
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Calculating Various Airspeeds
	 There are three kinds of airspeed that the pilot should understand:
	 Indicated Airspeed (IAS) – the direct, uncorrected instrument reading obtained from the 

airspeed indicator
	 Calibrated Airspeed (CAS) – the indicated airspeed corrected for installation error and 

instrument error
	 Refer to the appropriate AFM/POH

	 True Airspeed (TAS) – the calibrated airspeed corrected for nonstandard pressure and 
temperature
	 To find TAS, use the flight computer to correct the calibrated airspeed for temperature 

and pressure variation
	 Estimate TAS: Add 2% of the IAS to the IAS for each 1,000 feet of altitude

	 There is a fourth airspeed for those flying faster aircraft – Equivalent Airspeed (EAS)
	 EAS is CAS corrected for air compression

Electronic E6B Flight Computer
	 These computers can handle from 10 to 40 computation functions
	 Most may be used for FAA exams
	 Many electronic E6Bs list the possible calculations on the screen and 

prompt the user for the necessary information
	 They also automatically transfer data – true airspeed, wind direction, and 

fuel burn – from one calculation to the next, minimizing the number of 
keystrokes to perform a series of computations

	 Most electronic E6Bs have a menu organization which reflects how a 
flight is normally planned and executed

	 The electronic E6B handles many unit related conversions

	 Many of these devices incorporate timer and clock features

	 An app based E6B can very handy and may be a part of a pilot’s EFB 
package or on the same device
	 While useful for actual flying, an app based E6B may not be used on the FAA Knowledge 

exam due to the other functions available on the host device

Manual E6B
	 The calculator side of the E6B provides the numbers and indices for rate, 

time, and amount on three different scales
	 The fixed scale represents amounts such as miles, speed, and gallons
	 The outer ring of figures on the rotating disk represents time in minutes 

and the inner circle of figures represents time in hours and minutes
	 To test the accuracy of the E6B, align the 10s – the 10 on the outer 

ring over the 10 on the inner ring and all of the numbers of both 
scales should be in perfect alignment

	 The triangular index on the inner ring, at 60 minutes, is the Speed Index
	 It’s the reference for time, speed, and distance problems

Figure 39-3. – Sporty’s 
Electronic E6B.

Figure 39-4. – Calculator 
side of manual E6B.
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	 Using the E6B requires common sense
	 The tool is based on the principle that Rate x Time = Amount
	 Rates can be speed or fuel consumption; time can be seconds, minutes, or 

hours; and amounts can be gallons or miles
	 The answer to a problem might be 15 on the outer scale but the operator has 

to determine if that number represents 1.5, 15, 150, or 1,500

	 The E6B will perform a number of conversions

	 The Wind Side of the E6B
	 Allows the pilot to account for the wind’s influence on groundspeed and 

heading
	 Directions for these calculations are often printed on the E6B
	 The slide is inscribed with a radiating grid that denotes miles on the 

vertical scale and degrees left or right of the centerline on the lateral scale

	 The wind side will compute more than just the procedures printed on the slide
	 It can also find the altitude with the most favorable winds
	 Work wind triangles for each altitude, and label the corresponding wind dot

	 It can also calculate an unknown wind and the radius of action
	 The radius of action is the time / distance an aircraft can fly out on a given course, turn 

around, and have enough fuel to make it back to the departure airport
	 Use this computation to know the point of no return when flying cross-country

Note to Instructor
	 Lesson 39 in the Sport Pilot TCO also includes the topics found in Lesson 41 as found in the 

next section

Figure 39-5. – Wind 
side.
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LESSON 41 – CROSS-COUNTRY FLIGHT PLANNING

Diversion Procedures
	 Diversions may be required because of adverse weather developing up ahead, an aircraft device 

failure, unanticipated airfield closure, or other reasons

	 It is necessary to be able to quickly and safely plan the flight to a new destination

	 There are many methods of teaching diverting to an alternate; the following is presented as one 
possible way to do it
	 Review the appropriate Sport PTS or Private ACS documents for differences on diversion 

requirements

	 The mnemonic device “F2T2” stands for Find, Fix, Track, and Time
	 The pilot needs to know the aircraft’s present position before starting the diversion
	 Establish a circular flight pattern around the known point and find the new destination airport
	 Fix it – Draw a line on the chart from the present position to the selected airport
	 With one corner of the flight plan form on the present location, place a pencil dot next to 

the alternate destination on the edge of the form
	 Place the edge of the form parallel to any meridian line and read the distance, by 

counting the tick marks on the meridian
	 Parallel the edge of the flight plan form or a plotter to the course line
	 Slide the form / plotter over to a nearby compass rose, without turning it and read the 

magnetic course to the airport
	 Estimate a new GS and WCA to destination
	 Determine time to destination and an ETA based on the time leaving the checkpoint

	 Having found and fixed the new destination, turn the aircraft onto a heading to track toward 
the diversion airport

	 Note the time of departure from the checkpoint to firm up the ETA and concentrate thereafter 
on good piloting technique

	 The pilot should spend most of the time looking OUTSIDE of the aircraft throughout this process

Alternate Planning
	 During the preflight preparation of the cross-country, it is important to locate all the airports in 

the vicinity of the flight in case of an immediate problem
	 Depending on the fuel available at any point along the course, choices may change

	 Considerations for alternates
	 Weather expectations
	 Distance and direction from proposed 

course
	 Type of facility
	 Emergency equipment
	 Tower
	 Fixed base operator
	 Times of operation

	 Runway layout
	 Direction
	 Length

	 Physical properties of the alternate airport
	 Terrain

	 Traffic pattern

	 Circle or highlight possible alternates on the sectional

	 The pilot should jot down the information he or she wants to remember for each possible 
alternate
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Lost Procedures
	 To help ensure that becoming lost, to the point of necessitating a call to ATC, does not occur, 

prepare an “out” beforehand
	 Establish a bracket for the flight using easily distinguished terrain features that, for the most 

part, parallel the intended course

	 If the pilot does become lost
	 Don’t panic
	 Do take time to evaluate the situation
	 Don’t start backtracking and crisscrossing pointlessly in search of something recognizable
	 Don’t tune the transponder to the emergency code, 7700, until told to do so
	 Do start the first 2 Cs of the 5 Cs – Climb, Conserve, Communicate, Confess and Comply
	 Climb to obtain a better view of the terrain while looking for familiar landmarks
	 Climbing also extends the range of radio communications
	 Having arrived at altitude, conserve fuel by reducing power and leaning the mixture

	 Continue on the present course
	 Make sure the magnetic compass and the heading indicator match
	 Look around outside at the terrain and compare this to what the chart shows
	 Check the map and flight log for the last known position and time
	 Estimate the distance flown from the last checkpoint

	 Discuss the arc or circle of error methods of finding oneself
	 Once the location is confirmed, determine how to get back on course

	 Describe the methods of using ADF, VOR, and GPS to find location

	 Emphasize fuel concerns

	 Put the last 3 of the 5 Cs into play
	 Communicate with ATC or FSS and confess the situation
	 Admit being lost, and don’t withhold pertinent details
	 Tell the controller the aircraft’s probable location

