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Classroom Setting: 
 

 
The curriculum is delivered with classroom sessions of 40 - 50 minutes.  This 
time is either a classroom instruction session or a simulator session on the 

edustation Flight Simulators. The curriculum pace and depth is dependent 

on the age and abilities of your students. There are many “Teacher Notes” which 
indicate areas to explore in greater, depth depending on the age and abilities of 
your students.  
 

Teams of students share each   edustation and each student has 5 minutes 

per mission. Some longer missions will be divided into several sessions to allow 
each student to complete the mission. The goal is to have team members 
observe and contribute to the pilot’s success.  
 

     

Edustations can be networked together so the whole group is flying in one 

visual world. We encourage the team to work together to advance the skills of all 
team members.  
 
Free flight sessions can be scheduled as after school activities or when the 
classroom is not in session. We have included 9 tutored missions and 5 Activity 
flights available from the Load Flights tab. Explore them with the class as well. 
 
We encourage you to reach out to your local Experimental Aircraft Association 
(EAA) and Aircraft Owners Pilot Association (AOPA) as these groups have many 
passionate pilots who have access to planes. 
 
Arranging a field trip to your local aviation museums allows students to get close 
to planes and their rich history.  It’s fun for students and teachers alike.   
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Flight Team Rubric 

Captain First 
Officer 

Student Pilot 

The Four 
Forces of Flight 

I can explain the 
four forces of flight 
and how they 
affect the aircraft in 
different modes of 
flight. 

I can explain the four 
forces of flight and 
have some 
understanding of 
their affect on flight. 

I can list the four 
forces of flight.   

Flight 
Dynamics 

I can name the 
different parts of 
the aircraft and 
how they affect the 
aircraft in flight.   

I can name the 
different parts of the 
aircraft and have 
some understanding 
of how that affects 
the aircraft in flight. 

I can name some 
parts of the aircraft 
with little 
understanding of 
how they affect 
flight. 

Flight 
Instruments 

I can name and 
use the six flight 
instruments that 
are used to fly.  I 
can explain how of 
them work. 

I can name and use 
the six flight 
instruments that are 
used to fly. 

I can name the six 
flight instruments. 

Navigational 
Chart 

I understand how 
to read the key for 
the chart.  I can 
identify airports, 
airspace and 
terrain altitude.  I 
identify what I 
need to know 
when flying to and 
from specific 
airports.   

I can read the key 
for the chart.  With 
prompting I can 
identify airports, 
airspace, and 
terrain. altitude.  I 
identify some of 
what I need to know 
to fly to and from 
and airport. 

I can read the key 
for the chart.  I know 
airports have 
airspace rules.  I am 
not sure what I need 
to identify when 
flying to and from 
and airport. 

Aircraft Ready I can always load 
an aircraft within 
weight and 
balance 
specifications 
including an 
understanding of 
all calculations and 
charts and graphs.  

I understand the 
importance of weight 
and balance loading 
specifications. I can 
sometimes perform 
some of the 
calculations and use 
the charts and 
graphs.   

I understand the 
importance of 
loading the aircraft 
within weight and 
balance 
specifications.   

Putting it all 
together 

I can  
*Load the aircraft 
within specifications,  
*Plot a course,  
*Decide on an altitude, 
*Use the instruments 
competently  
*Identify the correct 
runway for landing 

I can competently 
perform 3 of the 5 
items a captain can 
perform. 

I can competently 
perform 1 or 2 of the 
items a captain can 
perform 
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    Flight Plan 
 



 

            edustation® © HotSeat Chassis Inc. All Rights Reserved 2015  Page 7 
 

 

                  Welcome to the edustation  K12 STEM Manual 
 

We will teach you the very basics of flying to encourage you and your students to explore 
aviation and all of the math and science needed to create exciting flights. The edustation 
can fly every airfield on the planet in one of 50 aircraft, all geographically and topographically 
correct. There are 9 Missions available from the missions menu. Follow the guide to fly the 
missions that accompany the lessons. Missions are found from the Flight Sim home page. 
Click on Mission to access these files.           Explore your world! 
 

edustation: Start Flight Simulator 
 

                                       
 PC Startup Procedure: 

1. Install PC and connect cables 
2. Be sure the power strip is plugged in and 

turned on.  
3. Power up the PC & turn on the screen.  
4. Double Click Flight Sim X icon on the 

home screen. 
5. The Default flight Level 1 is loaded, click 

Fly Now button to begin 
6. Press the Pause switch to start the 

session  
7. Tap the Rudder Pedal to let the system 

know they are there 
8. Validate all controls are set properly by 

pressing red view button and using the 
Hat Switch on the left yoke to adjust to be 
behind the plane, press the + key to zoom 
in, Pull on  the yoke to see Elevator move, 
Rotate the yoke to see the ailerons move 
then slide the rudder and see it move 
slightly. If there is error here, it must be 
resolved before continuing. See detailed 
instructions in the Appendix or call us 
203-527-5747  

 
 Pressing the Control and + or - on the Keyboard zooms the view in and out.  

 

 When you are finished, press Control + C  key on the keyboard to exit 
 

 Pressing the ALT key will display / hide the flight simulator menu bar.  
   

 Pressing Control + E re-starts the engine(s).  
 

 Start the edustation, from the desktop, click on Flight Simulator X 
and fly the default flight to show the students how flight takes place 
using the simulator.  
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1: Flight Controls: Fundamentals of Flight Lesson 
 
YOKE:  

 Gently Pull Out and the nose Pitches UP as the Elevator moves UP.  

 Gently Push In and the nose Pitches Down as the Elevator moves Down.  

 Rotating the Yoke controls left and right Roll as the Ailerons move in opposite 
directions of the edge of the wings.  

 The RED Button on the right yoke changes the camera views, Try it.  

 The FLAPS are extensions to the wing to provide more lift for the airplane on 
landing and takeoff. They are 
retracted fully during normal flight. 
Activated by the vertical switch on the 
right side of the yoke. 

 Landing Gear is extended and 
retracted by the horizontal switch on 
the right side of the yoke. The C 172 
has fixed gear.  

 The Elevator Trim is on the left yoke. 
This makes small adjustments to the 
elevators to adjust for level flight. 

 PAN View switch is located on the left 
side of the yoke.  

 The master BRAKE is the button is on 
the screen side of the left yoke. Press 
it to release and set the brakes.  

 

    Throttle Quad: 

 The BLACK Lever controls the Throttle providing Thrust 

 The BLUE Lever is the Propeller Pitch. Adjust Propeller Angle 

 The RED lever controls the fuel to air  Mixture (75% is normal setting) 

 The switches below are set to PAUSE and RESET 
 
   Rudder Pedals 

 Slide your feet to control the RUDDER which 
moves Left and Right. This steers the 
plane on the ground and control YAW in 
the air. Tap you toes down to apply TOE 
BRAKES on the ground.   

 Keep your heels down to prevent braking on 
landing and taxiing. Slide your feet to steer.   

 
 
 

 Be gentle and move the controls slowly to allow 
the plane to respond 
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1: Flight Controls: Teacher Notes 
 

  Explore what degree of freedom means. 
  Explore why the elevators cause the aircraft to Pitch Up and Down (Pitch Axis) 
  Explore how the Ailerons cause the plane to Roll left and right (Roll Axis) 
  Explore why the rudder causes the plane to rotate on the Yaw Axis?  
  Explain to the team members that they need to help each other succeed.  
  Validate that each student completes  Mission  1 successfully  
  Validate the students understanding by completing Work Sheet 1 

 
 Expand on why the plane responds as it does. 

 Allow the students to fly Mission 1 in simulator. Reset button on throttle quad 
 Encourage them to understand control surfaces, aircraft response and why. (Physics) 

 
Simulator Training: Observe the Flight Control Surfaces: (Physics) 

 From the outside back view of the plane zoom in (Control +) and move the flight Yoke 
in and out, Slide the Rudder pedals and observe how it affects the control surfaces 
and movement of the plane.  

 Elevator on the tail: Pitch nose up or Down         
 Ailerons on the wings: Ailerons will move up and down and cause the plane to Bank 

or Roll 
 Rudder on the tail: Left and Right movement causes the plane to Yaw           
 The Wing provides Lift: What is this? 
 Expand on how and why the plane responds as the controls were moved.  
 (Physics- Forces of flight, Axes of Rotation, Newton- Action and Reaction,  
 Bernoulli-Pressure) 

 
 Reduce & Increase Thrust  (Physics) 

 Explore why reduced thrust causes the plane to slow down? ( Thrust vs Drag) 
 Explore why reduced thrust causes the plane to loose altitude? Reduction of Induced 

Lift from the wing. 
 Visa Versa 

 
      Situational Awareness:  

 Let students get comfortable with what’s going on inside and outside the plane.  
 Look outside  and enjoy the sights.  
 Switch the views to outside the plane and move around the plane(Hat switch left yoke) 
 Watch the instruments as they fly the mission.  
  

 Validate Student Understanding:  
           Complete Student Work Sheet 1 in Appendix 
 

  Fly Mission 1: Fundamentals of Flight 
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2: Anatomy of a Cessna 172 aircraft:   Lesson                                                                                                                                                  

 
 
 
     
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Let’s explore the construction of the aircraft 
 

Fuselage: The body of the airplane 
 

Wing: The lifting surface of the aircraft. The shape of the wing generates lift allowing the 
plane to fly. (Bernoulli)  
 

Aileron: The surface of the wing that when moved up or down generates roll allowing the 
plane to turn.  
 

Elevator: The surface on the tail that when moved up or down controls the pitch of the plane 
moving the nose of the plane up or down.  
 

Elevator Trim:  Makes small adjustments to the elevator to achieve level flight 
 

Flaps: Hinged surface that when extended down generates additional lift and drag. Flaps are 
fully extended on landing to increase lift at lower speeds. 
 

Rudder: The moveable portion of the vertical tail surface. In the air the rudder controls the 
airplane around its yaw axis. On ground the rudder is used to steer the plane. 
 

Engine: Power unit for the propeller is supplied by either a piston engine or a turbine engine.  
 

Propeller: Are the blades on the engine-driven shaft that rotate producing thrust to propel the 
plane forward.   
 

Landing Gear: Wheels that allow the plane to land. Some planes have fixed landing gear 
and others have landing gear that retracts to reduce drag.  
 

 Validate Student Understanding:  
           Complete Student Work Sheet 2 in Appendix 
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3: Four Forces of Flight: Lesson 

             
 

  

Lift (Physics) 
 

Lift is the component of aerodynamic force perpendicular to the relative wind.  It is the 
upward force exerted on an airfoil created by the movement of air above and below the wing. 
One explanation of how lift is created is Bernoulli Effect: faster air moving over the top of the 
airfoil exerts lower pressure than the slower air moving across the bottom of the airfoil.  This 
results in the airplane being sucked up. Another explanation is Newton’s third law (equal 
and opposite forces).  As the nose of the airplane is raised up, the relative wind strikes the 
bottom of the wing (airfoil). Tre the airfoil pushes that air downward, resulting in the air 
pushing the airfoil upward (Lift) and Backwards (drag).  Both lift and drag increase with angle 
of attack 
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Thrust (Physics) 
For an aircraft to move, thrust must be exerted and be greater than drag. In order to maintain 
a constant airspeed, thrust and drag must remain equal.  A propeller or a jet engine creates 
thrust. 

                     

Drag (Physics) 
 

Drag is the component of aerodynamic force parallel to the relative wind.  Parasite Drag is 
when the aircraft encounters air resistance (air molecules) that slows its forward movement. 
Induced drag is created when Lift is produced by the relative wind hitting the bottom of an 
airfoil.  
 

                                      

Weight & Gravity  (Physics) 
Weight is the downward gravitational force exerted on an object.  According to Isaac Newton, 
F = MA where F is the aircraft’s Weight, M is the mass of the object and A is the 
Acceleration due to gravity. Gravity pulls the aircraft downward towards the center of the 
earth. The heavier the aircraft, the more lift is required to overcome its weight. 
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 Making Thrust: The Force that makes the airplane move forward. 
 A Gasoline internal combustion engine powers the propeller. The engine works by 
mixing air and gasoline in a cylinder, compressing this mixture then igniting it with a 
spark. The sequence is: 1. Intake the air/fuel mixture 2. Compress the air/fuel and 
ignite the compressed mixture with a spark plug. 3. Power stroke; the explosion drives 
the piston down turning the crank shaft which is connected to the propeller.  4. 
Exhaust the spent fuel gases. (Physics, Chemistry, Energy and Mechanics) 
 

 
 
 

 Explore how the propeller pulls the air to generate thrust.(Physics) The propeller is 
driven by the crank shaft and converts rotary motion to provide propulsive force. 