	 Finally, comply with the controller’s instructions
	 The pilot should also tell the controller what he or she wants to do
	 The controller may ask the pilot a series of questions to help clarify the situation
	 The controller has a number of techniques to locate the aircraft
	 Radar
	 VOR orientation
	 Single-station fixing using VOR

	 Once the aircraft’s position is determined, the controller can get the aircraft back on 
course
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LESSON 44 – KNOWLEDGE TEST (SPORT)

Sport Pilot Knowledge Test
	 Ensure that the student is prepared for the knowledge test and passes the exam with an 

appropriate score

	 Review any items missed by the student on the test

Certificates & Documents
	 Ensure that the student understands Certificates & Documents as appropriate for a Sport pilot
	 Additional information may be found in Lessons 1, 8, & 18

Airworthiness Requirements
	 Ensure that the student understands Airworthiness Requirements as appropriate for a Sport pilot
	 Additional information may be found in Lessons 1, 22, & 24

Weather Information
	 Ensure that the student understands Weather Information as appropriate for a Sport pilot
	 Additional information may be found in Lessons 10, 12, & 14

Cross-Country Flight Planning
	 Ensure that the student understands Cross-Country Flight Planning as appropriate for a Sport 

pilot
	 Additional information may be found in Lessons 33, 35, 37, 39, & 41

National Airspace System
	 Ensure that the student understands National Airspace System as appropriate for a Sport pilot
	 Additional information may be found in Lesson 26 / 27

Operation of Systems
	 Ensure that the student understands Operation of Systems as appropriate for a Sport pilot
	 Additional information may be found in Lessons 20, 22, & 24

Aeromedical Factors
	 Ensure that the student understands Aeromedical Factors as appropriate for a Sport pilot
	 Additional information may be found in Lesson 30 / 31

Performance & Limitations
	 Ensure that the student understands Performance & Limitations as appropriate for a Sport pilot
	 Additional information may be found in Lessons 6 & 8

Principles of Flight
	 Ensure that the student understands Principles of Flight as appropriate for a Sport pilot
	 Additional information may be found in Lessons 4 & 6

Airport, Runway, and Taxiway Signs, Markings, & Lighting
	 Ensure that the student understands Airport, Runway, and Taxiway Signs, Markings, & Lighting 

as appropriate for a Sport pilot
	 Additional information may be found in Lesson 3
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LESSON 43 – AIRSPACE & COMMUNICATIONS

Class A
	 Operation in this airspace requires:
	 An air traffic control clearance
	 Two-way radio communications
	 A transponder with altitude encoding capability
	 Automatic Dependent Surveillance-Broadcast Out equipment specified in §91.225

	 Unless otherwise authorized, all aircraft must be operated under IFR

Class B
	 Aircraft are required to have an air traffic control clearance before entering Class B airspace and 

must follow the basic procedures for communications and operations laid out in 91.129

	 Equipment:
	 A two-way radio communications capability
	 An operating transponder with Mode C – see 91.131 (d)
	 Automatic Dependent Surveillance-Broadcast Out (ADS-B Out) equipment

	 Besides the major or “primary” airport, smaller, “satellite” airports can be found within the Class 
B boundaries
	 When departing from a satellite airport within the Class B area, pilots must follow the tower 

instructions for departure, and then establish and maintain communication with the Class B 
controller while in the Class B airspace

	 If the satellite is a non-tower airport, pilots must contact the Class B controller as soon as 
possible after departure and maintain communication with the Class B controller while in the 
Class B airspace

	 If the pilot doesn’t hear the controller use the aircraft’s N-number and say “cleared to enter the 
Class B airspace,” ask for that clearance before crossing any Class B boundaries

Class C
	 A Class C airport must have an operational control tower

	 Serviced by radar approach control

	 While not needing an ATC clearance to enter the airspace, the pilot is required to establish and 
maintain two-way radio communications
	 If the controller responds to a radio call with, “(aircraft callsign) standby,” radio 

communications have been established and the pilot can enter the Class C airspace

	 The aircraft must have an operating transponder with altitude encoding and ADS-B Out 
equipment

Class D
	 The pilot is required to have two-way radio communications capability and use it

	 A transponder and ADS-B Out are generally not required

	 Many Class D airports have part-time control towers
	 When the tower is not in operation, the airspace is reclassified as Class E or G airspace

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.225
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.129
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.131
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Class E
	 VFR flights are not required to have clearances or communicate with air traffic control

	 A transponder and ADS-B Out are not required (except for aircraft operating within the 30 
nautical mile Mode C / ADS-B veil around Class B airports or above 10,000 ft unless at or below 
2,500 ft above the surface)

	 If the aircraft has a transponder, it must be turned on

Class G
	 No communication with air traffic control is required and no separation is provided

	 There are no clearance requirements

	 There are no transponder / encoder or ADS-B Out requirements below 10,000 feet MSL unless 
operating within the 30 nautical mile Mode C / ADS-B veil around Class B airports
	 When flying in Class G airspace above 10,000 feet MSL, the aircraft must have a transponder 

/ encoder and ADS-B Out, unless within 2,500 feet above the surface

TRSA Communications
	 Contact approach control on the publicized frequency
	 Give aircraft call sign, type aircraft, altitude, position, radar beacon code (if transponder 

equipped), destination, and request traffic information
	 Approach control will specify the time or place at which the pilot is to contact the tower on 

local control frequency for further landing information
	 On initial contact, approach control will assume that sequencing service is requested

	 Radar service is automatically terminated upon being advised to contact the tower

	 Pilots of departing VFR aircraft are encouraged to request radar traffic information by notifying 
ground control on initial contact with their request and proposed direction of flight
	 Following takeoff, the tower will advise when to contact departure control

	 NOTE: Much of the above discussion is valid for tower, approach, departure or clearance 
delivery communications

FSS Communications
	 An FSS facility is identified on the sectional chart
	 Communication box is drawn with a heavy, blue line around it
	 A VOR or NDB facility, has the location of the associated FSS under its info box in brackets

	 The pilot can communicate with the FSS on the universal FSS frequency of 122.2 MHz and the 
universal emergency frequency, 121.5 MHz

	 Frequencies listed above the box are for that particular FSS only
	 If there is an “R” after the frequency, it means the FSS can receive only on that frequency

	 Many FSSs are equipped with Remote Communications Outlets (RCOs) and can transmit on the 
same frequency at more than one location

	 Discuss the FSS communications process with the student
	 Remember the 4 W’s
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	 Besides receiving weather information, the pilot can take care of other business as well through 
the FSS
	 The pilot can receive NOTAMs for an alternate airport, amend a flight plan, and get a 

frequency for flight following (radar services)
	 FSS will relay PIREPs to the pilot as well
	 Take the time to report a PIREP if the situation warrants it

Approach Control
	 Approach Control is responsible for directing traffic into airport terminal areas

	 Frequencies are noted on VFR and IFR charts

	 Review the AIM, Chapter 3-Airspace and Chapter 4-Air Traffic Control

Departure Control
	 Departure Control is responsible for directing traffic out of airport terminal areas

	 The proper frequency is noted on VFR and IFR charts

	 After takeoff from a Class C or B airport, the tower will tell the pilot when to contact departure 
control
	 Read back the frequency
	 Tune the frequency and listen to make sure it is clear before transmitting
	 The departure controller will make traffic advisories and issue heading or altitude changes as 

necessary
	 On exiting the departure controller’s airspace, the controller will release the pilot

	 Review the AIM, Chapter 3-Airspace and Chapter 4-Air Traffic Control

Clearance Delivery
	 Most busy airports, usually Class B or C, have a Clearance Delivery frequency

	 Before calling ground control, monitor ATIS, and then contact the Clearance Delivery controller 
to request and receive a VFR departure route, altitude, and clearance
	 Use the 4 W’s

	 The controller’s clearance will most likely include instructions on heading and altitude to fly, as 
well as a squawk code
	 Write this information down and read back the clearance information

Tower Communications
	 A control tower issues takeoff and landing clearances and coordinates traffic flow for all aircraft 

movements on the airport

	 When ready for takeoff, switch to the tower frequency
	 Monitor ground while performing before takeoff checks unless otherwise advised
	 When ready for takeoff, use the 4 W’s format for initial call-up to the tower

	 Because of traffic complications, the controller may not be ready to clear you for takeoff
	 Always repeat the clearance back to the controller, to ensure it is correct
	 Ultimately, the controller will clear the aircraft for takeoff
	 Respond with a read-back
	 Visually clear final approach before taxiing onto the runway

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
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Ground Control
	 Ground Control exists at an airport with a control tower
	 The ground controller is responsible for the movement of aircraft on the surface

	 Most ground control frequencies begin with the numerals 121
	 If the tower instructs the pilot to, “contact ground point niner,” he or she means 121.9 MHz

	 The ground control frequency appears on the back of the chart with the airport listings and in the 
A/FD portion of the Chart Supplements
	 It may also be available in the GPS database or in an EFB

	 After speaking with clearance delivery, contact ground control
	 Use the 4 W’s

	 The ground controller will give taxi instructions, possibly including hold short information
	 Read it back
	 An explicit clearance must be obtained from ATC prior to crossing any runway

Runway and Taxiway Signs, Markings, and Lighting at Tower Controlled Fields
	 Refer to the AIM, Chapter 2-Aeronautical Lighting and Other Airport Aids for detailed 

discussion and diagrams

Runway Incursion Avoidance at Tower Controlled Fields
	 Review Lesson 3 topics Runway Incursions and Use of Aircraft Lighting during Taxi and Traffic 

Pattern Operations for basic information on this subject relevant to all operations

	 Review available information about the airport, including diagrams, NOTAMs, and the ATIS, 
prior to starting the engine on the ground or approaching the airport in the air to help formulate 
an anticipated taxi route
	 Utilize a copy of the airport diagram during planning and while taxiing if available

	 Use standard radio phraseology when communicating with ATC

	 Write down taxi instructions
	 Do not try to fully comprehend the instructions until after they have been written down and 

acknowledged
	 Read back any instructions that involve taxiing to a runway, taxiing onto a runway, a hold 

short obligation, a line up and wait clearance, or a runway crossing requirement

	 When unsure of the taxi route, ask for progressive taxi instructions

	 Remain vigilant for other traffic at all times
	 Trust the controller but visually verify that his or her instructions won’t create a collision 

hazard

Readback / Hearback for Hold Short, Line Up and Wait, and Runway Crossing 
Instructions
	 For taxi instructions, always read back the runway assignment, any clearance to enter a specific 

runway, any instruction to hold short of a specific runway, and any requirement to line up and 
wait
	 Controllers are required to request a readback of a runway hold short assignment when it is 

not received from the pilot

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
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	 This practice helps to reduce runway incursions

ATC Light Gun Signals
Color and Type of Signal Aircraft on the Ground Aircraft in Flight
Steady green Cleared for takeoff Cleared to land 

Flashing green Cleared for taxi Return for landing (to be followed 
by steady green at the proper time) 

Steady red STOP Give way to other aircraft and 
continue circling 

Flashing red Taxi clear of the runway 
in use

Airport unsafe, do not land 

Flashing white Return to starting point 
on airport

Not applicable 

Alternating red and green Exercise extreme caution Exercise extreme caution 
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Figure 45-4. – Tracking a 
radial in a crosswind.

Figure 45-3. – VOR 
course interception.

LESSON 45 – ELECTRONIC AIDS TO NAVIGATION

VOR Tuning and Identifying
	 VOR is the common term for VHF Omnidirectional Range

	 A VOR is a ground based radio transmitter projecting straight line 
courses (line-of-sight) in all directions from the station

	 A VOR’s operating frequency range is between 108.0 to 117.95 
MHz

	 The distance that a radial is projected from the station depends 
on the strength of the signal as well as the terrain surrounding 
the station

	 Find the VOR on the sectional chart
	 Tune the VOR receiver to the indicated frequency
	 Review this operation for the training aircraft’s radio

	 Positively identify the VOR station by its voice or Morse 
code identifier

VOR Intercepting and Tracking
	 Discuss the parts of the VOR head with the student

	 Use figures below to discuss the following:
	 Finding the current radial
	 Intercepting a specific course to the VOR
	 Tracking inbound to the station

	 Station passage
	 Intercepting and tracking an outbound 

radial

Figure 45-1. – VOR ground station.

Figure 45-2. – VOR indicator.
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Note to Instructor Regarding GPS Discussions
	 There can be significant differences in the operation of GPS navigators
	 The information that follows is not intended to teach the operation of a particular navigator
	 It is intended to provide a generic presentation of the material which can be adapted for the 

navigator in your training aircraft
	 Ensure that you and your student review the manufacturer’s recommendations for the 

particular unit with regard to the topics that follow

GPS Modes of Operation
	 GPS navigators generally have two modes of operation though they may have different names:
	 Waypoint sequencing, Point-to-Point, Course, or Leg mode
	 Non-sequencing, suspended sequencing, or OBS mode

	 In the normal mode of operation, the GPS creates a course line between two waypoints
	 The course line is tracked using the CDI toward a particular waypoint
	 Changing the OBS setting will not change the location of the course line
	 Upon crossing a waypoint within an active flight plan, the navigator will normally sequence 

to the next waypoint in the flight plan if one exists

	 In the OBS mode of operation, the GPS creates a TO & a FROM course line based upon a single 
waypoint and an OBS / direction setting
	 In this mode, the GPS performs similar to a VOR with the waypoint acting as the station
	 The waypoint will not change or sequence while in OBS mode

GPS Waypoints
	 A waypoint is a designated geographical location used for route definition or progress-reporting 

purposes and is defined in terms of latitude / longitude coordinates

	 Waypoints may be:
	 Published in a database
	 Defined by the user in the database or on the fly
	 Created by the unit for temporarily defining a course during Direct-To operations

	 Waypoints are published for airports, navigation facilities, intersections, and many other points 
utilized in defining a route