 The Pitch of the propeller may be adjustable to vary the amount of air each rotation 
“scoops” 
 

 
 

 
 Explore the Jet engine and how it works (Physics, Mechanics, Thermodynamics) 

A jet engine is a reaction engine discharging a fast moving jet that 
generates thrust by jet propulsion in accordance with Newton's laws of motion. This 
broad definition of jet engines includes turbojets, turbofans, rockets, ramjets, and pulse 
jets. 

http://en.wikipedia.org/wiki/Reaction_engine
http://en.wikipedia.org/wiki/Jet_(fluid)
http://en.wikipedia.org/wiki/Thrust
http://en.wikipedia.org/wiki/Jet_propulsion
http://en.wikipedia.org/wiki/Newton%27s_laws_of_motion
http://en.wikipedia.org/wiki/Turbojet
http://en.wikipedia.org/wiki/Turbofan
http://en.wikipedia.org/wiki/Rocket_engine
http://en.wikipedia.org/wiki/Ramjet
http://en.wikipedia.org/wiki/Pulse_jet_engine
http://en.wikipedia.org/wiki/Pulse_jet_engine
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Drag : Friction caused by the relative wind hitting the airplane 

In fluid dynamics, drag, sometimes called air resistance, is a type of friction, or fluid 
resistance. Drag forces depend on velocity of the aircraft 

Parasite Drag is caused by the aircraft external 
shape passing through the air. This force always 
decreases the aircrafts velocity relative to the air it 
is trying to pass through.                                                 

Induced Drag is caused (Induced) by Lift. It occurs 
when the relative wind caused by Thrust, causes an 
airfoil; Wing, Tail, Aileron, Flap or Rudder, to be 
pushed backwards while used to generate Upward 
Lift.  

                                                    
Weight:  The downward force that causes the airplane to 
descend toward the center of the earth 

 
 Explore gravity, mass, inertia, acceleration, deceleration.  Weight ( F) = MA 
 Terminal velocity 
 Explore the interrelationships between the four forces. There must be enough Thrust 

to overcome Inertia and Drag in order to generate Lift that will be greater than weight 
to cause an airplane to fly. 
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3: Four Forces of Flight: Teacher Notes 
 

    Lift: The force that causes an airplane to fly. 
 Build a small balsa wood plane and fly it in the classroom 
 Explore the Bernoulli Principle (Physics) 

Use a piece of paper draped into a radius. Then blow on it  
           and watch how the rest of the page is lifted up.                            

 Explore Newton’s Laws ( Inertia, F=MA and Action- Reaction 
(Physics) 

 Construct a model wing 
 Research the Wright Brothers original test of wings on their 

bike and on a homebuilt wind tunnel (History) 
 Explore Wright Bros. invention of the Wind Tunnel (History) 

 
           
 
                             
 
 
 
 
 
 
 
 
 
 
Basic Wing Construction                 Wright Brothers experiment wing shapes 
 

              
 
Wright Brothers invent the first Wind Tunnel to validate wing lift 
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 Research Stall Speed and lift (Physics) not enough lift to overcome the weight of the 
plane and it now start to fall. (Gravity)  

 Discuss Magnetic vs True North (Earth Science)                                         

 Use magnetic variation to convert true 
heading to magnetic heading (math and earth 

 
 
 
 

 
 
 
 
 
 

 Discuss how charts have a scale for 
measurement  (Earth Science) 

 Discuss Latitude and Longitude on the chart  (Earth Science) 

 
 Discuss the compass rose 
 Use compass rose on a sectional chart to find Magnetic headings. 

 
 

 Validate Student Understanding:  
           Complete Student Work Sheet 3 in Appendix 



 

            edustation® © HotSeat Chassis Inc. All Rights Reserved 2015  Page 17 
 

 

4: Flight Instruments: Lesson   
 

The 6 basic flight instruments are shown in the center, known as the Six-Pack. 

                    
 

           Air Speed Indicator   Artificial Horizon   Altimeter 
 

              Turn Coordinator    Directional Gyro   Vertical Speed Indicator 
 

Airspeed Indicator shows the aircraft's speed in knots relative to the 
surrounding air. It works by measuring the ram-air pressure in the 
aircraft's Pitot tube. The air exerts force on a diaphragm to indicate 
speed. To know the speed of the aircraft over the ground the 
indicated airspeed must be corrected for air density (which is 
dependent on altitude, temperature and humidity) and wind 
conditions. 
Stall Speed: 48 knots is this plane’s Stall Speed, when the plane 

no longer has enough lift to fly. The Green area is your safe airspeed zone. The Yellow area 
is indicates the caution zone. Fly there in calm air only and do not move controls abruptly or 
the plane can be over stressed. The Red line is the never exceed speed. Flying beyond this 
airspeed can destroy the plane.  
 

The Artificial Horizon or Attitude Indicator (I)  
The Attitude Indicator or the Artificial horizon displays the 
aircraft's wings and nose in relation to the horizon.  It uses two 
gyroscopes to display the pitch and roll of the aircraft. It helps 
show that the aircraft is in straight and level flight as well as the 
degrees of bank. In poor visibility it is very useful. Pilots use this 
instrument, as well as in combination with other instruments 
during instrument flight conditions. When the “wings of the 
indicator are on the white line between the blue horizon and the 
black ground the aircraft is in straight and level flight. The black 
lines show the climb or descent angle of the plane by degrees. 

Normal ascent is 5’ to 10’ nose up. A good climb or descent angle will result in a 500 feet per 
minute up or down rate on the Vertical Speed Indicator (VSI). The vertical lines to the right 
and left of the top scale show the bank angle of the plane. Please make sure to keep banks 
fairly shallow, 20 degrees or less, until you become proficient at maintaining altitude and 
control of the plane. This instrument is powered by two gyroscopes.  
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The Altimeter. An altimeter is an instrument used to measure the 
altitude of the aircraft above a fixed level. Altitude is measured 
using atmospheric pressure. The greater the aircrafts altitude the 
lower the barometric pressure is. A barometric altimeter is used in 
the aircraft. It uses a nonlinear calibration to indicate altitude. The 
pressure at any given point in the atmosphere is a result of the 
weight of the atmosphere above it. The higher the atmosphere, 
the less atmosphere is above, and the less pressure.  The 
barometric pressure at the airport is set into the little window of 
the altimeter before the flight begins. This instrument works by 
measuring barometric pressure. 

 
 Mean Sea Level (MSL) vs Above Ground Level (AGL)  (Earth Science) 
  The altimeter is driven by barometric pressure at sea level. This mean 0 = mean sea level,    
  Not where the ground is. Pilots must monitor the elevations of the ground location to    
  determine it elevation above MSL.  
 
 
 

The Directional Gyro (DG) or Heading Indicator (HI) is like a 
Compass.   It indicates the plane’s magnetic heading in degrees 0° – 
360° increments. It must be adjusted to match the heading of the 
magnetic compass when the plane is on the ground or in straight and 
level flight. Do this before takeoffs and landings. If you don’t see the 
compass on your screen, you may adjust your DG to match the 
runway numbers you are on.  
This instrument operates using gyroscopes to determine heading.  
 

 
 

The Turn Coordinator (TC) operates using a gyroscope powered by 
the aircraft’s electrical system. This instrument indicates slips and 
skids. When an aircraft is flying straight and level the ball will be 
centered.  When the aircraft is in a left bank and the ball moves to the 
right, the aircraft is in a slip.  If the ball moves in the direction of the 
bank the aircraft is in a skid.  Using the rudder pedals in the turn 
maintains a coordinated turn. When the aircraft is in uncoordinated 
turn the result is a higher stalling speed which can be dangerous.   
This instrument provides a visual aid indicating the Rate of Turn of the 

airplane as well as the quality of the turn. The 2 minute label indicates that at that bank angle, 
it takes two minutes to complete a full circle.  When banking left, try using a little left rudder to 
keep the ball in the center. When banking right, use a little right rudder to keep the ball 
centered.  Without using the rudder pedals, the plane would be uncoordinated when 
turns are initiated using only the yoke.  
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The Vertical Speed Indicator (VSI) indicates how many feet per minute 
you are going up or down. You should try to maintain 500 feet per minute 
while going up or down, this way your passengers will not get a major ear 
or headache. The VSI works by sensing changes air pressure. The dial is 
read by multiplying the indicated number by 100. 
This instrument is powered by Air Pressure  
 
 

 

The RPM indicator is not one of the six flight instruments but is essential 
for flight. It is on the lower right of the instrument panel. It shows the 
engine speed in Revolutions per Minute or RPM.  When you move the 
plane on the ground, this is called Taxiing; the RPM should be 1000 
RPM or less. For takeoff, use full power or about 2500 RPM. For 
landings, the power should be set to 1500 RPM or Less. 
This instrument runs by a cable from the engine or electrical signal.  
         

 
Global Positioning System (GPS) 
Press Shift + 3 to display, place and 
resize it for comfort. The GPS shows you 
graphically your location on the area 
map. The screen indicates: Your plane is 
shown in White, your directional Heading 
in Yellow, Airport names are in RED, 
Instrument Runway approaches are 
shown in Green.  You can use these 
approaches to line up to land. This 
instrument is a radio receiver computing 
your location using satellites.                             

 

 Remember, the number one rule of flight is safety.  
 We practice this with “see and avoid” so we don’t crash into other planes or the 

ground. 
 We teach students proper visual scanning of the instruments and the view outside the 

airplane. 80% of a pilot’s vision should be focused outside the plane. Therefore proper 
scanning of the instruments is a key factor to safety of flight, especially when flying in 
limited visibility.  

 Proper scanning of the outside view is key, especially when near airports, ground 
stations used for navigation such as VOR’s and NDB’s and of course in the traffic 
pattern and practice areas where lots of airplanes occupy a small amount of airspace. 

 

 Validate Student Understanding:  
           Complete Student Work Sheet 4 in Appendix 
 

 Simulator Mission 2: Flight Instruments Complete 

Mission 
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4: Flight Instruments: Teacher Notes 
 

Expand on these topics 
 Explore the history of a knot (earth science) You will be surprised 

  
 

 Knots vs Miles Per Hour   1 knot = 1.15078 mph (math) 
       Do knot to mph conversions (math) 
       Do mph to knot conversions (math  

 Air speed and charts are scaled in Nautical Miles and Speed is measured 
in KNOTS   

 Explore the chart included in the materials 
 Explore how the chart scale is used to determine distance (math & earth 
science) 

 Explore Latitude and Longitude 
 Research “Stall” where there is no longer enough lift to overcome weight 
(physics) 
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4: Flight Instruments: Teacher Notes 
 

 Explore local sites for Above Ground Level (AGL and MSL altitude (Earth science) 
 

                   
 

 Explore Rocket Launch Vehicles and how rocket engines generate thrust 

                                      
 

 Explore Satellites, Orbits and launch vehicles (physics) and how GPS works by using 
multiple satellites to determine ones position. 
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4: Flight Instruments: Teacher Notes 
 
 

 Explore gyroscopes and how they work (physics) 
 

                
 
        Artificial Horizon                                                  Heading Indicator         
 
    
 

 Explore Pitot Tube and air pressure on a diaphragm and how this works 

                 
Pitot tube is located under the wings        Air Speed Indicator 

         Or on the fuselage  
 

 
 Explore the Activity Flights for FUN. Access them from the menu bar, File, Load 

 Red Bull Extra flying over London 
 P-51 flying over Las Vegas, look for the Bellagio Fountains 
 Land a Grumman Goose Sea Plane in NY harbor  
 Land a 747 on night approach to Chicago’s O’Hare 
 Fly an A 320 Air Bus from LaGuardia Miracle on the Hus=dson  
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Mission 3:  Take Off     Lesson   
   

 Taking off requires that the plane achieve Lift from the wings to overcome its weight or 
the downward force due to gravity. (Physics & Science) 

 Increasing thrust overcomes inertia, drag or friction. Drag, like friction is also a force 
that wants you to stay put. It is caused by the friction between the parts of the plane 
and the surrounding ground and air. (Parasite Drag) The Cessna 172 you are flying 
requires over 48 knots to fly. In order to get lift from the wings, you must add power 
with the throttle to generate the force of Thrust which will move the plane forward and 
create Relative wind that will allow the plane to fly. The take-off procedure is as 
follows: 
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Simulator  Mission:  3  Taking Off:  Lesson 
 

 You will be on runway 14 (140°) at Republic Airport (KFRG)  
 All airplanes take off and land into the wind using the runway closest to 
the wind direction.  Today the wind is coming from 140°. 
          Think why going into the wind increases induced lift 
          What would happen if you took off with the wind behind us? 
          Would you get more or less lift? 

 Taking off with the wind behind us, downwind, is dangerous because you 
might run out of runway. Your ground speed would be great but your 
airspeed might not be enough to generate lift. 

 Below is the airport layout called a Plate. Become familiar with the crossing 
runway (19) and taxi lanes. 

 You will take off with a heading of 140° 
 You want to maintain this 140° heading on the climb out (Upwind leg, into 
the wind).  

 Climb at 5° - 10° nose up at 500’ per minute.  
 Follow the tutorial and fly through the boxes with a left turn climb out pattern 
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Mission:  3  Taking Off:  Lesson 
 

This is a portion of a sectional chart is used by students flying from Republic field KFRG. See 
the Atlantic Ocean is to your south, Long Island Sound and Connecticut are to your north. 
New York City is to your west and Block Island is to east. 
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Simulator Mission  3  Taking Off:  Lesson                  
 
The Attitude Indicator (AI) is also known as the Artificial Horizon (AH) 
The brown section represents ground or water. 
The Blue half represents the sky.  
 
For now, when you climb, keep the nose of the 
plane, the yellow dot in center, at or near the 
10° line, shown in white, on the blue sky.  
 
When descending, keep the dot on the 5° – 10° 
degree line (shown in white on the brown half 
of the AI).   
 
This is key to a safe and stable flight.                                                                                                                                                                   
                                                                                                  

 The plane might tend to turn to the left 
during the takeoff roll and climb out especially if you climb too steeply. This is referred 
to as the Left-Turning Tendency.   

 When taxiing on the ground, don’t panic! Just use a little RIGHT RUDDER to maintain 
the runway center line. 

 After reaching 300 feet of altitude, the long dial handle points to 3 on the Altimeter, 
Using the vertical switch on the right yoke arm, raise the flaps fully. (Press the Red 
View Button to display the aircraft to validate Flaps Up) 

 Maintain nose up 5°-10° to an altitude of 1000 feet then level off. Reduce Power to 
2200 rpm with the throttle and fly a level flight plan. Do not climb too steeply else the 
plane might stall.  Check your speed on the Air Speed Indicator ASI). It should be 
between 60 and 80 knots. 

 Try this several times to become comfortable with the left turn climb out.  
 Continue using a little RIGHT RUDDER during the climb. Don’t bank to the right to 

compensate, instead use enough RIGHT RUDDER to maintain a heading of 140 
degrees. 

  

 
 

 Simulator Mission 3: Fundamentals of Take Off  
Complete the Mission 
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Flight Plan Mission 3: Teacher Notes  
 

 Discuss Lift and Thrust and how they overcome Weight and Drag (Physics) 
 Locate cities in NY, New Jersey  and CT (Earth Science) 
 Locate the Atlantic Ocean (directly South of you) and Long Island Sound (To the North 

and North East.  (Earth Science) 
 Encourage students to observe flight Instruments for air speed (ASI), compass 

heading (DG or HI), rate of ascent (VSI) & altitude (Altimeter) 
 Observe the Situational Awareness of the students. Are they on task? Looking inside 

and outside? Watching all instruments and not fixating on a single one? 
 Repeat this exercise selecting Level 2 Dusk and Level 2 Night 
 Discuss how changing the light level changes your visual perception of surroundings 
 Let students get as much seat time as feasible 
 Explore the ratios below. As angle of attack increases, Total Drag increases. If the 

angle of attack exceeds a critical value (18 degrees nose up), Lift will be destroyed 
and the plane will stall.  

 

          
 
The Relative Wind is the wind created by the force of Thrust as a plane moves forward. 
When the angle between that wind and the flying surface (Wing or Tail) exceed the critical 
angle (18 degrees for most planes), the wing or tail will stall, no longer generating lift. When 
the wing generates Lift the airflow is Attached. When the wing Stalls, the airflow is no longer 
attached. (Physics) 

                             



 

            edustation® © HotSeat Chassis Inc. All Rights Reserved 2015  Page 28 
 

 
 
Aviation History: Research & Creative Writing 
 

 Aviation has a rich history of amazing people such as the The 
Tuskegee Airmen, The Wright Brothers, Bessie Coleman, Amelia 
Erhardt, Charles Lindberg, William Boeing, Howard Hughes, Guy 
Bluford, Barrington Irving, Baroness Raymonde de Laroche, Willa 
Brown, Glenn Curtiss, Mae Jemison, Dick & Burt Rutan, and many 
more.  

 Research these and other famous aviators to understand what their 
accomplishments were?  

 Where were they from? Where did they live? 

 What impact did they have on aviation and on US and Global 
History?  Think about World travel, US Civil Rights, Space flight and 
Air and Sea power in the military. 

 Who were their mentors?  Why were they so famous? 

 Aviation History: Teacher Notes 
Explore the rich history of aviators, engineers, scientists, aviation companies 
and products from the Wright Brothers to Landing on Mars and driving around. 

 

     
 
 

   
 

 Complete Work Sheet 9:Creative Writing 2.0 Aviation History 
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Mission  4:  Landing  Lesson 
 

To land safely you need to coordinate the aircrafts position relative to the runway, the proper 
angle to bring you to the runway and the proper air speed so the plane will remain on the 
ground where you want it. Braking will stop the plane in the desired location. It takes all of 
these to execute a successful landing.  

 
 Descent for a Landing requires you to place your aircraft at 3° nose down Glide Slope 

Angle. 
 The Glide Slope is used so the plane touches the ground within 1000 feet after the 

runway threshold (Beginning of the runway) at the correct angle.  
 The pilot must adjust landing speed accordingly with the throttles. Remember: 

ATTITUDE + POWER = PERFORMANCE.  
 The instrument shown below is the VOR/ILS indicator guiding instrument flight. 

 

 
 

 Preparation for landing starts with having the aircraft at the appropriate altitude and 
location to line up to the runway. 

 Flaps allow your plane to fly at a lower air speed. (increased lift and drag) Your Flaps 
need to be fully lowered in preparation for landing. Normally this is done at 500 feet 
altitude. We have done this for you in the Mission 3. When planning your own flights, 
remember this as part of your Before Landing check list.  

 Landing combines Airspeed, Lift and Drag for the plane to remain on the ground. 
The Stall Speed for this plane is 48 Knots, so you need to be a little over this speed 
when over the runway just before touching down. 

 You can adjust your speed using the black Throttle lever. Start at 70 Kts and slowly 
bring the power down as you flare to land, raising the nose to stay level 

 Raising the nose just above the ground will reduce your speed, fighting gravity, until 
the plane reaches Stall Speed and comes down firmly but smoothly on the runway. 
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Mission 4:  Landing:  Lesson 

 
Visual Landing Aids (Visual Approach Indicator Lights or VASI): 
     

 At the end of the runway are 4 lights red or white. They are called the VASI lights. This 
stands for Visual Approach Slope Indicator or Glide Path lights. These act as visual 
indicators to maintain the correct glide slope to land on the runway.  

 

 2 Red and 2 White mean that you’re on the glide slope.                                         
                   “Red over White, you’re all right”.  

 All Red means you are below the glide slope.                                                                              
                    “Red over Red, you are dead”.  Add power and raise the nose.   

 All White means you’re above the glide slope                                                                    
                    “White over White, you can fly all night”.  
              

 
 

 
 Press the Brake On button on the Left side of yoke or apply the Toe Brakes to stop. 

 
 Remember that you steer by using your feet and the rudder pedals. NOT THE YOKE. 
 Press the reset button and move the throttle back to 50% 
 Try again until you feel comfortable landing. 

 
   

 
 
 
 
 

 Simulator Mission 4: Fundamentals of Landing 
Complete the Mission 
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Mission 4  Landing:  Teacher Notes 

 Discuss STALL Speed, lack of lift.  (Physics)           
                                                                             A Stalled wing unattached air flow 

       
 Why adding full flaps aids lift at low airspeed (Physics) 

                 
 Discuss Glide Slope, angle of attack to the runway to flare (Physics) 

 

                     
 
 

 Monitor Situational Awareness of the students 
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Flight Plan Mission 5: Flying the Traffic Pattern Lesson 
 
The next step is to connect the takeoff and landing in a mission to fly a rectangle 
around the airport. This is called flying “The Pattern”.  
 
To be successful you need to be aware of your air speed, altitude, heading, control 
surfaces and location to takeoff following the left climb out. You will continue on the a 
series of left turns to line back up on runway 14(140°) 
 

 Combining the skills you have mastered will help you complete a flight around the 
airport at KFRG. 

 We are going to take off from Runway 14 (140°)  
 You will fly a rectangle around the field and return to runway 14 (140°) 
 Study the flight plan below 

      
 

 You will take off as you did in Mission 2 
 Be aware of your surroundings (Situational Awareness)  
 Follow the instruction to fly the rectangle around the field 
 Switch to the outside view and take a look around 
 Enjoy to experience 
 You will land as you did in Mission 3 
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Flight Plan Mission 5: Flying the extended traffic pattern      
 
Open Mission 5 putting you on Runway 14 (140°) 

 
 Take Off or UPWIND Leg: Set flaps to one notch down – Set Power to Full – Use 

slight right rudder as needed to remain on center line. Pull back on the yoke to rotate 
at 60-70 Knots – Hold heading 140° with 5° – 10° nose up attitude to 700’ Mean Sea 
Level (MSL). Retract the flaps at 500’.   Maintain Full Power. 
 

 Cross Wind Leg: At 700’ turn LEFT to a heading of 50 degrees – Maintain full power. 
Climb to 900’MSL. This only takes 10 seconds. 
 

 Downwind Leg:  Turn Left to a Heading of 320 degrees and continue climbing to 
1100’ MSL. This is your Traffic Pattern Altitude (TPA). Level off at 1100’ and reduce 
power to 2100 RPM – Maintain 80-90 Knots. Breathe. Relax. You will stay there for 
two minutes. Maintain your heading of 010 degrees. Look around. Use the Hat Switch 
on the yoke to look for the runway on your left. 
 
 

 Prepare to Land:  At the ABEAM Point, the place on the Downwind when you see the 
runway numbers, Reduce Power to 1800-1900 RPM and Lower the flaps to the first 
notch. Verify a descent of 500’ per minute on the VSI. – Begin a descent to an 
altitude of 900’ Adjust the power to maintain 70 knots. No lower than 1500 RPM.  
 

 Base Leg: At 45’ from end of the runway turn left to a heading of 230 degrees. 
Continue descending to 700’ MSL. Check your Altitude and Airspeed. Use the Hat 
switch on the YOKE and look at the runway. Pay attention to the VASI lights.  

 Pilots say” High or Low, Fast or Slow” as a check list.  
 If VASI lights show RED over WHITE, You are OK, Add the second notch of FLAPS.  

 

 Final Leg: From 700’ MSL and just before lining up with the runway, turn left to a 
heading of 140 degrees.  Continue the descent while reducing power to 1500 RPM. 
Check your speed. It should be 60-70 knots.  At 500’, use FULL FLAPS and adjust 
Power as needed to maintain airspeed of 60kts and 500 feet per minute or less on the 
VSI. Once Over the Runway, reduce power to Idle and gently pull on the YOKE to 
flare. 

 As your speed decreases, continue flaring just enough to touch down on the main 
wheels, NOT THE NOSE wheel. Use the rudder to keep the plane lined up with the 
runway. Once on the ground, raise the flaps and use the toe brakes to stop the plane.  
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   Solo Flight Plan : Teacher Notes 
   

From the Home Page   You can access the Learning Center.  

You’re encouraged to explore the learning center in the flight simulation software for a more 
detailed presentation. There you can learn to read maps and aviation charts, you can review 
materials from Earth Science.  You can review concepts of Latitude and Longitude, contour 
lines, true and magnetic North, etc. In the end you will see how all this school material can be 
used as you travel by air from KFRG airport to your destination, with you as the pilot in 
command, finding your way without getting lost. 
  
Easy activities: 
Find your home field (KFRG) and fly from there over the ocean and long island sound to CT.  
While you fly, you can Cycle through the aircraft and outside views by pressing the red button 
on the right yoke arm. You can circle around the plane in the outside view by also moving the 
pan button around, the hat switch located on the left of the yoke. 
 
Complex activities: May include learning to fly a perfect Traffic Pattern for Runway 14 at 
KFRG at Dusk and Night.  Fly all five legs of the pattern, using correct headings, altitude, 
flaps and power settings, then land on the center of the runway.  Try doing “Touch and Go” 
landings, that is, do a normal landing but instead of stopping and making a full stop, just put 
flaps back up to 1 notch, add full power and take off again. Try soft-field or short field 
landings, that is landing as smoothly as possible or in the shortest distance. 
 
Switch Aircraft: From the menu select Aircraft and pick another plane. Wherever you are in 
a scenario it will resume in the new aircraft. You can Save every desired flight from the menu. 
 
Press the ALT key and select World then Map. Here examine your location, display 
navigation beacons, VOR and NDB signals, and alter you flight altitude, speed and direction.    
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Work Sheet: Short Cross Country Flight Math Problems 

 
Now we can do some of the math to be able to predict what will happen on a 
flight we are planning.  
 
This includes 

 Weight of the aircraft on takeoff 
 Distance we will travel on each leg (Chart Measurement) 
 Time it will take to complete each leg  (Distance / Speed) 
 Fuel required for the flight (Time x  Gallons Per Hr.) 
 Weight of the fuel consumed 
 Weight of the aircraft at destination 

 
 

        Fact Sheet Cessna 173 Skyhawk 

                                             
 

Facts about this aircraft: No cross wind  
Empty Weight: 1,641 lbs.    Useful Load: 917 lbs.   Your Takeoff Weight = 2,300 lbs.       