	 Waypoints in a published database may have a great deal of information about the waypoint 
attached to the waypoint record, including:
	 Runway and elevation information for airport waypoints
	 Pertinent frequencies for airport and NAVAID waypoints
	 Location of the waypoint in reference to Lat / Long coordinates, city, or nearby NAVAIDs

	 Published airport waypoints follow an ICAO format for retrieval from the database
	 Continental US airports with only letters in their 3-letter identifier are proceeded by a “K” in 

the database to prevent confusion with NAVAIDs and non-US airports
	 US airport identifiers having numbers generally are not proceeded by a “K” in the database

GPS Direct-To Operations
	 Most GPS navigators have a “Direct-To” function
	 Allows user to select or define a single waypoint and create a course from the present 

position to this new waypoint

Figure 45-5. – Waypoints.
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	 Can be useful in going to a waypoint that is later in a flight plan or during diversions from a 
flight plan
	 Can also be useful for determining sufficient airspace clearance when a boundary is based 

upon a distance from a specified airport, NAVAID, or other identifiable point

GPS Flight Plan Operations
	 GPS flight plans provide a way to use and/or store a series of waypoints to define a route
	 This is the preferred way to utilize the GPS as a true navigator

	 Flight plans can often be stored in the navigator for future retrieval and use
	 This is especially useful for frequently flown routes with a number of waypoints

GPS Nearest Functions
	 The Nearest Function on a GPS allows you to quickly find the closest of one or more of the 

following:
	 Airports
	 NAVAIDs
	 Intersections
	 Airspace
	 ATC & FSS Facilities & Frequencies
	 User Waypoints

	 This function will generally allow you to scroll through a list of the type of facility you are 
looking for in order of closeness

	 Many navigators will allow you to assign default search criteria when finding the nearest airports 
to prevent finding airports that your airplane cannot use based upon factors such as:
	 Minimum runway length
	 Runway surface type

	 Utilize Direct-To after finding an airport using “Nearest” in order to assist in a diversion

Note to Instructor Regarding Autopilot Discussions
	 There can be significant differences in the operation of autopilots
	 The information that follows is not intended to teach the operation of a particular autopilot
	 It is intended to provide a generic presentation of the material which can be adapted for the 

autopilot in your training aircraft
	 Ensure that you and your student review the manufacturer’s recommendations for the 

particular unit with regard to the topics that follow

Autopilot Principles of Operation
	 An autopilot is an automatic flight control system that keeps an aircraft in level flight or on a set 

course
	 Can be directed by the pilot, or it may be coupled to a radio navigation signal
	 In a single-pilot environment, an autopilot system can greatly reduce workload, if its 

operation is understood by the pilot

	 General aviation autopilots are most commonly single-axis or dual-axis
	 The simplest single-axis autopilots are designed to keep the wings level; more complicated 

units will track a heading or capture and track a navigation signal
	 Dual-axis adds altitude control and may include altitude capture after a climb or descent
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	 Autopilots are generally classified as rate-based or attitude/position-based
	 Rate-based utilize information from the turn-coordinator for determination of lateral changes
	 Attitude-based utilize information from the attitude indicator

	 The autopilot calculates the changes needed to the 
flight controls and makes these changes through servos 
incorporated into the flight control system
	 A single-axis system will typically have a single servo 

controlling the ailerons
	 A dual-axis system adds a servo for the elevator and 

may add an additional servo for the trim
	 More sophisticated systems may also have servos 

controlling the rudder and/or throttles

	 Modern autopilots with more sophisticated flight control computers may be able to recover from 
unusual attitudes at the touch of a button and they may have features to monitor and protect the 
pilot from getting into an unusual attitude in the first place
	 Newer autopilots may offer stall and overspeed protections as well

Autopilot Errors, Irregularities, & Failure Modes
	 Refer to the operating manual for the installed autopilot to determine specific issues
	 The pilot must understand the operating procedures and limitations of the installed autopilot 

to reduce the chance of operator induced errors and irregularities

	 Appropriate power settings for the pitch mode must be entered manually in most general aviation 
piston aircraft autopilot installations
	 Many autopilots can stall the aircraft if inappropriate pitch requirements are entered or 

inadequate power is available

	 The pilot may need to re-set the altitude periodically for the autopilot – it may not sense changes 
in barometric pressure
	 Some autopilots have a barometric pressure setting which should be updated whenever the 

altimeter setting is updated for aid in level-offs

	 Autopilot failures may result from the failure of one or more components associated with the 
autopilot
	 Power failure
	 Source data failure (gyro, nav, p/s)
	 Autopilot computer failure
	 Servo failure
	 Pilot interface failure

	 Wiring or connection failure
	 Failure of a connective interface for a 

particular source of data
	 Pilot error

	 It is important to know what sources the autopilot uses for its bank and pitch information
	 A failure in the information source may lead to errors in the autopilot and the potential for 

loss of control

	 Additional potential for autopilot issues will depend on the model, installation, and servicing

Autopilot Disconnect Options
	 Refer to the operating manual for the installed autopilot to determine specific disconnect options
	 The pilot needs to know key features of the installed autopilot – especially how to turn it off

Figure 45-6. – Autopilot servo.
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	 Some options for disengaging or disabling the autopilot may include:
	 Power switch on the autopilot unit
	 Autopilot disengage button on the yoke
	 Auto-off mechanism when the electric 

trim control is used

	 Pulling the autopilot circuit breaker
	 Turning off the avionics master switch
	 Turning off the aircraft master switch

	 Ensure that your student understands all of the ways to disengage the autopilot in your training 
aircraft under normal and emergency conditions

Autopilot Limitations
	 Refer to the operating manual for the installed autopilot to determine specific limitations

	 Limitations will vary but may include things such as:
	 Minimum and maximum altitudes
	 Minimum and maximum airspeeds

	 Takeoff and landing limitations
	 Specified aircraft configurations

Installed Autopilot Specific Procedures
	 Refer to the operating manual for the installed autopilot to determine specific procedures
	 Discuss specific scenarios and demonstrate these, if able

	 At minimum, ensure that your student knows how to engage and disengage the installed unit
	 Understand the mode that the autopilot will default to when activated
	 Understand how to change the mode or arm a mode for later capture
	 The autopilot can be used to improve situational awareness, but don’t be over reliant

ADF / NDB Tuning and Identifying
	 ADF (Automatic Direction Finder) is a radio receiver with its companion ADF dial, that allows 

the pilot to fly to or away from an NDB (Non-Directional Beacon)
	 An NDB is a ground based radio station operating on a low or 

medium radio frequency of 200 to 415 kHz
	 An ADF receiver can also tune the AM stations in the commercial 

radio band

	 Find the desired NDB facility on the sectional chart
	 Tune the ADF receiver to the indicated frequency
	 Review this operation for the training aircraft’s radio

	 Positively identify the NDB station by its Morse code identifier

ADF / NDB Errors
	 An ADF radio receiver is susceptible to interference, especially from lightning
	 The needle on the ADF’s dial may point to a lightning discharge rather than to the station

	 Failure to identify the station after tuning in a frequency
	 It is easy to dial in the wrong station, see the ADF needle swing and settle on a position, and 

believe the correct NDB is being received

	 Homing, in a curved path, to the NDB when a straight track is desired

	 Over controlling track corrections close to the station (chasing the needle)

	 Failure to ensure that the directional gyro agrees with the magnetic compass
	 Check prior to using the ADF for tracking and every 15 minutes thereafter

Figure 45-7. – ADF indicator.
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	 Failure to turn the aircraft more than the degrees necessary to intercept

	 Trying to track the course before intercepting the bearing
	 The opposite error occurs when the pilot continues to fly the intercept angle after it is time to 

turn and start tracking

ADF / NDB Homing
	 Homing is defined as flying the aircraft to the NDB station without compensating for crosswind

	 Generally, homing will cause the aircraft to fly a curved path over the ground to the station

	 To home to the station, the pilot keeps the ADF needle on its 12 o’clock position

Figure 45-8. – ADF homing with crosswind.
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ADF / NDB Intercepting and Tracking
	 Use the figures below to discuss tracking inbound and outbound with the student

Figure 45-10. – ADF interception and tracking outbound.Figure 45-9. – ADF tracking inbound.
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LESSON 48 – INSTRUMENT FLYING

Basic Attitude Instrument Flying
	 Basic instrument flight training is meant to give the non-instrument rated pilot the ability to 

handle the aircraft safely for a limited time
	 On entering unexpected adverse weather
	 When encountering conditions of IFR while night flying or flying over a large body of water

	 A non-instrument rated pilot must not use this level of instruction to fly into instrument 
conditions
	 If the VFR pilot is caught in instrument conditions, he or she should call the nearest ATC 

or FSS facility and follow their instructions after making the 180° turn back toward VFR 
weather and establishing a stable flight condition

	 The pilot must acquire three fundamental skills: instrument cross-check, instrument 
interpretation, and aircraft control

	 Flight Instruments and Procedures
	 There are four flight attitudes; straight-and-level, turns, climbs, and descents
	 Control of the these four attitudes is accomplished by:
	 Pitch control
	 Bank control
	 Power control

	 Emergency BAI performed by a non-instrument rated pilot should not combine climbs or 
descents with turns

	 Discuss the instruments below with the student
	 Attitude Indicator
	 The attitude indicator shows both pitch and bank and is the primary instrument to 

indicate aircraft attitude for the VFR pilot
	 Heading Indicator
	 Altimeter
	 Vertical Speed Indicator
	 Airspeed Indicator
	 Turn Coordinator

	 The basic performance formula for attitude instrument flying, as well as flying by visual outside 
reference, is: POWER + ATTITUDE = PERFORMANCE
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	 Use the included diagrams, the Instrument Flying Handbook, and the performance formula to 
discuss the following BAI maneuvers:
	 Straight-and-level

	 Turns to headings

https://courses.sportys.com/training/portal/course/INSTRUMENT/faalibrary/resource/INSTRUMENT_FLYING_HANDBOOK
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	 Straight descents

	 Straight climbs

Instrument Scan and Cross-check
	 The FAA uses the terms cross-checking and scanning as synonyms

	 The pilot cross-checks the flight instruments by scanning his or her eyes over them in a logical 
and meaningful way depending on what information he or she is seeking
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	 Two Methods of scan:
	 Primary / Supporting Scan
	 Control / Performance Scan

	 Emphasize the Control / Performance Scan with its underlying principle of POWER + 
ATTITUDE = PERFORMANCE with the student
	 Control Instruments
	 The control instruments display immediate attitude and power indications
	 In the control / performance scan technique, the tachometer, manifold pressure, and/

or fuel flow setting (depending on the aircraft) establishes power and the attitude 
indicator yields attitude

	 Make all flight control inputs with reference to the attitude indicator
	 Performance Instruments
	 The performance instruments become supportive to the attitude indicator
	 Heading Indicator
	 Altimeter
	 Vertical Speed Indicator
	 Airspeed Indicator
	 Turn Coordinator (turn and bank)

	 They are considered as either primary or secondary depending on the attitude established
	 Navigation Instruments
	 The third group of instruments is the navigation instruments

	 In scanning the instruments, the pilot must not become fixated on any one instrument
	 The pilot scans the instruments to cross-check one instrument against the other

	 Discuss the selected radial cross-check pattern with the student using the figure below
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Unusual Flight Attitude (Nose-High) Recovery
	 Discuss recovery from a nose high unusual attitude with the student using the figure below

Unusual Flight Attitude (Nose-Low) Recovery
	 Discuss recovery from a nose low unusual attitude with the student using the figure below

Full Panel Instrument Flying
	 Refer to above Basic Attitude Instrument Flight for this discussion
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Partial Panel Instrument Flying
	 Discuss types and recognition of failures with the student including vacuum, pitot-static, and 

electrically related problems

	 Discuss alternative instruments to scan with each type of failure

Emergency Autopilot Use during an Inadvertent Encounter with Instrument 
Conditions
	 An inadvertent encounter with instrument conditions can be fatal for a visual pilot, especially if it 

has been some time since he or she last practiced BAI
	 Knowing how to engage the autopilot and understanding what it will do after being engaged 

can be the difference between a successful outcome and an unsuccessful one
	 This type of encounter is no time for pilot heroics when the autopilot can do a better job

	 Ensure that your student knows what the installed autopilot can and cannot do once engaged in 
an emergency
	 Some modern autopilots can recover from some relatively extreme unusual attitudes with 

the touch of a button while other autopilots might try to level the wings without making any 
changes to the pitch once engaged

	 Engaging the autopilot after an IMC encounter but before control is lost is within the 
handling capabilities of most autopilots

	 When possible and within the limitations of the installed device, demonstrating the recovery 
capabilities of the autopilot in the airplane on a VFR day can be very enlightening
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LESSON 49 – CROSS-COUNTRY FLIGHT PLANNING EXERCISE

Cross-Country Planning Exercise
	 The student should use the knowledge and skills learned in the previous lessons to plan a cross-

country flight near the maximum range of the training aircraft
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LESSON 53 – NIGHT FLYING

Night Flying Overview
	 Night flight training is required for a private pilot certificate

	 Many aspects of flying at night are different from daytime flying
	 Aircraft inspection is more difficult
	 The flight deck becomes unfamiliar in the absence of bright light
	 Weather considerations, flight planning, and flight deck organization are more critical
	 Animals on the runway are more difficult to see at night

	 After acquiring the necessary skills, many pilots prefer night flying to day
	 The lack of thermal activity results in smoother air and reduced turbulence
	 The pilot will encounter much less traffic
	 Navigation is simpler – not as many landmarks are visible

The Eye
	 Vision changes depending on available light
	 Light enters the eye by passing through the cornea 

(outer layer) and lens which focuses the image on the 
retina
	 The retina converts the visual image into electrical 

energy, which is sent to the brain
	 Two types of photosensitive cells cover the retina 

called rods and cones
	 Cones are sensitive mostly to colors and depend on 

daylight for their proper operation
	 Cones don’t function in dim light
	 Most of the cones are located in the center of 

the eye, called the fovea
	 The fovea affords us our best forward vision 

in daylight
	 At night, central vision cannot function well 

because the rods, which are responsible for light 
reception, are more concentrated in a ring around 
the cones
	 Rods “see” objects only in shades of gray
	 Objects at night are seen more clearly through 

peripheral vision

Applicable FARs
	 A student pilot may not operate an aircraft in solo flight at night unless the student (61.87)
	 Has had the appropriate flight training at night
	 Has received navigation training at night in the vicinity of the airport
	 Has an endorsement in his or her logbook within 90 days preceding the flight

Figure 53-1. – Concentration of rods and 
cones determine how we see day and night.