Fuel Capacity: Left Tank: 28 gal.   Right Tank: 28 gal.  Total useable Fuel: 53 gal. 
Fuel Burn: 7.8 Gallons per Hr.         Fuel Weight: 6 Lbs. per Gallon 
Cruise Speed: 122 Knots (140 mph)     Engine RPM: 2500   Your 172 is flying at 6,000’.    
 

Aircraft Specifications:  
Stall Speed: 48 Knots (54mph) power off Flaps Down   Max  Speed: 163 Knots (188 mph ) 
Climb Rate: 720 FPM   Service Ceiling: 13,500 Ft.  Max Takeoff Wt.: 2,550 lbs. 
Cruise Range 75% power: @ 8,000 Ft: 518 nm  55% Power: 696 nm 12,000 ft.  
Take off distance Ground Roll: 960 Ft.        Landing Distance:  575 Ft.    
Wing Loading: 14.1 Lb. /Sq. Ft.       Takeoff Distance to clear 50’ object: 1,650 Ft.   Max 
Landing Distance:  575Ft.   Landing Distance to Clear 50” object:  1,335 Ft.  
Cruise Range 75% power: @ 8,000 Ft: 518 nm  55% Power: 696 nm @ 12,000 ft.  
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 Validate Student Understanding:  
           Complete Student Work Sheet 5 in Appendix 
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Aviation Math & Science: Teacher Notes & Charts 
 
When we teach math and science, students often have problems understanding or applying 
math equations to real life problems. In this example we use the relationship between the 
force of Drag, otherwise known as friction, and the speed of the airplane, Airspeed. We will 
see real examples of how to understand the math equations. 

y1 = x
2, y2 = 1/x2

 and the sum of these two equations y3 = y1 + y2    y3 = x2 + 1/x2 
 

  
 

Parasite Drag is caused by the airplane body and parts (Wheels, propeller, fuselage…) 
hitting the relative wind as the plane flies. It increases as the square of the plane’s Airspeed,  
i.e. y1 = x

2 where y1 is Parasite drag or friction and x is speed.  Graph #1 shows the 
relationship between Parasite Drag on the y axis and Airspeed on the x axis. This is a 
positive non- linear relationship. 

                               
 
Graph #2 shows the inverse relationship between Induced Drag and Airspeed. Induced 
drag is the drag caused by LIFT. In order for a plane to fly, we must increase the angle of 
attack (Raise the nose of the plane) to get lift. At slow speeds, AOA is high and Induced 
Drag is high. At faster speeds, AOA decreases and Induced Drag is lower.  Y2 = Induced 
drag and airspeed is on the x axis. 
Figure 2 shows how induced drag is produced as a result of lift. 
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Aviation Math & Science: Teacher Notes & Charts 
 
Finally Graph 3 shows the sum of y1 & y2 or Total Drag along with Parasite and Induced drag 
shown as dotted lines.  We can show students that at each airspeed, by adding Parasite 
Drag to Induced Drag, we get Total Drag.  This is equivalent to TD = Y1 +Y2 

                                        
 
 
 
 
 
 
 
 
 

 
 
Graph #4 is one of the most significant graphs in aviation or aeronautics. 
Finally Figure 4 Illustrates in one graph, the sum of y1 & y2 or Total Drag along with Parasite 
drag in blue ink and Induced drag in yellow ink. We can show students that at each air speed 
by adding Parasite Drag to Induced Drag we get Total Drag.  This is equivalent to TD = Y1 + 
Y2.   Figure #4 is one of the most significant graphs in aviation or aeronautics.    The 
minimum point on the Total Drag curve shows the most efficient airspeed for that airplane (70 
Knots for your Cessna 172) and the minimum Total drag. (2,500 Lbs. for that same plane.)  
 
                 
The minimum point on the Total Drag curve shows the most efficient airspeed for that 
airplane (70 Knots) and the minimum Total drag, 2,500 Lbs. 
 
At the airspeed of 70 knots the aircraft is most efficient and will consume the least fuel. This 
graph shows how mathematics can be used to determine Essential Parameters of flight. As 
the plane flies at a speed faster than 70 knots, parasite drag and total drag increase but as 
the plane flies slower than 70 knots induced drag increases causing total drag to increase. 
Flying too slow causes an airplane to Stall and fall out of the sky. Flying too fast can cause 
the plane to fall apart in flight. In any case efficiency of flight is Less at any speed other than 
70 knots, the minimum point on the total drag curve.  
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CR: Herritage Research  : K12 Project (Appendix) 
 

 Select a location where your family is from. (Ex. Jamaica, Russia, USA) 
 Find this location on a map and save or print a copy 
 Go to Google Maps Earth to take a look at your location 
 Find the airport near this location 
 Find landmarks around your location  
 Research this place for its latitude and longitude 
 Find the elevation MSL and AGL 
 Construct a small flight plan around your location 
 Open your location from Flights – Load – Location Desired 
 Flying a Cessna 172, estimate how much fuel you will use 
 Flying a Cessna 172, estimate the total distance of your flight 

 
K - 7 Project 
 

 Make an outline of your research notes 
 Write a 1 page paper about your location 
 Include the History of your location 
 Describe the topography of your location (Mountains, Oceans, Deserts) 
 Describe the seasons and temperature of your location 
 Write a conclusion of your thoughts about your location 
 Provide references that you used. 

  

Grade 8 - 12 Project 
 

 Make an outline of your research notes 

 Prepare  2 page paper about your location 

 Include the History of your location 

 Describe the topography of your location (Mountains, Oceans, Lakes) 
 Describe the seasons and temperature of your location 

 Select an airport for your flight 
 Include the latitude and longitude of your location 

 Include the call letters of the airport and the runway heading you plan to 
use. Include MSL and AGL altitudes 

 Write a conclusion of your thoughts about your location and how easy or 
hard it would be to fly there. 

 Provide references that you used. 

 
 Complete  Work Sheet 10: Creative Writing 2.0  
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NAVIGATION: Lesson 
 

The art of getting to your destination in style 
 

There are several ways to fly from one location (Origin) to another (Destination)      
Refer to your Local Navigation Chart  
 
Worthwhile Navigation Websites:  
There are several websites you and your students should visit to help 
plan flights. www.skyvector.com            
                   http://www.pilotfriend.com/calcs/calculators/flightcalc.htm  
 
Aircraft Separation: 
 
In order to have safe air travel aircraft must be separated to avoid                        
collisions. Controlled airspace is from 3,000’ – 18,000’ for general 
aviation. Under 3,000’ you are responsible to see and avoid. Elevation 
separation is done based on the direction and flight plan. There are 
two flight plan categories, Visual Flight Rules (VFR) and Instrument 
Flight Rules (IFR). Pilots need to be certified to fly in IFR conditions 
where visibility and conditions require the pilot to fly totally by 
instruments.  
 
The separation rules are determined by the heading you are flying. 
                  0° - 179°     180° - 359° 
VFR  Odd thousands + 500’   Even thousands + 500’ 
          3,500, 5,500, 7,500 etc.          4,500, 6,500, 8,500 etc.  
 
                  0° - 179°     180° - 359° 
IFR  Odd thousands    Even thousands 
                  3,000, 5,000, 7,000 etc.   4,000, 6,000, 8,000 etc.  
 
Your flight plan needs to reflect these altitudes depending on your 
direction. 
 
 
 

http://www.skyvector.com/
http://www.pilotfriend.com/calcs/calculators/flightcalc.htm
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NAVIGATION: Lesson 
 
How can we navigate? 
 

 

 Celestial Navigation using the stars and of course the sun. This assumes that we can 
see the stars or the sun and have a sextant.  
 

 Dead Reckoning basically if you know where you want to go, the distance to travel and 
you know the Heading to take, you can use the equation Rate X Time = Distance to 
solve your problems. Of course this assumes that your rate of travel (Speed) and your 
direction (Heading) will be constant. Using this equation you can compute the time 
required to get to your destination.  
 

For example, to fly to the Statue of Liberty from Republic airport, all you need to do is fly 
west at 280° toward NYC. From KFRG to Lady Liberty is 30 Nautical miles and you are 
travelling at 120 Knots (Nautical miles per hour), it will take you 15 minutes.  Of course the 
time will depend on the wind strength and direction. Winds may speed or slow your plane 
or throw you of course. You can do this in the simulator from KFRG using level 2 from the 
saved flights. Menu - Flights Load – Level 2 
 

      
          

  Teacher Note: 
Republic Field in Farmingdale NY (KFRG) is the airport we have selected to fly our 
Missions from. You can setup your own flights from your local field so students will 
recognize local landmarks. Open Level 2 from saved flights and fly to the Statue of 
Liberty with the class.  
Remember to save the flight and set it as the default if you wish. 
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NAVIGATION: Lesson 
 

 Pilotage is a better method. It starts with Dead Reckoning but assumes that you can 
see where you are going, can recognize places on the ground and navigate to the 
Statue even if the wind blows you off a little. You can make corrections to your 
heading by using waypoints, visual landmarks on the ground.  
 
This is the most popular method of Navigation used today. It requires a map, called a 
sectional chart, to determine the distance you must travel and to know what your 
directional heading should be.  
 
 
In order to Understand Pilotage, we must learn a few terms and understand the effects 
of weather on the flight. We also need to review Latitude, Longitude, Magnetic 
North vs True North, and Magnetic variation. We also need to learn a bit about 
Sectional Charts and how to read them.  
 

Terminology:  
 

 Any point earth can be defined by its Latitude and Longitude.   
 
 Latitude refers to how far North or South of the Equator a point is located. The 

lines of Latitude run laterally from East to West beginning at the Equator and up to 
90 degrees North to the Physical True North and 90 degrees South to the 
Physical True South.  

          
 

 Republic airport is approximately 40 degrees and 30 minutes north of 
the Equator. It also lies at 73 degrees and thirty minutes west of the 
Prime Meridian, a line running North-South in Greenwich England.   
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NAVIGATION: Lesson 
 
 

 The Compass Rose on charts is notated in True North and South headings. We 
fly with a magnetic compass and compensation must be computed to render 
Magnetic North or Magnetic South, where the Earth’s lines of Magnetism start 
and end.  

 

                
           
 
 

 NAVIGATION:  Teacher Notes 
   

 There are 37 such charts that cover the Continental limits of the US. On these 
charts, there are dotted magenta lines which run from North West to South East 
that indicate the amount of Magnetic Variation (MVAR) anywhere on earth. This is 
the amount by which a pilot must change any direction of flight (a Course) given in 
TRUE units to what he/she will actually use which is MAGNETIC. At any rate, our 
compass is magnetic and we fly using the compass and its counterpart, the 
Heading Indicator.  A simple formula is used to convert True course (TC) to 
Magnetic course (MC) is MC=TC + or – MVAR. In other words to change a true 
direction or course to magnetic, you must add or subtract the Magnetic Variation 
shown in the chart. The variation can be easterly or westerly and we add the 
westerly one and subtract the easterly change.  Remember “East is Least, West is 
Best.” 
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NAVIGATION: Lesson 
 

Your Sectional Chart provides us with important navigation information: 

 
 Measure the distance between two airports and the course to take for flying from one 

airport (Departure Point) to the other (Destination).  
 Estimate our Estimated Time En Route  (ETE)  
 Estimate our Fuel Burn. 
 Provides waypoints that can be used to modify the course when winds or other factors 

prevent a straight and level flight from being achieved.  
 The chart provides topographical data such as cities, airports, rivers, lakes, oceans, 

mountains as well as other points on the ground that could be visible from the air. 
These include Highways, Bridges, Railroad tracks, Tall Towers or other obstructions, 
etc.  

 It also provides mandatory reporting points near airports that pilots must use in 
reporting their position to Air Traffic Control (ATC). Please check the legend of any 
chart to know how to read the information presented. 

 Airport names and type, the FAA Designated call letters 
 Radio frequencies to use for the Control Tower if available 
 Radio frequency for the Automated Terminal Information System (ATIS) which is a 

recording of data about the weather conditions and runways in use at that airport. 
It also provides information about runway length, barometric pressure, if the tower is 
manned, and whether or not the airport has lights for night operations.   

 Much more can be learned about sectional charts and what other data they can 
provide to pilots by checking the legend section of the chart and by taking ground 
lessons. 
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             NAVIGATION: Lesson 

 
 

Electronic Aids to Navigation 
 

Radio signals are the reliable means to track you course and the distance to the 
transmitter. These are essential elements for navigation, even when weather 
conditions are optimal. These radio navigation aids are: 

 Non Directional Beacons (NDB’s) A non-directional (radio) beacon (NDB) is    
          a radio transmitter at a known location, used as an aviation or marine navigational   
 aid.  