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.87


		  What You Should Know

Page 128		  Sport and Private Pilot

Private TCO – Stage III

	 The private pilot candidate needs 3 hours of night flight training in a single-engine airplane 
including (61.109)
	 One cross-country flight of over 100 nautical miles total distance
	 10 takeoffs and 10 landings to a full stop
	 Each landing involving a flight in the traffic pattern at an airport

	 To carry passengers at night, (1 hour after sunset to 1 hour before sunrise) within the preceding 
90 days, the pilot must make at least three takeoffs and three landings to a full stop (61.57)
	 As sole manipulator of the flight controls
	 In an aircraft of the same category, class, and type (if type rating is required)

	 From sunset to sunrise (91.209)
	 No one may operate an aircraft unless it has lighted position lights
	 No one may park or move an aircraft unless it
	 Is clearly illuminated
	 Has lighted position lights; or
	 Is in an area that is marked by obstruction lights

	 If an aircraft is equipped with anticollision lights, they must be turned on unless the pilot 
determines that it would be safer to turn the lights off

	 Different VFR visibility and cloud clearance requirements exist when below 10,000 feet MSL 
and near the surface in uncontrolled airspace at night (91.155)

Airspace Flight Visibility Distance From Clouds
Class G: NIGHT 1,200 ft. 

or less above surface 
(regardless of MSL 
altitude) and more than 
1,200 feet above the 
surface but less than 
10,000 feet MSL

3 statute miles

500 feet below

1,000 feet above

2,000 feet horizontal

Figure 53-2. – Night VFR visibility and cloud clearances.

	 If a pilot is in class G airspace below 1,200 feet AGL and remains in the traffic pattern (within ½ 
mile of the runway), he or she can fly in visibilities of 1 statue mile and clear of clouds

	 Review §91.205(c) concerning aircraft equipment for VFR at night in Standard Airworthiness 
aircraft

	 ASTM F 2245 requires the following equipment for S-LSAs approved for night flight operations
	 All equipment required by §91.205(c) except §91.205(c)(1) (since ASTM guidance applies 

for VFR day equipment)
	 Instrument lights
	 One switch for each: position lights, anti-collision light system, and if installed, landing light, 

taxi light, and cabin light
	 Attitude indicator

Night Illusions
	 There are some 14 illusions leading the pilot to spatial disorientation
	 Most of these illusions are generated from sensations caused by the vestibular system located 

in the inner ear and are discussed in Lesson 30 / 31 – Human Factors / Aeromedical

https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.109
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-D/part-61/section-61.57
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.209
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.155
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
https://www.astm.org/f2245-20.html
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
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	 The following three night related illusions may lead to landing errors
	 Autokinesis – In the dark, a static light will appear to move about when stared at for many 

seconds
	 Featureless terrain illusion – An absence of ground features, as when landing over darkened 

areas, can create the illusion that the aircraft is at a higher altitude than it actually is
	 Ground lighting illusions
	 Lights along a straight path, such as a road, and even lights on moving trains can be 

mistaken for runway and approach lights
	 Bright runway and approach lighting systems, especially where few lights illuminate the 

surrounding terrain, may create the illusion of less distance to the runway

	 Other causes of illusions to consider when flying at night:
	 On clear nights, distant, stationary lights can be mistaken for stars or other aircraft
	 Dark nights eliminate reference to a horizon and the pilot must rely more on flight 

instruments than outside references to maintain spatial orientation
	 Flicker vertigo can be caused by an anticollision light, beacon, or flickering cockpit light
	 The physical reactions to the pilot can be nausea, dizziness, grogginess, headaches, 

confusion, or even unconsciousness
	 When there are no lights on the ground, and the stars are bright, pilots have confused the stars 

for ground lights and inverted the aircraft in an attempt to orient on the “ground lights”
	 Night landings, in general, are complicated by the pilot’s hampered ability to judge distance

Night Vision
	 At night, it takes about 30 minutes for the eye to become dark adapted
	 These are physical and chemical adjustments of the eye that make vision possible in relative 

darkness
	 The pilot’s age and health can increase the time necessary for night adapted sight
	 For many pilots, 20 minutes is enough time to become accustomed to the dark
	 Avoid looking at any bright light after your eyes are acclimated to the dark

	 The use of low, white light, cockpit illumination allows the pilot to better read the flight 
instruments and charts

	 To maintain dark adaptation, the use of red lighting is the best as it will not affect night vision as 
much as other colors
	 Red printing on the sectional chart will virtually disappear when using red light

	 Some other ideas to consider when flying at night:
	 Avoid smoking, drinking alcohol, or using certain medications that can retard the oxygen 

level in the blood
	 Eyes need a good supply of oxygen to operate at peak performance

	 Maintain a good physical condition
	 Lack of exercise, illness, stress, and fatigue will also adversely affect the oxygen level

	 Concentrate on seeing objects
	 If sight becomes blurred, blinking the eyes can help

	 Move the eyes more slowly when flying at night than in daylight
	 When looking for an object at night, use the off center scan technique
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	 Altitude is another factor determining how well the pilot can see at night
	 The AIM encourages pilots to use supplemental oxygen above 10,000 feet during the day, 

and above 5,000 feet at night

Night Scanning
	 Instrument scanning
	 The pilot should use minimum head movements to do instrument cross-checking

	 Scanning the sky for other aircraft is a key factor in collision avoidance
	 The best night viewing technique is to use short, regularly spaced eye movements, 

concentrating only for a moment on a small area of the total view
	The FAA suggests that the pilot use peripheral vision at night
	Scan small sectors of the total view outside the aircraft and use off center viewing

	 Eye focus
	 It takes some time, after looking at the flight instruments, to refocus our eyes to the outside
	 The eyes tire more quickly at night because of the constant refocusing between inside and 

outside viewing

Aircraft Lighting
	 Aircraft equipment requirements for VFR flight at night (91.205 / ASTM F 2245 as previously 

discussed)
	 Instrumentation
	 See Lesson 22 – Aircraft Systems, VFR Required Equipment

	 Electrical energy source
	 An adequate source of electrical energy for all installed electrical and radio equipment

	 Spare fuses
	 One spare set of fuses, or three spare fuses of each kind required, that are accessible to 

the pilot in flight
	 Lights (discussed below)

	 The light requirements include, approved position lights and a red or white anticollision light 
system
	 Position lights are colored red, green, and white
	 A red light is positioned on the left wing tip
	 A green light is on the right wing tip
	 A white light is on the tail

	 This arrangement allows the pilot, on seeing another 
aircraft, to determine its direction of flight

	 If the aircraft is operated for hire, one electric landing light is needed

Airport Lighting
	 Runways have a variety of lighting systems to assist the pilot at night

	 Airport lighting information can be found in:
	 Chart Supplements
	 Sectional chart
	 Notice to Airmen

Figure 53-3. – Position lights.