 Very High Frequency Omni Range Transmitters (VOT’s) on the ground. VHF Omni 
Directional Radio Range (VOR) is a type of short-range radio navigation system 
for aircraft, enabling aircraft with a receiving unit to determine their position and stay 
on course by receiving radio signals transmitted by a network of fixed ground radio 
beacons. 

 
 Automatic Direction Finders to aim for a radio 

beacon.(ADF) An automatic direction finder (ADF) is 

an aircraft radio-navigation instrument that automatically 
and continuously displays the relative bearing from the 
aircraft to a suitable radio station. Points to NDB 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Radio_transmitter
http://en.wikipedia.org/wiki/Navigation
http://en.wikipedia.org/wiki/Radio_navigation
http://en.wikipedia.org/wiki/Aircraft
http://en.wikipedia.org/wiki/Radio_transmitter
http://en.wikipedia.org/wiki/Radio_transmitter
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  Very High Frequency Omnirange Receivers 
(VOR) in their plane to guide the course to their 
destination or en route radio signal. It displays 
your direction relative to the radio beacon and it 
heading. These beacons are Highway’s in the 
sky. 

 

 
 
  

 A Transponder identifies you to the ground 
air traffic control using a unique frequency 
continuously transmitted from your plane.  
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NAVIGATION: Cross Country    Lesson 
  

Before any flight, a safe pilot will plan for that specific fight, even if it will 
take place in the vicinity of the airport. A pilot must review: 

 Weather information winds, the ceiling and the visibility being reported 
not just at the airport of departure but also in the general area of the flight. 
This may include the weather at the destination airport and the weather 
conditions en route.  

 Check the airplane and make sure it is airworthy, that it has the required 
equipment and documents on board and that it is safe for the flight.  

 Perform a Weight and Balance computation as required.  
 Finally a preflight must determine that sufficient fuel and oil are available 
to complete the flight with at least 1/2 hour of fuel reserves.   

 Dead Reckoning and Pilotage require that a pilot know the location of the 
departure and destination airports, the distance between the two airports 
and if the trip can be taken in one leg or will require multiple legs. 

 Prepare the course to be flown, the distance to be flown, the fuel burn rate 
for the altitude selected, the wind conditions (Direction and Strength), and 
the Magnetic Variation. 
 

We will conduct a short three leg flight from Republic Airport (KFRG) to 
Bridgeport in Connecticut (KBDR) then to Islip Airport (KISP) then 
back to Republic. The flight will be conducted under Visual Flight Rules 
(VFR) in Daytime. You may decide later to repeat the flight at night. 
 
This flight will take place with no wind affecting our flight path. In the 
advanced section we can learn how to compensate for wind conditions. 
 

Terms: 
 
FBR:  Fuel Burn Rate          TAS: Total Air Speed 
 
MVAR: Magnetic Variation    True Course: The Chart Coarse 
 
Magnetic Course: Compass course corrected for magnetic variation 
 
Magnetic Heading: Course you will fly  ETE: Estimated time en route 
 
Ground Speed: the speed over the ground    
 
Air Speed: Your speed through the air 
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You can explore planning trips on a website called www.skyvector.com  as 
shown below. 

 
 

 

 Leg 1 KFRG to KBDR 
 

Winds:  Still    FBR: 8 gph   TAS:  120 Kts   MVAR: 14 degrees W 
TRUE Course:   027 degrees    Magnetic Course (MC): 041 degrees  
Magnetic Heading: 041deg   Ground Speed: 120 kts. 
Estimated Time en Route (ETE): 16 min.   Est. Fuel burn: 3 gallons 
 

Now repeat this for the other two legs. The only change will be the wind 
effect on your Heading and Ground speed. Of course that will affect your 
ETE. 
 

 Leg 2  KBDR to KISP 
 

Winds:  Still   FBR: 8 gph   TAS:  120 kts   MVAR: 14 degrees W 
TRUE Course:   176 degrees       MC = 176° + 14° = 191 degrees  
Magnetic Heading: 190°   Ground Speed: 120 Kts. 
Estimated Time en Route (ETE): 14 min. Est. Fuel burn is1.9 gallons 
 
 
 

http://www.skyvector.com/
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 Leg 3  KISP to KFRG 
 

Winds: Still   FBR: 8gph  TAS:  120 kts   MVAR: 14 degrees W 
TRUE Course:   255 degrees          MC = 255° + 14° =  269 degrees  
 
Magnetic Heading: 269° + 1° = 270 degrees   
Ground Speed: 120Kts. 
Estimated Time en Route (ETE): 7 min.   Est. Fuel burn: 1 gallon 
 

Now add up all three legs:   
 Total Distance = 66 nm   
 ETE  38 min   
 Total Fuel Burn is 5.8 gallons or 6 gallons. 

 

 
 
 

 Simulator Mission 6: Cross Country Flight 
Complete the Mission 
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NAVIGATION:  There is a 10 knot wind from 60° 
 

Below we have the airport maps for the airports we will fly over. 
Remember that we always take off and land going into the wind.  
 

If you were to take off or land in Republic (KFRG) we would you use 
runway 1  (13°)  
Control tower frequency is 118.8 or 279.65 
ATIS frequency is 126.65 
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NAVIGATION:  There is a 10 knot wind from 60° 
 
If you were to land in Bridgeport (KBDR) we would you use runway 6  
(058°)  
Control tower frequency is 120.9 or 257.8 
ATIS frequency is 119.15 
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NAVIGATION:  There is a 10 knot wind from 60° 
 
If we were to land in at Islip (KISP) we would use runway 6 (058°)   
Control tower frequency is 119.3 or 335.5 
ATIS frequency is 120.725 
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Weight and Balance: Lesson  
 
 
 
definition of weight and balance 
terms and their meanings 
basic balance theory 
finding proper empty weight 
finding cg location 
maximum takeoff weight - reasons for use or avoidance 
effects of weight and cg location 
safety: stability, control, performance 
efficiency and performance 
problems and types - comfort with other methods 
computation 
graphical 
tabular 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Definition of weight and balance 

 Terms and their meanings 

 Basic Weight and Balance theory 

 Finding proper empty weight 

 Finding cg location 

 Maximum takeoff weight - reasons for use or avoidance 

 Effects of weight and cg location 

 Safety: stability, control, performance 

 Efficiency and performance 

 Problems and types - comfort with other methods 

 Computation graphical tabulation 
 
 
 
 
 
 
 
 
 

 
 
 

We are going to need more passengers in first class! 
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Weight and Balance: Lesson  

 
                           Perfect balance 
 

 
 
 

 The idea of balance is simple. 
  The center of gravity or CG is the point around which the lever will be 
balanced.  In the diagram the balance point is the fulcrum.   

 If there is an equal amount of weight on either side of the CG or the 
fulcrum point the lever will be balanced.   
 

         Not so Perfect balance 
 

 
 
 

 
 

But if you put too much weight on one side the lever will tip.  
 

 

 

CG 

Fulcrum 

100 
pounds 

100 
pounds 

CG 

Fulcrum 

1000 
pounds 

100 
pounds 
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  Weight and Balance: Lesson  
 
 

                                           
             

 
  

An interesting thing happens when you move weight closer to the CG.  
When the weight moves closer to the CG it is has more support by the 
fulcrum.  As weight moves away from the CG it has less support from the 
fulcrum.  This increases the force it has on the lever that is supporting it. 
 
 
   

  
  
 
 
The further the weight moves from the fulcrum the more force the weight exerts. 

 Validate Student Understanding:  
           Complete Student Work Sheet 6 in Appendix 

CG 

Fulcrum 

1000 
pounds 

100 
pounds 

Lever 

CG 

Fulcrum 

1000 
pounds 

100 
pounds 

Arm 
Lever 

100 
pounds 
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 Math & Physics: Weight and balance of aircraft Answer Key  
 
 

 
 

1. In the diagram above explain what is happening and how that relates to the aircraft. 
The lever (board) is balanced because the moments are equal.  They are equal because the 
product of the arm and the weight on one side of the balance is equal to the product of the 
arm and the weight on the other side of the balance. This relates to an aircraft because the 
aircraft has to be balanced to be able to fly.  Loading the aircraft properly will allow the aircraft 
to perform correctly during takeoff, flight and landing.   
 

2. If the weight on the right or the Fulcrum was increased to 100 pounds what would 
happen?   

If you increase the weight on the right side of the Fulcrum by 50 pounds the lever (board) 
would tip in that direction.  This would happen because the weight times the arm or moment 
on the left side of the Fulcrum would equal 5,000 LB-IN and the weight times the arm or 
moment on the right side would now equal 10,000. 
100” X 100 LBS = 10,000 LB-IN 
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Weight and Balance: Work Sheet 
 

 
Aerodynamics, Math & Physics:  Answer Key 
 

 
 

1. In the graph above, what does the point of intersection of the aircraft weight and 
moment tell us about the aircraft’s performance? 

The point of intersection tells us that the moment and the weight of the aircraft are such that 
the aircraft will be safe to operate in all conditions of flight.  It is the intersection of the weight 
and the aircraft moment.  
 

2. How would a change in the MOMENT change the point of intersection? 
If the weight was to stay the same and the MOMENT changed it would affect the x-axis only.   
At this weight the MOMENT could only be 171 pound inches to 190 pound inches according 
to the graph. Other the aircraft would be outside its design envelope. It would not fly right. 
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Aerodynamics, Math & Physics: Answer Key  
 
 

 

 

Description Weight Arm Moment 

Basic Empty Wgt 1421.4 39.5 56145 

    

Usable Fuel 38 gal @6 lbs/gal 228 47.9 10921 

Left Front 160 37 5920 

Right Front 120 37 4440 

Misc Items  37  

Left Rear 180 73 13140 

Right Rear 160 73 11680 

Baggage Area A Max 120 Lbs 50 95 4750 

Baggage Area B Max 50 Lbs 50 123 6150 

    

Max Allowable Wgt  2300 Lbs    

Totals  2209  101467 

CG (in.)  45.92  
 
 
1. Calculate the total Weight and Moment for a pilot at 160 pounds, a 120 pound co-pilot, a 

passenger at 180 pounds, a passenger at 160 pounds and two 50 pound bags.  Multiply 
the weight and the arm together to get the moment.  Add the weights together to get the 
total weight. Add the moments together to get the total moment. Divide the total moment 
by the total weight.  This is the center of Gravity of the plane. Calculated CG is at 45.92 
inches from the Datum. 

 

2. Would you be able to take off and fly safely?    
 
3.  How do you know? Yes, the point of intersection falls in the Normal Category (see graph). 
However because of the heavy weight and the correspondingly high moment, you will not be 
able to fly in the UTILITY Category. NO SPINS are allowed. 
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Weather: Lesson 
 

 
Figure 1. A large hurricane is an extreme weather phenomenon, beautiful to look at but dangerous to flihgt. 

 
In this chapter, we will provide a short introduction to basic weather theory and will focus on 
risk factors associated with restrictions to visibility such as rain, snow, smoke, haze, fog, etc. 
as well as larger events such as thunderstorms, hail, high winds, icing and moderate to 
severe turbulence.  
 
We will also focus on what pilots can and MUST do to make every flight as safe as can be.  
In some cases, delaying or cancelling a flight might be the only safe answer. In other cases, 
for a flight in progress, choosing an alternate route, landing at a different airport, even 
returning to the original airport, might be the only available option. 
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Weather: Lesson 
 
Weather related Risk factors to aviation and aerospace. 
 
The following is an abbreviated list of weather related factors that a pilot may consider before 
committing to a flight.  Any safe pilot will make sure that a good weather briefing has been 
obtained before the intended flight and must also have a PLAN B in the event that the 
weather that was forecasted changed during the course of the flight.  

 

 
Figure 2. An example of Freezing Rain on the wing of an airplane--SCARY HEH? 

“It is better to be on the ground wishing to be up in the air that being in the air and 
wishing that you were on the ground.”            
 
Imagine encountering the hurricane in figure 1 or freezing rain as shown in figure 2 while 
flying! That would be extremely dangerous. Better wait on the ground before attempting flight.  
 
Wind Strength and Direction are a primary factor for all pilots, novice or experienced. In 
flight, it could cause one to go off course, or could slow a plane down tremendously 
(Headwind) and cause it to run out of fuel.  Wind associated with turbulence, could cause the 
structural integrity of any airplane to be affected, including possibly causing an airplane to 
breakup in flight. 
 
Wind Shear, a sudden change in wind direction and strength in excess of 25 Knots, can 
cause pilots to lose control during takeoffs and landings. Severe Updrafts and Downdrafts of 
2,000-5,000 feet per minute increase load the factor on the airplane’s wing and can cause 
structural failure.  
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Weather: Lesson 
 
 
Thunderstorms or other events can be strong enough to cause structural failure of even 
large aircrafts, especially if airspeed is not reduced to maneuvering speed (Va) and or the 
auto pilot is not disengaged for altitude hold. It is far better under these conditions to slow 
down and allow altitude variations (ride the wave) to take place instead of allowing the extra 
loads imposed on the airplane to destroy the aircraft. 

 
 
Figure 3 Result of severe clear air turbulence. 

 

                     
                                        Figure 4 Moderate turbulence can make your flight uncomfortable.  
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Weather: Lesson 
 
Typical weather factors that reduce visibility include clouds, haze, smoke and fog, and 
heavy snow or rain. Even direct sunlight or glare can cause a pilot to be temporarily blinded 
especially flying in good weather on an easterly heading in the morning or trying to land as 
the sun is low on the horizon in late afternoons.  
 
Restrictions to Visibility form a group of weather related risks that all pilots must be able to 
handle for takeoffs, en route operations and of course landings. The FAA has defined two 
basic types of flight conditions and associated rules governing them.  
 
Visibility in clouds and fog is virtually non-existent, the height of clouds above the ground, 
called a ceiling, is one important factor to safety of flight. If the ceiling is below 1000 feet, 
and the flight visibility is less than 3 statute miles, the flight conditions will mostly be classified 
as Instrument Meteorological Conditions (IMC) and the rules governing any such flights 
are called  Instrument Flight Rules  (IFR). 

 

 
Figure 5 FOG upon landing 

 

 

Figure 6. FOG on Takeoff. Would you take off in these conditions? 
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Weather: Lesson 
 
It is estimated that Pilot Error is responsible for up to 90% of all accidents and the 
majority of these are weather related. 
 
Temperature, humidity and saturation level of the air can have major impacts on air travel. 
When we have precipitation, rain, freezing rain, snow, sleet or ice pellets, coming down from 
the sky, any flight, operating under either VFR or IFR rules, will be affected negatively.    
 
Flying in clouds when the temperature is within + or – ten degrees of freezing can result in ice 
forming on the flying surfaces of an airplane or even on the propellers. This causes the plane 
to be heavier and reduces the airfoils efficiency. Flying in freezing rain or in icing conditions 
must be avoided at all times, even for airplanes certified for icing. 
 
Density altitude is the altitude relative to the standard atmosphere conditions (ISA) at which 
the air density would be equal to the indicated air density at the place of observation. In 
other words, density altitude is air density given as a height above mean sea level. 
 

The main reasons are that airplanes perform better in cold weather and at low altitude when 
the air is heavy but dry. You need air for the engines to operate and for the relative wind to 
create lift. Engines and propellers cannot work in a vacuum. As altitude or temperature 
increases, air density decreases so there are fewer air molecules to do the work. Engines 
have to be turbocharged to fly very high in the sky or you must use a jet powered airplane.  
 
Don’t be confused, we want jets and turbocharged airplanes to fly high because the air up 
there is less dense and creates less drag on the airplane. Air speed will be lower but ground 
speed will be higher. 
 
For example,  when there is little density altitude, say at sea level, with standard temperature 
(59 degrees F and 29.92 inches of barometric pressure, an airplane’s performance will be as 
expected from the flight manuals.  
 
On a hot summer day, Density altitude can cause a significant degradation in an airplane’s 
performance, affecting takeoff and landing distances. Density altitude refers to conditions of 
temperature, humidity and altitude (Air Density) where aircraft’s and human performance is 
affected.  
 

An airplane flying from Denver, where the altitude of the airport is 5,673 Ft., on a hot and 
muggy summer day will have performance considerably degraded, to the point that flights 
may only be possible early in the mornings or at night. In addition, when Density Altitude is 
very high, the amount of fuel to be carried as well as the number of passengers must often be 
limited for safety. 
 

Other factors like night time, temperature and of course the seasons affect flight in many 
ways. Monsoons in Asia can disrupt flights, severe snowstorms, Thunderstorms with 
associated hail, vertical currents in excess of 5,000 feet per minute, Hurricanes, typhoons 
and tornadoes are major factors that affect flight. Under those conditions, it is usually better 
to cancel flights or to delay them for everyone’s safety. 
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Weather: Lesson 
 
Weather Tools: Pilots, flight dispatchers and crews have numerous forecasting and other 
real-time tools available to them to know where bad weather can be found and where it is 
moving to.  It is up to them to gather the necessary information from radar, orbiting satellites, 
pilot reports and a myriad of other weather related sources to provide a safe flight for 
passengers and crew members. As mentioned earlier, it is also the pilot in command (PIC) 
responsibility to have a Plan B or Plan C available in the event that an unexpected change in 
weather conditions has occurred during the flight.  
 
 

                               

       
 
 
Good pre-flights and flight planning begin two or three days before while watching the 
weather channel for the big picture, monitoring any changes and obtaining a complete 
weather briefing from an FAA Flight Service Specialist (FSS). There have been too many 
accidents where ICING, SEVERE TURBULENCE and other risks from large scale Squalls 
and Thunderstorms have caused in flight breakups and significant loss of life. We must do 
our utmost to use all the available data and common sense to make the correct decision 
about a flight.  
 
Systematic Problem Solving techniques, Aeronautical Decision Making and Scenario-
Based Training are skills and tools that the FAA and the airline industry have been 
implementing to lower the accident rate due to bad weather. Simulators such as this 
EDUSTATION Flight Simulators are great tools to teach this to pilots because we can simulate 
many types of weather and demonstrate the consequences of not paying attention to Mother 
Nature or not following the Federal Aviation Regulations that govern Flight.  
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Weather: Teacher notes 
 
Basic Cloud Formations:  
 
Safety depends on your ability to know which cloud formations are safe and which are 
dangerous.  
 

 
JETSTREAM is that mass of cold air from the North that maintains its characteristics (Cold 
and Dry) and that moves towards the equator.  

 

 
 

         Jetstream located between a cold air mass to the north and a warm air mass to the south 

 
CLIMATE AND TILTING OF THE EARTH’S AXIS:.(Earth Science, Astronomy)  Now we 
have established that most air currents, i.e. the major weather pattern or flow in the Northern 
US will flow from South West toward the North East.  This would be true every day except for 
the earth’s axis being tilted and rocking back and forth like a wobbling gyroscope. The earth 
does this over 365 days and the variations in the tilt angle of the earth’s axis creates the four 
seasons that we enjoy in our part of the world. During the summer the northern hemisphere 
is tilted closer to the sun, with warmer temperatures. During the winter is it tilted away from 
the sun causes colder temperatures.  

 
The difference between weather and climate is that Climate refers to changes in 
temperature, humidity and pressure gradients for a larger period of time than daily weather. 
We talk about todays or yesterday’s weather. This is over a short time period.  Climate refers 
to a much larger time period. 
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Weather: Teacher notes 
 
The temperature at the equator does not change drastically with a change of tilt angle. 
However when the top of the earth (North Pole is tilted toward the sun, we have SUMMER in 
the Northern hemisphere and since the South Pole is tilted away from the sun, in New 
Zealand, Australia, Chile, Peru, parts of Argentina, and of course the South Pole, they will 
experience the cold of  WINTER.  Locations close to the equator, like ARUBA or HAWAII, 
temperatures do not vary by more than a few degrees from 76 degrees all year. 
 
TOPOGRAPHY: are Land Features- from the Greek “Topo’s” for land and “Graphene” for 
write or tell. What really causes daily changes in our weather is the surface of the earth itself 
or its topography. We are a blue planet with over 80% of our surface covered by water. This 
water is in the oceans, the great lakes and the rivers of the world. The rest of the earth is 
composed of dry areas. In northern hemisphere, we deal primarily with the flow of air from the 
Atlantic and Pacific Oceans, from the Great Lakes and from the Gulf of Mexico. We also have 
mountains like the Rocky Mountains in the West and the Appalachian mountains closer to the 
East. 
 
 

 
 
 
The varied Topography can cause the air flowing over it to change its characteristics.  Air 
flowing over an ocean, river or a lake picks up moisture through a process called 
Evaporation. Remember the Water Cycle in Earth Science. As the water evaporates from 
the ocean, lake or river, it enters the atmosphere and increases its water content. This is 
what we call Humidity. This also affects the density of the air.    
 

Cloud Formation: 
As the air cools, especially when it is forced to climb by a mountain (Orographic lifting) or 
when it is heated by the ground due to solar heating of the soil, clouds will form.  The type of 
cloud will depend on the relative humidity and the amount of lifting produced by the sun’s 
heating (Energy imparted to the atmosphere). 
 
 
 



 

            edustation® © HotSeat Chassis Inc. All Rights Reserved 2015  Page 67 
 

 

Weather: Teacher notes 
 
As the air picks up more and more moisture, it can get saturated. That is, there is a point 
when a parcel of air can no longer hold any more water vapor. When that happens, humidity 
is at 100%, the saturation level is also at 100% and precipitation will occur. This precipitation 
will be in the form of Rain, Snow, Snain, snow with rain, Sleet or Ice pellets depending on the 
temperature of the surrounding air. When that water is returned to the ground or to the 
oceans, this will complete the Water Cycle. 
 
When air is forced to climb, it will cool. As it cools below its Dew Point temperature, the 
temperature at which it will show the moisture within it (Clouds or Fog), water vapor will 
form. The same thing happens with Fog as the night time temperature drops below the dew 
point temperature. The air just above the ground cools below that dew point and when there 
is no wind to mix the air, Fog will form. Fog is very dangerous for pilots, even experienced 
ones, because visibility is nil and no landings can occur since pilots can’t see the ground.  
 
Landing in limited visibility can only occur when the airport and the aircraft have sophisticated 
electrons capable of Automatic Landing. This is a system that directs the airplane to the 
runway in both elevation and location. The pilots must be trained and certified to operate 
aircraft in these conditions. Major airports, like JFK in New York City, have this system. Many 
small airports do not, so they close to traffic during limited visibility conditions.   
 

      

 
As air moves over a dry region, it will give up its moisture and become dry as well. That is 
why it does not rain much in desert areas. All the moisture in the air has been sucked out or 
the temperature is just too high for visible moisture to form 
. 
Orographic Lift is when air is forced to climb over a mountain. When air flows from the 
Pacific Ocean to California and points east, it is forced to climb over the Rocky Mountains.  
As that air climbs over the Rockies, it gives up all its moisture and rain or snow fall on the 
California side of the Rockies. There is no moisture left when it arrives in Nevada and 
Arizona. 
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Weather: Teacher notes 
 
 
Orographic lift can provide great benefits to aviation. The rising air on the California side 
provides a fantastic lifting force for Glider operation all along the Rockies, especially near the 
Nevada, Lake Tahoe area. Ridge gliding, riding the wave of rising air, is very popular 
where a glider can literally get uplift forces up to 30,000 feet high..  
 
This orographic lift is further supported by the generation of Thermals due to the large 
amount of solar radiation imparted to the desert. The air just above the ground is heated from 
below, by re-radiation from the surface.  
 

    
 
There are also dangers to mountain flying as well. While flying from West to East, orographic 
lift and sometimes the thermals will help you gain altitude over the mountains. However, just 
east of these mountains you may encounter moderate to severe turbulence because of the 
rapidly descending air. Sometimes but not always, lenticular clouds will form and let you 
know that the turbulence is present.  When flying from East to West toward the Rockies, be 
sure to maintain an altitude of at least 2,000 feet above their crest. Flying at too low an 
altitude can result in your plane being pushed down by the descending airflow on the 
western side of the Rockies. 
 
Many accidents have occurred as pilots, who are unaware of this danger, continue flying 
toward the mountains. They keep pushing the elevator down to get more nose up attitude to 
maintain altitude to get over the top. Sadly, they end up stalling the aircraft and crashing on 
the side of the mountain.  Flying over tall mountains requires training, experience and skill.  
 
Remember DENSITY ALTITUDE as well. If you ever encounter such down drafts while 
mountain flying, do not try to pull the plane over the mountain by pulling on the yoke. 
Instead, allow the plane to descend, and turn around. Fly away from the downdraft. Then try 
climbing slowly to an altitude at least 2,000 feet above the top of the mountain before 
proceeding westbound.   
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Weather: Teacher notes 
 
One pilot from California crashed four times in the Lake Tahoe area. This is a remarkable 
story as he kept repeating the same mistake over and over again. He was extremely lucky to 
survive these accidents. Many others are not. The first time, he arrived from California and 
landed safely at Lake Tahoe airport. Of course he had help with orographic lift; the wind 
going up the mountain pushed his plane upwards. He had burned quite a lot of fuel while 
flying from California to the Lake airport. The accident occurred two days later when he tried 
to depart at midday with full fuel and passengers as well as additional baggage. While 
he was still within the weight and balance limits for his aircraft, he failed to remember the 
effects of density altitude.  Following a very, very long takeoff roll, he crashed into the trees 
at the end of the runway. He could not generate sufficient lift to allow the plane to fly.  
 
The other accidents were similar and all due to neglecting orographic lift and density altitude. 
On a second trip, after climbing over the mountain and circling Lake Tahoe, he noticed a 
small picturesque Indian village on the western side of the lake.  
 