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/far/title-14/chapter-I/subchapter-F/part-91/section-91.205
https://www.astm.org/f2245-20.html
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	 Discuss runway light systems, taxiway edge lights, 
rotating beacons, and pilot controlled lighting 
with the student, using Chapter 2 of the AIM as a 
reference

	 Many airport beacons, that seem bright on the 
ground, are difficult to pick out from the backdrop 
of city lights
	 Don’t become fixated on a beacon from the 

wrong airport

Pilot Equipment for Night Flight
	 Night flying demands better flight deck management
	 Have a flashlight or two with fresh (and spare) batteries within immediate reach
	 A flashlight with D sized batteries is good because the batteries may last longer
	 LEDs last longer and consume less power
	 Better flashlights have two lenses or two (sets of) LEDs, one clear and one red

	 Organize required charts
	 Become familiar with the flight deck layout, including the location of all controls, 

instruments, and flight deck lighting
	 Before starting the engine, turn on the anticollision beacon to warn others that the engine is 

about to start

Chart Use at Night
	 Acquire all pertinent aeronautical charts
	 Include the proper adjacent charts

	 Draw course lines in dark ink

	 Fold each chart in such a way that it can be immediately used without having to search for the 
necessary information

	 Be aware that colored lights will not show features on the chart of the same color

	 Ensure that the student knows how to enable dimming or night mode features of his or her EFB 
or chart app

Night Flight Preparations
	 Become familiar with the aeronautical charts necessary for the flight
	 Study the appropriate sectional chart and its symbology, especially regarding cities and towns 

depicted in yellow, airport rotating beacons, and lighted obstructions

	 Become familiar with all of the useful night flying information available in the AIM and the 
Chart Supplements

	 Ensure that all flashlights are in good condition

	 During preflight inspection, ensure that all lighting systems are operating properly

	 Have a back-up plan

	 File a flight plan when flying at night

	 Use radar flight following whenever possible

Figure 53-4. – Airport rotating beacons.

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AERONAUTICAL_INFORMATION_MANUAL_PDF
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Night Emergencies
	 The greatest cause of night flying accidents is flying into adverse weather

	 Engine failures are no more likely to occur at night than during the day

	 Preparation can avert or diminish many emergencies
	 Have a minimal survival kit on board
	 Plan to fly at a higher altitude to increase the aircraft’s gliding range
	 Include the engine instruments as part of the scan
	 Pay close attention to the ammeter or load meter

	 Discuss the following night emergencies with the student using the AFM/POH and Airplane 
Flying Handbook as references
	 Engine failure or power loss
	 VFR into IMC
	 Electrical problems including full and partial failures
	 In-flight fire

https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AIRPLANE_FLYING_HANDBOOK
https://courses.sportys.com/training/portal/course/PRIVATE/faalibrary/resource/AIRPLANE_FLYING_HANDBOOK
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LESSON 57 – KNOWLEDGE TEST (PRIVATE)

Private Pilot Knowledge Test
	 Ensure that the student is prepared for the knowledge test and passes the exam with an 

appropriate score

	 Review any items missed by the student on the test

Pilot Qualifications
	 Ensure that the student understands Pilot Qualifications as appropriate for a Private pilot
	 Additional information may be found in Lesson 18

Airworthiness Requirements
	 Ensure that the student understands Airworthiness Requirements as appropriate for a Private 

pilot
	 Additional information may be found in Lessons 1, 8, 22, & 24

Weather Information
	 Ensure that the student understands Weather Information as appropriate for a Private pilot
	 Additional information may be found in Lessons 10, 12, & 14

Cross-Country Flight Planning
	 Ensure that the student understands Cross-Country Flight Planning as appropriate for a Private 

pilot
	 Additional information may be found in Lessons 33, 35, 37, 39, 41, & 49

National Airspace System
	 Ensure that the student understands National Airspace System as appropriate for a Private pilot
	 Additional information may be found in Lessons 26 / 27 & 43

Performance & Limitations
	 Ensure that the student understands Performance & Limitations as appropriate for a Private pilot
	 Additional information may be found in Lessons 6 & 8

Operation of Systems
	 Ensure that the student understands Operation of Systems as appropriate for a Private pilot
	 Additional information may be found in Lessons 20, 22, 24, 45, & 48

Human Factors
	 Ensure that the student understands Human Factors as appropriate for a Private pilot
	 Additional information may be found in Lesson 30 / 31

Night Preparation
	 Ensure that the student understands Night Preparation as appropriate for a Private pilot
	 Additional information may be found in Lesson 53
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APPENDIX A – ENDORSEMENT GUIDE FOR PRIMARY INSTRUCTORS

Student Pilot – Pre-Solo Aeronautical Knowledge
I certify that _____________________ (First Name, MI, Last Name) has satisfactorily completed the pre-solo 
knowledge exam of FAR §61.87 for the ________________________ (aircraft make & model).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Student Pilot – Solo Flight
I certify that _____________________ (First Name, MI, Last Name) has received the required pre-solo 
training in a _____________________ (aircraft make & model). I have determined he/she has demonstrated 
the proficiency of FAR §61.87 and is proficient to make solo flights in a _____________________ (aircraft 
make & model) subject to the following conditions: ______________________________________________
____________________ (ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Student Pilot – Solo Flight 90-day Period
I certify that _____________________ (First Name, MI, Last Name) has received the required training 
to qualify for solo flying. I have determined he/she meets the applicable requirements of § 61.87 and 
is proficient to make solo flights in a _____________________ (aircraft make & model) subject to the 
following conditions: __________________________________________________________________ 
(ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Student Pilot – Solo Takeoffs and Landings at Another Airport within 25 NM
I certify that _____________________ (First Name, MI, Last Name) has received the required training 
of FAR §61.93. I have determined that he/she is proficient to practice solo takeoffs and landings at 
_________________________ airport subject to the following conditions: ____________________________
______________________________________ (ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Student Pilot – Initial Solo Cross-Country Flight
I certify that _____________________ (First Name, MI, Last Name) has received the required 
solo cross-country training of FAR §61.93 and is proficient to make solo cross-country flights in a 
_____________________ (aircraft make & model, aircraft category) subject to the following conditions: ___
_______________________________________________________________ (ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Student Pilot – Solo Cross-Country Flight (Each)
I have reviewed the cross-country planning and preparation of _____________________ (First 
Name, MI, Last Name)_. I find the planning and preparation to be correct to make the solo flight 
from _________________ (origination airport) to _________________ (origination airport) via 
____________________ (route of flight) with landings at _________________ (name the airports)in a 
_____________________ (aircraft make & model) on _____________ (date). This flight is subject to the 
following conditions: __________________________________________________________________ 
(ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________
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Student Pilot – Repeated Solo Cross-Country Flights Not More Than 50 NM 
from the Point of Departure
I certify that _____________________ (First Name, MI, Last Name) has received the required training in 
both directions between and at both ___________________________(airport names). I have determined that 
he/she is proficient of §61.93(b)(2) to conduct repeated solo cross-country flights over that route, subject to 
the following conditions: __________________________________________________________________ 
(ceiling, visibility, wind, etc.).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Aeronautical Knowledge Test
I certify that _____________________ (First Name, MI, Last Name) has received the required aeronautical 
knowledge training of §61.309. I have determined that he/she is prepared for the _______________________
____________ knowledge test.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Flight Proficiency Check for Different Category or Class of Aircraft
NOTE: Cannot be provided to applicants seeking an airplane or helicopter privilege. Must 
accomplish a practical test, 14 CFR § 61.321(b).