He proceeded to descend at the level of the lake to do some sight-seeing. All was fine until 
he tried to climb to the proper pattern altitude to land. As he climbed on a Westerly heading, 
he encountered downdraft that causing the plane to stall. When he continued to pull on the 
yoke to climb, things got worse and the plane fell into Lake Tahoe. Again he got lucky. All 
made it out safely but the airplane was lost and the swim was very, very cold. 
 
 Winds at an airport and the weather there might vary depending upon what trees and 
structures surround that airport. For one runway a pilot may face winds coming from 240 
degrees while for another pilot on another part of the airport, the winds could be quite 
different. Beware. Airports like La Guardia age good examples of the effects of surface 
friction and topography combined.  
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Appendix: Flight Plan 
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Appendix: Simulator Settings for Location and Aircraft 
 
You can change the Aircraft from the menu bar.  
     Press Alt to display the menu bar 
     Select Aircraft 
     Pick the plane you want and double click on it.  
You may want to save this configuration once setup is finished. 
  

You can change your location from the menu bar.  
     Press Alt to display the menu bar 
     Select World 
     Select the field you want 
     You may want to save this configuration once setup is finished. 
 

To “Save” a flight with the menu bar displayed 
     Select File 
     Save As 
     Name the flight 
     

To Select a Saved flight 
     Press the ALT button to display the menu 
     Select Flights 
     Select: My Saved Flights 
     Select flight you want 
     Click: Apply or OK  
 
At the End of each day: 
 

Press Control + C to exit   Turn off the monitor       Shutdown the PC  
 

               
 
  

                If you are having a problem or question Call Us  205-527-5747    
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Appendix: Control Assignments 
 

Calibrating and assigning the yoke, throttle quad and rudder. 
 

We have set and tested the controls in the factory but occasionally these setting get        
disturbed when the pc is re-set after shipping. 
  

Before you begin, check to see that there is a green light / display illuminated. If not recheck   
 Throttle Quad plug into the yoke and USB’s going into PC. 
 

Press the ALT button to display the menu 
Select Options and then Settings and then Controls 
This will display the setting for every control.  
Validate the control you want to set is in the box in the center of the screen. Select as required.  
The main page allows you to adjust the sensitivity for the selected control, null and more 
On the top you will see two choices: Switches and Axis 
The Axis is for controls that move: Yoke, Rudder, and Throttle Quad 
Switches assign functions to switches 
Always validate that the control you desire is in the center box  
When you select a function you want to install double click on it 
The dialog box is looking for the control to assign so move the control or fire the switch 
Confirm you selection 
When finished, select save and exit. 
 
Default Setting: 
 
           Yoke 
 
Push / Pull Yoke  Elevator 
Rotate Yoke  Aileron 
Other switches are shown on the diagram 
 
 
 
 Throttle Quad   
 
Black Lever axis  Throttle 
Blue Lever axis  Propeller Pitch 
Red Lever axis  Mixture 
Other switches are shown on the diagram 
 
          Rudder 
 
Slide forward and back      Rudder 
Press left toe down      Left brake 
Press right toe down      Right brake 
 
 
If you are having trouble, please call us for help 203-527-5747 
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Appendix: Fun Activity Flights  menu, file, load, select A1-A5 
 

 
A1:  location:   London England  

Aircraft:  Red Bull Extra stunt plane 
Mission: Fly down the river Thames and see all of the sights.  

 
A2: Location:  Las Vegas NV.  

Aircraft:  P-51 Mustang WW II Combat Fighter 
Mission:  Fly over the strip and watch the Bellagio fountains.  

 
A3: Location:  New York Harbor. 

Aircraft:  Grumman Goose  
Mission:  Land a in the Hudson River in front of the Statue of Liberty 

 
A4: Location:  Chicago O’Hare International Airport  

Aircraft:  Boeing 747  
 Mission:  Shoot Final Approach at night. 
 
Mission 10: Open Missions from the menu; 
         Location:  Runway 4 LaGuardia Airport NYC (KLGA) 
 Aircraft:  Air Bus A-320 
 Mission:  Fly the Miracle on the Hudson. Follow the tutorial climbing 
Left turn from runway 4 at LGA. At Climb 3200 feet you strike a flock of 
geese disabling the Engines. Land in the Hudson River and save everyone 
on board. See Approach Plate below.  Don’t crash on the George 
Washington Bridge. Maintain wings level as much as possible. Keep your 
speed at 140 knots or the plane will stall. Do not lower the landing gear or 
the plane will sink.  Good luck Captain. 
 
If you think you are good, try landing at Runway 13 at La Guardia.                        
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     Appendix: Fun Activity Flights     
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Appendix: Aviation Communication and MORSE CODE 

(Letter and Code) Example: HELP is coded SOS.  
                            In Morse code it’s . . ./_ _ _/. . . 
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Appendix: Glossary of Terms (NASA) 
 

Accelerate 
To speed up. For example, when an airplane takes off it accelerates down the runway until 
enough lift is created by theRelative wind ( air flowing over the wings) so that it can fly. 
 

Aerodynamics 
A field of fluid dynamics that studies how gases, including air, flow and how forces act upon objects 
moving through air. 
 

Aeronautics 
The study of flight and the science of building and operating an aircraft. 
 

Ailerons 
Control surfaces on the trailing edge of each wing that are used to make the aircraft roll. When 
flying straight and level, moving the control stick to the right will raise the aileron on the 
right wing and lower the aileron on the leftwing. This will cause the aircraft to roll to the right. 
 

Aircraft 
A machine used for flying. Airplanes, helicopters, blimps and jets are all aircraft. 
 

Airflow 
The motion of air molecules as they flow around an object, such as a wing. 
 

Airfoil 
An object with a special shape that is designed to produce lift efficiently when the object is 
moved through the air. For example, the cross-section of a wing is an airfoil. 
 

Airplane 
An aircraft that uses the force of air on its wings (called lift) to fly. 
 

Air pressure 
The force created by air pushing on a surface. 
 

Altitude 
The height of an object, like an airplane, above sea level or above the earth's surface. 
 

Analyze 
To take something apart so it can be examined and studied. 
 

Angle of attack 
The angle of a wing to the oncoming airflow. A pilot pullsback on the control stick to raise 
the elevator. This causes the aircraft to pitch which increases the angle of attack. 

Aviation 
The operation of aircraft. There are three types of aviation:general, commercial and military. 

Axis 
A straight line, through the center of gravity, around which an aircraft rotates. For example, 
an aircraft rolls around its longitudinal axis which is a straight line that runs through the center 
of the aircraft from the nose to the tail. 

Balanced forces 
Opposing forces that are pushing or pulling against each other an equal amount. For example, 
if you and a friend pull on a rope, in the opposite direction with the same force, neither of you 
will move. This is because the forces are balanced. 

Bernoulli, Daniel 
Daniel Bernoulli was a Swiss mathematician. He was born on February 8, 1700 in Groningen, 
Netherlands. As a university student he studied philosophy and logic. His favorite subjects 
were mathematics and mechanics. From 1725 to 1733 he worked as a mathematician with his 
brother, Nikolaus, at the St. Petersburg Academy of Sciences in Russia. He then worked as a 
professor at the University of Basel in Switzerland until his death on March 17, 1782. 
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Appendix: Glossary of Terms 

He is famous for his work in the field of fluid dynamics. In 1738 he wrote a book 
called Hydrodynamica. In this book he explained his theories about how gases and fluids 
move, and how the speed at which they move affects the pressure they exert on objects they 
flow around. This is the basis for the explanation of lift. His work helped to lay the foundation 
for aeronautics which would be developed many years later. 

Bernoulli's Principle 
Daniel Bernoulli explained that the faster molecules within a fluid move, the less pressure they 
exert on objects around them. This applies to all fluids, including water, air and gases. For 
example, the water in a pond will exert more pressure on the pond's bottom than a flowing 
stream with the same amount of water will exert on the streambed. 

Biplane 
An airplane with two sets of wings. The first airplane ever built had two sets of wings, one on 
top of the other. 

Camber 
The curvature of an airfoil. 

Canard 
A tail configuration (two small horizontal surfaces on either side of the aircraft) mounted toward 
the front of the aircraft, rather than at the rear. 

Center of gravity (CG) 
The force of gravity acts on every individual part of an object, like an airplane. 
However, engineers often treat theforce of gravity on all the parts of an object as a single 
force acting on a point in the object called the center of gravity. 

Chord line 
A line from the front of an airfoil (the leading edge) to thetrailing edge. 

Cockpit 
A compartment in the front of the airplane where the flight crew performs their job of flying 
the aircraft. 

Commercial aviation 
The business of operating aircraft that carry passengers by commercial companies. Airline 
companies such as American Airlines, United Airlines and many others are examples of 
commercial aviation. A Boeing 747 is an example of an airplane that is owned by a company 
and operated in commercial aviation. 

Computational Fluid Dynamics (CFD) 
The science of using supercomputers to solve complex mathematical equations that predict 
how an object like anaircraft responds to the air flowing around it. CFD is 
a toolof aeronautics that enables engineers to "fly an aircraft in acomputer." 

Computer 
An electronic machine that receives, processes and presents data. A computer can be 
programmed to perform complicated tasks, like solving complex mathematical equations or 
controlling a flight simulator. 

Control surfaces 
Parts of an aircraft that are activated by the controls to change the airflow around the surfaces 
of the aircraft. The changes in airflow cause the aircraft to roll, pitch, or yaw. Examples of 
control surfaces are: ailerons, elevators andrudders. 

Controls 
Devices which allow the pilot to direct the movements of an aircraft. Examples of controls are: 
rudder pedals that control the rudders and cause the airplane to yaw; throttles that control 
the engines which generate thrust for theairplane; and the control stick that controls 
the ailerons andelevators which cause the airplane to roll and pitch. 
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Appendix: Glossary of Terms 

 
Data 

Information that is collected from an experiment. For example, an engineer in a wind 
tunnel may collect data about how much lift is created by a certain wing shape. 

 

Decelerate 
To slow down. When an airplane comes in to land, it decelerates and rolls to a stop. 

Delta wing 
A sweepback wing that looks like a triangle from above. The trailing edge of the wing is the 
base of the triangle. The XB-70A is an example of an airplane that has a delta wing. The XB-
70A can fly faster than twice the speed of sound at an altitude of 70,000 feet. 

Dihedral angle 
The upward angle of the wings that is formed where the wings connect to the fuselage. 

Drag 
The force that resists the motion of the aircraft through the air. One type of drag is caused by 
air molecules. As theaircraft flies through the molecules, they resist the motion of the aircraft. 
This resistance is due to friction between the air molecules and the surface of the 
aircraft. Airplanes are streamlined to decrease the drag force. 

Elevators 
Control surfaces on the horizontal part of the tail that are used to make 
the airplane pitch. Pulling back on the control stick will raise the elevators. This causes 
the aircraft to pitch and increase the angle of attack. 

Empennage 
The parts of the airplane located at the tail end. The empennage includes the horizontal 
stabilizer, the vertical stabilizer, and elevators. 

Engine 
A machine that uses combustion to create energy. An airplane will normally either have jet 
engines or engines that drive one or more propellers. In either case, the engines provide 
the thrust force that pushes the airplane through the air. 

Engineer 
Someone who designs and builds mechanical or electrical devices. For example, an 
aeronautical engineer designs and builds aircraft. To do this, an aeronautical engineer must 
study aeronautics and understand fluid dynamics and aerodynamics. 

Experiment 
A set of controlled procedures designed to test an idea or hypothesis. For example, a flight 
simulation engineer will design an experiment to test whether or not a pilot can control 
an airplane with a new wing design. 

Federal Aviation Administration (FAA) 
The FAA is a government agency, under the Department of Transportation, that oversees 
all aviation within the United States. The FAA controls, for example, airport safety, air traffic 
control, licensing of pilots, inspection of aircraft, and investigates aviation mishaps. 

Fin 
Another word for the vertical portion of the tail. 

Flaps 
Moveable parts of the trailing edge of a wing that are used to increase lift at slower air speeds. 
Flaps increase lift by changing the shape of the airfoil. A pilot will extend the flaps when 
the airplane is landing. By extending the flaps, the pilot is increasing the camber of the wing, 
the size of the wing and the wing's angle of attack. All of these actions will cause lift to 
decrease so the airplane can land more slowly. 
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Flight simulation 

A tool of aeronautics in which a flight simulator on the ground is used to create an environment 
where a pilot sees, hears and feels like he or she is in a real aircraft. Flight simulation is used 
to investigate how an aircraft responds to a pilot's movement of the controls. 

 
Flight test 

A tool of aeronautics in which a real aircraft is flown to gather data which will accurately 
describe the capabilities of that aircraft. Flight tests are used to investigate how fast, how far 
and how high an aircraft can go, and how it handles and performs. 

 
Fluid dynamics 

The study of how fluids move. Fluids include water and gases (such as air). 
Force 

A push or a pull in a certain direction that can be measured. Examples of forces are your hand 
pushing on a doorknob, and a propeller pulling an airplane through the air. 

Forward sweep wing 
A wing that is swept toward the front of the airplane, unlike most fast airplanes which have 
wings that are swept toward the back of the airplane. The X-29 aircraft is an example of 
a supersonic jet that has forward sweep wings. The X-29 is capable of going over one and 
one-half (1 1/2) times the speed of sound. 

Fuselage 
The part of the airplane to which the empennage and wings are attached. The fuselage is 
where the passengers and cargo are located. It is streamlined so that it produces the least 
possible drag. 

General aviation 
The operation of aircraft that belong to the public. 

Gravity 
The natural force that pulls an object toward the earth. We experience gravity as weight. 
An airplane must generate enough lift to counteract the weight of the aircraft. 

Homeostasis.  
  A relatively stable state of equilibrium or a tendency toward such a state between the 

 different but interdependent elements or groups of elements of an organism,  

 population,or group 
Horizontal stabilizer 

The horizontal part of the tail. The horizontal stabilizer helps to increase the stability of 
the aircraft. It is also known as a tailplane. 

Hypersonic 
Velocity greater than five times the speed of sound. The Hyper-X is a reusable launch vehicle 
that will fly into space and return. It will fly at hypersonic speeds as it re-enters the 
atmosphere. 

Hypothesis 
A prediction which needs to be tested to tell if it is correct. An engineer can offer the 
hypothesis that a particular wingshape will not create enough lift to enable an airplane to fly. 
His or her hypothesis must then be tested using one or more of the tools of aeronautics to 
determine if it is correct. 

Instruments 
Tools used to observe, measure and control . For example, pilots use instruments to measure 
and observe the altitude, speed and direction of an aircraft. 

Jet engine 
An engine that works by creating a high-velocity jet of air to propel the engine forward. 
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Landing gear 

Another word for undercarriage. The landing gear is often retractable - it can be pulled into the 
fuselage of the aircraft to reduce drag. 

Lateral axis 
The axis extending through the center of gravity of anaircraft, and parallel to a line connecting 
the tips of thewings. The lateral axis is sometimes called the "y" axis.Pitch is a motion around 
the lateral axis. 

Leading edge 
The front edge of an airfoil. The leading edge is normally rounded and thicker than the trailing 
edge. 

Lift 
A force that is perpendicular to the airflow around anaircraft. In normal, forward flight, the 
lift force "lifts" theaircraft into the air. Engineers design airplanes so that the lift created by 
the wings opposes the weight force. 

Longitudinal axis 
The axis extending through the center of the fuselage from the nose to the tail. The 
longitudinal axis is sometimes called the "x" axis. Roll is a motion around the longitudinal axis. 

Military aviation 
The operation of aircraft that belong to the Armed Forces. The Air Force YF-23 is an example 
of an aircraft that is flown only by the military. 

Model 
A copy of an object that is often times smaller than the original. Wind tunnel engineers create 
a model of an aircraft to put in a wind tunnel. The model is a precise replica of the outside of 
an aircraft. 

Molecule 
The absolute tiniest part of something that can still be called by that name. For example, two 
hydrogen atoms and one oxygen atom make up one molecule of water. 

Monoplane 
An airplane with one set of wings. Most aircraft built today have only one set of wings and are 
classified as monoplanes. 

National Advisory Committee for Aeronautics (NACA) 
NACA was a government agency that was started in 1917. NACA 
guided research in aeronautics until 1958 when its name was changed to the 
National Aeronautics and Space Administration (NASA). 

National Aeronautics and Space Administration (NASA) 
In 1958, NASA was created as a government agency to replace NACA. NASA's charter is to 
expand frontiers in air and space, to inspire and serve America, and to benefit the quality of life 
on Earth. 

NBD Non-Directional Beacon 
            A non-directional (radio) beacon (NDB) is a radio transmitter at a known location, used as an    
            aviation or marine navigational aid. 
Opposing forces 

Forces that are pushing or pulling in the opposite direction. For example, lift is perpendicular to 
the airflow around anaircraft. If the aircraft is flying straight and level, the lift force (which 
is pulling up) will be opposing the weightforce (which is pulling the aircraft toward the earth). 

Payload 
The load carried by an aircraft that includes passengers and cargo. 

Pilot 
A person who flies an aircraft. 
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Pitch 

A rotational motion in which an airplane turns around its lateral axis. Pushing forward on the 
control stick will lower the elevators, which forces the tail upward. The pilot will then see the 
nose of the aircraft fall or pitch. 

Pressure 
A force being exerted on part of a surface. When you stand, your feet put pressure on the 
ground. Air pressure refers to air molecules pressing against a surface like the bottom of 
awing. 

Propeller 
A device that consists of blades (shaped like airfoils) that spin around a central hub, like a fan. 
An engine causes the blades to turn. When the blades turn, they create thrust by biting into the 
air and forcing it to move back. The amount of thrust can be controlled by changing the speed 
of the propellers. 

Pull 
To use force to bring something closer. The force of gravitypulls objects closer to the Earth. 

Push 
To use force to move something ahead or to the side. During takeoff the thrust force, created 
by the engines, pushes an airplane down the runway. 

Reconnaissance 
In aviation, to fly over and look closely at an area below to gather information about it. 

Research 
A carefully planned and performed investigation, searching for previously unknown facts. 

Regimes of flight 
A way of placing aircraft into different categories based on their speeds. The regimes of flight 
are subsonic, transonic,supersonic and hypersonic. 

Roll 
A rotational motion in which the aircraft turns around its longitudinal axis. Pushing the control 
stick to the left will raise the aileron on the left wing and lower the aileron on the right wing. 
This will cause the airplane to roll to the left. The pilot will see the left wing tip fall and the 
rightwing tip rise. 

Rotational motion 
The turning of an object, like an airplane, around an axis, or a propeller around a 
hub. Pitch, roll and yaw are the rotational motions of an airplane around 
the lateral,longitudinal and vertical axes. 

Rudder 
A control surface on the trailing edge of the vertical part of the tail that is used to make 
the aircraft yaw. The rudder is controlled by rudder pedals. Pushing the left rudder pedal will tilt 
the rudder to the left. This will cause the nose of the aircraft to turn to the left. 

Scientific method 
A systematic way of solving a problem or answering a question using observation and 
measurement. The six steps of the scientific method are: state the problem, create 
ahypothesis, design an experiment, perform the experiment, organize and analyze the data, 
draw conclusions. 

Simulator 
A device that creates an environment that is as close as possible to reality. In flight 
simulators, engineers create acockpit environment identical to the one in a real airplane. In a 
flight simulator a pilot will see, hear and feel like he or she is in a real aircraft. 

Skids 
a sled-like runner used as part of the landing gear for anaircraft. 
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Speed of sound 

The speed at which sound waves travel. If you stand a distance away from a friend and say 
something to him, the sound waves of your voice will travel very quickly to the ear of your 
friend. The speed of sound is the speed at which those waves traveled. 

Spoiler 
A device, normally located on the top of the wing, for changing the airflow around a wing to 
reduce lift. Pilots deploy spoilers when they land so that the airplane is no longer "lifted" into 
the air. 

Stability 
The condition of being steady. A motion of an aircraft is said to have stability, or be stable, if 
the aircraft will return to that motion after a disturbance, without the pilot having to move 
the controls. 

Stabilizer 
A surface that helps to provide stability for an aircraft. Anairplane has two stabilizers: a vertical 
stabilizer and a horizontal stabilizer. Stabilizers are like the feathers on an arrow, which keep 
the arrow pointed in the right direction. 

Stall 
A breakdown of the airflow over a wing, which suddenly reduces lift. When an airplane stalls it 
will usually drop suddenly. Pilots know how to recover from a stall and smooth out 
the airflow over the wings to produce more liftagain. 

Straight wing 
A wing that sticks straight out from the fuselage - it does not slant to the front or the rear. The 
ER-2 is an example of an aircraft that has straight wings. 

Streamline 
To shape an object so that it creates less drag and moves smoothly and easily through the 
air. Airfoils are streamlined, as is the fuselage. 

Subsonic 
Velocity less than the speed of sound. The MD-11 is a subsonic aircraft because it never flies 
above the speed of sound. 

Supercomputer 
A computer that is especially designed to receive, process and present very large amounts 
of data very quickly. The Cray Y-MP is an example of a supercomputer that is resident 
at NASA Ames Research Center and is used forCFD. 

Supersonic 
Velocity greater than the speed of sound. The SR-71 is characterized as a 
supersonic aircraft because it travels from three to four times the speed of sound. A 
supersonic aircraft can fly from New York to London in less than two hours. 

Sweepback wing 
A wing that is slanted toward the rear of the airplane. The F-18 aircraft is an example of 
a supersonic jet that has sweepback wings. 

Tailplane 
Another word for a horizontal stabilizer. 

Takeoff 
The process of using the thrust of the engines to acceleratean airplane down a runway until 
enough lift is generated so that the aircraft begins to fly. 

Test pilot 
A pilot that is specially trained to test aircraft. Test pilots must be exceptional pilots, have a 
complete understanding of aeronautics and aerodynamics, and be able to accurately write and 
speak about what they see, feel and hear during the testing of an aircraft. 

Thrust 
A force created by the engines that pushes an aircraftthrough the air. 
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Appendix: Glossary of Terms 

 
Tool 

A device or process that is used to do some kind of work. A hand-held calculator is a tool for 
doing mathematics accurately and quickly. The tools of aeronautics (CFD,Wind Tunnel 
Testing, Flight Simulation and Flight Test) are processes that use special devices to 
perform research inaeronautics. 

Trailing edge 
The rear edge of an airfoil. The trailing edge is normally thin and sharp. The ailerons are 
normally located on the trailing edge of the wing. 

Translational motion 
Motion along a straight line, such as an axis. The translational motions of an aircraft are 
forward and back along the longitudinal axis, side to side along the lateral axis, and up and 
down along the vertical axis. 

Transonic 
Velocity between nine tenths (.9) and one and four tenths (1.4) times the speed of sound. The 
X-1 was the first aircraft to fly faster than the speed of sound. Several versions of the X-1 were 
built. One succeeded at flying twice the speed of sound at an altitude of 90,000 feet. 

Turbulence 
Air flow which is not smooth and steady. When an airplane flies through turbulent air, it can 
unexpectedly rise, drop,roll, pitch or yaw very abruptly. 

Undercarriage 
The part of an aircraft that provides support while the aircraft is on the ground. It includes 
wheels, shock absorbers and support struts. There is an undercarriage unit under the nose of 
the aircraft as well as approximately midway back, under the fuselage. Undercarriage normally 
includes rubber tires, but may have skis for landing on snow or floats for landing on water. 

Variable sweep wing 
Wings that are hinged so they can be slanted forward or backward during flight. The F-
14 aircraft is an example of a supersonic jet with variable sweep wings. 

 
Velocity 

The speed of an object, in a certain direction. 
 
Vertical axis 

The axis extending straight up and down through the center of gravity of an aircraft. The 
vertical axis is perpendicular to the longitudinal and lateral axes. The vertical axis is 
sometimes called the "z" axis. Yaw is a motion around the vertical axis. 

Vertical stabilizer 
The vertical part of the tail. The vertical stabilizer helps to increase the stability of the aircraft. It 
is also known as a fin. 
 

Very High Frequency Omni Range Transmitters (VOT’s) are located on the ground.  
 

VHF Omni Directional Radio Range (VOR)  
           is a type of short-range radio navigation system for aircraft, enabling aircraft with a   
           receiving unit to determine their position and stay on course by receiving radio 
 signals transmitted by a network of fixed ground radio beacons.  
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Weight 

The force of gravity acting on an object. The weight forcepulls an aircraft toward the Earth and 
must be overcome by a combination of lift and thrust. 

Wind tunnel testing 
A tool of aeronautics that involves placing a model of an aircraft or part of an aircraft into 
a wind tunnel and usinginstruments to gather data while air is blown past themodel. Wind 
tunnel testing is used to investigate and accurately describe the effects of airflow on 
an aircraft or part of an aircraft. 

Wind tunnel 
A wind tunnel is a tube or cylinder in which a model of anairplane or part of an airplane is 
placed. Air is blown past the model so that it experiences the same forces as it would if it were 
actually flying. The struts that hold the model in place measure these forces. 

Wing 
A part of an airplane that is attached to the fuselage. Wings are shaped like airfoils and are 
used to provide lift for theairplane. There are four basic types of wings: straight, 
sweep, delta and variable sweep. 

Wing warping: 
a mechanism to provide lateral control of the aircraft through flexible wing tips; wires enabled 
the wing tips to arch so that the ends of the wings were four inches lower than the center (the 
concept was devised by the Wrights after observing the wing tips of a hawk in flight). 

Yaw 
A rotational motion in which the aircraft turns around its vertical axis. This causes 
the aircraft's nose to move to thepilot's right or left. Pushing the right rudder pedal will tilt 
the rudder to the right. The pilot will see the nose of theaircraft turn to the right. 
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