I certify that _____________________ (First Name, MI, Last Name) has received the required training 
required in accordance with §61.309 and §61.311 and have determined that he/she is prepared for the ______
_____________________________ proficiency check.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Passing Flight Proficiency Check for Different Category or Class of 
Aircraft

NOTE: Cannot be provided to applicants seeking an airplane or helicopter privilege. Must 
accomplish a practical test, 14 CFR § 61.321(b).

I certify that _____________________ (First Name, MI, Last Name) has met the requirements of §61.309 
and §61.311 and I have determined him/her proficient to act as PIC of _______________________________
____ (category and class) of light-sport aircraft.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Practical Test
I certify that _____________________ (First Name, MI, Last Name) has received the training required in 
accordance with §61.309 and §61.311 and met the aeronautical experience requirements of §61.313. I have 
determined that he/she is prepared for the _________________________________________ practical test.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Passing a Sport Pilot Practical Test
NOTE: Required by section 61.317, issued by a designated pilot examiner (DPE).

I certify that _____________________ (First Name, MI, Last Name) has met the requirements of §61.309, 
§61.311, and §61.313, and I have determined him/her proficient to act as PIC of _______________________
____________ (category and class) light-sport aircraft.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________
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Sport Pilot – Passing a Sport Pilot Practical Test with a Simplified Flight 
Controls Limitation

NOTE: This endorsement is required by 14 CFR § 61.45 and is issued by an examiner. 
I certify that _____________________ (First Name, MI, Last Name) has successfully completed the practical 
test in ___________________________________ (category/class/model) with simplified flight controls 
designation and is authorized to act as pilot in command in ______________________________ (aircraft 
category/class) limited to ________________________________ (aircraft model) with simplified flight 
controls designation. 
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – PIC in Class B, C, or D Airspace or Airport
I certify that _____________________ (First Name, MI, Last Name) has received the required training 
of §61.325. I have determined he/she is proficient to conduct operations in Class B, C, or D airspace, at 
an airport located in Class B, C, or D airspace, or to, from, through, or on an airport having an operational 
control tower.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Light-Sport Aircraft that has a VH Less than or Equal to 87 KCAS
I certify that _____________________ (First Name, MI, Last Name) has received the required training 
required in accordance with §61.327 in a ___________________________________ (aircraft make & 
model). I have determined him/her proficient to act as PIC of a light-sport aircraft that has a VH less than or 
equal to 87 KCAS.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Light-Sport Aircraft that has a VH Greater than 87 KCAS
I certify that _____________________ (First Name, MI, Last Name) has received the required training 
required in accordance with §61.327 in a ___________________________________ (aircraft make & 
model). I have determined him/her proficient to act as PIC of a light-sport aircraft that has a VH greater than 
87 KCAS.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – Flight Training at Night
I certify that _____________________ (First Name, MI, Last Name), ___________________ (grade of pilot 
certificate), ________________________(certificate number), has received the required training at night in a 
[category and class] aircraft. I have determined they meet all of the requirements of 14 CFR § 61.329(a) and 
are proficient to operate as a sport pilot at night. 
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport Pilot – PIC in an Aircraft with Retractable Landing Gear
I certify that _____________________ (First Name, MI, Last Name), ________________________
(certificate number), has received the required training of 14 CFR § 61.331(a) in an aircraft with retractable 
landing gear. I have determined that they are proficient in the operation of an aircraft with retractable landing 
gear when exercising their sport pilot privileges. 
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________



Sporty’s Complete Learn to Fly Course

Ground Lesson Guide		  Page 137

Appendix

Sport Pilot – PIC in an Airplane with a Manual Controllable Pitch Propeller
I certify that _____________________ (First Name, MI, Last Name), ________________________
(certificate number), has received the required training of 14 CFR § 61.331(b) in an airplane with a 
controllable pitch propeller. I have determined that they are proficient in the operation of an airplane with a 
controllable pitch propeller when exercising their sport pilot privileges.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Private Pilot – Aeronautical Knowledge Test
I certify that _____________________ (First Name, MI, Last Name) has received the required training of 
FAR §61.105 and I have determined that he/she is prepared for the __________________________________
____________ knowledge test.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Private Pilot – Flight Proficiency / Practical Test
I certify that _____________________ (First Name, MI, Last Name) has received the required training of 
FAR §61.107 And §61.109 and I have determined that he/she is prepared for the _______________________
_______________________ practical test.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Sport or Private Pilot – Recommendation for a Practical Test
I certify that _____________________ (First Name, MI, Last Name) has received the required training for 
a _______________________________ (aircraft category/class) rating. I have determined that he/she has 
received and logged training time within 2 calendar months preceding the month of application in preparation 
for the practical test, has demonstrated satisfactory knowledge of the subject areas in which he/she was 
deficient on the airman knowledge test; and is prepared for the _____________________________________
_________ practical test.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

PIC in a Tailwheel Airplane
I certify that _____________________ (First Name, MI, Last Name), ___________________ (grade of pilot 
certificate), ________________________(certificate number), has received the required training of FAR 
§61.31(i) in a _____________________ (make & model of tailwheel airplane). I have determined that he/she 
is proficient in the operation of a tailwheel airplane.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

PIC in a Complex Airplane
I certify that _____________________ (First Name, MI, Last Name), ___________________ (grade of pilot 
certificate), ________________________(certificate number), has received the required training of FAR 
§61.31(e) in a _____________________ (aircraft make & model). I have determined that he/she is proficient 
in the operation and systems of a complex airplane.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________
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PIC in a High Performance Airplane
I certify that _____________________ (First Name, MI, Last Name), ___________________ (grade of pilot 
certificate), ________________________(certificate number), has received the required training of FAR 
§61.31(f) in a _____________________ (aircraft make & model). I have determined that he/she is proficient 
in the operation and systems of a high performance airplane.
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________

Flight Review
I certify that Mr./Ms. _____________________________, ___________________ (grade of pilot certificate), 
________________________(certificate number), has satisfactorily completed the flight review of FAR 
§61.56 on ________________________ (date).
Date _________________ CFI __________________________________
CFI No. ___________________________ Exp. or RE _______________
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